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% INFORCED PLASTIC LAMINATES FOR USE IN
THE-PRODUCTION..OF PRINTED CIRCUIT BOARDS
AND~PROCESS-FOR. MAKING SUCH LAMINATES

PN

f AND_RESULTING PRODUCTS.
f FIELD OF INVENTION i«wﬁnah.
Tﬂks Invention . relates to filament reinforcedxfphayﬁaﬁ
. [T tcV\J‘QC{ C,|rC \A(t D\.—O\fd) ..
structures to related methods and products,pgpuch—eas—printed

é&ftutt—ﬁvsrds

BACKGROUND OF THE INVENTION
Conventional printed circuit boards are formed by utilizing

cloth, particularly of £fiberglass, which 1is then impregnated
with a resin such as epoxy, and partially cured to a "B" stage
condition. Copper foil treated on one side to effect good
bonding may then be placed on one or two sides of the pre-
impregnated "B" stage material. The thusly resulting assembly
is placed between steel platens with a suitable mold release or
a release film between the platens and the assembly is cured
under heat ‘and pressure to form a laminate, copper clad on one
or two sides. .

. The copper ‘clad or possibly unclad laminates are
subsequently used for the production of printed circuit boards

by ‘a subtractive or additive process., Printed circuit boards

- are used in the electronics industry for circuitry. In general,

holes have to be formed in the structure for the insertion of
component leads (i.e., for resistors, capacitors, integrated
circuit chips, transistors, etc.) or for the interconnection of

circuits from one surface to one or°-more other surfaces,
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The forming of Yoles (usually by df/lling) in laminates

rednforced with fiberglass or other ard reinforcing Efiber

material 1is difficult, expensive and/ creates problems which

itate additional operations. he drilling runs into
(Z!drill heats up, due to

problems such as epoxy smear where

friction to a temperature higher /than the glass transition
temperatuke of the plastic matrix add causes this plastic to
smear over \the edges of the coppe ./This smear must be removed

by etch ba

/
to re-—-expose th copper to insure a proper

connection wi the thru-hole pldted copper.
In researching prior art patents for purposes of examining
the uniqueness of the present/invention, U.S. patent 3,537,937
dated November 1970 ﬁ?s /been encountered. Therein 1is
disclosed an arrangement in ccordance with which longitudinally
arranged filaments
endless flat metallic\ban nd additional filamentary rovings
are helically wound ¢t eoyer. The £filamentary structure 'is
resin impregnated before %F band and structure pass through a
resin curing apparatus /whérein the ‘resin is partially cured.
Upon emerging from uring apparatus, the resin and
filamentary material alomng the\ edges of the band i1s removed and
f£i

removed

separate top and ottYom ment wound resin sheets of

continuous 1length rom the band and wound on

spools,

This prior ar ould be suited for producing structural
panels for mechanjical loads. It does\not contain teaching on
structurally stabYe aAnd balanced and fla

The method pf /3,537,937 cannot prod

filament section/s dre perfectly perpendicula

thin sheets.

e layers wherein the

to one another.

SUMMARY OF INVENTION

rifess of the wpresent invention, predetermined

In the
set of holeg/ hich are void of reinforcing filaments, can be
formed thropgh/ the wound reinforcing layers. These holes can
then be illed with resin in a molding operation and
subsequentily /drilled or punched. By use of suitable tooling,
the holes/can also be formed in the molding operation, either in

whole or 4in part, eliminating or reducing the drilling or

re applied to opposite surfaces of an

punching oggrations required for use of the product
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The forming of holes (usually by drilling) in
laminates reinforced with fiberglass or other hard
reinforcing fiber material is difficult, expensive and
creates problems which necessitate additional operations.
The drilling runs into problems such as epoxy smear where
the drill heats up, due to frictioh, to a temperature
higher than the glass transition temperature of the
plastic matrix and causes this plastic to smear over the
edges of the copper. This smear must be removed by etch
back to re-expose the copper to insure a proper connection
with the thru-hole plated copper.

In researching prior art patents for purposes of
examining the uniqueness of the present invention, US
Patent 3,537,937 dated November 3, 1970 has been
encountered. Therein is disclosed an arrangement in
accordance with which longitudinally arranged filaments
are applied to opposite surfaces of an endless flat
metallic band and additional filamentary rovings are
helically wound thereover. The filamentary structure is
resin impregnated before the band and structure pass
through a resin curing apparatus wherein the resin is
partially cured. Upon emerging from the curing apparatus,
the resin and filamentary material along the edges of the
band is removed and separate top and bottom filament wound
resin sheets of continuous length are removed from the
band and wound on spools.

This prior art could be suited for producing
structural panels for mechanical_ loads. It does not
contain teaching on structurally stable and balanced and
flat thin sheets.

The method of 3,53%,937 ¢annot produce layers wherein
the filament sections are perfectly perpendicular to one
another.

US Patent 4,609,586 to Jensen et al. discloses a
printed wiring board laminate suitable for use
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with leadless surface mounted devices, such as ceramic
chip carriers. The laminate combines a low coefficient of
thermal expansion in the X - Y directions with high
thermal conductivity. In one embodiment, the laminate
comprises a support fabricated from graphite fiber
reinforced metal adhesively secured to a printed wiring
board fabricated from dielectric (e.g. glass) fiber
reinforced resin. The support has an X — Y coefficient of
thermal expansion less than about 4 ppm/°C. In another
embodiment, the support is a core of graphite fiber
reinforced metal or resin sandwiched between two metal
sheets.

British Patent 1.364,076 to BAC discloses a laminated
fiber reinforced plastic sheet which is formed of
identical parallel fibered plastic resin impregnated
layers disposed in equal numbers on each side of a datum
plane and which are bonded together by a resin.

Successive layers on each side of the datum plane are
oriented such that the parallel fibers are set at equal
angular increments to one another and which are
individually a maximum of sixty degrees and which total
180 degrees. The successive layers disposed on opposite
sides of the datum plane are at equal spacings and have
the same angular setting. This arrangement is said to
decrease the tendency of the overall sheet material to
warp under certain bend load conditions. The BAC patent
discloses that the fibers in the layers may be non-woven
or woven provided that their major direction is
substantially parallel. The resulting sheet material has
substantially similar stiffness characteristics in all
directions of applied 1ldad in the plane of the sheet,
together with little or no tendency to warp or twist under
certain bending load conditions.  These features enable
the material to be utilised in a load bearing structure
without the necessity for orienting it according to its
load bearing abilities.

—= 2}
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US Patent 3,740,285 to Goldsworthy discloses a method
of making packing cases and other containers. The patent
contains no suggestion that the process or the resultant
products may be useful as or in the production of PCBs.

>,

SUMMARY OF INVENTION

The present invention is defined in appended claims 1, 2
and 20.

In the process of the present invention, a
predetermined set of holes, which are void of reinforcing
filaments, can be formed through the wound reinforcing
layers. These holes can then be filled with resin in a
molding operation and subsequently drilled or punched. By
use of suitable tooling, the holes can also be formed in
the molding operation, either in whole or in part,
eliminating or reducihg the drilling or punching
operations required for use of the product.

VJ

— s — : ——“é
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the desired holes are

In the preferred version, where
gi1led with plastic in the absence of any reinforcing fibers, it
3

ts then possible to punch the holes depending on the properties

§ of the plastic matrix. In the event that drilling is necessary,
g the drilling speed will be faster and will generatelless heat,
§ the drills or bits will last through the drilling of many more
4 holes, the holes will be cleaner and can also be smaller, and
§ there will be no resin smear, thus eliminating the need for etch
5 back and accompanying problems. -
§ 10 Where the holes are formed, punched or drilled through the
g resin only, the margins will be resin only. This solid resin
f annulus surrounding the hole will act as a barrier to prevent
_; any of the etching, plating, rinsing, or other such solutions
‘!. from penetrating into the reinforcing fibers, the
f 15 resin/reinforcement interface and micro-voids therein, or the
E interlaminar area. The solutions will also be prevented from
g penetrating any seeds, voids or hollows that may be present in
f the reinforcing fibers. In the current state of the art, all of
% the above areas are open to be penetrated and contaminated by
§ 20 the various solutions or residues therefrom. These solutions
: and residues can be conductive in which case, they can form
unwanted conductive paths or short circuits. They can also be
corrosive and erode the conductor and/or dielectric and cause
failure in the circuit over a period of time.
25 It is a further object of the invention to provide for the
of the thickness of laminates, and the
ratio to values and

degsign and control

reinforcement-content—-to—-resin-content
tolerances not attainable with the previocusly known state of the
Ehe previously known process

number of variables in
age and rheology of

art. The

30 (such as weight of fabric, resin content,
the prepreg, variation in heat history in all directions X, Y

and Z of the book, i.e.; mahy layers of laminates and separator
plates between platens in a press lead to wide variations in
temperature versus time between laminates and even in parts of

35 the same laminates. In the present inveantion, the laminate is
the exact thickness required with precise
can moreover be applied 1in

molded to
The reinforcement

repeatability.
situ in the exact amount the design calls for, even compensating
variation, i1.e., yards per pound. The resin

icts yield
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mnatrix takes up the rest of the space and there are no voids,.
A1l this leads to latitude of design and tight control of wall
thickness and reinforcement-to-resin ratio.

The above and other features of the present invention give
the products of this invention improved performance capabilities
needed by, but not available to, the. electronics industry
inclusgsive of the following:

1. Greater dimensional stability, which 1s needed 1in
laminates that go into the production of multilayer circuit
boards. The improved product can achieve higher reinforcement
content resulting in a more dimensionally stable board. The
industry 1s going in the direction of more and thinner layers in
multilayer boards. In the present state of the art, as the
boards get thinner, the reinforcement-to-resin ratio decreases
and dimensional - stability decreases. The advantage in
dimensional stability of the product of the present invention
thus increases in the direction of thinner boards.

2. The T.C.E. (i.e., Thermal Coefficient of Expansion)
can be matched to that of the chip carrier. It can also be
controlled. This is needed in S.M.T, (i.e., surface mount
technology) to reduce the stress induced by expansién due to
heat at the joinder of the component to the printed circuit
board. The previously known art cannot attain a high enough
reinforcement-to-resin ratio nor can it accurately control the
ratio.

3. By mailntaining tighter tolerances on thickness and
reinforcement~-to-resin ratio, the dielectric constant will be
more uniform £from board to board. The value of dielectric
constant can be predetermined and designed by selecting the type
of reinforcement and resin and the ratio of the two. This
capability of design and control of dielectric constant 1is
particularly advantageous ii circuitry' going 1into microwave
equipment and super computers.

Another basic advantage accrues to the invention with
respect to both the product and process. The invention uses
more basic, less expensive, generic forms of the same materials
and combines them in less steps with less damaging and less
contaminating processes. This leads to improvements over the

previously aveilable processes and materials as follows:
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A. Lower raw material costs, for example: fiberglass
roving at a cost which 1s about one—fourth the <cost of
fiberglass woven fabric which is used in the prior processes.
g. Less steps for lowver conversion costs,

C. Enables the use of more fragile reinforcements such
as quartz fiber and thinner rovings, tows, yarns or fibers and
does so with less damage to the reinforcement.

D. Enables the use of =a ‘wider variety of resin hardener
combinations.

There is no requirement of "B" stageability and finite
storage requirements as in the known processes. This gives the
present invention advantages as follows:

1. Lower raw material costs for equivalent or better
performance. ] _

2. Enhanced properties of the laminate such as higher
Tg(Glass Transition Temperature), lower water and chemical
absorption, lower dielectric constant and improved electrical
properties and higher long term temperature operating
characteristics. '

E. Enables the use of 1liquid or high temperature melting
resin systems as opposed to the solvent system needed in the
previously know processes; This eliminates the present problem
of getting rid of hazardous and toxic fumes, which are E.P.A.
and 0.S.H.A. problems. It also eliminates the cost of the
solvent and the problem of residual volatiles in the product.
It also eliminates the need for the prepreg equipment, which is
a major capltal expenditure.

F. The absence of starch/oil sizing, needed in the
previously known state of the art, for weaving fabric eliminates
the problem of any residual starch/oil remaining in the product.
The invention places the rginforcement in a preferred geometric
orientation and does so in situ. This leads to further
improvements over the present process and products as follows:

1. Improved mechanical properties such as flexural
strength and flexural modulus.

2. The material can have equal T.C.E.'s in X and 1
directions as opposed to differences in prior products. This is

important for surface mount technology. —_—
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3, The elimination of the knuckles of the over under

nd fill of weaving eliminates /sonme of the quality

such as measling of the previo s/product.

laminate of the present inve gion can be cured using
microwave\ or radiowave electrical engrgy with the platens or
moiding plates as ‘the opposite poles/ so that only the laminate
absorbs the\energy. This saves the néégy necessary to heat the
platens, backing and separatoyp pfales in the prior process.
Further, the laminate of the preSept invention can be molded
with zero to mihimum pressure thefelfy eliminating the need for a
high pressure p ess, which is ajor capital expense and a
bottleneck in pro uction of the/ prior processes. It is moreover

p0331b1e to use two\different resin systems in the same laminate

without increasing the number fof/ steps. Further, it is possible

to work the copper fter pAlaging, but before laminating for
improved quality or dimedsifons. For example, 1t can be
burnished or pressed to\ iyprpove grain structure or it can be
machined or ground to an cyrate thickness.
It is, in addition tlo\/the above, an object of the present
invention to proxide an ved laminate adapted for use in the
manufacture or brinted and an improved method for
making the same. '

It is a further this invention to provide an
improved laminate a precise positioning of
components.

It is yet ano r object of this invention to provide a
filament-wound resi onded structure\capable of being punched

or at least drille jthout the drills \ouching the reinforcing

fibers.

In achievin he above and other objects of the invention

there is providef fin accordance with a preferred embodiment of

the 4invention method which ’‘comprises rming a set of

in at least

electrically b-conductive filament section

substantially irror image relationship abou a plane .of

symmetry.

Viewed m another aspect, a reinforcement s ructure 1is

T
'n/llanar layers of at least substantiall

configured equally

spaced par, Hiel filaments. The direction of the filament

sections may alternate in alternate layers and, in a preﬁerfed

L—
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3. The elimiriation of the knuckles of the over under
warp and fill of weaving eliminates some of the quality
problems, such as measling of the previous product.

