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•• FIELD OF INVENTION 

Tlfis ±nvention. relates to 
. ·(c ... ' pr; V\J-~d.. c. ·ire~ ... :. t b.:.c.o.rc.l,:; .. 

structureshand to related meth~ds 

k:l-N:-rl t boa x d·s~y 

filament reinforced/.,:IJ-laaticr 

and products .. ,is-u-G-h as p-r-i.n-t-e-4,.. 

BACKGROUND OF THE INVENTION 

Conventional printed circuit boards are formed by utilizing 

cloth, particularly of fiberglass, which is then impregnated 

with a resin such as epo·xy, and partially cured to a 11 8 11 stage 

15 cond'ition. Copper foil treated on one side to effect good 

bonding may then be placed on one 

impregnated "B" stage material. The 

is pla~ed be~ween steel platens with 

a release filni between the platens 

or two sides of the pre­

thusly resulting assembly 

a suitable mold release or 

and the assembly is cured 

2 0 u n d er. h ~at·:· and pre S_ljl u re to form a 1 am in ate , co p p.e r c 1 ad on one 

25 

30 

35 

or two sides • 

. The coppe! clad or. possibly unclad laminates are 

s .\1 b s e q u en t 1 y 'u s e·_d f o r t h e p r o du c t i o n o f p r i n t e d c i r c u i t b o a r d s 
' 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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~he forming of hbles (usually by d~lling) in laminates 

r ":i.nforced with fiberglass or other lard reinforcing fiber 

is difficult, axpensive and creates problems which 

additional operations. ff7e drilling runs into 

proble;such as epoxy smear where he· drill heats up, due to 

friction to a temperature higher ~han the glass transition 
. I 

temperatu e of the plastic matri.x and causes this plastic to 

smear over edges of the 
I 

I 
.;This smear must be removed 
i f opper to insure a proper 

the thru-hole pl t~d copper. 
by etch to re-expose 

I 
ing prior art a~nts for purposes of examining 

t he u n i q u e n e s s o the p r es e n t i rrv e n t ion , U • S • pa t en t 3 , 5 3 7 , 9 3 7 

dated November 1970 h~f f.oeen encountered. Therein is 

disclosed ment in Jcc£rdance with which longitudinally 

arranged re af 1/ed to opposite surfaces of an 
I . 

endless flat metallic ban ''Ild additional filamentary rovings 

are helically wound eo,er. The filamentary structure is 

resin impregnated before h/ ban~ an_d structure pass through a 

resin curing apparatus wh rein the resin is partially cured. . 
and Upon emerging from uring apparatus, the resin 

filamentary material th edges of the band is removed and 

separate top and f i wound resin sheets of 

continuous length the band and wound on 

spools. 

This prior I be producing structural 

panels for mechan ca/1 loads. It contain teaching on 

structurally stab t.nd balanced and thin sheets. 

The method f 3,537,937 cannot wherein the 

filament s re perfectly another. 

In the ro !.. :~M~::y ~::e::::N::~:n tion, predetermined 

set of holes, 1'hich are void of reinforcing fila,ts, can be 

formed thro gh the wound reinforcing layers. These holes can 

then be il·led with resin in a molding operation and 

s u b s e q u e n t y 7d r i 11 e d o r p u n c he d • B y u s e o f s u i t a b 1 e t o o l i n g , 

the holes, caA also be formed in the molding operation, either in 
I Yhole or ~n part, eliminating or reducing the drilling or 

I punching o~erations required for use of the product 

I 

-- ·: ...... : ... ::.~.-- .. -·· 
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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 friction, to a temperature 

higher than the glass trans±tion 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 3,537~937 cannot 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 l.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 t? 

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 maj~r direction is 

substantially parallel. The resulting sheet material has 

substantially similar stiffness characteristics in all 

directions of applied ldad 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. 

----·------
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US Patent j;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 reducing the drilling or punching 

operations required for use of the product. 

- ·-·. - --- '-------- ------------·--
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In the preferred version, where the desired holes are 

filled with plastic in the absence of any reinforcing fibers, it 

is then possible to punch the holes depending on the properties 

of the plastic matrix. In the event that drilling is necessary, 

the drilling speed will be faster and will generate less heat, 

the drills or bits will last through the drilling of many more 

holes, the holes will be cleaner and can also be smaller, and 

there will be no resin smear, thus eliminating the need for etch 

back and accompanying problems. 

Where the holes are formed, punched or drilled 

resin only, the margins will be resin only. This 

through the 

solid resin 

annulus surrounding the hole will act as a barrier to prevent 

any of 

from 

the etching, 

penetrating 

resin/reinforcement 

interlaminar area. 

plating, rinsing, or other 

into the reinforcing 

interface and micro-voids 

The solutions will also be 

such solutions 

fibers, 

therein, or 

prevented 

the 

the 

from 

penetrating any seeds, voids or hollows that may be present in 

the reinforcing fibers. In the current state of the art, all of 

the 

th"e 

above areas are open 

various solutions or 

to be penetrated and contaminated by 

residues therefrom. These solutions 

a n d· r e s i du es can be co n d u c ti v e in w hi c h case 1 the y ca n f o rm 

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. 

It is a further object of the invention to provide for the 

design and control of the thickness of laminates, and the 

reinforcement-content-to-resin-content ratio to values and 

tolerances not attainable with the previously known state of the 

art. The number of variables in !:he previously known process 

(such as weight of fabric, resin content, age and rheology of 

the prepreg, variation in heat .history in all directions X, Y 

and Z of the book, i.e.; ms'by layers of laminates and separator 

plates between platens in a press lead to wide variations in 

temperature versus time 

the same laminates. In 

molded to exact 

between laminates and 

the present 

thickness 

invention, 

required 

even in parts of 

the laminate is 

repeatability. 

the 

The reinforcement can moreover 

with precise 

be applied in 

situ in the exact amount the design calls for, even compensating 

for its yield variation, i.e., yards per pound. The resi~ 
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matrix takes up the rest of the space and there are no voids. 

All 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 inv~ntion improved performance capabilities 

needed by, but not available to, the electronics industry 

inclusive of the following: 

l. Greater dimensional s~ability, which is needed in 

laminates that go into the production of multilayer circuit 

10 boards. The improved product can achieve higher reinforcement 

content resulting in a more dimensionally stable board. The 

industry is going in the direction of more and thinner layers in 

15 

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 match.ed to that of the chip carrier. It can also be 

2 O cont r o 11 e d • This is needed in S • M • T·-; ( i • e • , surface mo u n t 

technology) to reduce the stress induced by expansion 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 

25 ratio. 

