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dramatically. Lower dielectric constant dielectric materials both decrease
capacitive coupling and The  present invention  concerns dielectric
increase the speed of the electronic signal so that materials, and in
particular low dielectric constant  electronic systems can process data at
greater dielectric materials suitable for use, without limi-    5
speeds. tation, in multilayer printed circuit boards.           [err]
laminate has a relatively high dielectric The principal conventional
dielectric material in   constant, approximately 5.0 at 1 megahertz. This
prsent use for printed circuit boards is a lami-      is a result of the
high dielectric constant contribu- nated composite comprised of fiberglass
fabric        tion of the fiberglass, 6.11, averaged with the impregnated
with a thermosetting epoxy resin,   10   lower dielectric constant of the
epoxy resin, 3.4 referred to by the National Electronic Manufac-       To
achieve a lower dielectric constant dielectric turers Association (NEMA)
classification as [err]     material, the electronics industry has turned
to [err] is produced by impregnating fiberglass fab-      laminated
composites comprised of fiberglass ric with a liquid, thermosetting epoxy
resin. The     fabric impregnated with fluorocarbon resins. resin in the
impregnated fabric is partially cured    15   These laminated composites
have a dielectric with heat to form a dry, flexible sheet in which the
constant of approximately 2.5 at 1 megahertz. resin is in an intermediate
cure state, termed "B"-   However, fluorocarbons are not thermosetting
stage or "pre-preg" sheet. One or more sheets of      resins and are
extremely difficult to fabricate into pre-preg are then stacked together to
a desired       multilayer printed circuit boards  At temperatures
thickness and laminated together by further cur-   20    at which the
fluorocarbon pre-preg sheets will ing under heat and pressure to form a
laminated       bond the package together, the innerlayers can composite in
which the resin is in a fully-cured      melt or lose their dimensional
stability. If FR.4 state, termed the "C"-stage state.
pre-pregs are used to bond the fluorocarbon During the lamination process,
the B-stage          innerlayers together, the resulting multilayer epoxy
resin of the pre-preg sheet is converted to   25    composite is
non-homogeneous and the dielec- fully-cured C-stage resin. Normally, the
sheets of    tric constant is raised as a result of the higher pre-preg are
bonded to one or two sheets of           dielectric constant of the
pre-preg. copper foil during the lamination process so that       Other
specialty dielectric materials have been the laminated composite consists
of dielectric        developed which utilize fibers other than fiberg-
material clad on one or both sides with copper   30   lass in combination
with thermosetting resins. foil. This composite material is referred to as
the   Laminated composites of polyaramide fibers and FR_. copper clad
laminate and is fabricated into      epoxy resins have a dielectric
constant of 3.8, single and double sided printed circuit boards.
which is considerably higher than the fluorocar- Where very high circuit
densities are required      bon composites. Quartz fibers have been used in
printed circuirboards with more than two layers   35   composites, but
quartz fibers have nearly the of circuitry have been developed, called mul-
same dielectric constant as polyaramide fibers. tilayer printed circuit
boards. Thin dielectric [err]    It is known from GB-A-2061989 to provide
an copper clad laminate is fabricated into single or     insulating board
which comprises one or more double sided circuit patterns called
innerlayers.     layers of polymeric fibrous material, such as One or more
of these innerlayers are interleaved    40    P.T.F.E., having a
predetermined dielectric con- with one or more sheets of B-stage pre-preg
and       stant impregnated with a thermosetting polymer laminated together
under heat and pressure to         having a dielectric constant which is
close to that form a homogeneous, void free multilayer struc-       of the
dielectric constant of said fibrous material. ture. The lamination process
converts the B-stage       According to the present invention there is
epoxy resin of the pre-preg into C-stage resin,   45    provided a
dielectric material comprising a fabric bonding the innerlayers together
and providing        having fibers and interstices between said fibers,
insulation between the circuit layers. The mul-       in which at least a
portion of the fibers in said tilayered structure is further processed into
a       fabric are fluorocarbon fibers which have been multilayer printed
circuit board.                    treated to make the fluorocarbon fibers
wettable The thermosetting resin is essential to the    50    by an uncured
thermosetting resin, the fabric fabrication of multilayer printed circuit
boards in   being  impregnated  within  said  interstices which the resin
is uniform throughout. The B-         between said fibers with a
thermosetting resin stage resin in the pre-preg is converted to a fully-
cured to at least the semi-cured, B-stage state, the cured C-stage state
without melting or materially     dielectric constant of said dielectric
material altering the C-stage dielectric material in the    55    being
less than 3.5. innerlayers. Because the intermediately cured
Preferably the dielectric constant of the material pre-preg is essentially
the same composition as      is less than 3.0. The thermosetting resin may
be the C-stage resin in the innerlayers, the multilayer  cured to the
fully-cured, C-stage state and the composite is dimensionally stable and
easily pro-     dielectric material may have electrically conduc- cessed.
so   tive foil bonded to at least one surface thereof. There is a need in
the electronics industry for       The present invention also provides a
lami- dielectric materials having lower dielectric con-     nated composite
structure comprising one or stants than  that of conventional materials
more sheets of this dielectric material in which because signal speeds and
operating frequencies      the thermosetting resin is cured to the
fully-cured, of   electronic  systems   have   increased    65    C-stage
state, and one or more sheets of the 2 
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in which the thermosetting       stretched to nearly its original
dimensions after resin is cured to the semi-cured, B-stage state,
treatment, (b) impregnating the fabric with an oriented such that, wherever
a layer of material in  uncured thermosetting resin, and (c) heating and
the C-stage state contacts another layer, the other  drying the
resin-impregnated-fabric to cure the layer is of material in the B-stage
state.     5    resin to at least the semi-cured, B-stage state. The In a
laminated composite structure comprising     process may include the step
of calendering the one or more sheets of this dielectric material in
fabric to reduce its thickness. The treatment to which the thermosetting
resin is cured to the       make the fluorocarbon fibers wettable may
fully-cured, C-stage state, and having an electric-  include applying an
alkali naphthanate solution to ally conductive foil bonded to at least one
side of   10   the fluorocarbon fibers or fabric. The process may at least
one of the sheets, and one or more sheets  include napping the fluorocarbon
fibers to of the dielectric material in which the thermoset-  improve
wettability and adhesion between fibers ting resin is cured to the
semi-cured, B-stage      and resin. state, the layers are oriented such
that, wherever    The fibers or fabric can be bleached subsequent a layer
of material in the C-stage state contacts   is  to the treatment to make
them wettable, in order another layer, and wherever an electrically con-
to lighten the colour of the fibers. ductive foil contacts another layer,
the other layer  The  invention  will now  be  particularly is of material
in the B-stage state.                described by way of example with
reference to The composite structure may have at least one     the
accompanying drawings, in which:- additional layer of a material other than
the    20   Figure 1A is a schematic diagram of a process dielectric
material of this  invention. This       for making a dielectric material
according to the additional layer may be a layer of epoxy/fiberg-
invention; lass, fluorocarbon/fiberglass, polyimide/fiberg-      Figure 1B
is a schematic diagram of a process lass, epoxy/polyaramide fiber,
epoxy/quartz fiber    for treating a fluorocarbon fiber which can be and
polyimide/quartz fiber composites. The ther-   25   woven into a fabric,
shown in Figure 1C, and mosetting resin may be an epoxy, polyimide,
which can be processed in a similar manner to polyamide, polyester,
phenolic or an acrylic ther-  that of Figure 1 to make the dielectric
material; mosetting resin. It is preferably an epoxy resin. All  Figure 2
shows a stack of pre-preg sheets of the fibers in the fabric can be
fluorocarbon fibers or  dielectric material having sheets of metal foil
combinations of fluorocarbon fibers with fiberg-   30   above and below the
pre-preg sheets; lass fibers, polyaramide fibers, or quartz fibers.