The laminate of the present invention can be cured
using microwave or radiowave electrical energy with the
platens or molding plates as the opposite poles, so that
only the laminate absorbs the energy. This saves the
energy necessary to heat the platens, backing and separator
plates in the prior process. Further, the laminate of the
present invention can be molded with zeroc to minimum
pressure thereby eliminating the need for a high pressure
press, which is a major capital expense and a bottleneck in
production of the prior process. It is moreover possible
to use two different resin systems in the same laminate
without increasing the number of steps. Further, it is
possible to work the copper after plating, but before
laminating for improved quality of dimensions. For
example, it can be burnished or pressed to improve grain
structure or it can be machined or ground to an accurate
thickness.

It is, in addition to the above, an object of the
present invention to provide an improved laminate adapted
for use in the manufacture or printed circuits and an
improved method for making the same. '

It is a further object of this invention to provide an
improved laminate adapted to permit ﬁrecise positioning of
components.

It is yet another object of this invention to provide
a filament-wound resin-bonded structure capable of being
punched or at least drilled without the drills touching the
reinforcing fibers. * i

In achieving the above and other objects of the
jnvention there is provided in accordance with one aspect
of the invention a method which comprises forming a set of
electrically non-conductive filament sections in at least
substantially mirror image relationship about a plane of
symmetry.

Viewed from another aspect, a reinforcement structure

B



This Sheet Has Been Replaced

.

js configured in planar layers of at least substantially
equally spaced parallel filaments. The direction of the
filament sections may alternate in alternate layers and, in
one construction, alternate layers are perpendicular to
each other. It is also preferred to have the number of
filament sections in the two perpendicular directions
equal. The filaments form a mirror image about the neutral
plane or the center of the laminate or neutral axis
thereof. According to the above preferred version of the
invention, the angle between filament sections in different
¢ layers is in the order of magnitude of ninety degrees such
E _ that the filament sections in adjacent layers are
q.‘ orthogonally related to one another. However, other angles
can be used for special cases, and two or more parallel

layers can be put together.
i As will be shown hereinbelow the filament sections of
each layer are a number of single or multi~filament
arrangements wound helically (or the like) and continuously
around a flat form. Alternatively the filaments can be
wound on some other suitable form and transferred to a flat
form either layer by layer or in groups of layers. This
3 filament arrangement may preferably be a bundle of
! untwisted filaments of the type commercially available in
; relatively flat form such as strand or roving, and ideally
‘., suitable for employment in accordan?e with the method of
the invention. _
i According to one aspect of the invention, the filament
g arrangement is wound helically around a flat form which is
preferably made in the shape of a right quadrilateral.
Alternate layers of +two or more parallel layers are
respectively wound in crisstcross directions on this form.
According to yet another aspect of the invention, the
filament sections are embodied in a matrix of electrically
non-conductive material which fixes the filament sections
in position, and fills all the spaces or interstices
between the two outer surfaces of the board not filled with
filaments.
The layers are arranged in parallel planes. Moreover,

—_7 :775\
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jn accordance with a preferred aspect of the invention, the
aforesaid form has opposite sides c_onnected by edges and
the sets are formed on opposite sides of the form, the
filament arrangement being brought from one side to the
other of the form by traversing the edges thereof. The
method further includes separating the sets by trimming the
nelically wound filament arrangement at the edges of the
form.
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zgﬂftruction, alternate layers are perpendgéhlar to each other.
/

It \Ms also preferred to have the number of filament sections in
the Bwo perpendicular directions equal. It is further preferred
that the filaments form a wmirror image/about the neutral plane
or the \ center of the laminate o neutral axis thereof.
According\to the above preferred vegsion of the invention, the
angle between filament sections ir//different layers is in the
order of magnitude of ninety degrees such that the filament
gections in d jacent layers a orthogonally related to one

another. Howevey, other angles//can be used for special cases,

and two or more parallel 1aye?s can be put together.

As will be shown hereiny low the filament sections of each
layer are a numbe of siﬁéle or multi-filament arrangements
wound helically (or \the Lﬁﬁe) and continuously around a flat
form. Alternatively the filaments can be wound on some other
suitable form and transferred to a flat form elther layer by
layer or in groups of//Nayers. This filament arrangement may:
preferably be a bundfe of untwisted filaments of the type
commercially available /in relatively flat form such as strand or

roving, and ideally ,suitable for employment in accordancelwith

the method of the invention.

ne aspect o the invention, the filament

According to

arrangement is wpynd helically a ound a flat form which 1s
preferably mad;/
Alternate layersg o

wound in crissicross directions on this\form. According to yet

in the shape a right quadrilateral.

another aspect/ of the dinvention, the ilament sections are
matrix of electrically nonkconductive material
and fills all the

surfaces of the

embodied in /a

which fixes e filament sections im position
terstices between the two outer

led with Eilaments

spaces or
board not f£i

The /layers are preferably arranged in parallel planes.

Moreover! /in accordance with a preferred aspeii of the
co

invention the aforesaid form has opposite sides yected by

edges and the sets are formed on opposite sides of the form, the
filament/ arrangement being brought from one side to the other of
the form by traversing the edges thereof. The method further

. /
incljdes separating the sets by trimming the helically wound

filament arrangement at the edges of the form.
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yccording to yet ‘another aspect of the invention, each

arrangement employed is wetted during the windiag on

filamEHC

ne form with a resgin which is subsequently cured to form the
i

foresaid matrix. As an alternative, the filament arrangements

ay be wetted subsequent to the winding of the form by being
in a bath of resin or the like. The preferred method
{s to apply the resin in a vacuum impregnation method. An
alternative is to partially impregnate prior to or during
winding followed by vacuum "impregnation with the same or
compatible resin systems. Another alternative is to impregnate
prior to winding.

As has been indicated hereinabove, the filament
arrangements are formed as bundles of filaments. These bundles
may be helically wound by effecting a rotation of the form. As
an alternative, the filament arrangements may be helically wound

on the form by revolution of at least one planetary source of

e

i!r“

filament arrangements about the aforenoted form.
In accordance with yet another aspect of the invention, an

angle is controlled as between the form and the filament

20 arrangements by relatively displacing the form and, at least one

source of the filament arrangement oOr arrangements, With

b VIR VAR N T BRI,

respect to and in further accordance with the invention, the

prare

method may comprise forming a conductive surface on at least one
E of the layers formed thereby. Another aspect of the invention
P25 involves the feature of cutting 2 laminate out of each of the
above-indicated sets. The laminate may be cut in quadrilateral

.’.; form to have side edges generally perpendicular to the filament

sections.
In accordance with still further aspects of the invention,

30 rhe filament sections as will be seén may be of a material such
as, for example, fiberglass, quartz, aramid or the like. The

matrix may be of plastic resin and may be, for example, epoxy.,
' .

polyimide, bismaleimide, polyester, vinyl ester, or
polybutadiene. In the above—indicated arrangement, the layers
35 are preferably planar and the filament arrangement is maintained

under controlled tension as it is wound around the form. This
provides for pre—stressing the filament sections and provides

for a control of the various physical characteristics of the

resulting product or products.
This Sheet Has Been Replaced
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Yet another feature of the inventidn relates to.bordering
the above-noted form with a disposable rim which may be plastic
and which 1s removable when the filament arrangement is trimmed
as aforesaid. In accordance with the invention, the pitch of

the helically wound arrangement may be controlled by

(V3]

co&trollably displacing the aforenoted form.
It 1is further within the purview of the 4invention to
arrange an equal number of filaments in the X as in the Y
direction, this constituting an especially advantageous feature
10 of the invention which is useful in the sensitive applications
which are envisaged. This 1s .to get an equal T.C.E. (Thermal
Coefficent of Expansion) 1in the X as in the Y direction.
Moreover, the product can be arranged to have  an essentially
”’ equal modulus of elasticity in both of the X and Y directions or

15 a tailored different modulus in the X as in the Y direction.

While achieving the aforenoted advantages as well as
objects of the invention, the filament sections may be arranged
to form a spacing to accommodate a passageway through Ehe
resulting product in the Z direction which is perpendicular to
the plane of X and Y. Other voids are, howe;er,. avoided, by
making the matrix of a curable substance which is cured with the
filament seciions therein and with the curing being effected
with heat, and vacuum being employed prior to curing to remove
all air and voids from the interstices, and accurate spacers can’
be employed to determine the final thickness of the product.

In accordance with yet another feature of the invention,
the above-noted conductive surface is formed by placing a metal
foil on at least one side of the form or outer molding plate,
the foil being transferred to the adjacent surface of the
product. The alternative to the use of a metal foil in
accordance with the invention involves plating at least one side
of the form or outer molding plaée with a metal which is capable
of being transformed to the adjacent surface. It should be
noted that it is within the scope of the invention to
contemplate placing the conductive surface on the product in the
configuration of a ci;cuit on at least one side of the form or

outer molding plate and transferring the metal as aforesaid.

The conductive surface may be burnished or ground to achieve

desired granularity and/or thickness.
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The above objects, features and advantages of the
invention relate to the method. However, it is to be noted

that the invention also contemplates one or more structural

configurations such as, for example, a structure which
comprises a matrix and, embedded in said matrix, a
plurality of filament sections arranged in parallel layers
as implied by +the method 8et forth in generalities
hereinabove. The filament sections in each respective
layer are parallel and the filament sections in alternate
layers may be arranged angularly with respect to one
another. The angle 1is preferably such that the filament
sections in the alternate layers are at least substantially
perpendicularly related. Advantageously for the end
results contemplated within the scope of the invention, the
filament sections and matrix may be electrically non-
conductive. The layers may, moreover, as implied
hereinabove, be of right quadrilateral configuration having
pairs of opposite edges, the filament sections being at
least substantially perpendicular to one of the pairs of
edges. As also implied above, the filament section may be
prestressed.

It follows from the method of the invention that the
structure provided in accordance with the invention may
include a metallic coating and the matrix may have at least
one surface on which at least part of the metal coating is
supported in accordance with one embodiment of the
invention.

It also follows from the method of the invention that,
if the matrix is provided with at least one hole, it will
define an interior surface within the matrix. In this case
the metallic coating may include a portion supported on at
least a part of the aforesaid surface.

In the aforesaid structure, the layers are such that
all of them can have a substantially equal number of
filament sections. Alternatively, the layers can have a
different number of filament sections by design in order to
tailor the flexural modulus in the X or Y direction. The

filament sections in each of the aforesaid layers are
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The above objects, features and advantdges of the invention
relaﬁ to the method. However, it |is té be noted that the
jnventiyn also coantemplates one ot more structural
configurations such as, for example, a strudture which comprises
a matrix 3nd, embedded in said matrix,/ a ,plurality of filament
gections aryanged in parallel layers ,as/implied by the method
gset forth in generalities.hereinabova/

he filament sections in

each respectiwe layer are preferably parallel and_the filament

gections in alternate layers may /b arranged angularly with
respect to one another. The angle/ ig preferably such that the
filament section in * the alternate layers are at least
substantially perpendicularly ﬁglamed. Advantageously for the
end results contemplated within/the scope of the invention, the
filament sections and\matrix maélpe electrically non-conductive,
The layers may, moreower, as implied hereinabove, be of right
quadrilateral configuratyon /dng pairs of opposite edges, the
filament sections being a le st substantially perpendicular to
one of the pairs of edges. also implied above, the filament
section may be prestressed

It follows from the /mathod of the invention that the

structure provided in actcofdanke with the invention may include

on which at least payt fof the wetal coating is supported in

a metallic coating and theé matrdx may have at least one surface
accordance with one edZ: iment of the invention.

It also follows/fyom the method of the invention that, if

the matrix is provi?ed with at least
interior surface within the matrix. I

e hole, it will define an
this case the metallic
coating may include ja portion supported\on at least a part of
the aforesaid surface.

In the aforesaid structure, the layers\are such that all of

them can have a Supstantially equal number o

filament sections.
e layers® can "have a different number of
by design in order to tailyr the flexural

or Y direction. The filament s&ctions in each

Alternatively,
filament sgecti

modulus in the

of the aforeg; d layers are uniformly disposed a%out an axis,

the axes of the alternate layers being transverse to\:ne another

in accordance/with a preferred embodiment of the invention.
As has

een noted already, herein, a preferred product of
1

the inventidn is a printed circuit board. Since this board wil

Tlus Sheet Has Been Replaced
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be fabricated of the structure noted hereinagove, it will

r

préx rably comprise a matrix having a plane/of 57mmetry and, on

opposite sides of this plane and w1thin/the matrix, it will

include\ at least first and second layers of/ parallel filament
= sections )\ the filament sections in the /first layer being
angularly &nd preferably perpendicularly related to the Eilaﬁent
the second layer Also, preferably but not

he parallel filament SEétl ns of the first layers

sections i
exclusively,
on opposite ides of the plane /of /symmetry are at least
10 substantially parallel to each other fand furthermore they are
preferably aligne with each éther. Also, preferably, and in

accordance with th invention, t e wforesald layers will have a

1ike number of fllament sectlons hese filament sections may

i' be, according to embodiment,/ under tension or, in other
15 words, are prestressed As w l be described in greater detail
hereinbelow, he layens ave respective axes which are

transversely related, the 11 ent section in the respective

layers being uniformly distRibuwted about the corresponding axis.

It will be seen that the mabrix may have at least one surface

()
o -

comprising a metallic coa'ting \on at least part of the surface,

thereby enabling the produc¥ion\of a printed circuit board. It
has been implied above?/;n
hereinbelow, that the filament secbions can be arranged in the

matrix to leave a pdrtibn of the

e described in greater detail

atrix devoid of filament
sections whereby th détrix may b provided with a hole

extending through this

portion. The pni:ted circuit board of
the invention will

lsof involve the feature whereby the filament
sections in the fifrst/ layer are perpendicdlar to the filament
sections in the ecdnd layer. Also 1involved is the feature

s or includes a section 1

[PV
o

whereby the matri the shape of a

right quadrilateyal/ with (two faces in the shape of parallel

planes and four edges arranged in pa{?llel pairs

connecting thege /faces. In this arrangement, tQi\\Eilament
a

sections of first and second layers will be t least

pérpendicular to respective of the airs of

w
w

substantially

edges,

While preferably the filament sections of the invention
will be of

o W D --r..\'.v.:.»-av;'.-'.:.nv-.-mf:mem‘mmmmwwmm‘ﬂmmw“mmm
N
u

untwisted filament structure, they may also be of

twisted yarhn for plied yarn structure. The filament sections may

PR
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uniformly disposed about an axis, the axes of the alternate
jayers being transverse to one another.