11111. 3. By maintaining 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 b7 selecting the type 

30 of reinforcement and resin and the ratio of the two. This 

capability of design and control of dielectric constant is 

particularly advantageous i~ circuitry· going into microwave 

equipment and super computers. 

Another bagic advantage accrues to the invention with 

35 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 

co n t am i n a t i n g p r o c e s s e s • Th i s 1 ea d s. t o i m p r o v e me n t s o v e r t he 

previously.available processes and materials as follows: 
.----··-·-------------

This Sheet Has Been Replaced 

1111\lll lllll\ \\\I \I\ \Ill 
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A. Lover raw material costs, for example: fibe~glass 

roving at a cost ~hich is about one-fourth the cost of 

fiberglass woven fabric which is used in the prior processes. 

B. Less steps for lower 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 

ab so rp tio n, lower d 1 electric constant and imp roved elect r ica 1 

properties and higher long term temperature operating 

characteristics. 

E. Enables the use o.f liquid 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 O.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 capital 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 r~infor~ement 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 

35 strength and flexural modulus. 

2. The materiel can have equal T.C.E.'s in X and Y 

directions as opposed to differences in prior products. This is 

important for surface mount technology. 
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3. The elimination of es of the over under 
I 

.... arp 

problem , 

The 

fill of weaving eliminates some of the quality 
I 

such as measling of the ~; product. 
; 

laminate of the present inve t,ion can be cured using 

radiowa·1e electt'ical en rf y with the platens or 

molding 

a bso-r bs 

_platens, 

Further, 

with zero 

poles so that only the laminate 

the n/rgy necessary to heat the 

a n d s e p a r a t o ( p a /es i n t he p r i or p r o c es s • 

the of the invention can be molded 

high pressure which is 

y eliminating the need for a 

ajor capital expense and a 

bottleneck in 

possible to use two different 

ior processes. It is moreover 

es n systems in the same laminate 

steps. Further, it is possible 

a ing, but before laminating for 
without increasing t 

to work the copper 

improved quality 

burnished or pressed 

machined or ground to 

It is, in addition 

invention to pro~ide an 

manufacture or printed 

making the same. 

It is a further 

improved laminate 

com.ponen ts. 

It is yet 

filament-wound resi 

or at least 

fibers. 

In 

there is provide 

to 

For example, it can be 

grain structure or it can be 

thickness. 

an object of the present 

adapted for use in the 

and an improved method for 

invention to provide an 

precise positioning of 

object of invention to provide a 

structure capable of being punched 

the drills ouching the reinforcing 

other 

with a 

which comprises 
the invention 

electrically 

substantially 

filament 

image relationship 

the invention 

embodiment of 

a set of 

in at least 

a plane of 

5 symmetry. 

Viewed rfm another aspect, a reinforcement is 

configured · n/ planar layers of at least substantialI\ equally 

spaced 11el filaments. The direction of the ~ilament 

sec t ions ma y · al ~ e r n a t e in a 1 tern a t e 1 ayers and , in a p r ~f. er red 
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3. The elimination 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 radio-wave 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 zero 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 precise 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 

re inf arcing fibers. .., 

In achieving the above and other objects of the 

invention 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 
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is 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 mil!ror 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 

that the filament sections in adjacent layers are 

orthogonally related to one another. However, other angles 

can be used for special cases, and two or more parallel 

layers can be put together. 

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 

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 accordance with the method of 

the invention. 

According to one aspect of the invention, the filament 

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 criss~cross directions on this form. 

According to yet another aspect of the invention, the 

f iiament 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, 
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in accordance with a preferred aspect of the invention, the 

aforesaid form has opposite sides connected 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 

helically wound filament arranqement at the edges of the 

form. 

--·------------------
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'\.nstruction, alternate layers are perpend~~ular to ea~h other. 

~;\.'\-s also preferred to have the number o/f ilament sections in 

the wo perpendicular directions equal. It is further preferred 

that filaments form a mirror imag,about the neutral plane 

or of the laminate 1. neutral axis thereof. 

AccorcHng to the above preferred vefsion of the invention, the 

angle filament section~ #different layers is in the 

order of of ninety deg-rees such that the filament 

sections in layers af_ orthogonally related to one 

another. other angle~;:!fan be used for special cases, 

and two arallel laye7s can be put together. 

As will be sH wn herein~ low the filament sections of each 
\ / 

layer are a numbe~f single or multi-filament arrangements 
I; 

wound helically (or he y)l'e) and continuously around a flat 

form. Alternatively t e /ilaments can be wound on some other 

suitable form and trans e{red to a flat form either layer by 

layer or in groups of//f.ayers. This filament arrangement may· 

preferably be a bundr/ ~ untwisted filaments of the type 

commercially availabl./~n r~tively flat form such as strand or 

r~v~-~g, and ideally /'uitable or employment in accordance with 

the method of the in ention. · 

According to/; ne aspect o invention, the filament 

arrangement is wp nd helically a flat form which is 

preferably made/ in the shape a right quadr~lateral. 

Alternate layerJ,br two or· more parall layers are respectively 

wound in criss/j ross directions on According to yet 

a no the r as p ~t o f the in v en t i o n , t he s e c ti on s a re 

embodied in a matrix of electrically material 

which fixes/ e filament sections in all the 

spaces or terstices between the tvo of the 

board not · · led with filaments. -.. 
The 1 yers are preferably arranged in par llel planes. 

\ 
with a preferred asp~t of the 

inventi n the aforesaid form has opposite sides cdnnected by 

edges /n the sets are formed on opposite sides of the 'form, the 

filamJnt arrangement being brought from one side to the other of 

the /or;m by traversing the edges thereof. The met.hod further 

incltdfs separating the sets by trimming the helically wound 

f i 1 am er'n t a r range men t a t the edges of the f o rm . ·------

/ 
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/ According to yet another aspect of thP. 

filament arrangement employed is ...,etted during 

PCT L!,:.581 /02327 
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invention, each 

the winding on 

form with a 
the 

re~in which is subsequeritly cured to form the 

aforesaid matrix. As an alternative, the 

a 1 
be .... etted subsequent to the winding 

m 

filament arrangements 

of the form by being 

i.:unersed in a bath of resin or the like. The preferred method 

is 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 

filament arrangements about the aforenoted form. 