Figure 3 shows the result of applying heat and The fabric may be a woven
fabric or a non-woven     pressure to the sheets of Figure 2, to produce a
felt or mat. The fluorocarbon fibers are preferably  composite having
fully-cured, C-stage resin and PTFE fibers which may be drawn, non-porous,
the copper foil bonded thereto on both top and sintered PTFE fibers or
expanded, porous PTFE    35   bottom; fibers. The fluorocarbon fibers may
contain a filler  Figure 4 shows a fabric for use in the invention which
can be a dielectric insulator material such   having all fluorocarbon
fibers; as ceramic or glass, or it may be electrically        Figure 5
shows a fabric for use in the invention conductive such as electrically
conductive or       having fluorocarbon fibers and fiberglass fibers;
semi-conductive metals, metal oxides or carbon.   40  Figure 6 shows a
dielectric material according The dielectric material is useful in a
printed circuit  to the invention having a printed circuit bonded laminated
composite, as a dielectric insulator for  thereto; submicrowave or
microwave signals. It may be          Figure 7 shows a stack of metal
foils, dielectric used in a microwave printed circuit board and in a
sheets and a central printed circuit board just microwave radome.
45   prior to lamination and bonding, and The invention also provides a
process for mak-      Figure 8 is a diagram of the stack: shown in ing the
dielectric material comprising: (a) treating  Figure 7 after being bonded
by application of heat fluorocarbon fibers to render them wettable by an
and pressure. uncured thermosetting resin, the fibers being         By
means of this invention dielectric materials held under longitudinal
tension during such treat-   so   can be provided having a dielectric
constant ment, thereby preventing longitudinal shrinkage     below 3.5 and
1 megahertz while exhibiting the of the fibers during treatment, (b)
weaving the     desirable handling and fabricating characteristics fabric
containing at least a portion of the treated  or structures fabricated from
thermosetting fluorocarbon fibers, (c) impregnating the fabric    resins.
Moreover, a system of pre-preg sheets and with an uncured thermosetting
resin, and (d)   55   innerlayer printed circuit laminates can be pro-
heating and drying the resin-impregnated-fabric     vided having a
dielectric constant below 3.5 at 1 to cure the resin to at least the
semi-cured, B-    megahertz which can be fabricated into a stage state.
Alternatively the process for making   homogeneous, void free, multilayer
printed cir- the dielectric material may comprise the steps of:  cuit. (a)
treating a fabric containing at least a portion of   60  The dielectric
materials in accordance with the fluorocarbon fibers to render the
fluorocarbon      present invention are comprised of thermosetting fibers
wettable by an uncured thermosetting         resins reinforced with
fluorocarbon fibers. In the resin, the fabric being restrained from
shrinkage   process of the present invention fluorocarbon 



during such treatment or, alternatively, the fabric  fibers are treated
under longitudinal tension, pre- being allowed to shrink during treatment
and    65   ferably with an alkali naphthanate solution, to 3    5
EP 0194 381 B1                      6 provide a wettable surface. The
longitudinal ten-   ric woven from expanded PTFE fibers can be sioning of
the fiber during treatment with an alkali  calendered to thicknesses of
less than .0025 inch naphthanate is utilised because, surprisingly, the
(.0064 cms) and two sheets of epoxy pre-preg fluorocarbon fiber shrinks up
to approximately      from this fabric can yield a thin laminate with a 20%
during the treatment process if left unre-    5    dielectric core of .005
inch (.0127 cms) thickness. strained. The treated fiber is woven into a
fabric  Dielectric cores of this thickness are very desir- using
conventional weaving practices.               able for innerlayers and
flexible circuits. Treated fluorocarbon fabric can be impreg-          If
it is desirable to increase the laminated nated with a liquid thermosetting
resin and par-    composites tensile strength, flexural strength, tially
cured to a dry, flexible sheet of B-stage pre-   10   shrinkage after
processing, or thermal coefficient preg. One or more of the B-stage
pre-preg sheets    of expansion, then other fibers than fluorocarbon can be
stacked together to a desired thickness and  fibers can be included in the
composite structure. laminated under heat and pressure to form a
For example, fiberglass and treated fluorocarbon laminated composite of
thermosetting resin and      fibers can be woven into the same fabric and
used fluorocarbon fabric. If epoxy is used as the ther-   15   as
reinforcement for the thermosetting resins. mosetting resin, then the
fluorocarbon fabric       Laminated composites composed of epoxy resin
laminated composite has a dielectric constant at    and expanded PTFE
fabric containing less than 10 35 volume % epoxy of approximately 2.6 at 1
wt. % fiberglass have exhibited a dielectric con- megahertz. The sheet of
fluorocarbon fiber pre-     stant of 2.8 at 1 megahertz while significantly
preg can be bonded to one or two sheets of   20   improving the laminate's
flexural strength, tensile copper foil during the lamination process so
that   strength, shrinkage after processing and thermal the laminated
composite consists of dielectric      coefficient of expansion. A second
method of material clad on one or both sides with copper      including
other fibers than fluorocarbon fibers foil. If epoxy is used as the
thermosetting resin,  into the fluorocarbon composite is to interleave then
the resulting fluorocarbon fiber, copper clad   25   sheets of fiberglass
pre-preg with sheets of laminate has a dielectric constant at 35 volume %
treated fluorocarbon fiber pre-preg. While this of epoxy of 2.6 at 1
megahertz. The fluorocarbon    method can also yield a low dielectric
constant fiber, copper clad laminate can be fabricated into  laminated
composite, it does not have the same a single- or double-sided printed
circuit board.    desirable homogeneous structure. One or more innerlayers
made from  the    30        An  unexpected  additional benefit of the
fluorocarbon fiber, copper clad laminate can be     fluorocarbon fiber
laminated composites is their interleaved with one or more fluorocarbon
fiber     high flexibility. A laminated composite .008 inch pre-preg sheets
and laminated together under        (.02 cms) thick, for example, of two
sheets of heat and pressure to form a homogeneous, void       expanded PTFE
fabric impregnated with epoxy free, multilager structure. If epoxy is used
as the    35   resin, can be bent around a 0.1 inch (0.24 cm) thermosetting
resin, then the multilayer structure  radius mandrel without breaking the
PTFE fibers, has a nearly homogeneous resin composition          while
fiberglass fibers in an equivalent thickness when further processed into a
multilayered          [err] laminate will break when the laminate is
printed circuit board.                              bent over an equivalent
diameter mandrel). The This process of impregnating specially treated    40
fluorocarbon fiber laminated composites can, fluorocarbon fabrics with
thermosetting resin has   therefore, be excellent dielectrics for flexible
resulted in unique products which exhibit a         printed circuit boards.
dielectric constant below 3.5 and retain the pro-     When the fluorocarbon
fibers are treated with cessing and handling advantages of thermoset-
an alkali naphthanate, the surface of the fibers ting resins. It is the
only known method of   45   turns dark brown. In applications where this
fabricating homogeneous, void free, multilayer       colour is not
desirable, the fibers can be bleached printed circuit boards having a
uniform dielectric  to lighter colour using heat or an oxidizing agent
constant, being always below 3.5 at 1 megahertz.    such as chlorine
bleach. The lightening process Specific fluorocarbon fibers impart
desirable     must be controlled to insure that a wettable physical
properties to the laminated composite.   so   surface remains. Fluorocarbon
fibers of drawn, sintered polytetra-     In the process illustrated in
Figure 1A, fabric 10 fluoroethylene (PTFE) made according to the
containing at least a portion of polytetrafluoro- teachings of U.S. Patent
2,772,444 can be utilized  ethylene fibers is fed from a feed roll over
guide in the present invention. However, the preferred    roll 12 into bath
14 containing the alkali naphtha- fluorocarbon fiber for this invention is
expanded,   55   nate treatment solution 16. Pinned guides 13 porous PTFE
fiber made according to the teach-      pierce the fabric and prevent its
shrinkage in both ings of U.S. Patents 3,953,566 and 4,187,390.       the
longitudinal and transverse directions during Laminated composites
comprised of expanded          passage through the treatment solution 16.
