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tioned features, have generated an increasing de mand for LEC's. This
invention relates to improvements in electri-     An example of an LEC
providing these features is cal interconnectors. More particularly; the
invention  described in British Patent 2 087 655. Therein are relates to
layered elastomeric connectors including    5    disclosed a number of
embodiments for an LEC hav alternating fixed layers of dielectric elastomer
and fi-  ing an irregular cross section which includes a series brous mats
electrically conductive and a housing       of whisker-like projections
from two oppositely fac- structure therefor.
ing peripheral surfaces. The projections are com- As a result of increasing
complexity and miniaturi-   posed of discrete unidirectionally aligned
linear car- zation associated with the electronic assembly and    10   bon
fiber or metal wire bodies imbedded in an electri- computer arts, the
demand for more sophisticated        cally conductive particle-filled
elastomer.A further il- and reliable connectors has increased. Smaller
size,   lustration of an LEC is provided in U.S. Patent lighter weight
packaging and an augmented necessi-     4 295 700 disclosing an LEC where
the alternating ty for reliability have virtually rendered obsolete in-
electrically conductive layers may be composed of dividually soldered
connectors in many areas of the    15   conductive particle filled
elastomer, woven cloth industry. For example, printed circuit boards,
digital  where the woof fibers are conductive but the warp watches,
portable calculators, etc., have generated    fibers are dielectric or an
identical embodiment that the need for connectors having the ability to
reliably  was described in the aforementioned British Patent. connect a
large number of electrically conductive      Although providing many
advantages, certain limrta- traces on closer centers in a compact area. By
no    20   tions as to the applicability of LEC's do exist. First, means
exhaustive, the following list defines certain   the contact resistance of
a typical particle filled desirable characteristics for a connector: low
con-    elastomer is fairly high. The contact resistance tact resistance;
close contact spacing; vibration      results from the transmission of
electrical current damping; providing an environmental seal; elimina-
across the interface between the traces and the con- tion of the need for
precise alignment; inherent low    25   nector and vice versa. Where
contact resistance contact insertion force; easily modified shape and
measures about 30 ohm cm, the applicability of LECs size to meet
specifications; low production cost, etc.  is reduced for interconnecting
high impedance, low A new class of connectors has evolved to satisfy
amperage devices, e.g., liquid crystal devices. these characteristics. They
are layered elastomeric    Moreover, heat generated by the high contact
connectors (LEC). LEC's generally are composed of   30   resistance may
raise the temperature of the con- alternating layers of dielectric
elastomer and an      nector area sufficiently to damage either the con-
elastomer filled or doped with electrically conductive  nector itself or
the electrical elements nearby. material such as silver particles, graphite
particles,   The aforementioned patents contain modified LEC conductive
fabrics, wires, etc. The dielectric        structures employing projections
and fibers to elastomer layers are sandwiched.between the con-   35
reduce contact resistance. However, the use of the ductive layers and are
of sufficient thickness to insu-  fibers or projecting bodies limit the
geometrical con- late the conductive layers from one another and
figuration and applicability of these LEC's by restrict- therefore prevent
the formation of electrically con-   ing connections along the surface from
which the ductive or leakage pathways between the conduc-        fibers or
bodies project. tive layers. Among the many elastomers available for   40
A further disadvantage of known LEC's is cost. An use, silicone rubbers
have been settled upon as        estimate of conventional selling prices
for an LEC is providing  the  material properties suitable for
approximately one dollar per inch. Where connectors manufacture of LEC's.
are used in abundance, particularly with the advent Silicone rubbers
possess a low hardness, are very    of flat display panels, this cost is
too high. For exam- temperature stable, have a low compression set and
45   ple, an 8- inch by 4- inch panel requires nearly two reasonable
chemical inertness, and lastly, are fairly  linear feet of connectors.
Based on a projected sales easy to process and fabricate. An LEC composed
of      price of two hundred dollars, there would be a twen- alternating
layers of a dielectric silicone rubber and a  ty-four dollar material cost
associated with the con- conductive particle filled silicone elastomer
provides  nectors alone; simply too much for the product. a connector
having a large number of conductive    so   Thus, it is desirable from an
economic perspective to pathways in a small volume for closer contact spac-
develop a lower priced LEC. ing which may even provide for redundant
contacts       Accordingly, it is an object of this invention to pro- for
the same electrical traces. Due to the inherent    vide an LEC possessing
the desirable characteristics vibration damping of the elastomer, an LEC
connect     associated with LEC's generally and overcoming ing fragile
components will demonstrate protective    55   recognized limitations
thereof. characteristics especially against fretting corrosion    Another
object of this invention is to provide an and abrasion. Additionally, the
compressibility of an  LEC having minimal contact spacing, requiring mini-
LEC, upon compression onto electronic traces, pro-     mum contact
insertion force, possessing vibration vides an environmental seal in the
contact zones       damping characteristics and capable of use in a myri-
reducing harmful effects of dust and moisture.    60   ad of geometric
cross-sectional configurations. LEC's provide the additional advantage of
easy         It is another object of this invention to provide an
modification of both geometric configuration and        LEC possessing
equal and/or superior properties rela- size to meet specifications for a
particular use. This  tive to known LEC's. adaptability as well as the low
cost of and ease of      Still another object of this invention is to
provide an manufacture of LEC's, among the other aforemen-   65   LEC
demonstrating improved characteristics includ- 2  
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contact spacing for redundant contacts,      LEC provide a less expensive
and more effective al environmental sealing, reduced contact resistance
ternative to layered conductive particle filled elasto- and lower
manufacturing cost.                           meric connectors.