In accordance with yet another aspect of the invention, an 

angle is controlled as be~ween the form and the filament 

arrangements by relatively displacing the form and. at least one 

source of the filament arrangement or arrangements. With 

respect to and in further accordance with the invention, the 

method may comprise forming a conductive surface on at least one 

of the layers formed thereby. Another aspect of the invention 

involves the feature of cutting a 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 the filament sections as will be se~n may be of a material such 

as, for example, fiberglass, quartz, aramid or the like. The 

matrix may be of plastic r_esin 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 .... ound 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. 



' 

PCT /"CS87 /02J27 

wo 88/01938 -9-

Yet another feature of the inventidn relates to bordering 

the above-noted form with a disposable rim which may be plastic 

and which is removable when the filament arrangement is trimmed 

as aforesaid. In accordance with the invention, the pitch of 

5 the helically wound arrangement may be controlled by 

controllably displacing the aforenoted form. 

It is further within the purview of the invention to 

arrange an equal ·number of f'ilaments in the X as in the Y 

direction, this cons~ituting an especially advantageous feature 

10 of the invention which is useful in the sensitive applications 

which are envisaged. This is .to get an equal T.C.E. (Thermal 

Coefficent of Expansion) in 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 the 

resulting product in the Z direction which is perpendicular to 

20 the plane of X and Y. Other voids are, however, avoided by 

making the.matrix of a curable substance which is cured with the 

filament sections 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 

25 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 plac~ng 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 

30 product. The alternative to the use of a metal foil in 

accordance with the in~ention involves plating at least one side 

35 

'"' of the form or outer molding plate 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 circuit 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 set 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 is 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 methoa 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 in~lud~ 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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above objects, features and advant~ges of the invention 

to the method. H · t · 
/ 

h' noted that the 
also conte·m:::vt::· Lon:• ): /e~ore structural 

such as, for example, a siru~ure which comprises 

embedded in said matrix/ a .61urality of filament 

sections anged in parallel layei:-s/as implied by the method 

set forth in generalities. hereinabov~. he filament sections in 

each respecti e layer are pre~erably arallel and the filament 

sections in layers may /b arranged angularly vith 

respect to one The angle/ i/ preferably such that the 

filament in· the alter/ate layers are at least 

substantially ndicularly r/la.Jted. Advantageously for the 

end results contemp! ted within/th,~ scope of the invention, the .i I 
filament sections and matrix may/e electric~lly non-conductive. 

The layers may, moreo er, as/ijplied hereinabove, be of right 

quadrilateral canfigurat on t:J!..ng pairs of opposite edges, the 

f~lament sections being a !e7st substantially perpendicular to· 

one of the pairs of edges. A also implied above, the filament 

sec ti on may be pres tressed/ 

It follows from t~e m thod of the invention that the 

structure provided in a;cofdan e with the invention may include 

a metallic coating and thJ matr~x may have at least one surface 

on which at least p:h. /of the eta! coating is supported in 

accordance with one .:Ii,~ iment of ~e invention. 

It also follows/f metho the invention that, if 

the matrix is provi1ed with at least it will define an 

interior surface wl.t in the matrix. case the metallic 

coating may 

the 

them 

Alternatively, 

filament 

on at least a part of 

d structure, the layers are such that all of 

u stantially equal number o filament sections. 

layers~ can have a 

by design in order to 

number of 

the flexural 

modulus in the or Y direction. The filament s 
i of the afo.resa layers are uniformly disposed a out an axis, 

the axes of /-11 alternate layers being transverse. t\ on~ anothe?:" 

in acco.rdan~e with a preferred embodiment of the inv~"'ncion. 

As has noted already, herein, a preferred product of 

the inven~i a printed circuit board. Since this boa.rd will 
.._ ___ . ----------·-·---------
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be fabricated of the structure noted herein~6ove, it ...,ill 

pre . .r.. rably comprise a matrix having a planE7/ of /rmmetry and, on 

oppos te sides of this plane and ..,ithin/ t~e matrix, it ...,ill 

include at least first and second layer/ of parallel filament 

sections, the filament sections in 
1
/he first layer be_in·g 

angularly nd preferabl7 perpendicularyyl4e ated to the filament 

sections the second layer. A~so, preferably but not 

exclusively, fila~ent s/cti-ns of the first layers 

on opposite of the plane ~of symmetry are at least 

substantially t.o each. otjer and furthermore they are 

preferably aligne with each ot~er. Also, preferably, and in 

accordance with th\ inv~ntion, tlfe rforesaid layers will have a 

like number of ·filament sectionfs. fhese filament sections may 

be, according to on~ embodim,lnt '/ under tension or, in. other 

words, are prestressed\ As w~~ li~ described in greater detail 

her e i n be 1 o w , the 1 a ye s ~ave/ r e s p e c ti v e a x e s w ~ i c h a r e 

transversely related, the ffila;nent section in the respective 

layers being uniformly dist ~bfted about the corresponding axis. 

I t w i 11 b e seen th a t the /ma r ix ma y ha v e a t 1 ea s t o n e s u r fa c e 

com pr is in g a me ta llic c~i'tin at 1 east part of the sur:Iac e, 

thereby enabling the produc circuit board. It 

has b~en implied abovelan e described in greater detail 

hereinbelow, that the il ent be arranged in the 

matrix to leave a pjrti n of devoid of filament 

sections whereby th/ l.trix may b°\ provided with a hole 

extending th~ou~h s portion. The p~nted circuit board of 

the invention vill o involve the f eatu~e whereby the filament 

sections in the 

sections in the 

whereby the 

right quadrilate 

planes and 

connecting 

sections of 

substantially 

edges. 

While 

layer are perpendic lar to the filament 

layer. Also is the feature 

includes a section :l the shape o.f a 

...,two faces in the of parallel 

four edges arranged in p~allel pairs 

In this arrangement, t~ filament 

and second layers will be~at least 

rpendicular to respective of the ~· of 

the filament sections of the invention 

•,.rill be of urvt·.1isted filament structure, they ma7 also be of 

t .,.. i s t e d y a r.'n f r p l i e d 7 a r n s t r u c t u r e . 1' he f i 1 am e n t s e c t i o n s :n a y 

I ~ 
/ 
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uniformly disposed about an axis, the axes of the alternate 

iayers being transvers~ to one another. 

As has been noted already, herein, a ~rQferreqtproduct 

of the invention is a printed circuit board. Since this 

board will be fabricated of the structure noted 

hereinabove, it will comprise a matrix having a plane of 

symmetry and, on opposite sides 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 like number of filament 

sections. These filament sections may be, according to one 

under tension or, in other words, are embodiment, 

prestressed. 

hereinbelow, 

transversely 

As will be described in greater detail 

the layers have respective axes which are 

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 coating on 

at least part of the surface, thereby 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 devoid of filament sections 

whereby the matrix may be~provided 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 
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parallel pairs connecting these faces. In this 
arrangement, the filament sections of the first and second 
layers will be at least substantially perpendicular to 
respective of the pairs of edges. 