As has been noted already, herein, a praie:xzqyproduct
of the invention is a printed circuit board. Since this
poard Wwill Dbe fabricated of the structure noted

hereinabove, it will comprise a matrix having a plane of

symmetry and, on opposite sidés of this plane and within
the matrix, it will include at least first and second
layers of parallel filament sections, the filament sections
in the first layer being angularly and preferably
perpendicularly related to the filament sections in the
second layer. Also, the parallel filament sections of the
first layers on opposite sides of the plane of symmetry are
at least substantially parallel to each other and
furthermore they are preferably aligned with each other.
Also, preferably, and in accordance with the invention, the
aforesaid layers will have a 1like number of filament
sections. These filament sections may be, according to one
embodiment, under tension or, in other words, are
prestressed. As will be described in greater detail
hereinbelow, the layers have respective axes which are
transversely related, the filament section in the
respective layers being uniformly distributed about the
corresponding axis. It will be seen that the matrix may
have at least one surface comprising a metallic cocating on
at least part of the surface, ﬁhereby enabling the
production of a printed circuit board. It has been implied
above, and will be described in greater detail hereinbelow,
that the filament sections can be arranged in the matrix to
leave a portion of the matrix devo;d of filament sections
whereby the matrix may be” prov1ded with a hole extending
through this portion. The printed circuit board of the
invention will also involve the feature whereby the
filament sections in the first layer are perpendicular to
the filament sections in the second layer. Also involved
is the feature whereby the matrix is or includes a section-
in the shape of a right quadrilateral with two faces in the
shape of parallel planes and having four edges arranged in

— g,
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ila .
. In this
parallel pairs connecting these faces‘ -
arrangement, the filament sections of the first a.n JSecone
layers will be at least substantially perpendicula
a
i i f edges.
respective of the pairs o .
While preferably the filament sections of the
i ma
invention will be of untwisted filament structure, they Thy
i . e
also be of twisted yarn or plied yarn structure
filament sections may

—— L

_—
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pfefefabl? be of fiberglass, aramid, quartz, carbon, aylon,
polyester of the like. As set forth hereinabove, the matrix is
preferably of a material such as bismaleimide, epoxy, polyimide,
polyester, vinyl ester, phenolic, melamine, polybutadiene or the
1ike. :
The invention also involves the aspect of providing an
apparatus for the preparation of a filament reinforced matrix.
This apparatus will comprise .generally a form, a source of
filament, and a drive arrangement to effect a relative motion
between the source and form such that the filament is wound
about the form 1n at least first and second helices having
orthogonally related axes. The apparatus of the invention may
also comprisé an arrangement for applying a settable resin to
the helices to constitute the matrix. As noted above, a form is
employed. This form may preferably be a flat mandrel or frame.
The drive arrangement may include an arrangement to rotate this
mandrel and for rectilinearly displacing the mandrel with
respect to the source while the mandrel is rotating.
Alternatively, the drive arrangement may include elements to
displace the source in encircling relationship to the mandrel so
that the source revolves about the mandrel. In this case, the
drive arrangement will also include elements to displace the
mandrel rectilinearly while the source is encircling the sanme.

In further accordance with the invention, there may be
provided an arrangement to hold the mandrel sequentially in
perpendicularly related postures for respective of the helices.
A specific feature of the invention will provide that the
mandrel include removable coating of conductive metal which is
adapted for being transferred to the aforesaid matrix,

Yet another feature of the invention involves that the
mandrel be a flat metal plate having edges, there being
furthermore provided removadble piastic or other disposable rim
members attached to these edges and adapted for being
transversed by the aforesaid helices and being moreover adapted
to facilitate a trimming of the helices at these edges.

Yet another feature of the invention relates to the
provision of an arrangement for applying the settable resin in
the form of a chamber to receive the form with the helices

thereon, there being a source of resin operatively associated
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the chaamber and a further arrangement to effect a vacuunm
i<h
o -

min the chamber to enhance penetration of the resin into the
wizhi

and render the same devoid of bubbles and other such

hellces
A further particularly significant feature in the

'oidsu

_glding process is the use of outer plates with means to bring
a0 )

-hem Ainto contact with stops and impregnated helices while
ot

under yacuum.
Still another feature of the invention involves the

.

provision of a cam or electronic arrangement operatively
agsociated with the source and/or the form with the filament to
provide speed compensation and tension control for the supply of
E;lament during the winding of the helices.

The above and other objects and advantages of this
jnvention will be apparent from the detailed description which
follows, as illustrated in the accompanying drawing.

BRIEF DESCRIPTION OF DRAWING

In the drawing:

FIG. 1 is a diagrammatic view of a winding ‘mandrel
with a number of filaments affixed thereto in the course of
winding;

FIG, 2 is a sectional view taken along line 2-2 of
FIG. 1 in one position of the mandrel;

FIG. 2A is an enlarged view of a detail possibly
incorporated into FIG., 2;

FIG. 2B shows a variation of the detail of FIG. 24;
FIG. 3 is a schematic showing.of a winding pattern relative to a
pair of orthogonally related axes;

FIG. 4 is a schematic showing of a vacuum impregnation

chamber with the mandrel of FIG, 1 therein:

FIG. S shows the application of heat and spacing
impregnated. mandrel from outer plates with stops or spacers;

FIG. 6 shows schematically a trimming operation;

FIG. 7 diagrammatically illustrates an apparatus for
filament winding onto a mandrel;

FIG. 8 diagrammatically illustrates a typical
completed winding and a typical cutting out of a circuit board;

This Sheet Has Been R

LT Illl



20

BT -_-agmli"‘f
‘ mmﬂm!lﬂ
w
wn

o

PCT/LUS87/02327

-14-
FIG. 8A diagrammatically illustrates a pattern

coviding for holes in a printed circuit board;
? FIG. 8Al illustrates a variation of FIG. 84;

FIGC. 8B illustrates a multilayer printed circuit board

?onided in accordance with the invention; ’

FIG. 9 illustrates an apparatus for automatically
jcing one form of method og the invention;

FIG. 10 shows a porﬁion of the apparatus with the

pandrel thereof modified in posture to enable the winding of a

pract

gecond helix thereupon;
FIG. 11A diagrammatically illustrates the supply of

filament by means of a planetary arrangement;

FIG. 11B illustrates the arrangement of FIG. 11A from
a different vantage point and in greater detail;

FIG. 11C diagrammatically 1llustrates the use of a
beam for making a product of the invention;

FIG. 11D shows a clamping arrangement for holding the
parallel filaments of FIG 11C in position;

FIG 11E diagrammatically illustrates laying filaments
perpendicularly to thoserof FIG 11C;

FIG 11F shows a clamping arrangement for the filaments
of FIG 11E; |

FIG. 12 diagrammatically illustrates a portion of a
preferred apparatus of the invention for the application of

resin to constitute a matrix;

FIG. 13 illustrates the apparatus for FIG. 12 with a
wound mandrel immersed in a bath of resin;

FIG. 14 illustrates the apparatus of FIGS. 12 and 13
with the coated wound mandrel withdrawn from the bath of resin;

FIG. 15 illustrates the closing of the outer plates to
stops and to the resin-impregnated product in the apparatus of
FIGS. 12, 13 and l4;

FIG. 16 illustrates the final cure of the product of

FIGS. 12-15;
FIGs. 174 and 17B diagrammatically illustrate, in

perpendicularly related sectional view, partially broken away, a

product of the invention;
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FIG. 18 dlagrammatlcally illustrates a section of the
t of FIG. 17 on enlarged scale;
FIG. 194, 198, 19C1, 19C2, 19C3 and 19D

8rammatically illustrates an assembly for forming a

produc

izitilafer .printed circuit board in accordance with the
ipvention;

FIGS. 20A-D diagrammatically illustrate a method and
apparatus for producing the multilayer board of FIG. 8B using
e assembly of FIGS. 19A-19D;

FIGS. 21A (X) and (Y) - 21E (X) and (Y) show

preferred structures prepared according to the method of the

th

ijnvention; and

FIGS. 21F (X) and (Y) - 21G (X) and (Y) show
further structures which can be made by the method of the
jnvention without achieving all of the benefits thereof.

DETAILED DESCRIPTION

In accordance with the invention, an improved material is
provided for the improved production of -printed wiring boards or
printed circuit boards. This material is produced by filament
winding reinforcements parallel to each other in sequential
superposed layers in which the reinforcements are perpendicular
to each other. While this particular configuration is employed
to equal or exceed the current state of the art, other patterns
can be wound within the scope of the invention and angles other
than perpendicular or orthogonal can exist between the filaments
of respective layers if other properties are desired.

In order to create warp-free laminates in accordance with
the invention, it has been Ffound that the selected patterns must
form a mirror image (i.e., be symmetrical) about the neutral
axis or plane of symmetry of the product. It has also been
found that the layers can be designed so as to make the thermal
coefficient of expansion and section modulus equal in the X and
Y directions. The filament reinforcement is- moreover
pretensioned to certain limits discussed hereinbelow so as to
assure that each filament is straight. The use of filament or
untwisted fibers allows thinner, more uniform layers to De

produced as compared with woven, twisted or plied yaras; but
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red OF twisted and plied yarn can also be used in some of
3

f:: embodiments of the invention.
a The use of the wound reinforcement in place of the woven
eabric of the currently known state of_the art lowers cost by
4sing fewer steps and more basic materials. It also eliminates
;anv problems naow encountered in the production of printed
circuit boards. .

The reinforcement (which may be fiberglass, aramid, quartz,
carbon, nylon, polyester, aramid or other such materials)
gsually incorporates a surface finish that is compatible with
the resin system matrix. It 318 combined with a matrix resin

system such as epoxy, polyimide, polyester, bismaleimide, vinyl
ester, phenolic, melamine, polybutadiene or other such materials
in a manner as not to disturb the filament pattern. The matrix
fully coats each filament and fills adjacent interstices. It is
cured by an energy source such as radiant heat, built-in
electrical resistance heaters, gas fired convection ovens,
conductive heat surfaces, microwave equipment, or the like to
effect a cured laminate. The wuse of fillers ‘may be
integrated with the resin system. '

Blends of fibers in various layers or alternating layers
may be employed and, for example, conductive and
non-conductive fibers may be mixed (i.e., for purposes of static
bleed).

Tension is controlled so that at gelation of the matrix all
of the reinforcement is at the same tension. The tension value
must be such at gelation temperatures, that when reduced to
ambient temperature, the strains induced by the tension in the
reinforcement, the shrinkage of the resin, and the
expansion/contraction of both due to temperature, balance so as.
not to induce a stress in the, laminate that is greater than the
critical buckling stress. Otherwise, a warped board results,
The reinforcement should also be a wmirror image about the
neutral axis or be symmetrical about its center plane or plane
of symmetry to prevent warping. It has been found that the
amount of tension must be controlled so that the tensions in all
layers in the same direction are equal and so that the amount of

tension is minimum at gelation so as to induce zero or ainiaum

compressive gtress on the resin matrix.
This Sheet Has Been Rep
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The laminate regardless of thickness may have the same
,elnforcement -to-resin matrix ratio over a wide range
volumetrlcally of approx1mately 0 to approximately .9.
currently known fabric-based laminates have a limited
ratio range between approximately 0.15 to approximately
0.5, particularly in a thickness range between 0.0254mm
(.001 inch) and 1.575mm (.062 inch). In accordance with
the present invention, the straightness of the filaments,
the planar character of the wound layers, the
perpendicularity between filaments of adjacent layers, and
uniform density of the resulting laminates regardless of
thickness result in a more dimensionally stable material
of tailorable, predictable and reproducible properties
important to printed wiring board designs and production.
The resultant laminate can have a reduced and uniform
thermal coefficient of expansion along the X and Y axes
(unlike woven and non-woven fabric based laminates) as a
result of its unique construction.

Copper or other conductive surfaces may be applied for
one or two of the surfaces by plating it on the tool
surfaces (i.e. on the mandrel and outer plate surfaces),
or applying copper foil to the same, in the process prior
to the winding of the mandrel and resin impreénation. The
process also lends itself to electroplating the conductive
circuit only, elminating the etching process and its
problems. Conductive circuits embedded in the laminate
can result. These circuits can be flush with the laminate
surface or can also extend above-the surface or part of
both. The method results, it is believed, in a more
superior adhesion than would be the case if copper were to
be added to a cured laminite Sr partially cured laminate
as with current known methods. The chemically treated
copper surface can be coated with a suitable adhe51ve
which is compatible with the surface and matrlp resin
system.

— 11
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The laminate tolerances in thickness, surface
smoothness, parallelism, resin-to reinforcement ?atiot
warp and twist, copper-cladding thickness and un%for?lty
can be better than previously achievable, resulting %n
unexpected design opportunities for improving dimensional
stability, yield, producing a reduced and uniform thermal

coefficient of
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jmproving automatic insertion ©OT surface

expansionl
,ounting such that 2 new class of design opportunities

result:
one product of this jnvention is 2 novel composite of

reinforcement such as fiber glass, quartz aranid or other
types of reinforcement in a plae?ic matrix such as: epoXYyy,
bismaleimide, _polyimide, polybutadiene or other such
materials as have been mentioned herein and a conductor
such as copper: silver, gold, etc. A primary
cnaracteristic of the product is due to the configuration
of the reinforcement, and the absence or minimizing of
voids, volatiles, and residual contaminants in the plastic
matriX except for holes +hat may be jntentionally formed in
the jaminate by an appropriate use of tooling.

The reinforcement is configured in planar layers
preferably having at least substantially equally spaced
parallel filaments. The direction of the filaments,
preferably (but not exclusivelYy) . alternates in alternate
layers and, in the preferred construction,_the filaments in
alternate layers are perpendicular +o each other. It is
also preferred to have an equal number of filaments in each
of the two perpendicular directions. The filaments form a
mirror image apout the plane of symmetry at the center of
the laminate OT neutral axis. aAnother novel configuratioh
of the invention is one in which a predetermined pattern of
holes is left void of reinforcing filaments.
AlternativelY, softexr more easily drilled or punched
filaments jike polyester, nylons O¥ the like can be wound
in place of the void for the same purpose.

Laminates of this ipvention can be formed in the
following manner: : '

Reinforcement in the form of strand, roving, filament,
thread or yarn js wound with selected finite tension onto
a form such as a ground and polished flat rectangular
metallic mandrel. The mandrel may ve, for example, of
steel, stainless steel, titanium OT other such material
that has been covered with a conductor such as copper,

either in the form of foil or by having been
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deposited, chemically deposited, sputtered, or
txo
ele® plated directly on the mandrel.
vacuu:he conductor can be partly deposited on the mandrel
uit and the part of the
jates in the form of a circ
and\or P
mandrel not
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plastic such as epoxy, from bonding to the exposed

he mandrel.