Graphitic-carbon fiber paper used According to the invention a layered
electrical con-  in an LEC has a bulk resistance rivaling that of much
nector for electrically connecting conductive areas    5    more expensive
silver filled elastomeric connectors of first and second members comprising
an elongate      and a lower contact resistance. If the exposed sur member
formed of dielectric elastomeric material        face of the carbon fiber
paper is plated with nickel. and conductive members is characterised in
that:        copper, or the like, contact resistance is considerably said
conductive members are in the form of conduc-      reduced relative to
graphite filled elastomers. Carbon tive fibrous mat layers coextensive with
the cross-   10   fiber paper also enables close contact spacing. e.g.,
section of the connector across which the first and     repeating units
every 10 mils thereby providing the second conductive areas are to be each
connected to     potential for a number of redundant contacts. The other
and said dielectric elastomeric material is in the  conductive fiber paper
mats are also highly flexible form of elastomeric sheets disposed on each
side of     and compressible thereby minimally affecting the each of said
fibrous mat layers, said fibrous mat lay-   15   vibration damping
characteristics of the elastomer ers and said elastomeric sheets being
adhered           as well as avoiding distortion within the elastomeric
together forming the elongate member.                  layers while
simultaneously maintaining a multiplici- The invention includes a method
for producing an     ty of electrically conductive pathways through the
electrical connector in the form of an elongated        cross section of
the connector. Moreover, the con- member which is formed of elastomeric
material and    20    ductive paper is capable of modification so as to en-
conductive members, characterised by the steps of:      hance its electric
conductivity by electroplating with applying a layer of conductive fibrous
members onto     various metals. a surface of a layer of elastomeric
material, the sur-    In summary, the layered elastomeric connector face
being in a flowable condition so that the conduc-  (LEC) contemplated by
this invention provides great- tive fibrous members are impregnated by the
elasto-   25   ly reduced contact resistance, particularly where the meric
material; curing the layers of conductive fi-     carbon fiber paper is
electrolessly electroplated with brous members and elastomeric material
thereby          specific metals, dampens oscillatory and impact forming a
laminated sheet; applying a heat-activated    forces thereby reducing
contact fretting and abra- adhesive onto the laminated sheet; cutting the
lami-    sion, provides an environmental seal against at- nated sheet into
individual laminated members of a    30    mospheric pollution, is capable
of having very close- selected size; stacking the individual laminated
ly spaced contact centers, and is easily produced at members into a
stratified structure; and heating the    a low manufacturing cost.
stratified structure causing the heat-activated adhe-     These and other
advantages and objects of this in- sive to flow thereby bonding the
individual laminated   vention will become obvious to one of ordinary skill
members together into a unitary rod;                   35 in the art upon
review of the following preferred em- Still other objects as well as those
listed above are  bodiment. satisifed by a connector assembly incorporating
in an     Figure 1 is an exploded perspective view of the al- LEC, a
layered, resilient, compressible elastomeric    ternating layers of one
preferred embodiment of the connector insert comprising a plurality of
flexible,    invention. electrically conductive, fibrous sheets coextensive
40  Figure 2 is a perspective view of a stratified master with the cross
section of the connector, a plurality of  rod according to one preferred
embodiment. dielectric, compressible, elastomeric layers extend-
Figure 3 is a perspective view of an LEC according ing coextensive with the
cross section of the con-      to a preferred embodiment of this invention.
nector and separating each of the fibrous sheets; the     Figure 4 to 7
schematically illustrate the manufac- elastomeric sheets and the fibrous
sheets forming a    45   turing sequence for automated production of the
unitary stratified body having electrically conductive  layered connector.
bodies between each of said elastomeric layers; a         Figure 8 is a
cutaway perspective view of an LEC housing for the connector, the housing
substantially    and its complementary housing contemplated by the
encompassing the connector, and comprising means       invention. for
compressing the connector perpendicular to the    50  Figure 9 is a part
perspective view of one embodi- connector cross section, first means for
permitting     ment of the invention as assembled. electrical contact
between the connector and a first      Figures 10 and 1 1 sequentially
illustrate a low in- electrically transmittive surface, second means for
sertion force interconnection between two surfaces permitting electrical
contact between the connector     bearing electrical traces as contemplated
by this in- and a surface of a second electrical path, the second    55
vention. means being adapted to permit at least a portion of
Referring now to Figure 1, which is an exploded the surface of a first of
the electrical paths to be in-  perspective view of alternating
electrically conduc- serted within the housing to abut the connector,
tive fibrous mats 10 and elastomeric sheets 1 2. Fi- whereupon insertion of
the second surface into the      brous mats 10 are composed of a webbing of
electri- housing, the connector is further compressed and    60   cally
conductive fibers. Preferably, mats 10 have a establishes electrical
contact between the connec-      thickness of less than 20 mils and more
preferably tor and the surface of the second path.
approximately 5 mils or less. In the context of a The commercial
availability of silicone elastomers   layered elastomeric connector, the
thinner the lay- and highly conductive graphitic-carbon fiber paper
ers, the greater the replication of electrical contact 



as well as their relative ease of incorporation into an    65    points. In
other words, if a 2-mil mat and 4-mil 3    5                   EP0205478B1
6 insulative material are used, then a contact area ex-  Nickel Plated
0.4  ohm cm ists every 6 mils along the length of the connector.     Tin
Plated         0.07 ohm cm The redundancy of electrical contacts assists in
as-   Silver Plated      0.01 ohm cm suring proper connection between two
conductive paths.                                            5      In
order to achieve measurable reductions, the The ohmic resistance of the
fibrous material         thickness of the metal plating need only be
minimal governs its desirability for use in this invention.    The thicker
the metal deposits or the paper fibers, the Preferably the mats should have
a resistivity of less  greater the reduction. However, if the metal plating
than 0.1 ohm cm which is about 100 times better        is too thick, above
the 250 microinch range. the than  that exhibited  by carbon-particle
filled,   10   fibers become rigid which for the purpose of this in-
elastomer materials and approaches the resistivity of  vention is
undesirable due to the corresponding silver filled elastomers. An example
of material meet-  reduction in flexibility. ing the above-specified
criteria is carbon fiber paper.  One preferred embodiment of the fiber
paper is tin- Carbon fiber paper provides an interlocking web of     plated
Panex CFP  30-35 where the volume carbon fibers thereby providing a
continuous electri-   15   resistance as measured to average about .07 ohm
cally conductive path along and through the paper.     cm while the current
carrying capacity is in the range The crossing of fibers over one another
causes the     of 1 ampere. If a higher power circuit is involved, the
paper to demonstrate markedly lower resistance        tin can be
substituted with silver or another highly than a carbon particle filled
elastomer. Carbon fiber  conductive metal possessing even less resistivity
paper is also lightweight and flexible, both desirable   20   than tin.