While preferably the filament sections of the 
invention will be of untwisted filament structure, they may 
also be of twisted yarn or plied yarn structure. The 
filament sections may 

~This Sheet Has Been Replaced 
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pref er.ably be o E fiberglass, aramid, quar-tz, ca r-bon, nylon, 

:>olrester or 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 

- like. 
"' 

10 

15 

20 

The invention also involves the aspect of providing an 

apparatus for the preparation of a filament rein.forced 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 in at least first and second helices having 

orthogonally related axes. The apparatus of the invention may 

also comprise 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 

res pee t 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 same. 

In further accordance with the invention, there may be 

25 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 ths aforesaid matrix. 

30 

35 

Yet another feature of the invention involves that the 

mandrel be a flat metal plate having edges, there being 

furthermore provided removc:!-ble plastic 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 for:n with the helices 

thereon, there being a source of resin operatively associated 
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h chamber and a furthP.r arrangement to effect a ·.racuum 
~ ·h t e 

-.1.- • the chamber to enhance penetration of the resin into the 
.,,,, ;:hlO 

• and render the same devoid of bubbles and other such 
:ielices 

... oidS· A further particularly significant feature in the 

Cess is the use of outP.r plates with means to bring :::iolding pro -

l.'nto contact with stops and impregnated helices while chem 
under vacuum. ... 

Still another feature of the invention involves the 

provision of a cam or electronic arrangement operatively 

associated with the source and/or the form with the filament to 

provide speed compensation and tension control for the supply of 

filament during the winding of the helices. 

The above and other objects and advantages of this 

invention will be apparent from the detailed description which 

s follows, as illustrated in the accompanying drawing. 

BRIEF DESCRIPTION OF DRAWING 

In the drawing: 

FIG. 1 is a diagrammatic view of a winding ·mandrel 

2 0 w i th a n um be r 0 f f i lame n ts a f fixed the r e t 0 in the c 0 u rs e 0 f 

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 de tail of FIG. 2A; 

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 

30 chamber with the mandrel of FIG. 1 therein; 

35 

FIG. S shows t'he 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; 
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FIG. 8A diagrammatically illustrates a 

for holes in a printed circuit board; 
?roviding 

FIG. 8Al illustrates a variation of FIG. 8A; 

pattern 

FIG. 88 illustrates a multilayer printed circuit board 

d in accordance with the invention; pr-ovide 
FIG. 9 illustrates an apparatus for automatically 

· i g one form of method of the invention; ?ractic n ~ 

FIG. 10 shows a portion of the apparatus with the 

~andrel thereof modified in posture to enable the winding of a 

second helix thereupon; 

FIG. 11 A diagrammatically il 1 us tra tes the sup ply of 

filament by means of a planetary arrangement: 

FIG. llB illustrates the arrangement of FIG. llA from 

a different vantage point and in greater detail; 

s FIG. llC diagrammatically illustrates the use of a 

20 

beam for making a product of the invention: 

FIG. 110 shows a clamping arrangement for holding the 

parallel filaments of FIG llC in position; 

FIG llE diagrammatically illustrates laying filaments 

p e r p end i cu 1 a r 1 y t o tho s e:;. o £ FIG 11 C ; 

FIG llF shows a clamping arrangement for the filaments 

of FIG llE; 

FIG. 12 diagrammatically illustrates a portion of a 

preferred apparatus of the invention for the application of 

.,,.:s 

i 

resin to constitute a matrix; 

FIG. 13 illustrates the apparatus for FIG. 12 with a 

wound mandrel immersed in a bath of resin; 
1 FIG. 14 illustrates the a~paratus of FIGS. 12 and 13 

with the coated wound mandrel withdrawn from the bath of resin; 

30 FIG. 15 illustrates the closing of the outer plates to 

JS 

stops and to the resin-impr~gnated product in the apparatus of 

FIGS. 12, 13 and 14; 

FIG. 16 illustrates the final cure of the product of 

FIGS. 12-15; 

FIGs. 17A and 178 diagrammatically illustrate, in 

perpendicularly related sectional view, partially broken away, a 

product of the invention; 
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FIG. 
of FIG. 

product 

18 diagrammatically illustrates 

17 on enlargerl scale; 

a section of the 

FIG. 19A, 19B, 

diagrammatically illustrates 

l r printed circuit 
:iulti aye 

!.nvention; 

l9Cl, 

an 

board 

19C2, 19C3 

assembly for 

in accordance 

and 190 

forming a 

vi th the 

FIGS. 20A-D diagrammatically illusti:-ate a method and ... 
apparatus for producing the multilayer board of FIG. 8B using 

the assembly of FIGS. 19A-19D; 

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

preferred structures prepared according to the method of the 

invention; and 

FIGS. 21F (X) and (Y) - 21G (X) and (Y) show 

further structures which can be made by the method of the 

15 invention without achieving all of the benefits thereof. 

DETAILED DESCRIPTION 

In accordance with the invention, an improved material is 

20 provided t~r the improv~d 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 

25 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 prope~ties are desired. 

JO 

35 

In order to create warp-free laminates in accordance with 

the invention, it has been found that the selected patterns must 

form a mirror image (i.e. , ~be symmetrical) about the neut ra 1 

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 

pre tensioned to certain limits discussed herein below so as to 

assure that each filament is straight. The use of filament or 

untwisted fibers allows thinner, more uniform layers to be 

produced as compared with woven, tvisted or plied yarns; but 
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d or t·,.risted 
~..,tste 

and plied yarn can also be used in some of 

• embodiments of 
::ie 

the invention. 

The use of the wound reinforcement in place of the woven 

the currently known state of the art 1 owe rs cost by 
& bric of .a 

~ g Fewer steps and more basic materials. It also eliminates 
•JS ,,.n ~ 

~anY problems now encountered in the production of printed 

circuit boards. ~ 
The reinforcement (which may be fiberglasst aramid, quartz, 

carbon, nylon, polyester, aramid or other such materials) 

usually incorporates a surface finish that is compatible with 

the resin system matrix. It is combined with a matrix resin 

system sµch 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 

15 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 use of fillers may be 

20 integrated with the resin system. 

. 25 

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 inftuced by the tension in the 

reinforcement, the shrinkage of the resin, and the 

30 expansion/contraction of both due to temperature, balance so as 

not to induce a stress in th' la~inate that is greater than the 

critical buckling stress. Otherwise, a warped board results. 