The filaments are wound in an equally spaced relationship
: .

a flattened helix-like pattern to fill the surfaces on

4 in _ .
sa . sides of the wmandrel with filaments. This 1is considered
°°" ein to be 2 layer. The band, of filaments {s then fixed in
he?

e manner UtO the mandrel and can then be cut, The next layer
oa

’ .
49 wound jn such manner that the filaments in that layer are at
s

ome predetermined angle with the filaments of the preceding
k]

1aye1’ ]
number of ways. In a lathe type filament winding machine, the

usually at ninety degrees. This can be accomplished in a

psandrel can be remounted in the machine so that if the X axis

was originally parallel to the centerline, the Y axis is
subsequently placed parallel to the centerline for winding the
next layer. In a carousel type winder (where a spool or spools
of filaments are mounted on a ring which rotates about the
mandrel which 1is fixed in a plane but which moves one designed
pitch per rotation of the ring in the X direction until both
sides of the mandrel are full of filaments) and after tie-off
and cutting, the mandrel is moved through the same or another
carousel in the Y direction to form a layer of filaments
perpendicular to the preceding layer.

- Alternate layers are applied until the reinforcement layers
reach the desired or design thickness., The reinforcement is to
be in the configuration outlined in the product description
hereinabove. There should be an equal amount of filaments in
the X and Y direction. The filaments should be a perfect mirror
image about the center plane of each of the reinforcement panels
on both sides of the mandrel. To accomplish this, the 1last
layer must be the same as the first layer and the next to last
layer, the eame as the gecond layer, etc. It is also possible
and desirable to produce a match or produce a designed mismatch
(for example, to save weight) of the section modulus in the X
and Y direction by varying the thickness and reinforcement
density in the various layers. The tension should be the same
as described in the product section above. The reinforcements
can be imeregnated or partially impregnated with resin prior to
winding or during winding prior to being placed on the mandrel.
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fected method is to wind the reinforcement dry

'Ori the pre

1y impregnaCEd with resin after the assembly has been

from the supplier, the wound assembly being

a suitable chamber which has been evacuated to form a

cgCUD

A
ess than Zmm of mercury. The chamber should also contain a

preferred absolute pressure of_vacuum in the above should

ye 1 . .
aitable container with t
s

hould be provided for injecting resin into the container while
s

he proper plastic resin in it or means

the chamber is under vacuum condition. The chamber should also

contain two outer plates each of which contains one side which

ys ground and polished and is surfaced with either a complete

jayer of copper or some other conductor or a circuit of copper
some other conductor as was the mandrel in the above. Either

r
:he four corners of each side of the mandrel or the four corners
on each of the outer plates  should have stops equal to the
desired thickness of the laminate to be produced, protruding
from the surface. This is the preferred hethod. However, other
means of effecting a positive stop may be used and laminates may
as well be formed without using stops. In the chamﬂér, there
are sultable means for lining up the mandrel with the outer
plates and for moving the mandrel in and out of the container of
resin, and for moving the outer plates so as to contact the
stops and the product.

After the chamber is evacuated to the desired pressure, the
mandrel is placed into the resin so that all the reinforcement
on the mandrel is under the surface of the resin. After a
period of time which dependé on the thickness and density of the
windings, the conductor-covered or mold released or combination
30 thereof faces of the two outer plates are brought in coatact
with each of the two sides of the mandrel which are covered with
reinforcement and impregnating ‘resin. The desired distance
between the faces of the outer plate and the mandrel is
determined by the thickness of the stops used between the

35 plates.
After another period of time, the vacuum is released from

the chamber and the assembly is allowed to drain so that the
excess resin is returned to the container. The contact of the

outer plates to the stops on the mandrel is maintained during
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entirce period. Heat energy is then applied to effect the

chii. This can be effected by the use of electric power, hot
é ::;‘ steam applied to the plates, or microwave or radiowave
f; ener3’y- In the microwave or radiowave technique the outer
§’~‘ olates may constitute one pole with the mandrel constitutiag the
E * other pole and the product constituting a dielectric between the
f: poles' )

After a suitable cure period, the plates are separated and
E the product is trimmed and removed from the mandrel. The
i mandrel and outer plates are cleaned and made ready to process
| more material. The laminate 1is then trimmed and inspected. It
is pointed out that the process will work with multiple mandrels
and outer plates (i.e., two mandrels and four outer plates,
‘ etc.)
E B There are a number of alternates to the impregnation and
. nolding process. In one method, the mandrel and outer plates.
are in the chamber but above the container of resin. The outer
5‘_ plates are adjacent to but a finite distance away. from the
mandrel. The proper amount of resin is in the container. The
; f 20 chamber is .sealed and evacuated to the'éproper vacuum and a
finite time such as a few seconds elapses. The mandrel is
lowered into the resin until all of the reinforcement is under
the level of the resin. After a period of time suitable for the
reinforcement to completely wet out, the mandrel is raised out
5 of the resin to its original position between the outer plates.
The wet—out time needed will depend on variables such as the
thickness of the reinforcement, viscosity and thixotropy of the
resin, surface tension of resin reinforcement interface, etc.
The wet-out mandrel is allowed to drip excess resins to the
30 container for a finite time. Mechanical stripping of the excess
resin may also be pefformedﬁ The outer plates are moved, to
close to the stops on the mandrel. This can be done all at once

or by closing the gap from the bottom up or top down so as to

PP TRTE Tl
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achieve a wash action and force any remaining air, volatiles or
535 bubbles out of the laminate. After closing the outer plates the

vacuum can be released and the cure can begin. The cure is the

o, ey

same as in the above.

In still another version, the container for the resin can

" be formed using the two outer plates sealed on two sides and the
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with tape or a flexible rubber-type gasket., The resin

yottom
can be in this container along with one or more wound mandrels,

411 of the above are in a suitable chamber, which is then
evacuated to the proper vacuum, The mandrel is then lowered.to
a posltionn between the plates and the plates are moved into the
At this point, the resip level is above the
reinforcement on the mandrel, The vacuum is subsequently
released and the excess resin drained, and the laminate cured as
in the above. '

In a like manner, the.two outer plates can form the vacuum
chamber and resin container with sealing being effected
completely around all four sides with tape or suitable gaskets
after the mandrel is included between and Spaced from the outer
plates. Provision is made for evacuating the thusly formed
chamber as, for example, a hole through the gasket or outer
plate which is connected to a hose or Pipe which g§oes to a
vacuum pump. External means are provided to keep the outer
plates from moving toward each other as the chamber So formed isg
evacuated. In this cage, thg. chamber ig evacuated to the
desired vacuum. The resin - fs injected into the chamber,
preferably from the bottom up. After enough time is allowed to
wet out the reinforcement, the outer plates are closed to the
stops and the wmandrel. The vacuum is thenp released, and the
assembly is drained of excess resin and cured as ip the above.

Reference is next made to the drawing and, particularly, to
FIGS. 1, 2, 2A, 2B and 3. Therein will be seen a form or
mandrel 20 which {is fabricated, by way of example, of steel or
Stainless steel or titanium or the like. The mandrel 20 should
preferably be of a rigid hard material preferably Flat to within
less than .015 T.I.R. and should preferably have ga surface
finish less than 45 R.M.S.x It may be capable of serving, in
certain circumstances, as a base for a foil or electro-plated
coating or the 1like. It is preferably in the shape of a right
quadrilaterial having edges 22, 24, 26 and 28. These edges
connect the faces 30 and 32 which are both planar and parallel.
As illustrated, the form or mandrel 20 serves as a basgis for
receiving the winding thereon of twe heliees or the 1like
indicated generally at 34 and 36 (see FIG. 3). These helices

are wound uniformly about neutral axes X and Y which represent
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or-hogon
s 34 and 36 are preferably each of uniforam pitch, but if

,,-’,ndiﬂS

Peqdicular the pitch of each will vary proportionally to the
gerpP=s’
;enzth of each. They are also preferably continuous. In
-ccordance with a preferred embodiment of the invention, they
a

e uniformly distributed to both sides of the respective axes,
arc -

therebdy .
uniformly spaced parallel filament sections as mentioned

to provide' when subsequently trimmed, a plurality of

hereinabove.
The helices 34 and 36 are shown in FIG. 1 as well as in

FIG. 3 wherein it is seen that the preferred windings are at
least substantially perpendicularly related to one another. It
will also be seen that the mandrel 20 is supplied at its various
edges with extensibns 38, 40, 42 and 44 which can be plastic or
other suitable material. As shown in FIG. 24, the exteamsion,
such as exemplified by extension 42 can be keyed to the mandrel
20 by means of a pin or key 46 extending between appropriately
positioned holes or slots provided in the mandrel and associated
edge or rim portion as appropriate for mdunting the rim portion
on the mandrel, Aléernately, the edges such as exemplified by
edge 38 in FIG. 2B can have means such as screw 38A for
adjusting the overall length or width of the mandrel which
adjustment can be used for adjusting the tension layer by layer
or all layers at once.

Also indicated diagrammatically in FIG. 2 are metallic
coatings 48 and 50. Such coating may preferably be copper
although other suitable materials such as silver and the like,
as mentioned hereinabove, may also be employed. These coatings

may be in the form of a suitably thin foil which is peelably

removable from the respective faces 30 and 32 of the mandrel 20.
Alternatively, the coating€‘48 and S0 may be plated onto the
tool or mandrel 20 or applied in any other such suitable manner
provided only that they are preferably detachable from the
mandrel in order to be integrated into the product being formed
J5 thereupon. In a like manner, elements 48 and 50 may be partial
coatings in the form of a printed circuit or the like.

FIG. 4 diagrammatically illustrates the .dncorporation into

the product of a matrix which is preferably formed of resin or

the like. The materiai which constitutes the matrix is
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electrically non-conductive. It is preferably a

refefablf
? id but hardenable plastic resin which 1is <capable of
:i:;onding to heat and/or pressure to effect a gelation which is
free of voids or impurities. In the case of thermosets, the
,acerials-ca" be cured or cross linked by means of heat. In the
case of thermoplastic materials, these may be gelled by lowering
the remperature under the melti?g point. As a matter of fact,

agide from holes which are inteﬁtionally incorporated into the

: design of
X ., preferably in the form of electrical circuitry or the like, the

the product and metallic inclusions which are

only other matter which is usually incorporated into the matrix
consists of the filament sections which are formed as indicated

- above and as will be described in greater detail hereinbelow.
3 Exceptions to this rule include particulate fillers; spherical,
2B 15 golid or hollow fillers; and plate-like or flake fillers. It
k- should be noted that the matrix will prefefably be of a material
i selected from the group consisting of epoxy, polyimide,
bismaleimides, polyester, vinyl ester, .polgbutadiene,

polyphenilene sulfide, phenolic  and melamine or any other

(b o dE Y Sewieh L)

20 material megtioned herein. It will also be recalled from what
has been stated above that the filaments or filament sections
are preferably of a material such as, for example, selected from
the group consisting of fiberglass, aramid, quartz, carbon,
nylon and/or polyester or the like. It will be understood that

_i125 for particular applications and to achieve particular results

. and to serve particular purposes, combinations of the aforesaid
materials may be employed and, in fact, there will be other
materials which may be substituted for those which have been
listed herein. ’

30 FIG. 4 illustrates diagrammatically an arrangement whereby
the resin is incorporated_  into the helical windings to
constitute a partially completed product. In FIG. 4 is
{llustrated a chamber 50 having attached thereto a source of
liquid resin at 52, there being attached to the chamber 50 an

35 apparatus diagrammatically jllustrated at 54 for purposes of
applying a vacuum within the chamber 50. Within the chamber 50
is diagrammatically jllustrated a product 56 consisting of
helical windings as described and discussed hereinabove. A

vacuum S4 is Ffirst applied to the chamber, then resin 1is

o asvamen sl 4
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the chamber 50 as indicated Dy the arrow 58 in

r and thereby to emnhance penetration of the resin

manneé
nd helices, thereby to avoid the inclusion of

u

3239 d“:nsosuch other voids in the partially finished product
ye30l? ijn the finished product as well.

s2 ::;Z. S illustfates diagrammétically the application of heat
.3 1ndicated by arrows 60 and 62 to the platens 64 and 66 with
-he mpandrel 56 and product 56A therebetween. The pressure
‘pplied to the platemns is indicated diagrammatically at 68 and
;0. This pressure is just enough to close any space between
platens 64, 66, stops 56B and mandrel 56. The product or
partially completed product- ijs treated by the application of .

heat., thereby to cure the resin and coatrol the thickness of the
maintaining the distance between 56 and 64 and

product bY
d 66 by setting it with accurate stops 56B.

petween 56 an
FIG 6 illustrates the outer plates 64 and 66 removed and

the thusly wound and resin-impregnated product 56A 1is then
subjected to edge trimming, 2as indicated diagrammatically by
arrows 72 and ‘74. Thereby the rim portions 38, 40, 42 and 44
(see FIG. 1) and the edge portions of the respective helices
traversing these rim or edge portions are removed., This results
in severing the completed products 56A into two section both of
which preferably are, respectively and individually, mirror
image structures with respect to ‘their own center planes of
symmetry. The fact that the filament gections therein are
parallel and evenly spaced and evenly distributed about neutral
axes results in a product which 1is dimensionally stable, which
avoids warping, which has a unifo}m thermal coefficient of
expansion in the X and Y direction and which can have a tailored
and well-controlled modulus of .elasticity 1in the X and T
direction.

FIG. 7 illustrates the rotation of the tool or mandrel 20
in accordance with one embodiment of the invention thereby to
provide a relative movement between the tool and the source 80
of filamentary material which enables the winding of a helix
(for example, the helix 34 on the mandrel 20). The pitch of the
helix is controlled by 2 movement of a guide 82 in accordance
with one embodiment of the invention in the direction indicated,

for example, by arTTOW 84. Rotation of the mandrel 20 is
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arrow 86, The pitch of the helix is preferably

PCT/US87/02327

"135 .

yes can @
: combination of both. Tt will be noted that the pitch angle
a

jso be accomplished by putting upsets on the tooling

ot

?o Yhich ma
g the speed of movement of the guide 82 in relation to

y also be termed the lead angle is controlled by

con:rollin
peed of rotation of the mandrel 20. This lead angle may be

the 3
close to a perpendicular relationship as desired. There is a

::lanionship between the pitch angle and the band width of the
fgilaments being wound when the filaments are applied in groups
ocr bands. For complete coverage with one band abutting the next
o overlap the gulde 82 should advance one band width for

with n
h revolution of the mandrel 20. However, such a selection of

eac
pitch angle is not necessarily required inasmuch as a partially
completed product may be punched or cut out of the resulting
jntermediate product as illustrated in FIG. 8. Nonetheless, the
band width and pitch are preferably calculated to give the end
product the desired reinforcement-to-resin ratio.