Generally, however, the aforementioned features for an elastomeric
connector.                 characteristics of tin-plated fibers are not
only ac- To further reduce the resistance of carbon fiber     ceptable but
also are superior or at least comparable paper or an alternative
electrically conductive fibrous  to conventional silver filled elastomeric
connectors mat, it has been determined that electroplating the    or
stamped metal contacts and are considerably less mat contributes markedly
to conductivity. In con-   25   expensive. trast to more expensive
conventional silver filled       The elastomer selected for use in this
invention elastomer LEC's, comparable electrical conductivity    should be
yielding (low Shore A hardness), resilient, is achieved using carbon fiber
paper electroplated     and electrically insulative. Any number of organic
with less expensive metals such as tin or nickel. It   and inorganic
materials such as polyester urethanes, should be noted that if silver
electroplated carbon    30   styrene butadene elastomers, copolyester-ether
fiber paper is selected, it demonstrates outstanding   elastomers, exhibit
these properties. However, due electrical conductivity far superior to
silver particle  to their availability, silicon rubbers are contemplated
filled elastomer.                                      for use in the
preferred embodiment. One such preferred graphitic carbon paper con-
In one of the preferred embodiments for making templated for use in this
invention is Panex CFP    35   test samples, 200 grams of Dow Corning
Silastic R 30-35 manufactured by Stackpole Fiber Co. of           GP-45, a
translucent, dielectric, silicone rubber was Lowell, Massachuetts, Panex
CFP 30-05, composed        compounded with 2.4 grams of Cadox TS-50, a vul-
of 8 micron diameter filaments, is lightweight (1.73   canizing agent which
enhances the resiliency of the g/cc), has a thickness of 5 mils and has an
ohmic      elastomer, on a two-roll mill at room temperature resistivity of
0.03 ohms cm. As noted above, the    40   Fifty grams of the resulting
milled composition were electrical conductivity of this graphitized paper
is   spread out in the cavity of a 10-inch x 12-inch considerably enhanced
by electroplating with elec-     plaque molded and partially cured at 171
degrees trically conductive metals. Such metals include,       Celsius (340
degrees Fahrenheit) for 10 minutes. It alone or in combination, nickel,
copper, tin and silver  was determined that the use of release sheets
facili- and lead. For continuous plating of mats 10, which    45   tated
removal of the partially cured plaques from the in the preferred embodiment
is Panex CFD 30-05,        mold. Therefore, two TEFLON glass sheets were
the paper is cut into 8-inch x 1 -inch strips and con-  placed in the
cavity prior to introduction of the elasto- nected to an anode and immersed
into a plating solu-   meric composition. tion. The plating solution
includes salts of one or      Although these curing conditions do not
conform more of the aforementioned metals which are   so    with the
manufacturer's recommendations, the reduced to elemental metal on the
strips by the use    properties of the resulting elastomer are desirable
for of the electrical current. During electroplating,      the intended
purpose of the invention. The elastomer elemental metal deposits are first
observed at the in-  has a hardness of 45A (Shore A durometer), a com-
tersection of the individual fibers and subsequently   pression set of 23
percent and an elongation of 570 along the fibers themselves. Table 1
emphasizes the    55   percent. When  removed, the  relatively  thin
reduced degree of volume resistivity of plated paper   elastomer films
(10-mil) are cut into one-inch over that exhibited by unplated paper.
squares with a paper cutter. The following technique was employed to gener-
TABLE 1                             ate an LEC from alternating layers of
elastomer and 60   fibrous conductive paper. Volume Resistivity
Metal-plated Panex paper strips are immersed into (of conduction layers in
a layered elastomeric con- 



a bath of Laur 201 silicone rubber dispersion. Laur nector made by
electroplating on carbon filled paper)  201, a primer used to bond carbon
fiber paper 10 to Carbon Fiber Paper  0.8  ohm cm (CONTROL)
cured SilasticGP-45sheets 12. isavailable from Laur Copper Plated      0.1
ohm cm                   65   Silicone Rubber Compounding, Inc. of
Beaverton. 4    EP 0 205 478B1       8 Michigan. The dispersion contains a
thermally acti-    system including a fast-acting noble metal (plati- vated
cross-linking promoter and is 20 percent solid   num) catalyzed rubber.
Thus, the need for peroxide dispersed in a 1, 1, 1 trichloroethane mixture.
After  curing agents is eliminated. the paper is saturated with the primer,
it is removed    Once coated, the strips are withdrawn between from the
bath and allowed to drain. The strips are    5    two threaded bolts which
act as doctor blades to in- then suspended in an oven for 10 to 15 minutes
at     sure a uniform coating on both surfaces of the strip. 100 degrees
Celsius to activate the cross-linking     Once withdrawn, the strips are
cried in an oven for promoter thereby partially curing the primer which
fifteen minutes at 100 degrees Celsius and cut into forms a smooth, tough,
grey-colored coating on the     one-inch squares. In the same manner
described exterior surfaces of the paper. Upon removal from    10   above,
the elastomer coated fiber paper is stacked. the oven, the dry and tack
free strips are cut into one  clamped and cured at 200 degrees Celsius in
an oven inch squares and are ready for assembly.               for
approximately a half an hour. Like the connector An improvement to Laur 201
primer is the use of      derscribed above, this process produces a unitary
a silicon-based, amino-functional, coupling agent to   fused connector.
This second method proves advan- improve penetration of and bonding of the
silicone   is  tageous when a large number of redundant contacts elastomer
to the carbon fibers. For example, Dow      is preferred because the method
eliminates the need Corning's Z-6020, a one-percent N-[err]-aminoethyl-
for the thicker elastomeric sheets. Thus, the contact -y-aminopropyl
trimethoxysilane solution from water    spacing, the separation of the
conductive fibers, is or isopropanol was found to adequately induce bond-
reduced and the efficiency of the connector en- ing. Other possible
candidates for bonding agents in-   20   hanced. clude a titanate coupling
compound of the type avail-     Figures 4 to 7 sequentially illustrate a
manufactur- able from Kenrich Petrochemicals, Inc. of Bayonne,    ing
system for production of connector 16. Spool 50 New Jersey, such as
LICA-38.                           secures a roll of 18-inch wide polyester
film carrier Assembly of the individual layers into a layered con-  sheet
52 (e.g., MYLAR). As sheet 52 is unrolled, it figuration is accomplished by
stacking alternating    25   passes under feed chamber 54 containing a LSR
55 squares of elastomer and fiber paper, one on top of    (described
above). Although Dow Corning's LSR the other, until a desired length is
achieved. The layers  595 is preferred, other two-part LSR's can be used
are clamped together with minimum pressure at the      such as, for
example, Dow Corning's 591. The two upper and lower ends by a C-clamp. The
stacked         parts are preferably mixed in equal parts ensuring not
material is placed in an oven at 200 degrees Celsius   30   to entrain air
when placed in feed chamber 54. Roller for 15 to 20 minutes. At the
elevated temperature,     56 supports sheet 52 bearing liquid LSR on its
upper the interfacing primer and elastomer combine and       surface which
passes under doctor blade 58 thereby cure thereby securely bonding the
alternating layers   controlling the thickness and producing a 3 mil layer
into a single, solid, stratified structure. Figure 2 illus-  of LSR.
Carrier sheet 52 then moves into oven 60 at trated stratified master rod 14
which is composed of   35   300 degrees Fahrenheit (148 degrees Celsius)
which alternating one-inch squares of Panex fiber paper 10   cures LSR 55.