The PTFE fibers have higher flexural strength, higher   treated fabric 10
emerges from the bath 16 and tensile strength and a lower shrinkage after
pro-   60   passes over guide roll 12 in the direction indicated 



cessing than laminates of drawn, sintered PTFE      by the arrow and enters
water wash 18 wherein fiber.
excess treatment solution is washed away. The It has also been found that
very thin laminated   fabric is then optionally bleached in chamber 19,
composites can be prepared by calendering the       using, for example, a
chlorine bleach solution. fluorocarbon fabrics to a reduced thickness. Fab-
65   The treated fabric then passes between optional 4    7              EP
0194 381  B1                    8 compression rolls 20 wherein it may be
reduced    per inch (20 per cm) in the longitudinal direction in thickness
if desired. Liquid resin 22 is applied to  and 52 (400 denier) fibers per
inch (20 per cm) in the fabric from container 22 which wets the fabric  the
transverse direction. The fabric was cut into and penetrates into its
interstices. The coated   six, 6 inchx6 inch (15 cm x 15 cm) sheets and
fabric is heated in heater 26 to cure the resin to at   5    immersed
unrestrained for 30 seconds in an alkali least the B-stage cured or
pre-preg sheet 29, and  naphthanate solution, available commercially this
sheet is cut into individual pre-preg sheets 30  under the trademark
TETRA-ETCH (Trade Mark), by cutter 28.
also available from W. L. Gore & Associates, Inc. Figure 1B shows an
alternative process for      Following this treatment, the fabric was
washed treating fibers for use in a fabric to make the pre-   l0  in warm
tap water and rinsed in acetone. The preg sheets of the invention. A PTFE
fiber 40 is  treatment with the TETRA-ETCH (Trade Mark) passed around first
tension roll 42, over and     solution caused the fibers to develop a dark
around guide rolls 44 which guide the fiber       brown colour and resulted
in the fabric shrinking through the treatment solution 48 in bath 46. The
approximately 20% in both the longitudinal and fiber emerges from the bath
and passes around a    15  transverse directions. The fabric was stretched
to second tension roll 50, rotating at substantially  nearly its original
dimensions by grasping the the same speed asthe firsttension roll 42,
thereby  fabric on its edges and manually stretching the preventing the
fiber from shrinkage during treat-  fabric. ment. The treated fiber is then
formed into a       A liquid epoxy resin was prepared using the fabric 52
as depicted in Figure 1C to be used in   20   guidelines of Dow Chemical
Company product making the pre-preg sheets according to the       brochure
No. 296-396-783 for Dow epoxy resin invention.
521-A80. When liquid epoxy resin was coated on Figure 2 shows a stack of
the pre-preg sheets 30  untreated PTFE fabric, the resin beaded up and of
the invention with a metal foil 32, preferably  would not wet or penetrate
the interstices copper, placed above and below the sheets 30. On   25
between the fibers. Conversely, when the liquid application of heat and
pressure as depicted in   epoxy resin was coated on the treated fabric, it
Figure 3 the resin in pre-preg sheets 30 is cured to  wet the fabric and
filled the interstices, between a homogeneous, C-stage cured state to form
the    the fibers to form a level, even coating over the composite 34 and
the metal foils 32 are firmly    fabric surface. bonded to the composite
34.                  30     The six epoxy-coated treated fabric sheets were
Figure 4 shows a portion of a woven fabric in   placed one at a time in a
convection oven at which all fibers 40 are porous PTFE fibers, and   160C.,
each for 4 minutes. When the sheets were Figure 5 shows a portion of a
fabric in which a   removed from the oven and cooled, the epoxy portion of
the fibers 40 are porous PTFE and a    resin was observed to have
completely wetted the portion are glass fibers 38.                 35
fabric and had been converted into a dry, flexible, Figure 6 depicts a
composite 34 from which a    semi-cured state known as B-stage pre-preg.
The portion of the metal from metal foil 32 has been  average resin pickup
for each pre-preg sheet was removed leaving electrical circuitry 60.
5 gms and the average thickness was approxi- Figure 7 shows the composite
of Figure 6        mately 0.14 inch (0.36 cm). sandwiched between two
pre-preg sheets 30 and   40  The six pre-preg sheets were stacked one upon
having metal foils 32 above and below the pre-    another and placed
between FEP release sheets preg sheets 30. Wherever a layer of material in
and stainless steel caul plates to form a lamina- which the resin is in the
C-stage state, i.e. layer 34,  tion package. The package was placed in a
Carver and wherever an electrically conductive foil or   (Trade Mark)
platen press which had been pre- circuit, i.e. 32 or 60, contacts another
layer, i.e.   45   heated to [err] and a pressure of 100 psi (690 layers
30, the other layer is of material in the B-  kPa) was applied. After three
minutes the stage state.                                      pressure was
increased to 800 psi (5516 kPa) and Figure 8 shows a composite of this
invention 80  the package was cured for 30 minutes at [err] obtained by
applying heat and pressure to the     The heaters were turned off and the
package was stack shown in Figure 7. The resin in the centre   so   allowed
to cool to room temperature while still portion 36 has become homogeneous
and fully       under the 800 psi (5516 kPa) pressure. The pack- cured to
the C-stage state. The foils 32 are      age was removed from the press and
the lami- securely bonded to both sides of the composite   mated composite
was separated from the FEP 36.
release sheets and caul plates. The following examples are intended to be
55    The laminated composite was fully cured to the illustrative of the
invention but will not limit the  C-stage state, was approximately 0.45
inch (1.14 scope of the claims in any way.                   cms) thick and
exhibited excellent resin wetting 



throughout the composite. There was no evi- Example I
dence of air entrapment, blistering, resin voids or A fabric was woven
using conventional pro-   60   delamination between the layers of fabric.
cedures from fibers of expanded polytetrafluoro-  Microscopic examination
of cross sections of the ethylene (PTFE) available commercially as GORE-
laminated composite showed a uniform distribu- TEX (Trade Mark) expanded
PTFE weaving fibers    tion of epoxy resin around the fibers, within the
from W. L Gore & Associates, Inc., Elkton, MD.    interstices of the fabric
and between the layers of The fabric construction had 52 (400 denier)
fibers   65  fabric. 5    EP 0194 381  B1                   10 Example II
of 15 wt. % fiberglass, 54 wt. % GORE-TEX (Trade The same conditions and
materials of Example     Mark) expanded PTFE fibers and 31% C-stage were
used, except that the stack of pre-preg      epoxy resin. The dielectric
constant of the com- sheets was placed between sheets of .0014 inch
posite was 2.9 at 1 MHz. (.0036 cm) thick copper foil instead of the FEP
5  The addition of 15 wt % fiberglass significantly release sheets. After
removing the cooled sample  improved the mechanical properties of the com-
from the platen press, it was observed that the    posite as shown below:
copper foil was intimately and securely bonded to   Core Composition A=55
wt % Epoxy/45 wt. % the composite core of C-stage cured epoxy resin
GORE-TEX (Trade Mark) expanded PTFE fiber. and GORE-TEX (Trade Mark)
expanded PTFE fib-   10   Core Composition 8=15 wt % Fiberglass/31 wt ers
to form a structure known as a double-sided,  %  Epoxy/54 wt %  GORE-TEX
(Trade Mark) copper clad laminate. The total laminate thickness  expanded
PTFE fiber. was approximately .045 inch (1.14 cms) and the core thickness
was approximately .042 inch (.107                                  A     B
cm). Using a capacitance bridge, the dielectric   15 constant at 1 MHz of
the laminate sample was      Flexural Strengthx [err] psi determined to be
approximately 2.8. The calcu-      (x6.9 MPa)                    12   20
lated weight percent fiber in the core was 63%    Flexural Modulusx [err]
psi and that of epoxy resin was 37%.                    (x6.9 MPa)
250  930 20   Thermal Coefficient of Example III
Expansion ppm/[err]              52   16 A double-sided copper clad
laminate was pre- pared as detailed in Example II and fabricated into
Example V a double-sided, plated-through-hole circuit board    A fabric was
woven using conventional pro- using standard techniques familiar to those
skil-  25   cedures from GORE-TEX (Trade Mark) expanded led in the art. The
circuit board was electrically  PTFE fibers and fiberglass fibers. The
fabric con- conductive along circuit lines and across the     struction had
64 expanded PTFE fibers per inch plated-through hole connections.