The reinforcement should also be a mirror image about the 

35 
neutral axis or be symmetrical about its center plane or plane 

of symmetry to pre•1ent 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 minimum 

compressive stress on the resin matrix. 
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The laminate regardless of thickness may have the same 

reinforcement-to-resin_ matrix ratio over a wide range 

volumetrically of approximately O to approximately .9. 

currently known fabric-based laminates have a limited 

ratio range between approximately 0.15 to approximately 

o.S, particularly in a thickness range between 0.0254mm 

(.OOl 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 impregnation. The 

process also lends itself to electroplating the conductive 

circuit only, elminating the etching process and its 

pro·blems. 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 lamin~te or partially cured laminate 

as with current known methods. The chemically treated 

copper surface can be coated with a suitable adhesive 
x 

which is compatible with the surface and matriF resin 

system. 

-----··----- ·--···--

• . . . 
• • .. 
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The laminate tolerances in thickness, surface 

smoothness, parallelism, resin-to reinforcement ratio, 

warp and twist, copper-cladding thickness and uniformity 

can be better than previously achievable, resulting in 

unexpected design opportunities for improving dimensional 

stability, yield, producing ~ reduced and uniform thermal 

coefficient of 

I' ••• . 
• 

. - , ,. . 
• 

. . •. 
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result. 
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automatic insertion or surf ace 

new class of design opportunities 

one product of this invention is a novel composite of 

reinforcement such as fiber glass, quartz aramid or other 

types of reinforcement in a plastic matrix such as: epoxy, 

bismaleimide, polyimide, polybutadiene or other such 

materials as have been mentioned herein and a conductor 

such as copper, silver, gold, etc. A primary 

characteristic 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 that may be intentionally formed in 

the laminate by an appropriate use of tooling. 

The reinforcement is canf igured in planar layers 

preferably having at least substantially equally spaced 

parallel filaments. The direction of the filaments, 

preferably (but not exclusively), alternates in alternate 

layers and, in the preferred construction, the filaments in 

alternate layers are perpendicular to each other. It is 

also pref erred to have an equal number of filaments in each 

of the two perpendicular directions. The filaments form a 

mirror image about the plane of symmetry at the center of 

the laminate or neutral axis. Another novel configuration 

of the invention is one in which a predetermined pattern of 

hales is left void of reinforcing filaments. 

Alternatively, softer more easily drilled or punched 

filaments like polyester, nylons o~ the like can be wound 

in place of the void far the same purpose. 

Laminates of this invention can be formed in the 

~"' 

following manner: 

Reinforcement in the form of strand, roving, filament, 

thread or yarn is wound with selected finite tension onto 

a form such as a ground and polished flat rectangular 

metallic mandrel. The mandrel may be, for example, of 

steel, stainless steel, titanium or 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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trodeposited, chemically deposited, sputtered, or 
elec 

•• m plated directly_on the mandrel . 
...,a cu~ 

The conductor can be partly deposited on the mandrel 

and\or plates in the form of a circuit and the part of the 

111andrel not 

.. 

--··-··-----
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h circuit can be covered by 
b" t• e 

a release agent to 
.,«red " 

~§ the plastic such as epoxy, from bonding to the exposed 
.. e•--n t: 

1• of the mandrel . 
.,r-:f.on . 

1 The filaments are '"ound 

. a flattened helix-like 

in an equally spaced 

pattern to fill the 

relationship 

surfaces on 
a~d :.n 

.. ides of the mandrel w-i th filaments. This is considered 
~o:h ~ 

i to be a layer. The band of filaments is then fixed in 
here n ~ 

e manner to the mandrel and can then be cut. The next layer 
so GI 

iS wound in such manner that the filaments in 

socie Predetermined angle with the filaments 

that layer are at 

of the preceding 

layer, usually at ninety degrees. This can be accomplished in a 

number of ways. In a lathe ty_pe filament winding machine, the 

mandrel 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 is fixed in a plane but which moves one designed 

pitch per rotation of t.he ring in the X direction until both 

. 20 sides of the mandrel are fu11 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 filament~ should be a perfect mirror 

image about the center plane of each of the reinforcement panels 

30 on both sides of the mandrel. To accomplish this, the last 

layer must be the same as the first layer and the next to last 

layer, the same as the second layer, etc. It is also possible 

and desirable to produce a match or produce a designed mismatch 

35 
(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 impregnated or partially impregnated with resin prior to 

winding or during winding prior to being placed on the mandrel. 
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the prefetted method is to "Wind the reinforcement dry 

~•.,-.r. li h II• i.· .,. e d f r om th e s u p p er , t e ...., o u n d a s s em b 1 y be i n g 
.. ece 

as • 
•' ~iy impregnated with resin after the assembly has been 

ttsequen .. 
•• suitable chamber which has been evacuated to form a 
7taced in a 

.,ac•JUlll • 
A preferred absolute pressure of vacuum in the above should 

than imm of mercury. The chamber should also contain a 
~e less 
s u i tab 1 e c 0 n ta in er w i th the pr <!.Per p 1 as t i c resin in i t o r means 

should be provided for injecting resin into the container while 

ha mber is under vacuum condition. The chamber should also 
the c 
contain two outer plates each of which contains one side which 

is ground and poli~hed and is surfaced with either a complete 

layer of copper or some other conductor or a circuit of copper 

or some other conductor as was the mandrel in the above. Either 

the four corners of each side of the mandrel or the four corners 

on each 

desired 

of the outer plates· should have 

thickness of the laminate to be 

stops equal to the 

produced, protruding 

from the surface. This is the preferred 

means of effecting a posit~vi stop may be 

method. However, other 

used and laminates may 

as well be formed 

are suitable means 

without using 

for lining up 

-~ 

stops. In the chamf>~r, there 

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. 

25 After the chamber is evacuated to the desired pressure, the 

30 

35 

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 depends on the thickness and density of the 

windings, the conductor-covered or mold released or combination 

thereof faces of the two outer plates are brought in contact 

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 

plates. 

After another period of time, the vacuum is released from 

the chamber and the assembly is allo'Wed 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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h
, 9 entire 

C• -
This 

cure· 

period. Heat energy is 

can be effected by the 

then applied to ef feet the 

use of electric power, hot 

oil. steam applied to the plates, or microwave or radiowave 

In the microwave or radiowave technique the outer 
ener3Y• 

Y constitute one pole with the ~andFel constituting the 
plates ma 
other pole and the product constituting a dielectric between the 

... 
?oles. 