Passing from oven 60, carrier sheet 52 and Silastic elastomer 12 bonded
together. Master      bearing the cured LSR layer moves toward take-up rod
14 is then cut to a desired thickness and length.  spool 66. Adjunct spool
64 bears a roll of slip sheet The use of master rod 14 and subsequent
cutting      62 (polyethylene) which is interlayered with rolled thereof
assures product uniformity and reduces   40   sheeting 68 on take-up spool
66. Slip sheet 62 facili- production costs by avoiding the need to build
and    tates subsequent unrolling of sheeting 68. cure each individual
component. Precise and easily      The next undertaking involves unrolling
sheeting adjusted thickness of the sliced portion from master   68 on
supply roller 70. Slip sheet 62 take up roller 72 rod 14 is achieved by
holding master rod 14 under      removes interlayered slip sheet 62 from
the upper slight compression and cutting with a sharp, single-   45
surface of the carrier sheet. A second layer of LSR 55 side-beveled,
cutting blade mounted on a milling       is coated on the first in the same
manner as the first, machine. Single-sided-beveling of the cutting blade
with the proviso that it is 6 mils thick. Graphitized has been noted to
produce a clean cut and facilitates  carbon paper 76 having a thickness of
5 mils is un- separation and removal by peeling of the sliced sec-   wound
from adjunct source spool 74 and pressed tion from master rod 14. Each of
the slices are then   50   into the liquid LSR layer by nippers 78 in a
manner cut to a desired length in the cross-sectional plane of  that the
lower surface of paper 76 is impregnated master rod 14 As illustrated in
Figure 2, where rod    and the upper surface is exposed. Carrier sheet 52
14 is cut along lines 1 5A and 15B according to this  moves the laminated
materials into oven 60 set at technique, the result is four essentially
identical,   176 degrees Celsius (330 degrees Fahrenheit) quarter-inch
square, layered elastomeric connectors   55   which leads to complete
curing and bonding of LSR 16 depicted in Figure 3.
coatings together. A slip sheet 62 feed and inter- An alternative process
for formulating the above-   layering processes is employed upon take-up of
lami- described conductive fiber mat based LEC is to fore-   nated sheeting
80. The above-described dual lamina- go the need of layered dielectric
elastomeric sheets  tion technique ensures that paper 76 will not fully 



12 (spacers) Strips of Panex fiber paper are coated   60   penetrate
through LSR 55 when it is pressed into the with a silicone resin by
immersion into a bath of liquid  second layer. silicone rubber (LSR). Dow
Corning Silicone Rubber       Figure 6 illustrates the supplementary primer
coat- 595 diluted with toluene to reduce the viscosity of   ing step for
laminated sheet 80. Interlayered slip the bath was found satisfactory for
this purpose.      sheet 62 is removed and laminated sheet 80 is coat-
Liquid silicone rubbers are characterized as a 2 part   65   ed with Laur
201, a preferred primer due to its low 5    9                  EP 0 205 478
B1                  10 iscosity and ease of penetration of laminated sheet
trudes from wall 28 within cavity 26 facing connec- 80. The solvent is
removed from the primer by air,  tor 16. vacuum evaporation or warming in
oven 60 at ap-       More clearly illustrated in Figure 9, connector 16 is
proximately 93 degrees Celsius (200 degrees         lodged within cavity
26. The length of connector 16 Fahrenheit). Primed, laminated composite
sheet 84    5   is substantially equal to that of cavity 26 but the is
wound up on take-up roll 66 and again interlayed  height of cavity 26 is
slightly less than the width of with slip sheet 62. It is preferred, at
this point, that  connector 16, therefore, requiring connector 16 to sheet
84 be slit into 1 1/4 inch wide tapes 86.     be slightly compressed when
seated within cavity Tape 86 is then processed into a laminated con-    26.
Due to the slight compression required to seat nector employing the
following apparatus and proce-   10   connector 16 within housing 18 and
the elastomeric dure: interlayered tape 86 is loaded into spool 88  nature
of connector 16, some displacement occurs from which adjunct spool 92 takes
up slip sheet 64  therein. More particularly, the compression of con- after
it passes around roller 90. Carrier sheet 52 is re-  nector 16 causes it to
bulge within lower slot 22 and moved from laminated composite layer 86,
passing    protrude into the space facing ridge 29. According- around a
roller at 94 and onto take-up spool 52. Tape   15  ly, when properly
seating within housing 18, con- 86 then passes into slack tower 96 over
roller 98 un-  nector 16 is not perfectly rectangular but is displaced der
tension roller 100 attached to spring assembly  in two directions; into
lower slot 22 and toward ridge 104 and then over exit roller 1
02.,Following exit from  29. slack tower 96, tape 86 passes through tension
nip-    Figures 10 and 1 1 pictorially represent the means per rollers 106
and into stamping press 1 10 compris-   20   by which electrical contact is
established by use of ing reciprocating stamper 1 12 and one-inch square
this invention. Housing 18, containing connector 16. aperture containing
base frame member 1 14. Stam-   is attached to circuit board 40 by way of
screw 30, per 112 impacts on tape 86 cutting it into one-inch  which passes
through hole 24 in housing 18 and squares 116. The transport of the tape 86
into the  through a complementary hole provided in board 40. stamping press
1 10 is synchronized with the stroke   25   Screw 30 secures housing 18 to
board 40 with nut of the press 112, preferably by an electric stepper  31.
Connector 16 is in a light contact position with motor although other
methods can be used. The re-   electrically conductive members 41 located
on the maining portions of tape 86 pass through tensioning  upper surface
of board 40 as illustrated in Figure 10. nipper rollers 108 and is
collected on take-up roller  A second board 42, containing electrically
conduc- 109. Meanwhile, squares 116 collect in one-inch   30  tive members
43 along one surface is inserted square tube 120 and are compressed therein
by the   through slot 20 and to the base of cavity 26 so that repeating
piston action of reciprocating stamper    members 43 contact connector 16.
As clearly 112. Tube 120 passes through 148 degrees Celsius    represented
in Figure 11, the insertion of board 42 (300 degrees Fahrenheit) oven 1 22
where the primer  into cavity 26, generates compressive force which is
activated and cements composite squares 116   35   further distorts
elastomeric connector 16 causing together into a stratified unitary rods
124 which exit  greater expansion into slot 22. It can be appreciated from
the end of tube 116. Rods 124 are then cut and  that the further expansion
of connector 16 into slot processed in much the same manner as master rod
22 increases the contact surface area and, therefore. 14 described above.
creates a more substantial contact between connect- Figure 8 schematically
represents layered connec-   40   or 16 and conductive members 41.