(25 per cm) in the longitudinal direction and 60,150 1/0, fiberglass fibers
per inch (24 per cm) in Example IV                                   30
the transverse direction. (150 1/0 means 150 Eight pre-preg sheets were
prepared as           Denier one unplied or single fiberglass fiber per
described in Example I with the exception that the  inch (per 2.54 cms) in
the transverse direction. fabric construction had 64 fibers per inch of
Ten, 5 inchx6 inch (12.7 cm x 15.2 cm) sheets of GORE-TEX (Trade Mark)
expanded PTFE fiber in      the fabric were treated with TETRA-ETCH (Trade
the longitudinal direction and 60 fibers per inch   35   Mark) and
converted into an epoxy B-stage pre- (24 per cm) in the transverse
direction. Three    preg using the procedure described in Example 1. sheets
of commercially available pre-preg [err]      A double-sided copper clad
laminate was pre- made from B-stage epoxy resin reinforced with a   pared
from the pre-preg sheets using the proce- 7628 fiberglass fabric (7628
being a recognised   dure described in Example II, with the exception style
number of fiberglass) were placed in the   40   that the pre-preg sheets
were alternately stacked stack of expanded PTFE pre-preg sheets and
at right angles to one another so that fiberglass copper foil in the
following order:               fibers were running in both the x and y axes
of the A=.0014 inch (.0036 cm) copper foil.            finished, cured
laminate. B=epoxy/fiberglass pre-preg.                      The laminate
had a core thickness, of .075 inch C=epoxy/expanded PTFE fiber pre-preg.
45   (.19 cm) and was composed of 36 wt. % epoxy, 40 wt % expanded PTFE
fiber, and 24 wt % fiberg- lass. The dielectric constant at 1 MHz was 3.4
and No. of sheets         Material               the mechanical properties
also improved to the same degree as the fiberglass-containing sample 1
A              50   of Example IV, as demonstrated by the samples 1
B                   thermal coefficient of expansion of 14 [err] 4
C 1                   B                   Example VI 4                   C
A fabric was woven using conventional pro- 



1                   B              55    cedures from 400 denier drawn,
solid PTFE fiber, 1                   A                   available
commercially from E. I. DuPont under product designation Teflon (Trade
Mark) TFE- This package was placed between stainless        Fluorocarbon
Fiber. These fibers are multifila- steel caul plates and processed into a
double-    ment fibers and are not expanded. The fabric sided copper clad
laminate using the conditions   60   construction had 60 fibers per inch
(24 per cm) in described in Example II.                          the
longitudinal direction and 64 fibers per inch The C-stage cured laminate
was void free and    (25 per cm) in the transverse direction. exhibited
excellent adhesion between layers of      Liquid epoxy resin would not wet
the untreated fabric, copper foil and resin. The dielectric core  PTFE
fabric, but when the fabric was treated with was .092 inch (.234 cm) thick
and was composed   65   TETRA-ETCH (Trade Mark) it was able to be 6    11
EP 0194 381  B1                   12 processed by the methods described in
Examples    used for multiple layer printed circuit boards. The I and 11.
The DuPont PTFE fabric exhibited the    dielectric constant at 1 was 2.8.
same 20% shrinkage as the GORE-TEX (Trade Mark) expanded PTFE fiber fabric,
but likewise    Example IX could be stretched back to its near original
size.    5  A fabric of 400 denier GORE-TEX (Trade Mark) A double-sided
copper clad laminate was fabri-   expanded PTFE fiber was woven and treated
with cated using the methods described in Examples I   TETRA-ETCH (Trade
Mark) alkali naphthanate as and 11. The laminate core was .088 inch (.224
cm)  described in Example I. The fabric was bleached thick, had a
dielectric constant at 1 MHz of 2.6 and  to nearly its original white
colour by immersing was composed of 32 wt. % epoxy resin and 68 wt   10
the fabric for 5 minutes in Chlorox (Trade Mark) % DuPont fiber. The
mechanical properties were    chlorine bleach at [err]. The slightly lower
than laminate fabricated from the  bleached fabric was then converted into
an epoxy GORE-TEX (Trade mark) expanded PTFE fiber.        pre-preg and
unclad, cured laminate using the Core Composition A=32 wt. % Epoxy/68 wt. %
methods described in Example I. DuPont PTFE Fiber.
15      The bleached fabric was wet by the liquid epoxy Core Composition
B=55 wt. % Epoxy/45 Wt %        resin and the cured laminate was free of
voids. GORE-TEX (Trade Mark) expanded PTFE fiber.        Adhesion between
the bleached fibers and cured epoxy resin was excellent. A     B 20
Example X Flexural Strengthx [err] psi                            A
double-sided copper clad laminate was made (x6.9 MPa)                    7
12            using the methods described in Examples I and 11 Flexural
Modulusx [err] psi                          except that two sheets of
fabric woven from 100 (x6.9 MPa)                   250  250
denier GORE-TEX (Trade mark) expanded PTFE Thermal Coefficient of
25   fibers were utilized. The core thickness was .008 Expansion ppm/[err]
58   52           inch (.02 cm) and the dielectric constant at 1 MHz was
2.6. Example VII                                         The laminate was
tested for flexibility by fold- Four hundred denier fibers of GORE-TEX
(Trade   ing it back on itself with a 0.1 inch (0.25 cm) Mark) expanded
PTFE were treated with TETRA-   30   radius. While the copper foil cracked
at the bend, ETCH (Trade Mark) naphthanate solution before     the
dielectric core maintained its integrity and did weaving into a fabric as
opposed to treating the  not crack or separate with up to 10 flexures. A
fabric after it was woven as described in Example  double-sided copper clad
commercial grade I. The fiber was treated and washed in warm
epoxy/fiberglass laminate, with a .006 inch (.015 water while under
longitudinal tension so as to   35   cm) thick core, was also bent with a
0.1 inch (0.25 prevent fiber shrinkage resulting in a more stable  cm)
radius. The copper foil on the outside radius fabric construction. A fabric
was woven from the  of the laminate cracked, but the epoxy/fiberglass fiber
using a hand loom to minimize abrasion of   core also cracked and after 2
flexures broke and the fibers. The fabric was then coated with liquid
separated into two parts. epoxy resin and converted into a pre-preg by the
40 methods described in Example I. The pre-preg      Example XI was well
wetted by the epoxy resin and showed       Double-sided copper clad
laminate and pre- no evidence of voids or poor adhesion.            preg
were produced using the methods and conditions described in Example VIII.
Three of the Example VIII                                45   copper clad
laminates were fabricated into A fabric was woven from 100 denier GORE-TEX
double-sided innerlayer printed circuits using (Trade Mark) expanded PFTE
fibers using conven-   standard procedures. The three innerlayer printed
tional procedures. The fabric had 80 fibers per   circuit were interleaved
with two sheets of pre- inch (31 per cm) in both the longitudinal and
preg between each two innerlayer circuits for a transverse directions. The
fabric was treated with   so   total of four sheets of pre-preg in the
stack. The TETRA-ETCH (Trade Mark) alkali naphthante sol-    stack was
laminated under heat and pressure, 



ution and stretched as described in Example I.    imaged and plated using
conventional pro- The fabric at this point was approximately .005   cedures
for fabricating multilayer printed circuit inch (.013 cm) thick. The fabric
was passed       boards. between stainless steel calendering rolls set at
55  The completed multilayer printed circuit board approximately a.002 inch
(.005 cm) gap. After two  was free of voids and exhibited good intralayer
passes through the calendering rolls, the fabric  adhesion. thickness was
reduced to .0026 inch (.0066 cm) thick.