In FIG. 8 is illustrated product 92 with its X and Y axes.
The intermediate product 56 has corresponding X and Y axes (not
shown in .FIG. 8) relative to which the abovementioned lead angle
applies as indicated by way of example at 90 in FIG. 8. It is
then possible to punch therefrom a further developed
intermediate product indicated at 92 and termed, for example, a
laminate for reason which will become apparent hereinbelow.
Herein will be seen the remains (i.e., filament sections) of the
trimmed helices 34 and 36 but it will now be apparent that due
to the displacement between intermediate product 56 and product
92 as indicated by angle 94 that the filament sections indicated
at 96 are now relatively perpendicular to the edges 98, 100, 102
and 104 of the cut-out portion or laminate 92 which thus results
in the preferred embodiment of the invention as regards the
product which is provided in accordance with the invention.

Also 1illustrated in FIG. 8 are a plurality of holes
representing voids 1in the wound filaments such as indicated bf

way of example of 106, 108, 110, 112, and 1l4. Since the
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integrated into a printed circuit board

form
ton, it is preferably provided with such holes in order
gruct=CT .
pnection can be made between the various conductors
con :

jc coatings which are embodied in the product as it

and as has been discussed in general terms
yereinsboves . .
FIG. 8A 1illustrates that the filament sections 96 can be
fransed in such a form as to define sections 120 which are free
of gilament sections 96. In a prefe;red form of the method of
the invention, it is these spaces in which the holes mentioned
above are formed. FIG, 8A1 i1llustrates that harder and softer
filament sections 98 and 100 can be used for the same purpose;
that i1s, to facilitate the formation of holes. The advantage of
the above techniques 1is that the absence of interference of the
generally harder and more abrasive filament sections avoids the
wearing of tools and facilitates the punching of holes without
the various difficulties which are usually attendant thereto,
FIG. 8B illustrates a fragment of a plurality of printed
circuit boards 92A sandwiching there between dielectric as
indicated¢ at 122, 124, 126 and 127. This diagrammatically
{l1lustrates that the product 92 may be printed, etched, drilled,
plated, etc. to form a printed circuit board 92A and may be
incorporated into a multilayer circuit board, whose function is
to provide more densely packed electrical «circuitry. The
metallic coatings may also be applied to the mandrels for
ultimate application to the laminates and may be applied to the
mandrel configured as a circuit. If the method 1is practiced in
this manner, this will avoid the ‘need for wultimate etching
30 operations as well as other costly and undesirable steps as are
now considered as being normilly incorporated in the previously
known procedures.
FIG. 9 illustrates in greater detail but still
diagrammatically an apparatus for practicing one of the methods

35 of the invention. Therein are illustrated sources 130 and 132

i of filament arrangement or arrangements 134, This arrangement
may be a single solitary strand or filament or may preferably be
a bundle of filaments arranged in substantially flat ribbon form

as is readily commercially available in the form of ribbons or
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¢ fiberglass (commonly called tovings) or the like,
s ©

pbons OF bundles having various known applications aside
i
i ications which are being described herein.

gources 130 and 132 are respectively associated with

control motors 136 and 138 with which are respectively
geasion
ssociaced cab
14, Tenslon contro
3 Ltage which applies a field voltage or the like to motors 136
vo

les 140 and 142 connected to a tension controller

ller 144 is essentially a variable source of

4 138 thereby to control the tension applied to the ribbon or
an

g1lament coming from the sources 130 and 132. This resulting

;ension
dings thereby to control the final tension of the filaments

prestresses the ribbon incorporated into the respective

win

on the mandrel. Other means of tension control and braking can

also be used.

The filament arrangement 134 proceeds through guide rollers
150 and 152 passing therebetween tangentially along a filament
speed cqmpensator roller 154 controlled by a cam 156 operating’
in conjunction with a cam follower 158. The cam 156 is

.connected by a shaft 160 to a transmission gear 167 connected,

jn- turn, through a series of gears 164, 166 and 168 to a motor]
170 to be discussed in further detail hereinbelow.

The provision of the cam 156 operating in conjunction with
can follower 158 and foller 154 enables precise adjustment and
control of the speed of feed of the filament arrangement 134
thereby enabling compensation for speed changes required to
maintain a constant velocity of the filaments being wound on the
mandrel 20. The velocity of the filament at 178 is not uniform
due to the shape of the mandrel which i3 flat. (With a round
mandrel this velocity would be constant or uniform for example.)
By adding or subtracting velocity with 154, 158 and 156 it is
possible for source 132 to feed 134 at a. more constant
velocity. .

Attached to a gear 162 is a threaded shaft 172 bearing
thereon a <cross slide 174 attached to a fixture 176. The
fixture 176 supports the roller 152 and the cross slide 174
supports the feed eye 178 through whiéh the filament or filament
arrangement passes on its way to the rotating mandrel 20.
Rotation of the shaft 172 enables rectilinear displacement of
the cross slide 174 and the fixture 176 attached thereto

This Sheet Has Been Replaced
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to the speéd generatnd by the motor 170 and effective
ccordlnihe gears 168, 166 and 164 in that sequence.

:hrOU::e mandrel 20 tool |is engaged between the tail stock
polder 180 and the head stock holder 182 which cooperatively
onstit“te a holder for the mandrel 20. The tail stock mandrel

c
s coanected to the tail stock 184 mounted on the

holder 180 1
yjde 186 to which it is locked or from which it is released by
- P

seans of control handle 188. This enables the grasping and
jeasing of the mandrel 20 so that the mandrel can be rotated
ainety degrees as between the illustrated axes X and Y so that
helices can be wound on the tool 20 in substantially
perpendicular relationship as has been discussed hereinabove.

The head stock mandrel holder 182 is connected to and
driven by the motor 170. Thus, the rotation of the mandrel 20

d the rotations of the elements 160 and 172 are all related
and in direct proportion to the size and tooth configuration of
the gears 162, 164, 166 and 168. Thereby, the pitch of each
helix may be apprbpriately selected and precisely controlled
with the helix forming filament or filament arrangements being
placed'uqder tension under the control of tension control motors
136 and 138 as controlled, in turn, by tension controller 144
mentioned hereinabove.

FIG. 10 illustrates the rotation of the mandrel 20 as
located in Fig. 9 so that the X axis becomes the Y axis and vice
versa, thereby enabling the winding of the respectively
different helices 34 and 36 as previously discussed relative to
FIGS. 1, 3, 7 and 8 hereinabove. In all other respects, the
rotation of the mandrel 20 1s controlled by the motor 170
operating through the various assoéiated elements all as has
been discussed hereinabove with respect to FIG. 9.

The illustration of FIGS. 9- and 10 represent one form of
practicing a method of the invention only. As has been noted
elsewhere herein, there are other methods of practicing the
techniques of the invention and one of these is illustrated in
FIGS. 114 and 11B., In these figures are again illustrated the
mandrel 20, However, in this case the mandrel 20 is not
rotated, although it can be rectilinearly displaced as shown,
for example, by the arrow 194, In this form of apparatus, there

are provided a plurality of sources of filament or £filament

arrangements.
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indicated at 196, 198, 200 and 202. These
d on a turntable 204 mounted by bearings 206 on

are

ur,-es

arﬂ mounte
The turntable 204 permits the displacement of the

196 198, 200 and 202 in planetary manner and in a
?
+hich encircles the mandrel 20. In other words, these

Jizec.ion -volye 1in planetary fashion around the mandrel 20

s0e7ce? i;g the sun around which the planets move in regular-
ii ; conscitui constant gspeed. It will be observed that the sources
3 .4nn:; :ffect jndividual spools capable of rotating on respective -
%Q; .::s guch as jndicated, for example, at 210 so that the filament
f‘} o filament arrangement 212 (or 214, 216 or 218) may be wound in

pelical form on the mandrel 20 for a helix such as, for example,
yndicated at 222. Once again, the mandrel can be shifted ninety

degrees tO form the desired helices 1n their perpendicula:

relationship. _
gotion 1is provided as between the mandrel and the associated

Thus, it will be appreciated that while a relative

source Or sources, this relative movement may hbe effected by
rotating the mandrel and holding the source or sources relatively
constant or vice versa. It will also be understood that. in an
situation movements of both of these categories of
elements: may be simultaneously applied in order to achieve the
desired result.

Other methods include the use of beams to apply whole layers
of parallel filaments or yarn as shown in FIGS. 11C,D, E, and F.

5125 These layers can be applied as parallel strands 201 from a source

203 to a position about a mandrel 205 (FIG. 11C) and then are
gripped and cut by implement 207 as shown in FIG. 11D and the
mandrel processed as hereafter stated. The layers can also be

- applied to a frame and gripped and cut. The frame can then be

30 processed as hereafter described. The 1layer thus fabricated 1is

perpendicularly displaced relative to source 203 as appears in
FIG, 1l1E and gripped by additional implement 209 as appears in
FIG. 11F.
The difference is that with the mandrel one would get ¢two -
35 laminates (i.e., one on each side of the mandrel). With the
frame, one would only get one laminate at a molding cycle.
In addition to the above, suitable frames can be placed about
a round or other suitably shaped mandrel and each layer can be

formed using standard filament winding methods. The frames can be
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in positions such that the X or Y axis is parallel or

seace’ | ' £t h full 1
Jcular O the winding. After eac u ayer, the end
d
r;cnb fixed to the frame and the filaments cut and the frame
e
oid degrees and the next layer applied. This can then

’31{ 4 as described hereinabove.

[« 2
3¢ ’,qfs. 12-16 illustrate generally one form of apparatus for

ing resin to the thusly wound helices. Therein will be seen

apply
42 for @ liquid resin 244. A vacuum pump 246 is attached by a

-gbe 243 through
internal space 256 of the chamber 240. A top 258 is

k or chamber 240 within which is accommodated a bath

a trap 250 and a further pipe 252 via opening 254

to the

gupported on annular flange 260 of chamber 240 by means of an O-

which provides an appropriate seal. An opening 264

ring 262
admits of a mandrel holder rod 266 passing therethrough. This rod
supports a clamp 268 holding the mandrel 20 with the windings

aounted thereupon. An O-ring 265 forms a seal between rod 266 and
top 258.

Straddling the mandrel in its position as illustrated in FIG.
12 are molding or outer plates 270 and 272. These plates are:
connected to piston rods 274 and 276 in turn controlled by piston
and cylinder assemblies 278 and 280. The ©purpose of this
arrangement will be explained in great detail hereinbelow.

FIG. 13 illustrates substantially the same elements as have
been described hereinabove with respect to FIG. 12. However, this
figure shows that the rod 266 has been displaced downward as
indicated by arrow 290. Arroﬁ 292 illustrates the direction in
which plates 270 and 272 can be themselves displaced. With the
rod 266 and the clamp 268 in the position illustrated in FIG. 13,
the mandrel 20 is completely immersed in the bath 244 along with
the helical winding thereupon. Due to the application of vacuum
as effected by use of the pump 246, a thorough penetration of the
resin into the intermediate product is assured.

According to FIG. 14 the rod 266 is then displaced upward
thereby removing the mandrel 20 from the bath 244. Drainage then
takes place, as indicated by the drops 296. Thereby, some of the
excess resin is allowed to drain back into the container 242,

Some excess resin remains covering and around the outside of the

windings due to the thixotropy of the resin formulation.
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to FIG. 15, operation of the piston and cylinder

.gpents 278 and 280 bring the plates 270 and 272 against the
g,- .

4738 568 on the mandrel 20. The stops will determine the exact
gc0P3 s of the resulting 1aminéted product. All the windings
:hickﬂ:e resin will be included in that thickness. Because a
and i: gystem 1is uéed, very little pressure is required to close
:;:umold- After the mold is closed the vacuum can be released.

FIG. 16 illustrates the regpoval of the top cover 258 from the

temainder of the associated apparatus thereby to enable exposure

of the mandrel 20 and the windings thereon to the application of
heat by any one of a variety of techniques inclusive of, but not
1imited Lo,
and/or the use of microwvave heating and the various other types of

radiation, conduction, and convection techniques

heating which have been mentioned hereinabove. The plates 270- anc
272 are thereby opened and the mandrel 20 and product removed.
The laminate is trimmed with respect to the edges and removed from
the mandrel and the finished laminate 1is trimmed out of the
{ntermediate product which has been thusly formed, all as has been

described hereinabove.

FIGS.. 17A and 17B illustrate (as respective perpendicularly
related sections) one possible finished product in which there are
a plurality of layers such as indicated at 300, and 302, on one
side of the plane of symmetry indicated at 310. On the other side
of the plane of symmetry are indicated layers 312, and 314, The
filament sections 322 and 324 of layers 302 and 312 on opposite
sides of the plane of symmetry 310 are parallel to each other and
are aligned with one another. These filament sections are, as are
the filament sections of the outer layers, regularly and uniformly
spaced and embedded in a matrix as described above. Electrically
conductive coatings are indicated at 330 and 332. FIG. 18 shows a
section of FIG. 17B on enlarged scale. 1In this view, the
structure of roving R is seen. It will be appreciated that voids
may be left in the filamentary layer through the product
illustrated in FIG. 17. These may be filled with resin matrix or
left unfilled with proper tooling. The holes can be drilled,
reamed or punched ﬁo provide a hole for plating or riveting or
other means of connecting the circuits of one surface with the

circuits of the other surface.
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pove described techniques of the invention envisage a

The 2
mandrel. Another ewmbodiment of the invention includes

:cao'able

focmation of the laminate around a core or mandrel which is
)

ghe ined in position and which may be used as a heat sink,
ata

Pres | connectlon' or power plane and perhaps also to control
oun

3° nsion. In this form of the invention the mandrel can

5erﬂal expa
formed of metal or from metal-clad laminates. Copper-Invar
de
cons:itute
on matching core for ceramic based chips. The mandrel can

g one alloy being used as a heat sink and as a thermal

expansi

1s0 be arranged for removal to leave an opening which forms a
a

duct or the like.
The nature and type of filamentary material which serves as a

reinforcement in the matrix of the invention has been referred to
hereinabove. This filamentary material may preferably be of
untwisted type, but could be of twisted or plied yarn type. Other
types of reinforcement are also possible but make it substantial}y
more difficult to control the uniformity of thermal coefficient of
expansion as well as modulus of elasticity. It also would make
the control of warping and the avoidance thereof more difficult.
As has been indicated, the filaments may be applied as single
individual filaments or may be applied as bundles or ribbons of
multiple parallel filaments which are commercially available.