Furthermore, by tor 16 and its complementary connecting housing     this
arrangement, the contact area between connect- 18. Housing 18 is
constructed of a thermoplastic    or 16 and members 41 is environmentally
sealed material such as polyethylene nylon, polybutylene   from the
atmosphere. Ridge 29 provides a spacer be- terephtolate so that it
possesses shape stability and  tween the back of board 42 and wall 28
thereby caus- requisite strength for a connector housing. Housing   45  ing
even greater compressive force on elastomeric 18 provides a configuration
selected to assure ade-  connector 16 which in turn assures substantial and
quate contact between connector 16 and another ar-  complete contact as
well as an environmental seal ticle such as a circuit board.
between connector 16 and conductive members 43. Housing 18 is a six-sided,
elongated, rectangular   The contact established between connector 16
container including upper elongated slot 20, lower   50   and conductive
members 43 is established by the elongated slot 22, bore hole 24, and
cavity 26. Cavi-  frictional engagement generated by sliding board 42 ty 26
extends virtually the entire length, excepting  along connector 16 in
cavity 26. The rubbing, more the end walls, of housing 18. Upper elongated
slot  commonly referred to as wiping contact, describes 20 and lower
elongated slot 22 are substantially the  the contact between electrically
conductive fibers same length as cavity 26. Upper slot 20 runs parallel
55   forming connector 16 and conductive members 43. to and is contiguous
with exterior wall 28. The re-  The wiping contact serves not only to wipe
oxida- maining upper surface, forming upper wall 21, is of  tion, etc. from
the conductive members 43 but also 



a width nearly equal to that of connector 16. Lower  to seal the final
contact position from deleterious at- slot 22 is centrally disposed along
the elongated   mospheric  elements. Moreover, the  contact axis of the
lower wall of housing 18. Therefore,   60   resistivity is reduced between
electrically conduc- slcts 20 and 22 do not lie within the same vertical
tive members 41 and 43 and layers 10. plane within housing 18. The
importance of offset-    Because connector 16 and cavity 26 are of sub-
ting slots 20 and 22 will become apparent below.    stantially identical
length, the compresive nature of Wall 28 features interior ridge 29 which
extends    the seating of connector 16 within housing 18, dis- the entire
length of cavity 26. Ridge 29 pro-   65   torts connector 16 in only the
vertical (cross-    11               EP 0 205 478 B1                   12
sectional) plane. This vertical distorsion, in contrast  Therefore: R =
[err] to anisotropic displacement maintains alternating layers 10 and 12 in
parallel, vertical relationship thereby assuring matching contact in the
vertical plane between member 43 and member 41. Accord- ingly, a single
conductive member 41 will be satis-             RN = [err] (17 x 0.077) =
1.31 ohms factorily connected to its corresponding conductive member 43
through conductive connector layers 10.   and: Indeed, the particular
arrangement contemplated by this invention is intended to provide redundant
con-   10 tact surfaces i.e., a plurality of connector fibrous  p element =
[err] conductive layers 10 corresponding to each conduc- tive member 41 and
corresponding member 43 on       p element = 0.065 [err] cm boards 40 and
42, respectively. To assess uniformity and assure quality control,  15  The
above-described preferred embodiments are testing and evaluation procedures
have been estab   intended to be illustrative, not limitive. For exam-
lished for LEC 16. The connector resistance is meas-  ple, a rectangular
connector is described. However, ured by clamping LEC 16 between two
gold-plated     it is appreciated that the above-described connec-
electrodes. The electrodes are connected to a       tors may have cross
sections of many geometries; 1 00-milligram constant current power supply
such  .20   cylindrical C-shaped. T-shaped, as well as other ir- as that
manufactured by Hewlett Packard. At cons-   regular configurations desired
for a particular pur- tant current, measuring the voltage drop with a volt-
pose. meter between the electrodes permits calculation of   Other such
variations and modifications of the in- the resistivity. The volume
resistivity (p) of each con-  vention should now be obvious to the skilled
artisan ductive fiber layer may also be determined by mul-  25   and are
intended to falls within the scope of the inven- tiplying the calculated
resistance (R) by the cross  tion as defined by the following claims.
sectional area of the LEC and then dividing the result by the conductive
path length (CPL). The volume resistivity of LEC may vary due to the number
of con-  Claims ductive traces contained (number of conductive lay-   30
ers per length). Therefore, it is desirable to determine  1. A layered
electrical connector for electrically comparative resistivity rather than
an absolute     connecting conductive areas of first and second
measurement. The following formula may be used      members comprisings an
elongate member (16) for this purpose so long as the assumption that each
formed of dielectric [err] material (12) and conductive layer is of
equivalent resistivity:         36  conductivememberst (10), characterised
in that: said conductive members (10) are in the form of conduc- tive
fibrous mat layers (10) coextensive with the p =   [err]
cross section of the connector across which the first and second conductive
areas are to be connected to 40   each other and said [err] elastomeric
material where                                                12) is in the
form of elastomeric sheets (12) dis- p   = volume resistivity
posed on each side of each of said fibrous mat layers R   = calculated
resistance (determined by vol-     (10), said fibrous mat layers and said
elastomeric tage drop)                               sheets being adhered
being together forming the A   = averaged over number of conductive layers
45    elongate member (16E.. N   = number of conductive layers
2. An electrical connector as claimed in claim 1, W   = width of conductive
layers                    characterised in that [err] fibers forming said
mat lay- W   = weight of conductive layers                   ers (10) are
plated with an electrically-conductive H   = height of conductive layers
metal. CPL = conductive path length                   50     3. An
electrical connector as claimed in claim 1. characterised in that [err]
fibers forming said mat lay- The following sample calculation is provided
to il- lustrate the use of the formula:                    ers (10) are of
graphite carbon. 4. An electrical connector as claimed in claim 1, Given:
R   = 0.077 ohms (as calculated)            characterised in that [err] mat
layers (10) are flexible N   = 17 (number of elements)         55   and
said elastomeric sheets (12) are bonded to the 



W   = 1.27 x 10-2 cm                        mat layers (10) by [err]
elastomeric material of the H    = 0.7 cm
elastomeric sheets (12). CPL = 0.2 cm                                  5.
An electrical connector as claimed in claim 1, characterised in that a
coupling agent promotes 60   bonding between the conductive fibrous mat
layers Assume: [err]                                       (10) and the
elastomeric sheets (12), the coupling agent being selected from the group
of a silicone rub- ber dispersion, an amino-silicon functional coupling
where    =   [err]                         agent  such  as
N-B-aminoethyl-y-aminopropyl 65   trimethoxy-silane or a titanate coupling
agent. 7    11        EP0205478B1                         12 sectional)
plane. This vertical distorsion, in contrast  Therefore: R   R to
anisotropic displacement maintains alternating                    N. layers
10 and 12 in parallel, vertical relationship thereby assuring matching
contact in the vertical                   17 plane between member 43 and
member 41. Accord-    5 ingly, a single conductive member 41 will be satis-
RN = [err]  (17 x 0.077) = 1.31 ohms factorily connected to its
corresponding conductive member 43 through conductive connector layers 10.
and: Indeed, the particular arrangement contemplated by this invention is
intended to provide redundant con-   10 tact surfaces i.e., a plurality of
connector fibrous  p element =      [err] conductive layers 10
corresponding to each conduc- tive member 41 and corresponding member 43 on
p element = 0.065 [err] cm boards 40 and 42, respectively. To assess
uniformity and assure quality control,  is  The above-described preferred
embodiments are testing and evaluation procedures have been estab-
intended to be illustrative, not limitive. For exam- lished for LEC 16. The
connector resistance is meas-  ple, a rectangular connector is described.