After a suitable cure period, the plates are separated and 

mandrel. The 
the product is trimmed and removed from the 

mandrel and outer plates are cleaned and made ready to process 

more material. The laminate is then trimmed and inspected. It 

is poin~ed out that the process will work with multiple mandrels 

and outer plates (i.e., two mandrels and four outer plates, 

etc.) 
There are a number of alternates to the impregnation and 

molding process. In one method, the mandrel and outer plates. 

are in the chamber but above the container of resin. The outer 

plates are adjacent to but a finite 

mandrel. The proper amount of resin 

chamber is .sealed and evacuated to 

finite time such as a few seconds 

distance away. from the 

is in the container. The 
·.-... 

the proper vacuum and a 

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 

of the resin to its original poiition between the outer plates. 

The vet-out time needed wi·ll 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 

container for a finite time. Mechanical stripping of the excess 

resin may also be performed". 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 

achieve a wash action and force any remaining air, volatiles or 

bubbles out of the laminate. After closing the outer plates the 

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

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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wit:h tape or a flexible r-ubber-type gasket, The resin 
~otl:Olll 

b in this container along ~ith one or mor-e wound mandrels. 
can e 

All of the above are in a suitable chamber, which is then 
a t""d to. the proper vacuura. The mandt"el is then lo .... et"ed to 

evacu -

S it:ion between the plates and the plates are moved into the 
a i)O 

At this point, the resin level is above the 
stops. 
reinforcement on the mandr-el~ 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 ..,hich is connected to a hose or pipe which goes to a vacuum pump. External means are provided to keep the outer plates from moving toward each other as the chamber so formed is evacuated. In this ca$e, the chamber is evacuated to the 20 desired vacuum. The resin· is injected into the chamber, pt"eferably from the bottom ·up. After enough time is allowed to wet out the reinforcement, the outer plates are closed to the stops and the mandrel. The vacuum is then released, and the assembly is drained of excess resin and cured as in the above. Reference is next made to the drawing and, particularly, to FIGS. 1, 2, 2A, 2.B 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 pre"f erably flat to within ... · 30 less than .015 T.I.R. and should preferably have a surface 

t 
! 

\ 
i 

\ 

\ 

s 

finish less than 45 R.M.S.'• It may be capable of serving, in certain circumstances, as a base .for a foil or electro-plated coating or the like. It is preferably in the shape of a right quadrilatec-ial having edges 22, 24, 26 and 28. These edges connect the faces 30 and 32 which are both planar and parallel. As illustratedf the form or mandrel 20 serves as a basis for receiving the ..,inding thereon of two helices or the like indicated generally at 34 and 36 (see FIG. 3). These helices are ~ound uniformly about neutral axes X and Y ~hich t"epresent 
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phogonally or or .. a 

. J~ ngs 34 and 11.._ n -

perpendicularly related directions. The helical 

36 are preferably each of uniform pitch, but if 

en dicular the 
oe:'P · 
~ength of each. 

pitch of each will vary proportionally to 

They are also preferably continuous. 

the 

In 

d e with a preferred embodiment accor anc 

Un ;formly distributed to both sides 
a .. e -

• b to provide· when subsequently 
there Y 

of the invention, they 

of the respective axes, 

trimmed, a plurality of 

uniformly spaced parallel filament sections as mentioned 

hereinabove, 
The helices 34 and 36 are shown in FIG, 

IG 3 .,.rherein it is seen that the preferred F , 
least substantially perpendicularly related to 

1 as well as 

windings are 

one another. 

in 

at 

It 

will also be seen that the mandrel 20 is supplied at its various 

edges with extensions 38, 40, 42 and 44 .,.rhich can be plastic or 

15 other suitable material. As shown in FIG. 2A, the extension, 

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 portio~_as appropriate for mounting the rim portion 

20 on the mandrel. Alternately, th'e edges such as exemplified by 

edge 38 in FIG. 2B can have means such as screw 38A for 

adjusting the overal 1 length or width of the mandrel which 

adjustment can be used for adjusting the tension layer by layer 

or all layers at once. 

25 

JO 

Also indicated diagrammatically in 

coatings 48 and 50. Such coating may 

although other suitable materials such as 

FIG. 2 are metallic 

preferably be copper 

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. 
-;o 

Alternatively, the coatings 48 and 50 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 

thereupon. In a like manner, elements 48 and SO may be partial 

coatings in the form of a printed circuit or the like. 

FIG. 4 diagrammatically illustrates the .incorporation into 

the product of a matrix ~hich is preferably formed of resin or 

the like. The mateI"ial which constitutes the iila t rix is 
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It is preferably a electrically non-conductive. 
?ceferably 

b t hardenable plastic resin which is capable of 
liquid u 

onding to heat and/or pressure to effect a gelation which is 
resp 

free 
of voids or impurities. In the case of thermosets, the 

i als can be cured or cross linked by means of heat. In the 
saacer · 

O f thermoplastic materials, these may be gelled by lowering 
case 

temperature under the melting point. As a matter of fact, 
che ~ 

aside from holes which are intentionally incorporated into the 

design of the product and metallic inclusions which are 

preferably in the form of electrical circuitry or the like, the 

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. 

Exceptions to this rule include particulate fillers; spherical, 

solid or hollow fillers; and plate-like or flake fillers. It 

should be noted that the matrix will preferably be of a material 

selected from the group consisting of epoxy, polyimide, 

bismaleimides, polyester, vinyl ester, pol~butadiene, 

polyphenilene sulfide, phenolic . and melamine or any other 
..• 

material" mentioned 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 

for particular applications and to achieve particular results 

and to serve particular purposes, combinations of the aforesaid 

mate rials may be employed and, in fact, there 'Ai 11 be other 

materials which may be substituted for those which have been 

listed herein. 

\ 

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 

illustrated a chamber 50 having attached thereto a source of 

liquid resin at 52, there being attached to the chamber 50 an 

apparatus diagrammatically illustrated at 54 for purposes of 

applying a vacuum ~ithin the chamber SO. Within the chamber 50 

is diagrammatically illustrated a product 56 consisting of 

helical windings as described and discussed hereinabove. A 

vacuum 54 is first applied to the chamber, then resin is 
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• .. ced in to 
the chamber 50 as indicated by the arrow 58 in 

~4• 1 ~ anner and thereby to enhance penetration of the resin 

1ce~i"e 111 •c wound helices, thereby to avoid the inclusion of 

::.he ,.:o 
.,,.~bles and 

such other voids in the partially finished product 

the finished product as well. 
d th US in 

•~ ~rG 5 illustrates diagrammatically the application of heat 

r • 
~. 

i
ndicated by arrows 60 and 62 to the platens 64 and 66 vith 

-~ mandrel 56 and product 56A therebetween. The pressure 

:be 

l ·ed to the platens is indicated diagrammatically at 68 and 

•PP 1 

0 
This pressure is just enough to close any space between 

7 • 
platens 64, 66, stops 56B and mandrel 56. The product or 

artially completed product is treated by the application of 

p 
. 

heat, thereby to cure the resin and control the thickness of the 

product by maintaining the distance between 56 and 64 and 

between 56 and 66 by setting it with accurate stops 56B. 