The method of the invention may generally be considered in a
preferred embodiment to be a method of making a laminate board
comprising the steps of winding a first layer of tensioned
untwisted filaments in parallel spaced relationship and thereafter
winding a second layer of tensioned untwisted filaments in a
parallel spaced relationship at an angle to the first indicated
set and then sequentially winding succeeding sets of untwisted
tensioned filaments over the first mentioned layers described
hereinabove. The filaments are then impregnated with a resin and
the resin is cured. The first set mentioned above is uniformly
disposed about a first axis and the second set is uniformly
disposed about a second axis which is transverse to the first
axis,

In accordance with the invention the mandrel is provided with
a disposable rim which is removed along with the edge portion of
the resulting helices thereby to divide the helices in entirety

into two separate portions whereof the remaining filament sections
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allel and uniformly distributed preferably perpendicular to
ar el
s7¢ ?

ag of the resulting laminate.

.ne 248%
el qhile certain procedures have been indicated above, it is
yia for certain unique applications to employ a continuous
E pa-‘l”c’as set forth in U.S. patent 3,537,937. It is desirable in
:g,. :el vents and circumstances that the number of filament sections
3 pe the same in both directions of posture within the laminate or

minates and that all layers®appear as mirror images about the

_§ ' la
P center plane oOrF plane of symmetry of the intermediate and final °
2 product. The layers of reinforcements or filaments are usually

prefefablY so arranged as to give an equal flexural modulus of
4 elasticity or section modulus in the X and Y directions. Howeyer,
2 it 1is possible to design different flexural moduli or section

dulus in the X and Y direction where needed. This presupposes
an ability ¢to change density or pitch of winding. In any event,
ie is preferred that the resulting winding end up with all
sections at an equal tension and equally

ARV
\h

)

filaments or filament

< i N s Ll I8

spaced.
The tension value must be such at gelation temperatures that:

oy Lt

5.20 when reduced to ambient temperature, the strains induced by the
% tension in the reinforcement, -the shrihkage of the resin, and the
2 expansion/contraction of both due to temperature, balance so as
not to induce a stress in the laminate that is greater than the
% critical buckling stress.

F Under certaln conditions but not to be considered as
preferred there might be incorporated into the intermediate o

finished product layers of cloth filaments or non-woven materials
as used in the previously known techniques. The incorporation of

E 10 the layers of cloth filaments will make it much more difficult to

008 773 b SR ) 4ot ity Vi

control uniformity of characteristics as is coansidered essential

Lpe

in accordance with the teachings of the invention.
In the application of “metal or conductive coatings, the use
has been indicated for foil or plating mandrel and/or outer plate
B surfaces (see outer plates 270 and 272 in FIG. 12). As has been
mentioned herein the plating can be formed or configured as
electrical circuitry. This may be effected by photoplacing or

screen printing of a negative resist and other such techniques.

In two alternative techniques the resist can be removed and then

the laminate formed so as Lto generate a laminate with a circuit
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’ cely embedded therein and perhaps with a copper surface
le ‘
ge®? In another technique the resist can be left in

rhereupon.
mold release applied thersto (if the resist does

release properties built 1in) and then the laminate
Copper <can be applied by -electroplating and other
The copper <can be burnished to dimprove grain

The copper may also be machined or ground to

?redetermi“ed thickness. In addition, the copper can be plated
vith ziac of nickel and/or chemically treated to form oxides if
jesired so as to form a better bond to the resin of the laminate.
An adhesive layer can be applied to the copper for improving the

peel strength of the copper and to constitute a barrier for the

filaments to resist etching chemicals and other corrosives.

The filaments can be impregnated by a solvent solution of
resin either before or during winding, and the solvent may be
The resin may be partially cured and after winding

flashed off.
illustrated in FIGs. 12-16. This

vacuum impregnated as

can be
may be useful in order to hold the filaments in the

technique
proper position for impregnation with some reinforcement resin

combinations. It is also a method for applying two different but
compatible resin systems, one surrounding the glass and the other
filling the interstices. This could be preferable with some resin

systems.
In accordance with the invention the laminates can be

provided with positioning holes and are stacked by the use of

locating pins as according to known techniques in the production
of multilayer boards. The assembly can be placed in a suitable
potting assembly and the outer plates 270 and 272 employed to
compress the assembly together.

In the current state of the art, multilayer P.C.B.'s (printed

circuit boards) are produced usihg one or more one or two sided

P.C.B.'s, two or more groups of fabric impregnated with resin,
i.e. prepreg, and two outer conductive layers usually copper foil,

As an example, an eight layer board would be made by assembling

" three two sided P.C.B.'s sgeparated by and covered by four layers

of plies of pre-impregnated fabdric, (i.e., prepreg) and faced on

both sides by two sheets of copper foil.
be faced with two steel separator plates to form a book.
of these assemblies could be stacked and placed between two outer

These assemblies would

A number
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cteel plates and this assembly would be placed in a press
a4 cured under heat and pressure.

The alignment or registration of the six circuits on
the three two sided P.C.B.’s is usually maintained by
using steel locating pins that pass through suitably
1ocated and drilled holes 1n all of the material and the
separator plates. The holes in the three P.C.B.’s and the
separator plates are located and drilled under tight
tolerances while the holes in the prepreg and copper foil
can be clearance holes.

It is important that the registration of all the lines
in all six of the inner circuits be maintained, because in
finishing the board, holes are drilled through the board
and these holes are plated in order to make electrical
connections between lines in the various circuits included
in the board. If the lines are not accurately located,
the plating through holes operation can result in open or
short circuits causing rejection of the multilayer board.

There are a number of possible causes for the circuits
being out of registration. One is that during processing
of the inner P.C.B. boards, they are exposed to etching,
plating, washing, oxidizing solutions and so forth. These
solutions can cause the resin matrix in the board to

_absorb water and chemicals and attempt to increase in size

or change the boards dimensionally. Unfortunately, the
boards do not change dimensions uniformly one board to

another.

aAnother cause of loss of registration is caused by the
heat and pressure used in the multilayer board laminating
process described above. The copper lines which are
perhaps 0.152mm (.0Q06 1nch) w1de and 0.0356mm (.0014 inch)
high are subjected to tens of kg/cm?2 (hundreds of psi)
pressure and cure temperatures of 90 (200) plus degrees C
(F). Actually since the copper covers only about
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V.1 plates and this assembly'wo 1ld be placed in a press and
> 4 under heat and pressure,
’Jf

wo

we alignment or registratign of the six circuits on the
sided P.C.B.'s is/usfially maintained by using steel
pins that pass through Suitably located and drilled holes

«n all of\thoe material and the /separator plates. The holes in the
in

he holes in the prepreg and copper

{1 can be claarance holes.

rator plates are located and drilled
fo //é

It is important that /the registration of all the lines in all
gix of the inner

board,'holes are rilled through the board and these holes are

ircuits be maintained, because in finishing the

plated in order to aﬁp lectrical connections between lines in
the various circuits cluded in the board. If the lines are not
accurately located, lating through holes operation can result

8 causing rejection of the multilayer

t
{n open or short ci
board. Z
There are a num er{of possible causes for the circuits being
out of registnation One is that during processing of the inner
p.C.B. boards, thjé re exposéd to etching, plating, washing,

afd so forth)\ These solutions can cause the

oxidizing solution
resin matrix in the [board to absorb water and chemicals and
n size or change the boards dimensionally.

Unfortunately, the-b a}ds do not chan dimensions uniformly one

attempt to increase

board to another.

Another cause ¢f loss of registratio

is caused by the heat

and pressure used [in the multilayer boa laminating process

described above! The copper lines which are\ perhaps .006 inch
wide and .0014 inc s of psi pressure
and cure temperjatyres of 200 plus degrees F., Actually since the
copper covers onl

high are subjected to hundr

about ome-third the surface on ither side of

f the board
as are the opplsi g face of the next board, there is a %endency to

the board and the[copper is raised above the surface

multiply the ﬁre sure force on the copper by dividing

psi by the projected area of the copper or in the averag
one-third for fa

|

b7 adjacent aﬁd

about
ressure multiplier of three. This is exacerbated
pposing circuits being non-uniform so that if\one

considers only | the projected areas of opposing <copper faces

Supporting the Lpressure, the pressure multipliers get larger.
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si
N cegsure 1S hydraulic and is applled ndt only normal to the
=‘¥§: poards, but also parallel to t e surface of the boards or
2.6 tending to move the 7/F nch lines. This also

a dlrectlon
ta e when the bond of /the conductive copper to the

ccurs 8t a tim

rd mayrix is weakened due to high té¢mperature. Thus the lines
yoa

be @O d and registration of tH@ ci/frcuit lost.
c‘n -,

snotheX problem lies in filling

he corner formed between the

surfac

board
che interior
the space between conductors i /pmpletely vold of material. The

conductors are @o nted on the P C

and the side ofdfhe conductor lines. Since, when
C.B.'s are stacked up with the prepreg at ambient,
surface and the prepreg rests
on the top of the conductors and the space between 1is wvoid of
’3terial-

The current stat

from the prepreg when
Some of the newer art puts e area of the press under vacuum to

of the drt depends on the flow of the resin

/

ea7ed prior to cure, to £fill the voids.

help remove some of the Xrapped air and better £fill the voids.

Still others use vacuum /b and .autoclave molding techniques to

attempt to remove the ai apply unifdérm pressure duriag cure.

It is an object o resent invention to eliminate both

problems in the curreft/state “of the art in the production of

multilayer circuit boards; namely\the hydraulic pressure which can

to

imes move, and the tendency of air or

cause the conductor
volids to form on the [si/des of the conductor lines.

~ FIG. 194 shows/a/ two-sided P.C. board 400 which has been
prepared to be lamigdated into a wmuldilayer circuit board.: In

accordance with thi spect of the inventMon, the board is covered

er of layers of filaments using equipment as
ct to FIGS, 7, 9, 10 agd 1l1. Alternatively,

layer(s) of fabriJ reated with a .finish compatible with the resin

with the desired num
described with re p!

system being use an be applled or tacked to \both sides of the
P.C.B. board. Board 400 may be provided perimetrally with spacer
frames 401 (a) -/ (d).

FIG. 19B i/s fan exploded view of the assembly\that is put
through the prgcess of this invention. The illustration shows an
eight layer board, six layers from the two sides of three 1inner
P.C.B. boards 402, 404 and 406 plus two layers of copper which are

added to form/ the outside surfaces of the multilayer board. It
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one-third the surface on either side 6f the board and the
copper is raised above the surface of the board as are the
opposing face of the next board, there is a tendency to
multiply the pressure force on the copper by dividing the
total pressure by the projected area of the copper or in
the average about one-third for a pressure multiplier of
three. This is exacerbated by adjacent and opposing
circuits being non-uniform so that if one considers only
the projected areas of opposing copper faces supporting
the pressure, the pressure multipliers get larger. Also
since the heat causes the resin in the prepreg to -
re-liquify, the pressure is hydraulic and is applied not

only normal to the P.C.B. boards, but also parallel to the

surface of the boards or in a direction tending to move
the 0.152mm (.006 inch) lines. This also occurs at a time
when the bond of the conductive copper to the board matrix
is weakened due to high temperature. Thus the lines can
pe moved and registration of the circuit lost.

Another problem lies in filling the corner formed
between the board surface and the side of the conductor
lines. Since, when the interior P.C.B.’s are stacked up
with the prepreg at ambient, the space between conductors
is completely void of material. The conductors are
mounted on the P.C.B. surface and the prepreg rests on the
top of the conductors and the space between is void of
material.

The current state of the art depends on the flow of
the resin from the prepreg when heated prior to cure, to
£fill the voids. Some of the newer art puts the area of
the press under vacuum tQ help remove some of the trapped
air and better £ill the voids. Still others use vacuum
bag and autoclave molding techniques to attempt to remove
the air and apply uniform pressure during cure.

It is an object of the present invention to eliminate
both problems in the current state of the art in the
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productlon of multilayer circuit boatrds; namely the
hydraullc pressure which can cause the conductor lines to
move, and the tendency of air or voids to form on the
sides of the conductor lines.

Fig. 19A shows a two-sided P.C.B. board 400 which has
peen prepared to be laminated into a multilayer circuit
poard. In accordance with this aspect of the invention,
the board is covered with the desired number of layers of
filaments using equipment as described with respect to
Figs. 7,9,10 and 11l. Alternatively, layer(s) of fabric
treated with a finish compatible with the resin system
peing used can be applied or tacked to both sides of the
p.C.B. board. Board 400 may be provided perimetrally with
spacer frames 401 (a) - (4).

Fig. 19B is an exploded view of the assembly that is
put through the process of this invention. The
jllustration shows an eight layer board, six layers from
the two sides of three inner P.C.B. boards 402, 404 and
406 plus two layers of copper which are added to form the
outside surfaces of the multilayer board. It
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19 .
- a perimetral elastomeric gasket 408 used to contain the
’ho\ls

lat
ree inner P.C. boards are held in registration and with

jon between the outer plates 410 and 412,

pacing with each other at the bottom areas 402(a), 404(a),
s

,fﬂ?e (a) petween the dotted lines and the bottoms of the board

506 .
asd tack bonding, riveting or some other such wmeans. Proper

etthe’ >y

cation can be achieved wusing optical means lining wup
istC

ceg

quizable tar
hieved using suitable shim material as an alternative to

gets 1lncluded on each of the boards. Proper spacing
can be 2ac

addition to spacers 401(a) - (d).
oF iﬂFIG‘ 19C1 shows a spreader block 414 in raised position. The
ection it places on the assembly in its lowered position 1is shown
19C2 vwherein block 414 increases the spacing between the
p.C.B.'s and between the P.C.B.'s and outer plates. In the raised
or upper position (FIG. 19Cl), block 414 is disengaged and the
elements are at their designed spacing, compensated for shrinkage
i1f necessary. The spacer frames shown in FIG. 19C3 or the like
can be used.

FIG. 19D shows the fingers 416 ‘of the spacer block 414 in
enlarged view. Each finger is tapered for spreading the elements
to allow rapid and effective penetration of the resin formulation
petween the various parts as will next be discussed.