However, ured by clamping LEC 16 between two gold-plated     it is
appreciated thart the above-described connec- electrodes. The electrodes
are connected to a        tors may have cross sections of many geometries:
1 00-milligram constant current power supply such   20   cylindrical
C-shaped T-shaped, as well as other ir- as that manufactured by Hewlett
Packard. At cons-   regular configurations desired for a particular pur-
tant current, measuring the voltage drop with a volt-  pose. meter between
the electrodes permits calculation of   Other such variations and
modifications of the in- the resistivity. The volume resistivity [err] of
each con-  vention should now be obvious to the skilled artisan ductive
fiber layer may also be determined by mul-  25   and are intended to fall
within the scope of the inven- tiplying the calculated resistance (R) by
the cross  tion as defined by the following claims. sectional area of the
LEC and then dividing the result by the conductive path length (CPL). The
volume resistivity of LEC may vary due to the number of con-  Claims
ductive traces contained (number of conductive lay-   30 ers per length).
Therefore, it is desirable to determine  1. A layered electrical connector
for electrically comparative resistivity rather than an absolute
connecting conductive areas of first and second measurement. The following
formula may be used       members comprising an elongate member (16) for
this purpose so long as the assumption that each  formed of dielectric
elastomeric material (12) and conductive layer is of equivalent
resistivity:  35   conductive members (10), characterised inthat: said
conductive members (10) are in the form of conduc- tive fibrous mat layers
(10) coextensive with the cross section of the connector across which the
first [err]                                     and second conductive areas
are to be connected to 40   each other and said [err] elastomeric material
(12) is in the form of elastomeric sheets (12) dis- where posed on each
side of each of said fibrous mat layers [err]   = volume resistivity
(10), said fibrous mat layers and said elastomeric = calculated resistance
(determined by vol-     sheets being adhere  being together forming the
tage drop) A   = averaged over number of conductive layers    45   elongate
member (16E... 2. An electrical connector as claimed in claim 1, N   =
number of conductive layers characterised in that [err] fibers forming said
mat lay- W   = width of conductive layers                    ers (10) are
plated with an electrically-conductiva H   = height of conductive layers
metal. CPL = conductive path length 



so    3. An electrical connector as claimed in claim 1. characterised in
that [err] fibers forming said mat lay- The following sample calculation is
provided to it-  ers (10) are of graphs carbon. lustrate the use of the
formula: 4. An electrical connector as claimed in claim 1, Given:  R   =
0.077 ohms (as calculated)            characterised in that [err] mat
layers (10) are flexible 55   and said elastomeric sheets (12) are bonded
to the N   = 17 (number of elements)              mat layers (10) by [err]
elastomeric material of the W   = 1.27 x [err] cm
elastomeric sheets (12). H   = 0.7 cm                              5. An
electrical connectors claimed in claim 1, characterised in that a coupling
agent promotes 60   bonding between the conductive fibrous mat layers
Assume: [err]                                     (10) and the elastomeric
sheets (1 2) the coupling agent being selected from the group of a silicone
rub- ber dispersion, an amino-silicon functional coupling where [err]
agent  such  as  -N-[err]-aminoethyl-y-aminopropyl 65   trimethoxy-silane
or a a titanate coupling agent. 7    13                   EP 0 205 478 B1
6. An electrical connector as claimed in claim 1,   Patentanspriiche
characterised in that a housing member (18) has a space in which said
elongated member (16) is dis-        1.
GeschichteterelektrischerVerbinderzumelek- posed, said housing member is
mountable onto a         trischen Verbinden leitfahiger Bereiche eines
ersten first circuit board (40) having conductive members    5    und eines
zweiten Glieds. mit einem aus dielektri- (41), a first opening (22) is
located in said housing  schem, elastomerem Material (12) und leitfihigen
member (18) through which part of said elongated       Teilen ( 10)
gebildeten langlichen Glied 11 6). dadurch member (1 6) extends so that the
conductive fibers of  gekennzeichnet, dalB die leitfahigen Teile (10) in
said fibrous mat layers (10) electrically engage the   Form leitfiliger
Fasermattenlagen (10) ausgebildet conductive members (41), and a second
opening    10   sind, die mit dem Querschnitt des Verbinders. uber (20) is
located in said housing member (18) through    den die ersten und zweiten
leitfahigen Bereiche mit- which an end of a second circuit board (42)
having     einander verbunden werden sol~en, erstreckungs- conductive
members (43) passes so that the conduc-     gleich sind, und das
dielektrische elastomere Mate- tive members (43) are electrically
engageable with     rial (12) in Form elastomerer Flachstucke (12) ausge-
the conductive fibers of the fibrous mat layers, and    is   bildet ist,
die auf jeder Flachseite einer jeden Faser- said housing member (18) has an
arcuate section        mattenlage  (10) angeordnet sind. wobei die (29) on
an inside surface thereof which urges the end  Fasermattenlagen und die
elastomeren Flachstuicke of the second circuit board (42) into engagement
unter Bildung des langlichen Glieds (16) haftend mit- with the elongated
member (16).                        einander verbunden sind. 7. A method
for producing an electrical connector   20  2. Elektrischer Verbinder nach
Anspruch 1, da- in the form of an elongated member (16) which is
durch gekennzeichnet, daB die die Mattenlagen (10) ormed of elastomeric
material (12) and conductive     bildenden Fasern mit einem elektrisch
leitfahigen members (1 0), characterised by the steps of: applying  Metall
plattiert sind. a layer of conductive fibrous members (76) onto a sur-   3.