FIG 6 illustrates the outer plates 64 and 66 removed and 

the thusly wound and resin-impregnated product 56A is then 

subjected to edge trimming, as indicated· diagrammatically by 

~ r r. ow s 7 2 and · 7 4 • .The r e by the rim po r ti on s 3 8 , 4 0 , 4 2 and 4 4 

20 (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 

!5 

30 

35 

image structures with respect to their own center planes of 

symmetry. The fact that the filament sections therein are 

parallel and evenly spaced and evenly di~tributed about neutral 

axes results in a product which is dimensionally stable, which 

avoids warping, which has a uniform thermal coefficient of 

expansion in the X and Y direction and which can have a tailored 

and well-controlled modulu$ of .elasticity in the X and Y 

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 pi~ch of the 

helix is controlled by a movement of a guide 82 in accordance 

with one embodiment of the invention in the direction indicated, 

for example, by arrow 84. Rotation of the mandrel 20 is 
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of the helix is preferably 

and regular with 
.. , 4 ced 

, .. 1-
•:suouS 

the spacing 88 between consecutive 

and uniform as desired. In the case ~:- . g preselected be J. n . 
t~cs9 is desired to leave voids in the winding for subsequent 

re it 
~· it ;nay be necessary to periodically advance the pitch. 
~·l•9 • d b also be accomplishe y putting upsets on the tooling 
n' ~ can 
• .. bination of both. It will~be noted that the pitch angle 

• com 
0 ... 

• i h may also be termed the lead angle is controlled by 
90 11h c 

!ling the speed of movement of the guide 82 in relation to 
contra 

ed of rotation of the mandrel 20. This lead angle may be 
cbe spe 

1 S e to a perpendicular relationship as desired. There is a 
9:9 c 0 

relationship between the pitch angle and the band width of the 

filaments being wound when the filaments are applied in groups 

or bands. For complete coverage with one band abutting the next 

vith no overlap the guide 82 should advance one band width for 

each revolution of the mandrel 20. However, such a selection of 

pitch angle is not necessarily required inasmuch as a partially 

completed product may be punched or cut out of the resulting 

intermediate product as illustrated in FIG. 8. Nonetheless, the 

band width and pitch are prefer~bly 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 

shovn in-FIG. 8) relative to which the abovementioned lead angle 

5 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 

-· 35 

to the displacement bet·.reen in.ter:i1ediate 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 illustrated in FIG. 8 are a plurality of holes 

representing voids in the wound filaments such as indicated by 

'rlay of example of 106, 108 1 110, 112, and 114. Since the 
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. . product or intermediate product of the invention is in 

ii :a• te ,,..... integrated into a printed circuit board 
• d form 

'"crre .~c· ii" i's preferably provided with such holes in order .- ctlon, -
••~ru -

~· i can be made between the various conductors nnect on 
.•at co . 
·• tallic coatings which are embodied in the product as it 

d/or :ne 
•~ loped and as has been discussed in general terms 

deve 
!• 

einabove. )er • .. 
FIG • 8 A i 11 us t r a t es th a t t h'e f i 1 amen t sec ti on s 9 6 can be 

ed in such a form as to define sections 120 which are free 
arrsng 
of filament: sections 96. In a preferred form of the method of 

the invention, it is these spaces in which the holes mentioned 

above are formed. FIG. 8Al illustrates that harder and softer 

filament sections 98 and 100 can be used for the same purpose; 

that is, to facilitate the formation of holes. The advantage of 

th~ above techniques is that the absence of in~erference of the 

generally harder and more abra~ive 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 pl~rality of printed 

circuit boards 92A 

indicate& at 122, 

sandwiching there between 

124, 126 and 127. This 

illustrates that the product 92 may be printed, 

plated, etc. to form a printed circuit board 

dielectric as 

diagrammatically 

etched, drilled, 

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 

this manner, this 

as a circuit. If the method is practiced in 

will avoid the 'need for ultimate etching 

operations as well as other costly and unaesirable steps as are 

now considered as being normally incorporated in the previously 
-~ 

known procedures. 

FIG. 9 illustrates in greater detail 

diagrammatically an apparatus for practicing one of 

o·f the invention. Therein are illustrated sources 

but still 

the methods 

130 and 132 

of filament arrangement or arrangements 134. This arrangement 

may be a single solitary strand or filament or may preferaply 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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. . . . f fiberglass (commonly called rovings) or the like, 
_o-:-2.:.it.:la•fleS 

0 

5 
or bundles having various known applications aside 

:~ ribbOD 
· ••cb · lications ~hich are being described herein. 

che aPP 
tr0 • urces 130 and 132 are respectivel7 associated with the so 

ntrol motors 136 and 138 with which are respectively 
• nston co 
·• d cables 140 and 142 connected to a tension controller 
ssociate 

• 1' ion controller 144 is essentially a variable source of 
l-''. ens 

which applies a field voltage or the like to motors 136 
~oltase , 

138 thereby to control the tension applied to the ribbon or 
and 

coming from the sources 130 and 132. This resulting filament 
tension prestresses the ribbon incorporated into the respective 
vindings thereby to control the final tension of the filaments 

00 
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 compensator 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, 
2 O in · turn , . through a · series of gears 16 4 , 16 6 and 16 8 to a mot o i~ 

170 to be discussed in further detail hereinbelow. 
The provision of the cam 156 operating in conjunction with 

can follower 158 and roller 154 enables precise adjustment and 
control of the speed of feed of the filament arrangement 134 

25 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 is flat. (With a round 
mandrel this velocity would be constant or uniform for example.) 

30 By adding or subtracting velocity with 154, 158 and 156 it is 
possible for source 132 to feed 134 at a more constant 

35 

velocity. 