As shown in FIG. 20A, the assembly is placed in a suitable

125 vacuum chamber 420. The spacer block 414 1s in its 1lowered

position and acts to spread the components apart from each other
at the top. The gasket 408 is of such diameter and is initially
under compression as to retain the outer plates in sealed relation
on three sides, (right, left and bottom) to form a container or

-JO chamber for the assembly. The chamber is open upwardly to receive

the resin which will be used later. This upper opening is only
partly obstructed by block 414, The chamber is then evacuated to
the preferred vacuum of approximatély 2mm. mercury or less.
As shown in FIG. 20B, while the chamber is still  under
3% vacuum, the resin formulation is injected via line 422 into the

container from between the two outer plates 410 and 412 and the
elastomeric gasket., The quantity of resin should be such that,
when the assembly is subsequently closed to the design spacing,
the resin level should be at least above the top of the inner
P.C.B.'s 402, 404 and 406 and reinforcement wound or tacked
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The assembly should remain as shown for a sufficient

to-
shet® jow any Erothing to dissipate and for resin to f£ill all
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c,tersti
As shown
4 and the cylinders activated to close the assembly to the

in FIG. 20C, the spacer block 414 1is subsequently

3 e
_5 raiz Ced spacing. When the assembly reaches this spacing as
] des 501134, for example, by spacers 401(a)-(d) and other shims,
oat

the vacuum can be released.
As shown in FIG. 20D, the top 424 of the chamber 420 is

:eﬂoVed and the assembly heated to effect a cure of the resin.
Lamps 426 and 428 are illustrated by way of example but
various other heating techniques are readily ©possible., The
C assembly can be post-cured if necessary and the outer plates 410
5 d 412 and gasket 408 are removed. The product can then be
in the trimming process, spacers 401(a)~(d) can be

eZC.

trimmed and,
removed if so desired.
This process of the invention eliminates two major problems

;i 5 vith respect to the current state of the art, Thqre are no
.f 1 pressure oT hydraulic forces tending to move the conductor lines.
2 Significantly, by the use eof the vacuum impregnation technique,
= 3 all of the interstices are filled with resin and there are no
- volds or entraped gases. In addition, there are many other
advantages. For example, the need for a press, vacuum press, or
vacuum bag autoclave is eliminated. Moreover, the molding cycle
is much simpler and easier to control because the rheology
=y problems with the prepreg are eliminated. Additionally, a broader
- ; spectrum of resin systems can be used since pre-preggability and

storage are eliminated as requirements. Solvent systems and their

Bt cl

inherent contaminating and toxic problems are eliminated.

The process of the present invention gives great latitude and
coantrol of the ratio of reinforcement-to-resin content of
P.C.B.'s, The ratio of voihme reinforcement to resin can vary
from approximately O to approximately 0.9 theoretically. The =zero
, capabllity stems from the fact that it is possible to cast between
5_% the outer plates.or between the outer plates and mandrel., These
. tool surfaces are held apart to the desired spacing (i.e.,
thickness) by stops. A seal is placed around the bottom and two
sides to Fform a container Ffor the resin., While not many

applications are foreseen at this time for zero or very low
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ratios of reinforcement to resin, therz are some. One impor:anc
one is explained below.

The reinforcement normally has a higher dielectric constaq;
than the resin. But the resin will absorb water, whereag the
reinforcements do not absorb water (except for the orzanjc
type). The thermal coefficiént of expansion of the reinforcements

are at least an order of magnitude less than the resin.

Example Dielectric Const. T.C.E.(PPM /oC)

E Fiberglass . 6.3 - 6.8 4.8 - 5.4

D Fiberglass 3.85 2.0 - 3.0

S Fiberglass 5.0 - 5.3 2,3 - 2.8

Quartz 3.35 0.54

Aramid 4,1 -2 - &4 (Axial)
56 (Radial)

Epoxy Resin 3.3 30 - 80

It is determinable (but not linearly so) that the following holds
true:
As the reinforcement to resin ratio increases:

~Dielectric constant increases

~-Hater absorptidn decreases making laminate more

dimensionally stable through etching, plating, and

other such processing.

~T.C.E. (Thermal Coefficient of Expansion) decreases

The relevant industry normally prefers:

1. Low or minimum dielectric constant

2. Maximum dimensional stability through processing
which means low water absorption mostly.

3. A T.C.E, that matches the T.C.E. of I.C. chip
carriers ( 5-7 x 10-9/Deg.C). '

4, Control with repeatability

The reasons for this are:

1. Electronic signal gpeed through a conductor is
inversely proportional to t;é square root of the dielectric
constant of the dielectric surrounding the conductor. Low D.C.
and uniform D.C. one board to the next are usually desirable.

2. The dimensional stability is needed for the inner
P.C.B.'s that go into multilayer boards (M.L.B.'s). These boards
go through printing, etching, and plating processes prior to being

laminated in a M.L.B. under heat and »pressure, The dimensional
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stability of these boards determines the relationship of the
registration of the circuits on these boards one to the other.
This is important because of the subsequenE drilling and plating-
through holes-operations on the M.L.B. that are used to make
electrical connections with specific conductors on the internal
P.C.B.'s. Iaternal conductors and/or spaces that are out of
alignment can cause open or short circuits in an M.L.B., which are
cause for rvejection. Thus, dimerdsional stability is one of the
limiting factors in the way of densifying circuitry through the
use of thinner lines and thinner spaces.

The preferred T.C.E., of the M.L.B., is -one that matches
the T.C.E. of the chip carrier which 1s mounted directly on the
surface of the M.L.B., In this manner, the stress on the bond of
the chip to the surface 1s minimized during hot and cold
temperature cycling.

One of the design schemes that is approachable in the present
invention and not in the prior state of the art is next described.
The overall reinforcement-to-resin ratio of an M.L.B. is selected
with considération to dielectric constant and T.C.E. This ratio
is used as “an average and 1is achieve& by ,designing a high
reinforcement-~to-resin ratio in the interior printed circuit
boards and a low reinforcement-to-resin ratio in the dielectric
used between the P.C.B.'s. The high reinforcement/resins ratio of
the interior P.C.B. will give it maximum dimensional stability for
its processing. The lower ratio of the internal dielectric is
then used to average out to the desired overall D.C. and T.C.E.

As stated above, the range of ratios of volume of
reinforcement-to-volume of resin available to the product and
process of this invention is theoretically from O to >.90. In the
laminate, the resin matrix is dimensionally most affected by water
and chemical absorption and temperature., The resin component
expands or wants to expand wﬁen.it absorbs water or chemicals.
The fiberglass reinforcement does not absorb water or chemicals
and as a result wants to stay dimensionally the same. The
materials, bonded together i1in the laminating process, reach
equilibrium whereby the resin 1induces a tensile 1load inmn the
fiberglass which then equals the compression load in the resin.
The amount of movement 1is proportional to the amount of liquid

absorbed by the resin, the percentage of resin per unit of
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laminate, and the médulus of elasticity of the resin all divided
by the percentage of fiberglass per unit laminate and the modulus
of elasticity of the fiberglass.,

?roducts of this invention can have a much higher ratio of
reinforcement to resin. This is due to geometry. In the C.T.L.
construction, the reinforcement 1in each layer consists of
essentially parallel rods or filaments. With the fabrics used in
the previously known process, there is the over and under weave
pattern which crimps the yarns which also are twisted. This by
necessity leaves gaps of air which are displaﬁed by the resin in
the prepreg step, thus increasing the percentage of resin to a
higher 1level increasing the susceptibility to instability.
Crimped yarns also do not reinforce as effectively as do straight
continuous filaments. '

The mathematics of the laminates' T.C.E. is similar to the
equilibrium equation described above, In ) this case, the
equilibrium 1is achieved between the resin wanting'to expand more,
approximately 80 x 10-6 unit length/unit length per degree C, and
the reinforcement (such as "E" glass) which only wants to expand
5. x 10-6 unit length/unit length per deéree C. Therefore, a
reduction in T.C.E. results from an increase in the percentage of
reinforcement,

The T.C.E. of the laminate can be approximated as follows:

K Ep AL + Kg Eg Ag
Klg '

Eg Ag + Ep A
wherein Ky = Thermal Coefficient of Expansion of the laminate
X and Kg = Thermal Coefficient of .Expansion, resin and
glass .
Er & Eg = Modulus of Elagticity, resin and glass
Ar & Ag = Volume % resin & Yolume Z Glass
(r and g subscripts reéfer to resin and glass)

FIG. 21 illustrates various patterns of construction that can
be wound with the method of producing P.C.B. laminates in
accordance with the invention. Certain of these constructions are
much 1less stable than others. For example, the structures of
FIG. 20F & G will warp at ambient temperature and are not
preferred structures. In any event, a two-layer laminate 502 as

in- FIG., 21F 1is too wunstable warp-wise ¢to be a satisfactory
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laminate for P.C.B.'s as is the laminate 504 in FIG. 21G. Thus,
these are not preferred embodiments of the invention although some
usages may appear for the same.

The answer 1s to make a laminate that is a mirror image about
the neutral axis and the neutral axis should be on a plane of
symmetry located in the center of the laminate., Constructions 506,
508, 510, 512, and 514 as in FIGS. 214, B, C, D, and E meet this
requirement as can many other constructions. The requirement is
that starting at any point in the center or mid-plane of the
laminate and going perpendicular to that plane or in the Z
direction, the view at value +Z should be the same as the view at
-Z or a mirror image. FIG. 21 shows in general, the bases for the
views in FIGs. 21A (X and Y), 21B (X and Y), 21C (X and Y), 21D (X
and T), 21E (X and Y), 21F (X and Y), and 21G (X and Y). It
defines views A-A and B-B and directions X, Y and Z relative to a
laminate 500.

In addition to the above mirror image requirement, there are
other requirements of the process necessary to make a flat or warp
free board as follows:

1. All the filaments aligned in the same direction should
be at the same tension whether in the same plane or layer or in
other layers with the filaments in a parallel alignment.

2, The tension in all the filaments at gelation should be
at the minimum necessary to maintain alignment. The tension value
at gelation must be such that after curing and reducing the
temperature to ambient, the forces due to the tension in the
reinforcement, the shrinkage of the resin and the relative
contraction of both due to temperature, do not induce a stress in
the laminate that is greater than the critical buckling stress.

3. The laminate must be heated uniformly during cure, and
post cure. This 18 necessary to keep the shrinkage uniform
throughout or at least from side to side about the neutral axis.

By using the same quantity of reinforcement in the X as in
the Y direction, the T.C.E. should be the same in X as in the Y
direction. This is possible in the method of the invention
because the filaments lie flat and parallel as opposed to the
under/over pattern of the warp and fill in fabric.

When the P.C.B.'S are used for surface mounted components, it

s desirable that the T.C.E, in the X and Y direction be the same
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~as it is in the component or the component carriers. This will

induce the least amount of stress in the bond of the component or
carrier to the P.C.B. when subjected to temperature cycling.

It is pointed out that the tensile strength in the X and Y
direction would be proportional to the amount of reinforcement
parallel to that direction. It follows that in balancing the
reinforcement in the X and Y directions, the tensile stress
capability is alsc balanced. If desired, any amount of mismatch
of reinforcement and tensile capabilities can be designed and
built into the product of this invention.

In order to get the same resistance to bending in the X and Y
directions, if desired, one would have to design in the same
section modulus in both directions. The patterns of FIG. 21A, B,
and C will not be balanced, but would have a higher section
modulus and resistance to bending of the X axis as opposed to the
Y axis. The section modulus is rogghly proportional to the cross
sectional area of the reinforcement times the square of the
distance to the neutral axis £from the centroid of that area.
Since the fibers parallel to the X axis are on the outside as
opposed to the Y fibers being on the inside or closer to the
neutral axis, the X section modulus is greatér than the Y. All
this 1s assuming the same number of fibers in both directions,

Assuming the same number of filaments in the X as in the Y
direction and a desire for equal section modulus in X as in Y
direction, then the warp free board designs such as in FIG. 21D
and FIG., 21E are useful. Here the sum of the area of the fibers
times the square of the distance of the centroid of that area from
the neutral axis for both the X and Y directions are roughly
equai. In a like manner, a tailored or controlled mismatch of
Y and Y section modulus can be incorporated into the laminate.
This could be useful to save welght in certain board mounting

designs, *

FORMULATIONS

" The process can use simplified formulations as compared to the

current state of the art that uses prepreg. For example, in the
case where epoxy resin systems are used; a typical formulation for

the High Pressure Lamination with prepreg would be as follows:
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varnish Formulation: Parts
Dow D.E.R. 521-A80 epoxy resin 125.0

Dicyandiamide (Dicy (TM)) 3.25
Propylene Glycol Monomethyl Ether 16.25
Dimethyl Formamide (DMF) 16.25
Benzyldimethylamine (BDMA)accelerator 0.25

The epoxy resin is a brominated epoxy solution
containing 18 to 20% bromine by weight to impart fire
retardance and 20% acetone solvent. To make a prepreg
varnish, the curing agent (Dicy (TM)) which is a solid,
must first be dissolved in the DMF and Propylene Glycol
Monomethyl Ether because it has low solubility in organic
solvents and epoxy resins. This low solubility of the
Dicy can create unexpectedly high and erratic flows in the
prepreg leading to high quality laminates being difficult
or impossible to make. Also recrystallized or undissolved
Dicy which comes into contact with the oxide treatment on
the copper foil can cause voids and with the oxide
treatment on the copper foil can cause voidé and brown
staining leading to defective printed circuit boards. All
4 solvents, acetone, propylene glycol monomethyl ether,
and DMF must be removed or flashed-off during the prepreg
operation after the cloth is impregnated with the
varnish. The solvents are a cost problem and health
hazard.

A formulation for the process and product engisaged in

this invention would be as follows:

Material - Parts
Dow D.E.R. 542 epoxy _ 43.5
Shell Epon 8280 epoxy 21.0
Methyl Tetrahydrophthalkic Anhydride (MTHPA) 35.5
Benzyldimethylamine (BDMA) accelerator 0.5

The Dow D.E.R. 542 is a brominated epoxy semi-solid
which is combined with the liquid epoxy, Shell Epon 8280
(TM) and mixed with the BDMA and the liquid curing agent,
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MTHPA without the use of solvents of any kind to form the
resin mix used in the vacuum impregnation molding of the
said process.

The above resin formulation was used with
Oowens/Corning Fiberglas 475-K1800 roving with an 3625
metres/kg (1800 yards/pound)-yield in the process of this
invention to make samples to compare with the current
industry standard.

The industry standard is a material called FR-4.

These samples were tested. The following table of test
results shows data comparing the product of this invention
with commercial products. The data is indicative of the
increased efficiency of materials utilization designed to
enhance product performance in the process of the

" invention.