Example XII The fabric was converted into a pre-preg and   60  A fabric was
woven using the materials and double-sided copper clad laminate using the
procedures described in Example I. The fabric methods described in Examples
I and 11. The       was cut into 8 inchx8 inch (20 cmx20 cm) laminate
containing the sheets of calendered      squares and placed over a 6 inchx6
inch (15 fabric had a core thickness of .005 inch (.013 cm),  cmxl5 cm) pin
frame (tenter frame). The pin which is a very desirable thickness for
laminate  65   frame was a square, window frame type structure 7    13
EP  0194 381  B1                     14 which had 1/2 inch (1.27 cm) long
pins placed on 1     characterised by one or more sheets of the inch
(2.54cm) centers around the perimeter of the      impregnated fabric in
which the thermosetting frame. The fabric was pressed onto the pins on
resin is cured to the fully-cured, C-stage state, and one edge of the frame
and stretched under mod-         one or more sheets of the impregnated
fabric in erate tension to the pins on the other side of the    5    which
the thermosetting resin is cured to the frame. The other two sides of the
fabric square        semi-cured, B-stage state, wherein, wherever a were
likewise stretched and placed on the pins on      layer of material in said
C-stage state contacts the remaining two sides of the pin frame. The
another layer, said other layer is of material in fabric was thus
restrained under moderate ten-         said B-stage state. sion on all four
sides.                         10       10. A dielectric material according
to claim 1 in The pin frame holding the fabric was immersed        the form
of a laminated composite structure in an alkali naphthanate solution for 30
seconds,      characterised by one or more sheets of the washed in warm
water and rinsed in acetone. The        impregnated fabric in which the
thermosetting fabric developed the characteristically dark brown     resin
is cured to the fully-cured, C-stage state, and colour, indicating
effective treatment, but it did   is   having an electrically conductive
foil bonded to at not shrink appreciably after being removed from
least one side of at least one of said sheets, and the pin frame. The
fabric was coated with epoxy        one or more sheets of the impregnated
fabric in resin and processed as described in Example I to       which the
thermosetting resin is cured to the a pre-preg and then into a laminated
composite.        semi-cured, B-stage state, wherein, wherever a The epoxy
wetted the fabric acceptably and the    20   layer of material in said
C-stage state contacts fully cured laminated composite performed equi-
another layer, and wherever an electrically con- valently to the laminated
composite of Example l.      ductive foil contacts another layer, said
other layer is of material in said B-stage state. Claims
11. A dielectric material according to any one of 25    claims 8 to 10
characterised by at least one 1. A dielectric material comprising a fabric
additional layer which is a layer of epoxy/fiberg- having fibers and
interstices between said fibers,    lass, fluorocarbon/fiberglass,
polyimide/fiberg- in which at least a portion of the fibers in said
lass, epoxy/polyaramide fiber, epoxy/quartz fiber fabric are fluorocarbon
fibers which have been         or polyimide/quartz fiber composites.
treated to make the fluorocarbon fibers wettable   30    12. A dielectric
material according to any pre- by an uncured thermosetting resin, the
fabric          ceding claim characterised in that said thermoset- being
impregnated  within  said  interstices         ting resin is an epoxy,
polyimide, polyamide, between  said fibers with a thermosetting. resin
polyester, phenolic or acrylic thermosetting resin. cured to at least the
semi-cured, B-stage state, the     13. A dielectric material according to
any pre- dielectric constant of said dielectric material   35   ceding
claim characterised in that all said fibers in being less than 3.5.
said fabric other than fluorocarbon fibers are 2. A dielectric material
according to claim 1        fiberglass fibers or polyaramide fibers or
quartz characterised in that it has a dielectric constant     fibers. less
than 3.0.                                           14. A dielectric
material according to any pre- 3. A dielectric material according to claim
1 or    40   ceding claim characterised in that said fabric is a claim 2
characterised in that the thermosetting        woven fabric or a non-woven
felt or mat. resin is cured to the fully-cured, C-stage state.        15. A
dielectric material according to any pre- 4. A dielectric material
according to claim 3        ceding claim characterised in that said
fluorocar- characterised by an electrically conductive foil       bon
fibers are drawn, non-porous, sintered PTFE bonded to at least one surface
of the impregnated    45   fibers, or expanded, porous PTFE fibers, and
said fabric.                                                fluorocarbon
fibers contain a dielectric insulator 5. A dielectric material according to
claim 3 or     material or other material as a filler. claim 4
characterised in that the impregnated            16. A dielectric material
according to claim 15 



fabric is in sheet form  having an electrically        characterised in
that said filler is electrically con- conductive foil bonded to one side
thereof       50    ductive or semi-conductive, and is a metal, a 6. A
dielectric material according to claim 5        metal oxide, carbon,
ceramic or glass. characterised in that the impregnated fabric has
17. A process for making the dielectric material electrically conductive
foil bonded to both sides      of claim 1 characterised by: thereof.
(a) treating fluorocarbon fibers to render them 7. A dielectric material
according to any one of   55    wettable by an uncured thermosetting resin,
the claims 4 to 6 characterised in that said foil is      fibers being held
under longitudinal tension dur- copper foil.
ing such treatment, thereby preventing longi- 8. A dielectric material
according to claim 3 in    tudinal shrinkage of said fibers during
treatment. the form  of a laminated composite structure            (b)
weaving said fabric containing at least a characterised by it comprising
two or more sheets   60    portion of said treated fluorocarbon fibers, of
the impregnated fabric and having an electric-       (c) impregnating said
fabric with an uncured ally conductive foil bonded to at least one side of
thermosetting resin, and at least one of said sheets.
(d) heating and drying said resin-impregnated- 9. A dielectric material
according to claim 1 in    fabric to cure said resin to at least the
semi-cured, the form  of a laminated composite structure    65    B-stage
state. 8    13               EP 0194 381 B1                       14 which
had 1/2 inch (1.27 cm) long pins placed on 1    characterised by one or
more sheets of the inch (2.54 cm) centers around the perimeter of the
impregnated fabric in which the thermosetting frame. The fabric was pressed
onto the pins on        resin is cured to the fully-cured, C-stage state,
and one edge of the frame and stretched under mod-        one or more
sheets of the impregnated fabric in erate tension to the pins on the other
side of the    5    which the thermosetting resin is cured to the frame.
The other two sides of the fabric square       semi-cured, B-stage state,
wherein, wherever a were likewise stretched and placed on the pins on
layer of material in said C-stage state contacts the remaining two sides of
the pin frame. The         another layer, said other layer is of material
in fabric was thus restrained under moderate ten-        said B-stage
state. sion on all four sides.                         10      10. A
dielectric material according to claim 1 in The pin frame holding the
fabric was immersed       the form  of a laminated composite structure in
an alkali naphthanate solution for 30 seconds,     characterised by one or
more sheets of the washed in warm water and rinsed in acetone. The
impregnated fabric in which the thermosetting fabric developed the
characteristically dark brown    resin is cured to the fully-cured, C-stage
state, and colour, indicating effective treatment, but it did   15   having
an electrically conductive foil bonded to at not shrink appreciably after
being removed from       least one side of at least one of said sheets, and
the pin frame. The fabric was coated with epoxy       one or more sheets of
the impregnated fabric in resin and processed as described in Example I to
which the thermosetting resin is cured to the a pre-preg and then into a
laminated composite.       semi-cured, B-stage state, wherein, wherever a
The epoxy wetted the fabric acceptably and the    20   layer of material in
said C-stage state contacts fully cured laminated composite performed equi-
another layer, and wherever an electrically con- valently to the laminated
composite of Example I.     ductive foil contacts another layer, said other
layer is of material in said B-stage state. Claims
11. A dielectric material according to any one of 25   claims 8 to 10
characterised by at least one 1. A dielectric material comprising a fabric
additional layer which is a layer of epoxy/fiberg- having fibers and
interstices between said fibers,    lass, fluorocarbon/fiberglass,
polyimide/fiberg- in which at least a portion of the fibers in said
lass, epoxy/polyaramide fiber, epoxy/quartz fiber fabric are fluorocarbon
fibers which have been        or polyimide/quartz fiber composites. treated
to make the fluorocarbon fibers wettable   30   12. A dielectric material
according to any pre- by an uncured thermosetting resin, the fabric
ceding claim characterised in that said thermoset- being  impregnated
within  said  interstices         ting resin is an epoxy, polyimide,
polyamide, between said fibers with a thermosetting. resin       polyester,
phenolic or acrylic thermosetting resin. cured to at least the semi-cured,
B-stage state, the    13. A dielectric material according to any pre-
dielectric constant of said dielectric material   35   ceding claim
characterised in that all said fibers in being less than 3.5.