Elektrischer Verbinder nach Anspruch 1, da- face of a layer of elastomeric
material, the surface be-   2s   durch gekennzeichnet, daB die die
Mattenlagen  10) ing in a flowable condition so that the conductive fi-
bildenden Fasern aus Graphitkohle bestehen. brous members are impregnated
by the elastomeric         4. Elektrischer Verbinder nach Anspruch 1, da-
material; curing (60) the layers of conductive fibrous  durch
gekennzeichnet, daBi die Mattenlagen 1 0) fle- members and elastomeric
material thereby forming a     xibel sind und die elastomeren Flachstucke
112) laminated sheet; applying a heat-activated adhesive   30   durch das
elastomere Material der elastomeren (82) onto the laminated sheet; cutting
( 110) the lami-  Flachstucke ( 1 2) mit den Mattenlagen ( 10) verbun-
nated sheet into individual laminated members of a     den sind. selected
size; stacking the individual laminated mem-    5. Elektrischer Verbinder
nach Anspruch 1. da- bers into a stratified structure (116); and heating
durch gekennzeichnet, dalB ein Kopplungsmittel die (122) the stratified
structure causing tle heat-activat-   3s   Verbindung zwischen den
leitfahiger, Fasermatten- ed adhesive to flow thereby bonding the
individual     lagen (10) und den elastomeren Flachstiucken (12) laminated
members together into a unitary rod (124).   unterstutzt, wobei das
Kopplungsmittel aus der 8. A method as claimed in claim 7, characterised
Gruppe aus einer Siliconkautschukdispersion, einem by the step of plating
the layer of conductive fibrous  funktionellen Kopplungsmittel aus
Aminosilicon. wie members (76) with a metal before applying the flow-   40
z.B. N-(5-aminoethyl)-y-aminopropyl trimethoxy-si- able elastomeric
material thereon.                     lane, oder einem
Titanat-Kopplungsmittel gewahlt 9. A method as claimed in claim 7 or claim
8,        ist. characterised in that the layer of elastomeric material
6. Elektrischer Verbinder nach Anspruch 1. da- is disposed on a carrier
sheet (52) and the surface of   ' curch gekennzeichnet. daB ein
Gehauseglied (18) the elastomeric material is rendered flowable by the
45   einen Raum aufweist, in dem das lingliche Glied 1 6) application of a
flowable elastomeric material (54)    angeordnet ist. dal3 das Gehauseglied
auf ziner er- 



onto a cured layer of elastomeric material (54), and   sten
Schaltungsplatte (40) mit leitfahigen Elementen removing the carrier sheet
(52) from the laminated     (41) anbringbar ist, daBl sich in dem
Gehauseglied sheet (86).                                            118)
eine erste Offnung (22) befindet, durch die sich 10. A method as claimed in
claim 7, 8 or 9,   so   ein Teil des l3nglichen Glieds ( 16) derart
hindurcher- characterised by the further steps of applying pres-   streckt,
dal die leitfihigen Fasern der Fasermatten- sure (112) to the stratified
structure, the cutting step  lagen (10) mit den leitfthigen Elementen (41)
in elek - including a stamping member (112) and a collecting -   trischen
Eingriff treten, und daB sich in dem Gehau- tube (120) in which the cut
individual la;nirnated     seglied(18)einezweiteoffnung (20) befindet,
durch members are collected and stamped together via   55   die sich ein
Ende einer zweiten Schaltungsplatte said stamping member (11 2), utilising
elastomeric     (42) mit leitfahigen Elementen (43) derart hindurch-
material of silicone rubber, using for the layer of con-  erstreckt, daB
die leitfahigen Elemente (43) mit den ductive fibrous material, non-woven
individual car-    leitfihigen Fasern der Fasermattenlagen in elektri- bon
fibers that are metal plated and are randomly dis-  schen Eingriff bringbar
sind, und dal das Gehause- tributed throughout the layer and which are also
ran-   60   glied (18) an einer Innenfliche einen bogenformigen domly
interconnected, and selecting said heat-acti-    Bereich (29) aufweist, der
das Ende der zweiten vated adhesive from the group of a silicone rubber
Schaltungsplatte (42) mit deni langlichen Glied (16) dispersion, an
amino-silicon functional coupling       in Eingriff drickt. agent  such  as
N-B-aminoethyl-y-aminopropyl            7. Verfahren zum Herstellen eines
elektrischen trimethoxysilane or a titanate coupling agent.   65
Verbinders in Form eines langlichen Glieds 116). 8    15
EP 0 255 478 81                    16 das aus elastomerem Material 112) und
leitf~higen       mat fibreuA conducteurs s-tendant sur toute la sec
_,eilen (10) gebildet ist, gekennzeichnet durch fol-     tion transversale
du connecteur 3 travers lequel iks gende Schritte: Aufbringen einer Schicht
leitfihiger    premiere et seconde zone conductrnces dowvent htre
Faserelcmente  (76) auf eine Oberflache einer           connectees entre
elles et ladite matiAre 61astorerp- Schicht elastomeren Materials, wobei
sich die Ober-    5    que 6lectrique (012) se prdsente sous la forme de
teuil. flache in einem fliessfahigen Zustand befindet, so     les
dlastom~riques (1 2) 1isposdes de chacue c6tt de daB die leitfahigen
Faserelemente mit dem elastome-     chacune desdites couches (10) en mat
fibreux. lesd: ren Material impragniert werden; Ausharten 160) der     tes
couches en mat fibreux et lesdites ieudiles.tlasto- Schichten aus
leitfihigen Faserelementen und ela-       mdriques dtant collees entre
elles et formant lae- stomeren Material, wodurch ein laminiertes Flach-
so   ment allonge (16). material gebildet wird; Aufbringen eines warmeakti-
2. Connecteurdlectriqueselonfarevendication 1. vierten Klebstoffs (82) auf
das laminierte Flachmate-   caracterise en ce que les fibres forman;
lesdates cou- rial; Schneiden 11 10) des laminierten Flachmaterials   ches
(10) en mat sont revetues d'un m.tal 6lectri- in einzelne laminierte Teile
mit einer ausgewghiten     quement conducteur. Grosse; Stapeln der
einzelnen laminierten Teile in ein   is  3. Connecteur lectrique selon la
revendication 1. aufeinandergeschichteeas Gebilde 1 16); und Erwar-
caractdrisd en ce que les fibres formant lesdites cou- men 1122) des
aufeinandergeschichteten Gebildes,        ches (10) en mat sont en carbone
sous forme de gra- wodurch der warmeaktivierte Klebstoff zum Fliessen
phite. gebracht wird, wodurch die einzelnen laminierten          4.