Of particular interest is the series of three Moisture
Absorption tests. The IPC has a committee called The
Dimensional Stability Task Group that issued a report
-IPC- 483, April, 1984 entitled "Dimensional Stability
Testing of Thin Laminates." In this test study report,
the effect of moisture on dimensional stability was
detailed. One of the conclusions was that the laminate
expansion increased with higher relative humidity and the
moisture content ‘and expansion generally increased with
higher resin content. The process of the invention can
produce lower resin content thin laminates as well as more
uniform and higher X-Y axis properties and thus provide a
viable solution to this important industry problem.
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COMPARATIVE TEST RESULTS

PRIOR ART

PRESENT METHOD
4218-5263 kg/cm?

7050 kg/cm?
(100,300 PSI)
241687 kg/cm?
(3,438,000 PSI)

(60-75,000 PSI
175747-196836 kg/cm?

(2,5-2,800,000 PSI)
58-60%

GLASS CONTENT, BY WT. 63%
Tg (DISC) 155 DEG. C 120-140 DEG. C
MOISTURE ABSORPTION TESTS
2 HR BOIL, DISTILLED WATER +0.075% +0.15%
g 2 HR BOIL + 24 HR 21 (70) DEG.C(F) +0.056% . +0.25%
£ (COND 24/23)
¥
i
F 1 HR DISTILLED WATER -
; BOIL @ 1.05kg/cm? (15 PSI) +0.11% +0.5%
f SOLDER DIP-20 SEC.260 (500) DEG.C(F) PASSED USUALLY FAILS
: (After lhr 1.05kg/cm2 (15 psi)
F . cooker test) (Blisters & Delams)
: ELECTRIC STRENGTH
-Volts/0.0254mm (Mil) 740 700-780
DIELECTRIC CONSTANT @ 1 MHz 4.54 4.55 - 5.0
\‘ ’
DISSIPATION FACTOR € 1 MHz .0094 .0175-.020
8.9 X 1013 6 X 1013

VOLUME RESISTIVITY,

(550 volts,

Deg. C(F), 50% h)

ohm-cm

24 hr, 21 (70)
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CLAIMS

1. A laminate for producing a printed circuit board

comprising a continuous matrix having embedded therein a
plurality of filament sections arranged in parallel layers
and arranged in mirror image relative to a plane .of
symmetry which is parallel to the layers, with the filament
sections in each respective layer being parallel to one
another, the filament sections in alternate layers being
arranged substantially perpendicularly with respect to each

adjacent layer, and the laminate being substantially free

from warpage.

2. A printed circuit board comprising a continuous matrix

having embedded therein a plurality of filament sections
arranged in parallel layers and arranged in mirror image
relative to a plane of symmetry which is parallel to the

layers, with the filament sections in each respective layer

being parallel to one another, the filament sections in

alternate layers being arranged angularly with respect to

each adjacent layer, and the printed circuit board being
substantially free from warpage.

3. The invention as claimed in claim 1 or 2 which further

comprises a metal on at least part of a surface of an
exterior side.

4. The invention as claimed in claim 1 or 2 wherein the

matrix is set or cured to fix the filament sections in
position, and wherein the filament sections have been
maintained during the setting or curing of the matrix at a
tension which is sufficient to maintain alignment so that

the resultant product is substantially free from warpage.
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5. The invention as claimed in claim 1 or 2 wherein the
matrix is molded to fofm.exterior sides having a flatness
and surface finish suitable for use as a printed circuit

board without further surface treatment.

6. The invention as claimed in claim 2 wherein the

filament sections in the alternate layers are
substantially perpendicularly related, the layers being of
right quadrilateral configuration having pairs of opposite
edges, with the filament sections being at least

substantially perpendicular to one of said pairs of edges,
and wherein the material of the filament sections and the

proportion of filament sections to matrix in the
respective layers is such that the coefficients of thermal

expansion in the directions of the filament sections are

substantially equal.

7. The invention as claimed in claim 1 or 2 further
comprising a metallic coating and wherein said matrix has

at

_
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jeast a portion of one surface on whic
metallic coating is supported, wherein the filamen
patrix are electrically non-conductive.

~

h at least part of said
t sections and

8. The invention as claimed in claim 7 wherein said matrix
js provided with at least one hole defining an interior surface
within said matrix, said metallic coating including a portion
supported on at least part of said interior surface.

9. The invention as claimed in claim 7 or 8 wherein said
f£ilament sections are arranged in the matrix to leave a portion
of said matrix devoid of said filament sections, said laminate
peing provided with a hole extending through said portion.

10. The invention as claimed in claim 1 wherein the tension
of the filament sections at gelation of the matrix is such that
all stresses at ambient temperatures reach an equilibrium so that
the laminate is substantially free from warpage.

11. The invention as claimed in claim 3 wherein a layer of
copper cladding is provided on at least one exterior side

+hereof.

12. The invention as claimed in claim 1 or 2 wherein said
filament sections are arranged in the matrix to leave a portion
of said matrix devoid of said filament sections, said laminate
being provided with a hole extending through said portion.

13. The invention as claimed in claim 1, 2 or 6 wherein the
filament sections in one layer are perpendicular to the filament
sections in a second layer, and further wherein said laminate is
in the shape of a right guadrilateral and has two faces in the
shape of parallel planes and has four edges arranged in parallel
pairs connecting said faces, said filament sections of said first
and second layers being at least substantially perpendicular to

said edges. -

14. The invention as claimed in claim 1 or 2 wherein said
filament sections include sections of harder and softer
materials, the softer material sections being arranged to
facilitate the formation of holes therein. .

15. The invention as claimed in claim 1 or 2 wherein the

matrix has X and Y directions and thermal coefficients of

expansion which are the same in the X and Y directions, wherein

+he filament sections are so constructed and arranged as to

e
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provide section modulus of elasticity values which are tailored
in the X and Y directions.

.

16. The invention as claimed -in claim 15 wherein the
filament sections in alternate layers are aligned respectively
only in the X and Y directions and are so constructed and
arranged as to provide a section modulus of elasticity which is
essentially the same in the X and Y directions, the matrix and
filament sections constituting a void free monolithic structure.

17. The invention as claimed in claim 15 wherein the
filament sections are under a tension which is the same on all
filament sections aligned in the X direction and on all filament
sections aligned in the Y direction to reduce stress in the
product so that it is substantially free from warpage.

18. The invention as claimed in claim 15 wherein some of
the filament sections are of different diameters, and wherein the

X and Y directions are perpendicular to each other.

19. The invention as claimed in claim 1 or 2 wherein said
filament sections are of a material selected from the group
consisting of fiberglass, quartz, aramid, carbon, polyester and
and wherein the matrix is a resin selected from the group

nylon,
consisting of epoxy, polyimide, polyester, bismaleimide, wvinyl
ester, phenolic, melanmine and polybutadiene.

> 20. A method for making a printed circuit boardAwhich

comprises forming at least one set of filament sections as a
plurality of superposed layers of filament sections with the
filament sections in each layer aligned generally in the same
direction and with the direction of the filament sections in at
least one layer in such set being arranged at an angle to the
direction of the filament sections in at least one other layer in
such set, and arranging said layers in mirror image relationship
relative to a plane of symmetry parallel to the layers of the
set, with all of the filament sections aligned generally in the
same direction being under the same tension.

21. A method as claimed in claim 20 which further comprises

introducing the matrix material®around and about the filament
sections and then setting or curing the matrix material while the
filament sections are under the minimum tension necessary to

maintain alignment.

22. A method as claimed in claim 20 wherein the filament

sections are electrically non-conductive and are embodied in a

112196.1
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curable or settable matrix of electrically non-conductive
material which fixes the filament sections in position, the
matrix being formed between two flat surfaces on opposite sides
of the plane of symmetry, such as between said form and a flat
outer plate, which surfaces are sufficiently hard and smooth to
impart smooth surface characteristics to the nroducu, and wherein
the tension in the filament sections at the curing or setting of
the matrix is reduced to the minimum necessary to maintain
alignment of the filament sections, said layers being arranged in

parallel planes.

23. A method as claimed in claim 20 wherein all the
filament sections in each layer are substantially parallel to
each other, said angle is substantially ninety degrees, and the
filament sections of each layer are parts of a filament
arrangement wound around a flat form, said tension being
sufficient to provide uniform arrangement of the filament

sections in each layer.

24. A method as claimed in claim 23 wherein the flat form
is made to include a section in a right quadrilateral shape and
alternate layers are respectively wound in criss-cross directions
on said form and are wound so that the density of filament
sections in the respective directions 1is substantially equal.

25.- A method as claimed in claim 23 wherein said form has
opposite sides connected by edges and wherein sets are formed on
opposite sides of the form, said filament arrangement being
brought from one side to the other of said form by traversing
said edges, said method including separating the sets by trimming
the wound filament arrangement at the edges of the form, wherein
the laminate is cut in quadrilateral form to have side edges
generally perpendicular to the filament sections.

26. A method as claimed in claim 23 wherein the filament
arrangements are formed as bundles of filaments which are wound
onto the form by rotating the form or by revolving at least one
planetary source of filament arrangements about said form,
wherein the angle between the form and the filament arrangements
is controlled by relatively displacing one of said form or said
at least one planetary source of filament arrangements.

« .

27. A method as claimed in claim 23 wherein controllably

displacing said form also controls the pitch of the wound

[
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28. A method as claimed in claim 23 further comprising
maintaining substantially constant and controlled tension in the
filament arrangement as said arrangement is wound around said
form such that all filament sections in each layer are
subSBanulally parallel and at the same tension.

29. A method as claimed in claim 23 further comprising
pordering said form with disposable edges which are removed when
the filament arrangement is trimmed, wherein an equal number of
filament sections is arranged in each layer, wherein the layers
are arranged such that the resulting product has a flexural
modulus of elasticity which is substantially equal in both the X

and ¥ directions.

30. A method as claimed in claim 20 further comprising
forming a conductive surface or circuit on at least one side of

said laminate.

31. A method as claimed in claim 30 wherein the matrix is
formed between two flat surfaces on opposite sides of the plane
of symmetry, and the conductive circuit or surface is formed by
placing a metal on at least one side of one of the flat surfaces
between which the matrix is formed, with the metal adhering to

the adjacent layver.

32. A method as claimed in claim 20 further comprising
forming at least one hole through said matrix between selected of
said filament sections in the sets after curing or setting of the
matrix to form a passage through at least part of the laminate,
wherein said filament sections are arranged to form a spacing to

accommodate said hole.

A method as claimed in claim 20 wherein said filament
sections are of a material selected from the group consisting of
fiberglass, gquartz, aramid, carbon, polyester and nylon, and
wherein the matrix is a resin selected, from the group consisting
of epoxy, polyimide, polyester, bismaleimide, vinyl ester,
phenolic, melamine and polybutadiene.

34. A method as claimed in claim 20 which further comprises
subjecting said set of filament:*sections to a vacuum; injecting a
settable resin into the set of filament sections in an amount
sufficient to enclose the entire set; supporting said set and
resin within mold surfaces capable of holding .the filament
sections in their respective orientations; reducing the tension
in the filament sections such that at ambient temperature the
stresses induced by resin shrinkage, filament tension and the

‘AR B O
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expansion or contraction of both due to temperature, do not cause
wa}_page'of the laminate; removing the set of filament sections

and resin, within such mold surfaces, from vacuum; and curing the
resin to a hardened condition.

LY

35. A method as claimed in claim 34 wherein the filament
sections are formed by winding about a form under substantially
constant-tension sufficient to assure uniform lay-down of the
filament sections within each layer, the molding surfaces have a
flatness corresponding to the desired flatness of the finished
composite, and the spacing of such molding surfaces is determined

by spacers between them.

36. A method as claimed in claim 23 wherein said at least
one set is formed on a flat mandrel and cure is effected by a
microwave radiation technique wherein the outer plate constitutes
one electrical pole, the mandrel constitutes the other electrical
pole therefore and the matrix of the product constitutes the

dielectric between the poles.

. 37. A method as claimed in claim 23 wherein the flat form
is made to include a section in a right quadrilateral shape and
alternate layers are respectively wound in criss-cross directions
on said form, including the step of winding the layers with a
density of filament sections in the respective directions
corresponding to the desired elastic modulus in such directions,
wherein the pitch of the wind is greater than the bandwidth of
the filament arrangement, whereby a pattern of spaces may be
provided in the laminate free of filaments for placement of

holes.

38. Use of the laminate according to claim 1 for producing
a printed circuit board.

39. A method for producing a multilayer printed circuit
board comprising:

producing a plurality of the printed circuit boards
according to claim 20 or obtaining a plurality of the printed
circuit boards according to 2, each printed circuit board having

a circuit printed on at least one side,

fixing the plurality of printed circuit boards relative

to each other such that said circuits are in proper registration

and a desired spaced relation with respect to each other,

| O S -
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introducing a settable matrix material around and between
said printed circuit boards to complet&ly fill the voids
petween and around the printed circuit boards, and curing
the settable matrix material to form a multilayer circuit

poard.

40. A method as defined in claim 39 including providing a
pair of opposed mold surfaces shbstantially parallel to and
spaced outwardly of the outermost printed circuit boards,
said mold surfaces having a finish corresponding to that of
the desired multilayer printed circuit board and being
spaced apart a predetermined distance, and wherein the
matrix material extends to £fill the cavity between said

surfaces and boards.

41. A method as defined in claim 39 which further
comprises providing a compressible gasket material between
the mold surfaces at the bottom and sides along a marginal
portion thereof to form a vessel which further defines said
cavity; separating the top edges of the mold surfaces and
of the printed circuit boards therein to facilitate

complete impregnation of the matrix material between and
around the printed circuit boards; and positioning the mold
surfaces and printed circuit ©boards in parallel
relationship in order to define the desired shape and
dimension of the multilayer circuit board.

e peran 14 BT e TSR
L

42. A method as defined in claim 39 wherein the spaced
relation of the printed circuit boards and the mold
surfaces, is maintained by spacers placed between opposed
circuit boards, and/or a circuit board and a mold surface.

43. A method as defined in claims 39 - 42 wherein the
settable matrix material is introduced around and between

said circuit boards under vacuum conditions.

44. A multilayer circuit board produced by the method of

* -C L M .S *

one of claims 39 - 42.
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45. The invention as claimed in claim 1 or 3 wherein the
Saidf matrix comprises A—two~phase—resiny E., Compatible
ey

but di{fei‘tn{' P25in yshams,
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