said fabric other than fluorocarbon fibers are 2. A dielectric material
according to claim 1       fiberglass fibers or polyaramide fibers or
quartz characterised in that it has a dielectric constant    fibers. less
than 3.0.                                          14. A dielectric
material according to any pre- 3. A dielectric material according to claim
1 or   40   ceding claim characterised in that said fabric is a claim 2
characterised in that the thermosetting       woven fabric or a non-woven
felt or mat. resin is cured to the fully-cured, C-stage state.       15. A
dielectric material according to any pre- 4. A dielectric material
according to claim 3       ceding claim characterised in that said
fluorocar- characterised by an electrically conductive foil      bon fibers
are drawn, non-porous, sintered PTFE bonded to at least one surface of the
impregnated    45   fibers, or expanded, porous PTFE fibers, and said 



fabric.                                               fluorocarbon fibers
contain a dielectric insulator 5. A dielectric material according to claim
3 or    material or other material as a filler. claim 4 characterised in
that the impregnated           16. A dielectric material according to claim
15 fabric is in sheet form  having an electrically       characterised in
that said filler is electrically con- conductive foil bonded to one side
thereof.     50    ductive or semi-conductive, and is a metal, a 6. A
dielectric material according to claim 5       metal oxide, carbon, ceramic
or glass. characterised in that the impregnated fabric has        17. A
process for making the dielectric material electrically conductive foil
bonded to both sides     of claim 1 characterised by: thereof.
(a) treating fluorocarbon fibers to render them 7. A dielectric material
according to any one of   55    wettable by an uncured thermosetting resin,
the claims 4 to 6 characterised in that said foil is      fibers being held
under longitudinal tension dur- copper foil.
ing such treatment, thereby preventing longi- 8 A dielectric material
according to claim 3 in     tudinal shrinkage of said fibers during
treatment the form  of a laminated composite structure            (b)
weaving said fabric containing at least a characterised by it comprising
two or more sheets   60    portion of said treated fluorocarbon fibers, of
the impregnated fabric and having an electric-       (c) impregnating said
fabric with an uncured ally conductive foil bonded to at least one side of
thermosetting resin, and at least one of said sheets.
(d) heating and drying said resin-impregnated- 9. A dielectric material
according to claim 1 in    fabric to cure said resin to at least the
semi-cured, the form  of a laminated composite structure    65    B-stage
state. 8    15               EP  0194 381  B1                    16 18. A
process for making the dielectric material  2, dadurch gekennzeichnet, daB
dasthermoerhar- of claim 1, characterised by:                       tende
Harz bis zum voll ausgeharteten, C-Stufen, (a) treating a fabric containing
at least a portion  Zustand, gehartet ist. of fluorocarbon fibers to render
said fluorocarbon    4. Dielektrisches Material nach Anspruch 3, fibers
wettable by an uncured thermosetting    5    dadurch gekennzeichnet, daB
eine elektrisch leit- resin,
fahige Folie mit mindestens einer Oberflache des (b) impregnating said
fabric with an uncured      impragnierten Textilmaterials verbunden ist.
thermosetting resin, and                              5. Dielektrisches
Material nach Anspruch 3 oder (c) heating and drying said
resin-impregnated-    4, dadurch gekennzeichnet, dae das impragnierte
fabric to cure said resin to at least the semi-cured,   ro   Textilmaterial
Blatt-Form hat und eine elektrisch B-stage state.
leitfahige Folie aufweist, welche mit einer Seite 19. A process according
to claim 17 or claim 18   desselben verbunden ist. characterised by the
step of calendering said         6. Dielektrisches Material nach Anspruch
5, fabric to reduce its thickness.                     dadurch
gekennzeichnet, dae  das imprignierte 20. A process according to claim 17
or claim 18   i5   Textilmaterial mit beiden Seiten verbundene elek-
characterised  in that said treating  includes      trisch leitfihige
Folien aufweist. applying an alkali naphthanate solution to said       7.
Dielektrisches Material nach einem  der fluorocarbon fibers or fabric.
Anspruche 4 bis 6, dadurch gekennzeichnet, dag 21. A process according to
claim 20 charac-       die genannte Folie eine Kupferfolie ist. terised by
napping the fluorocarbon fibers to   20    8. Dielektrisches Material nach
Anspruch 3 in improve wettability and adhesion between said       Form
einer laminierten  zusammengesetzten fibers and resin.
Struktur, dadurch gekennzeichnet, daB es zwei 22. A process according to
claim 17 or claim 18   oder mehr Blitter des imprignierten Textilmate-
characterised in that said fibers or fabric are     rials aufweist und mit
einer elektrisch leitfihigen bleached subsequent to treating them to make
25   Folie versehen ist, welche mit mindestens einer them wettable.
Seite von mindestens einem der genannten Blit- 23. A process according to
claim 22 charac-       ter verbunden ist. terised by the use of an
oxidizing agent to bleach    9. Dielektrisches Material nach Anspruch 1, in
the fibers or fabric.                               Form  einer laminierten
zusammengesetzten 24. A process according to claim 23 charac-   30
Struktur, gekennzeichnet durch ein oder mehrere terised in that the fibers
or fabric are bleached by  Blitter des imprngnierten Textilmaterials, in
heating to a temperature in the range of about      denen das
thermoerhirtende Harz bis zum voll 500F to about 675F [err] to [err]
ausgehirteten, C-Stufen, Zustand gehirtet ist, 25. A process according to
claim 18 charac-       und eine oder mehrere Blitter des imprignierten
terised in that said fabric is held in longitudinal   35   Textilmaterials,
in denen das thermoerhirtenden and transverse tension during said
treatment,       Harz zum halb-ausgehirteten, B-Stufen, Zustand thereby
preventing shrinkage of said fabric in the  gehartet ist, wobei Oberall
dort, wo eine Schicht longitudinal and transverse directions during
eines im C-Stufenzustand befindlichen Materials treatment.
eine andere Schicht beruhrt, diese andere Schicht 26. A process according
to claim 18 charac-   40   aus einem Material, welches sich im B-Stufenzu-
terised in that said fabric is unrestrained during  stand befindet,
besteht. said treatment and is allowed to shrink, following    10.