Connecteur electrique selon la revendication 1. Teile zu einer einstuckigen
Stange (124) zusammen-   20   caractirisd en ce que les couches (10) de mat
sont laminiert werden.                                       flexibles et
lesdites feuilles 6lastomeriques (12) sont 8. Verfahren nach Anspruch 7,
gekennzeichnet          liees aux couches (10) de mat par la matiere
dlasto- iurch den Schritt, daB die Schicht der leitfahigen Fa-  merique des
feuilles dlastomdriques 112). '%-.4erelemente (76) mit einem Metall
plattiert wird. be-   5. Connecteurhlectriqueselonlarevendication 1. vor
das fliessfahige elastomere Material darauf auf-   2s   caracterise en ce
quCun agent de couplage favorise la gebracht wird.
liaison entre les couches 110) de mat fibreux et les 9. Verfahren nach
Anspruch.7 oder Anspruch 8.         feuilles 6lastomeriques (12), Iagent de
couplage dadurch gekennzeichnet. dali die Schicht elastome-      etant
choisi dans le groupe d'une dispersion de ren Materials auf einem
TrAgerflachmaterial (52) an-    caoutchouc silicone, d'un agent de couplage
a fonc- geordnet wird und die Oberfilche des elastomeren    30   tionnalite
amino au silicium tel qu'une N-$P-ami- Materials durch die Aufbringung
eines fliessfahigen     nodthyl)-y-aminopropyl trimethoxysilane  ou  un
elastomeren Materia:s (54) auf eine ausgehirtete        agent de couplage
du type titanate. Schicht elastomeren Materials (54) fliessfahig ge-
6. Connecteur electrique selon la revendication 1. macht wird und das
Tragerflachmaterial (52) von         caract6rise en ce qu'un 6l6ment de
boitier (18) pre- dem laminierten Flachmaterial (86) entfernt wird.  35
sente un espace dans lequel ledit 6lement allongd 10. Verfahren nach
Anspruch 7, 8 oder 9, ge-          (16) est dispose, [edit 4lement de
boitier peut etre kennzeichnet durch die weiteren Schritte, daB Druck
monte sur une premiere plaquette (40) a circuit com- (112) auf das
aufeinandergeschichtete Gebilde aus-     portant des elements conducteurs
(41). une pre- geubt wird, daB der Schneidschritt ein Stanzglied
miere ouverture (22) est menagee dans ledit element 1 12) und eine
Sammelr6hre (120) beinhaltet, in der   40   (18) de bottier, a travers
laquelle une partie dudit 6l&- die zerschnittenen, einzelnen laminierten
Teile ge-     ment allonge (16) s'etend afin que les fibres conduc- sammelt
und mittels des Stanzglieds (I12) unter         trices desdites couches
(10) de mat fibreux 6tablis- Verwendung elastomeren Materials aus
Silikonkaut-       sent un contact electrique avec les elements conduc - \J
schuk zusammengestanzt werden, wobei fur die             teurs (41), et une
seconde ouverture (20) est mena- 



SchichtdesleitfahigenMaterialsnicht-verwebteein-    45   gee dans ledit
element (18) de bottier. A travers zelne Kohlenstoffasern verwendet werden,
die mit       laquelle une extremite d'une seconde plaquette (421 Metall
plattiert und Ober die gesamte Schicht regellos  3 circuit, comportant des
elements conducteurs verteilt werden und die auch regellos miteinander
143), passe afin que les elements conducteurs 143) verbunden werden, und
dag der wirmeaktivierte           puissent etablir un contact electrique
avec les fibres Klebstoff aus der Gruppe aus einer Siliconkautschuk-   so
conductrices des couches de mat fibreux. et ledit ele - dispersion, einem
funktionellen Kopplungsmittel aus     ment de bottier (18) presente une
partie arrondie (291 Aminosilicon, wie z.B. N-(D-aminoethyl)-y-amino-
sur une surface interieure de cet 616ment, laquelle propyl trimethoxysilan,
oder einem  Titanatkopp-.       partie arrondie sollicite l'extremite de la
seconde pla- lungsmittel gewahIt ist.                                quette
(42) a circuit en contact avec l'element 55   allonge (1 6). 7. Procede
pour produire un connecteur electri- Revendications
que sous la forme d'un 6lement allonge (16) qui est faorme d'une matiere
elastomerique (12) et d'6el- 1. Connecteur electrique en couches pour con-
ments conducteurs (10), caracterise par les etapes necter electriquement
des zones conductrices de    60   qui consistent: a appliquer une couche
form~e d'ele- premier et second 6lements comprenant un element        ments
fibreux conducteurs (75) sur une surface allonge (16) forme d'une matiere
elastomerique die-     d'une couche de matibre dlastomerique, la surface
lectrique (12) et d'elements conducteurs (10)t.          tant dans un etat
pouvant couler de faton que les caracteris6 en ce que: lesdits elements
conducteurs     elements fibreux conducteurs soient impregnes par tOI) se
prdsentent sous la forme de couches (10) en    65   la matiere
elastomerique; A faire murir (60) les 9    17                  EP 0 205
478B1                      18 couches des 616ments fibreux conducteurs et
la         tomerique (54) pouvant couler sur une couche mune matiere
blastomerique afin de former une feuille       de matibre lastomeique (54).
et 'enlevement de la lamellaire; a appliquer un adhesif (82) active par la
feuille (52) de support de la feuille lamelrjire (86). chaleur sur la
feuille lamellaire; A couper (110) la      10. Procede selon la
revendication 7, 8 ou 9. feuille lamellaire en e6lments lamellaires
individuels    5    caracterise par les autres 6tapes qui consistent 3
d'une dimension choisie; A empiler les 6lbments        appliquer une
pression 1112) a la structure stratifite, lamellaires individuels d'une
structure stratifiee     l'6tape de coupe utilisant un 6lbment d'emboutis-
( 116) et A chauffer (122) la structure stratifiee, pro-  sage (1 12 et une
tube collecteur (120) dans lequel voquant une coulee de I'adhbsif active
par la chaleur  les elements lamellaires individuels coupes sont col- pour
Her ainsi les 6e6ments lamellaires individuels   ao   lectes et emboutis
entre eux au moyen dudit 6lment entre euxi en un barreau monobloc (124).
d'emboutissage (1 12). d utiliser une matiere elasto- 8. Procede selon l8
revendication 7, caracterise     merique en caoutchouc silicone. A utiliser
wur la 8. Prc~d6 elon a revndicaion 7 caratkis6couche de matibre, fibretuse
conductrice des fibres de en ce qu'il consiste A revetir la couche
d'elements    c fibreux conducteurs (76) avec un metal avant I'appli-
carbone individuelles non tissees qui sont revetues cation de la matiere
6lastomhrique pouvant couler   15   de m6tal, qui sont reparties de facon
aldatoire dans toute la couche et qui sont 6galement refi6es entre sur
cette couche. elles de facon albatoire, etA selectionner ledit adh6sif 9.
Proc6d6 selon la revendication 7 ou la revendi-   active par la chaleur
dans fe groupe comprenant une cation 8. caractbrisb en ce que la couche de
matiere   dispersion de caoutchouc silicond. un agent de cou- diastdm6rique
est dispos6e sur une feuille (52) de   .20   plage a fonctionnalitd amino
au silicium tel quw N- support et la surface de la matiere blastom6rique
est   (0-aminoethyl)-y-aminopropyl trimdthoxysilane ou rendue coulante par
l'application d'une matiere blas-  un agent de couplage du type titanate.
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