Dielektrisches Material nach Anspruch 1, in 



which the fabric is stretched to approximately its  Form  einer
laiminierten  zusammengesetzten original dimensions prior to said
treatment.        Struktur, gekennzeichnet durch ein oder mehrere 45
Blitter des imprignierten Textilmaterials, in dem PatentansprOche
das thermoerhirtende Harz zum voll ausgeharte- ten, C-Stufen, Zustand
ausgehartet ist und mit 1. Dielektrisches Materials, welches ein Textil-
einer elektrisch leitfihiqen Folie versehen ist, material  enth3lt,
welches   Fasern   und          welche mit mindestens einer Seite von
minde- Zwischenraume zwischen diesen Fasern aufweist,   so   stens einem
dieser Blatter verbunden ist, und und in welchem mindestens ein Teil der
Fasern       durch eine oder mehrere Blatter des impragnier- des
Textilmaterials Fluorkohlenstoffasern sind,     ten Textilmaterials, in
denen das thermoerhir- welche behandelt worden sind, um die Fluorkoh-
tende Harz bis zum halb-ausgehirteten, B-Stufen, lenstoffasem durch ein
ungehirtetes thermohirt-     Zustar.J gehartet ist, wobei Oberall dort, wo
eine bares Harz benetzbar zu machen, welches Textil-   55   Schicht des im
C-Stufen-Zustand befindlichen material in den Zwischenraumen zwischen den
Materials eine andere Schichts beruhrt, und wo Fasern  mit einem
thermoerhartenden  Harz,         immer eine elektrisch leitfahige Folie
eine andere welches zumindestens bis zum halbausgeharte-        Schicht
beruhrt, diese andere Schicht aus einem ten, B-Stufen, Zustand gehartet
ist, imprigniert    im   B-Stufen-Zustand  befindlichen  Material ist,
wobei die Dielektrizititskonstante dieses die-   60   besteht. lektrischen
Materials kleiner als 3,5 ist.            11. Dielektrischen Material nach
einem  der 2. Dielektrisches Material nach Anspruch 1,       Anspruche 8
bis 10, gekennzeichnet, durch min- dadurch gekennzeichnet, dag es eine
Dielektrizi-    destens eine zusatzliche Schicht, welche eine titzkonstante
von weniger als 3,0 hat               Schicht aus Epoxy/Glasfaser-,
Fluorkohlenstoff/ 3. Dielektrisches Material nach Anspruch 1 oder   65
Glasfaser-, Polyimide/Glasfaser-, Epoxy/Polyara- 9 - I 1111111111 Ill11}
17              EP 0194 381  BI                   18 midfaser-,
EpQxy/Quarzfaser- oder Polyimid/        Behandlung die Anwendung einer
Alkali-Naph- Quarzfaser Zusammensetzung ist.
thenat-Losung auf die Fluorkohlenstoffasern oder 12. Dielektrisches
Material nach einem der vor-  das Textilmaterial einschlieft. hergehenden
Anspruche, dadurch gekennzeich-         21. Verfahren nach Anspruch 20,
dadurch net, daB das thermoerhartende Harz eine thermo-    5
gekennzeichnet, dag die Fluorkohlenstoffasern erhartendes Epoxy-, Polimid-,
Polyamid-, Polye-    aufgerauht werden um die Benetzbarkeit und die ster-,
Phenol-, odor Acrylharz ist.                Adhasion zwischen diesen Fasern
und dem Harz 13. Dielektrisches Material nach einem der vor-  zu
verbessern. hergehenden Anspruche, dadurch gekennzeich-         22.
Verfahren nach Anspruch 17 oder 18, net, dal alle Fasern des
Textilmaterials, welche   to   dadurch gekennzeichnet, daS die Fasern oder
das keine Fluorkohlenstoffasern sind, Faserglasfasem  Textilmaterial auf
die die Benetzbarkeit herbeifuh- oder Polyaramidfasern oder Quarzfasern
sind.       rende Behandlung folgend gebleicht werden. 14. Dielektrisches
Material nach einem der vor-   23. Verfahren nach Anspruch 22, dadurch
hergehenden Ansprulche, dadurch gekennzeich-      gekennzeichnet, dag zum
Bleichen der Fasern net, dal3 das Textilmaterial ein nichtgewebter Filz
15   oder des Textilmaterials ein Oxidationsmittel ver- oder Matte ist.
wendet wird. 15. Dielektrisches Material nach einem der vor-   24.
Verfahren nach Anspruch 23, dadurch hergehenden Anspruche, dadurch
gekennzeich-       gekennzeichnet, daB die Fasern oder das Textil- net, daB
die Fluorkohlenstoffasern gereckte, nicht  material unter Erhitzen auf eine
Temperatur im por6se, gesinterte PTFE-Fasern odor expandierte   20
Bereich von ungefahr 500F bis ungefghr 675F porose PTFE-Fasern sind und daB
diese Fluorkoh-   (2600C bis 357C) gebleicht werden. lenstoffasern ein
dielektrisches Isoliermaterial    25. Verfahren nach Anspruch 18, dadurch
odor sin anderes Material als Fuller enthalten.   gekennzeichnet, dae das
Textilmaterial in Langs- 16. Dielektrisches Material nach Anspruch 15,
richtung und in Querrichtung wahrend der dadurch gekennzeichnet, dal der
Fuller elektrisch   25   Behandlung unter Spannung gehalten wird und
leitfihig oder halbleitend ist und ein Metall, ein  so ein Schrumpfen des
Textilmaterials in der Metalloxid, Kohlenstoff, Keramik oder Glas ist.
Langsrichtung und in der Querrichtung wihrend 17. Verfahren zur Herstellung
des dielektrischen  der Behandlung verhindert wird. Materials nach Anspruch
1, dadurch gekennzeich-     26. Verfahren nach Anspruch 18, dadurch net,
daB:                                    30   gekennzeichnet, daS das
Textilmaterial wahrend (a) Fluorkohlenstoffasern einer Behandlung       der
Behandlung nicht eingespannt wird und unterzogen werden, um sie durch ain
ungehirte-    schrumpfen gelassen wird, und dal das Textilma- tes
thermoerhartbares Harz benetzbar zu machen,   terial nachfolgend auf
annahernd seine ursprung- wobei die Fasern wahrend dieser Behandlung
lichen Abmessungen, welche es vor der Behand- unter Langsspannung gehalten
werden, urn so   35   lung hatte, gestreckt wird. ein Lingsschrumpfen
dieser Fasern wihrend der Behandlung zu verhuten,
Revendications (b) das Textilmaterial, welches mindestens 



einen TeOl der genannten behandelten Fluorkoh-      1. Matiere dielectrique
comprenant une toile lenstoffasern enth3it, gewebt wird,          40
comportant des fibres at des interstices entre ces Ic) das Textilmaterial
mit einem ungeharteten   fibres, au moins une partie des fibres de cette
thermoerhartenden Harz impragniert wird, und      toile etant formees par
des fibres fluorocarbon6es (d) das harzimprignierte Textilmaterial erhitzt
qui ont 6t6 traitees pour les rendre mouillables, und getrocknet wird, urn
das Harz mindestens bis  par une resine thermodurcissable non durcie, zum
halbausgehirteten, B-Stufen, Zustand zu   45   cette toile 6tait impr6gn6e
dans les interstices harten.
susdits compris entre les fibres par une resine 18. Zur Herstellung des
dielektrischen Materials  thermodurcissable durcie au moins jusqu'a l'etat
nach Anspruch 1, dadurch gekennzeichnet, daB:     B semi-durci, la
constante di6lectrique de cette (a) ein Textilmaterial, welches
zumindestens    matiere dielectrique etant inferieure 3 3,5. einen Anteil
von Fluorkohlenstoffasern enthilt,  50  2. Matiere di6lectrique suivant la
revendication behandelt wird, urn die Fluorkohlenstoffasern     1,
caracterisee en ce quWelle a une constante durch sine ungehirtetes
thermoerhirtbares Harz    dielectrique inf6rieure a 3,0. benetzbar wu
machen,                                3. Matiere di6lectrique suivant la
revendication (b) dieses Textilmaterial mit einem ungehirte-  1 ou la
revendication 2, caracterisee en ce qua la ten thermoerhirtbaren Harr
imprigniert wird,   66   resine thermodurcissable est durcie a l etat C und
totalement durci. Ic) des harzimprAgnierte Textilmaterial erhitzt   4.
Matiere dielectrique suivant la revendication und getrocknet wird, um des
Harz bis mindestens   3, caract6ris6e en ce qu'elle comporte une feuille
zum  halbausgehirteten, 8-Stufen, Zustand zu      conductrice de
l'electricite liee a au moins une hirten.
60   surface de la toile imprdgnde. .19. Verfahren nach Anspruch 17 oder
18,          5. Matiere dielectrique suivant la revendication dadurch
gekennzeichnet, dal3 des Textilmaterial   3 ou la revendication 4,
caracterisee en ce quo la kalandert wird, um seine Dicke zu vermindern.
toile impregnee est sous form. d'une nappe 20. Verfahren nach Anspruch 17
oder 18,         comportant une feuille conductrice de l'6lectricite
dadurch  gekennzeichnet, dal3 die genannte   65   liee suivant l'un de ses
cot6s. 1 0 . ....   ... nI  ll--s l1 11 1||1    19               EP  0194
381  BI                      20 6. Matibre di6lectrique suivant la
revendication     que des revendications precedentes, caract6ris~e 5,
caracterisee en ce que la toile impr6gnee           en co que les fibres
fluorocarbonees sont des comporte une feuille conductrice de l'1elctricite
fibres de PTFE etirees, non poreuses, frittees, ou liee suivant ses deux
c6t6s.                           des fibres de PTFE poreuses dilatees, et
ces fibres 7. Matiere dielectrique suivant l'une quelcon-    5
fluorocarbonees contiennent une matibre isolante que des revendications 4 3
6, caracterisee en ce       dielectrique ou autre matibre A titre de
charge. que la feuille susdite est une feuille de cuivre.        16.
Matibre dielectrique suivant la revendica- 8. Matiere dielectrique suivant
la revendication     tion 15, caracterisee en ce que la charge est une 3
sous forme d'une structure composite stratifiee,     charge conductrice ou
semi-conductrice de 1'6lec- caracterisee en ce qu'elle comprend deux
feuilles    70   tricite et est constituee par un metal, un oxyde de ou
plus de la toile impregnee et comporte une          metal, du carbone, de
la ceramique ou du verre. feuille conductrice de l['lectricit6 liee A au
moins     17. Proc6d6 de fabrication de la matibre dielec- un cote d'au
moins l'une de ces feuilles.              trique suivant la revendication
1, caracterise en ce 9. Matiere diblectrique suivant la revendication
quo: 1 sous la forme d'une structure composite strati-   75  (a) on traite
des fibres fluorocarboneas pour les fiee, caracterisee en ce qu'elle
comporte une ou       rendre mouillables par une resine thermodurcis-
plusieurs feuilles de la toile impregn6e, dans         sable non durcie,
ces fibres etant maintenues lesquelles la resine thermodurcissable est
durcie      sous tension longitudinale durant ce traitment, en A l'etat C
pleinement durci, et une ou plusieurs       empechant ainsi un
retrecissement longitudinal feuilles de la toile impregnee, dans lesquelles
la   20    des fibres durant le traitement, resine thermodurcissable est
durcie A I'etat B           {b) on tisse la toile contenant au moins une
semi-durci, et dans laquelle, lorsqu'une couche        certaine proportion
des fibres fluorocarbon6es de matiere A I'etat C est en contact avec une
autre   traitees susdites, couche, cette autre couche est faite de matibre
A        (c) on imprbgne cette toile par une r6sine l'itat B.
25   thermodurcissable non durcie, et 10. Matibre dielectrique suivant la
revendica-        (d) on chauffe et on seche cette toile impregn~e tion 1
sous la forme d'une structure composite         de resine pour durcir ou
cuire la resine au moins stratifiee, caracterisee en ce qu'elle comporte
une    jusqu'3 N'Wtat B semi-durci. ou plusieurs fsuilles de la toile
impregnee, dans        18. Procede de fabrication de la matiere dielec-
lesquelles la resine thermodurcissable est durcie   30   trique suivant la
revendication 1, caracterise en ce a lteat C pleinement durci, avec une
feuille           que: conductrice de l'electricite Hse a au moins une
la) on traite une toile comportant au moins une face d'au moins l'une des
feuilles susdites, et une    certaine proportion de fibres fluorocarbonees
ou plusieurs feuilles de la toile impregn6e, dan       pour rendre
celles-ci mouillables par une resine 



lesquelles la resine thermodurcissable est durcie   35   thermodurcissable
non durcie, A I'etat B semi-durci, et dans laquelle, lorsqu'une      (b) on
imprbgne cette toile par une resine couche de matibre a l'etat C entre en
contact avec    thermodurcissable non durcie, et une autre couche et
lorsqu'une feuille conductrice       (c) on chauffe et on sbche cette toile
impregnee de l'electricite entre en contact avec une autre       de resine
pour durcir celle-ci au moins jusqu'a couche, cette autre couche est faite
d'une matiere    40   I'etat B semi-durci. A I'etat B.
19. Procede suivant la revendication 17 ou la -11. Matibre dielectrique
suivant 'une quelcon-      revendication 18, caracterise en ce qu'il
comporte que des revendications 8 A 10, caracterisee en ce     la phase de
calandrage de cette toile pour reduire qu'elle comporte au moins une couche
suppl6-           son epaisseur. mentaire qui est formee par une couche de
45         20. Procede suivant la revendication 17 ou la composites
epoxyde/fibres de verre, fluorocar-        revendication 18, caracterise en
ce que le traite- bone/fibres de verre, polyimidelfibres de verre,
ment susdit comprend l'aprlication d'une solu- epoxydelfibres de polyamide,
epoxyde/fibres de        tion de naphtanate alcalin aux fibres fluorocarbo-
quartz ou polyimide/fibres de quartz.                  neos ou A la toile
comportant celles-ci. 12. Matiere dielectrique suivant l'une quelcon-    so
21. Procede  suivant la  revendication  20, quo des revendications
precedentes, caracterisee      caractdrise par le lainage des fibres
fluorocarbo- en ce que la resine thermodurcissable est une          noes
pour :,meliorer la mouillabilite et l'adhe- resine thermodurcissable
epoxyde, polyimide,          rence entre oes fibres susdites et la resine.
polyamide, polyester, ph6nolique ou acrylique.          22. Procede suivant
la revendication 17 ou la 13. Matiere dielectrique suivant l'une quelcon-
55   revendication 18, caracterise en ce que les fibres que des
revendications precedentes, caracterisee      ou la toile sont blanchies
apres leur traitement en ce que toutes les fibres susdites de la toile,
pour les rendre mouillables. autres que des fibres fluorocarbonees, sont
des         23. Procede suivant la revendication  22, fibres de verre ou
des fibres de polyaramide ou        caracterise par l'utilisation d'un
agent oxydant encore des fibres de quartz.                    60    pour
blanchir les fibres ou la toile. 14. Matiere dielectrique suivant l'une
quelcon-       24. Procedb  suivant la revendication  23, que des
revendications precedentes, caracterisee      caracterise en ce que les
fibres ou la toile sont en ce que la toile est une toile tissee ou une
matte  blanchies par chauffage a une temperature de ou feutre non tisse.
l'ordre d'environ 260 a environ 357C (500 A 15. Matiere dielectrique
suivant l'une quelcon-    65   6750F). 11 11111111 111111 11111 11111
111111 *   C   L   M   S   *    * .                   .21               EP
0194381  B1                       22 25. Procedd   suivant la
revendication  18,           26. Proced6  suivant la  revendication  18,
caracterise en ce que la toile est maintenue           caracterise en  ce
que  la toile est laissde sous tension  longitudinale  et sous tension
libre  durant le  traitement susdit et peut transversale durant le
traitement susdit, pour         r6trecir, cette toile etant ensuite etiree
a peu empecher ainsi un  r6tr6cissement de cette    5    pres jusqu'a ses
dimensions initiales apres le toile dans la direction longitudinale et dans
traitement precite. Ia direction transversale durant le traitement. 10 t5
20 25 30 35 40 45 50 55 60 65 12    