Attached to 

thereon a cross 

'~ 

a gear 164 is a threaded 
slide 174 attached to a 

shaft 172 bearing 
fixture 176. The 

fixture 176 supports the roller 152 and the cross slide 174 
supports the feed eye 178 through which 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 

------------
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co the sp•~d generated by the ~otor 170 and effective 
c: 0 rdins 

sC . the gears 
.?irousn 

168, 166 and 164 in that sequence. 

-· The mandrel 20 

180 and the 

a holder 

tool is engaged between the tail stock 

head stock holder 182 which cooperatively 

for the mandrel 20. The tail stock mandrel 
holder 
constitute 

180 is connected to the tail stock 184 mounted on the 
tiolJer 

1 
id e 18 6 to w h i ch i t 1. s 1 o ck e d '· o r f r om w hi c h i t i s r e 1 ea s e d b y , ... 

of control handle 188. This enables the grasping and 
::seans 
releasing of the mandrel 20 so that the mandrel can be rotated 

ninety 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 s~ock mandrel holder 182 is connected to and 

driven by the motor 170. Thus, the rotation of the mandrel 20 

and 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 appropriately se 1 ec ted and precisely control led 

vith the helix forming filament or filament arrangements being . 
placed un.der tension under the control of tension cq-r1trol 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 is controlled by the motor 170 

opera ting throu.gh the various associated elements all as has 

30 been discus~ed hereinabove with respect to FIG. 9. 

The illustration of FL.GS. 9· and 10 represent one form of 

practicing a method of the invention only. As has been noted 

else..,h,ere herein, there are other methods of practicing the 

techniques of the invention and one of these is illustrated in 

JS FIGS. llA and llB. 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, the:re 

are provided a plurality of sources of filament or filament 

arrangements. 
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s are indicated at 196, 198, 200 and 202. These 
~otJrce 

O
unted on a turntable 204 mounted by bearings 206 on 

~ are m 
:,_. .. re• t. 208 • The turntable 204 perJiits the displacement of the 

,,..a?P
0

" 
96 

198, 200 and 202 in planetary manner and in a 
e9 1 ' 

.. ,.re . hi' ch encircles the mandrel 20. In other words, these 
.. iO n 'J 

4 • ,ec .. 
~· revolve in planetary fashion around the mandrel 20 

_.o'llrces around which the planets move in regular· 
•t.ituting the sun 

c 00
"" I 11 b at constant speed. t 'i(,:i e observed that the sources 

••anet" 
f fect individual spools capable of rotating on respective 

are in e 
has indicated, for example, at 210 so that the filament 

•J.'.es sue 

fi lament arrangement 212 (or 214, 216 or 218) may be wound in 
or . 
helical form on the mandrel 20 for a helix such as, for example, 

indicated at 222. Once again, the mandrel can be shifted ninety 

degt"ees to form the desired helices in their perpendicula~ 

re'lationship. Thus, it will be appreciated that while a relative 

=otion is provided as between the mandrel and the associated 

source or sources, this relative movement may be effected by 

rotating the mandrel and holding the source or sources relatively 

c 0 n s tan t o r vice v e r s a • I t w i 11 a 1 s o be u n d er s too d th a t. i n an 

appropriate situation movements 

elements· may be simultaneously 

desired result. 

of bot·h 
• .. • 

applied 

of these categories 

in order to achieve 

of 

the 

Other methods include the use of beams to apply whole layers 

of parallel filaments or yarn as shown in FIGS. llC,D, E, and F. 

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

203 to a position about a mandrel 205 (FIG. llC) and then arr 

gripped and cut by implement 207 as shown in FIG. 110 and the 

mandrel processed as her ea f te r stated. The layers can also be 

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

processed as hereafter described. The layer 

perpendicularly displaced relative to source 

FIG. llE and gripped by adc:Utio"nal implement 

FIG. llF. 

thus 

203 

209 

fabricated is 

as appears in 

as appears in 

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 ~inding methods. The frames can be 
-----···----··---
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positions such that the 

to the winding. After 

X or 

each 
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Y axis is parallel or 

full layer, the end 
. dicu.:.a 
: -,.t'1•rtbe fi;ced to the frame and the filaments cut and the frame 

.. id ~ -cnety degrees and the next layer applied. This can then 
~1fted n-

• . d as described hereinabove. 
llolae . 

~· F ! GS • 1 2 - l 6 i 11 us t r a t e g e n e r a 11 y o n e f o rm o f a p pa r a t us f o r 

. r""sin to the thusly wound helices. Therein will be 
applying - ... 

r tank or chamber 240 within which is accommodated a 
a .,.at o 

seen 

vacuum pump 246 is attached 
f r a liquid resin 244. A 

2i2 0 

b 243 through a trap 250 and 
:11 e 

the internal space 256 of 

bath 

by a 

254 a further pip~ 252 via opening 

the chamber 240. A top 258 is 
tO 
supported on annular flange 260 of chamber 240 by means· of an O-

rin& 262 which provides an appropriate seal. An opening 264 

admits of a mandrel holder rod 266 passing therethrough. This rod 

supports a clamp 268 holding the mandrel 20 with the windings 

mounted thereupon. An 0-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.~nd 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 shovs that the rod 266 has been displaced downward as 

indicated by arrow 290. Arrow 292 illustrates the direction in 

which plates 270 and 272 can be themselves displaced. With the 

rod 26& and the clamp 268 in the po~ition illustrated in FIG. 13, 

the mandrel 20 is completely immersed in the bath 244 along with 

30 the helical winding thereupon. Due to the application of vacuum 

as effected by use of the pu~p 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 

35 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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d . to FIG. 15, operation of the piston and cylinder 
Accor ing 
~ents 278 and 280 bring the plates 270 and 272 against the 

....... nge. . 
•·· 568 on the mandl'"el 20. The stops will determine the exact 
•cops 
•!ltckness of 
• resin 

the resulting laminated 

will be included in 

product. All the windings 

that thickness. Because a 
a:sd the . 

d 
system is used, very little pressure is required to close 

llqui 
ld After the mold is closed the vacuum can be released. 

'the :no . 
FIG. 

remainder 

16 illustrates the re~oval of the top cover 258 from the 

of the associated apparatus thereby to enable exposure 

of the mandrel 20 and the windings thereon to the application of 

beat by any one of a variety of techniques inclusive of, but not 

limited to, radiation, conduction, and convection techniques 

and/or the use of microvave heating and the various other types of 

heating which have been mentioned hereinabove. The plates 270· anC: 

27 2 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 is trimmed out of the 

intermediate 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 

8 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 alignea with one another. These filament sections are, as are 

the filament sections of the outer layers, regularly and uniformly 

JO 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. In this view, the 

structure of roving R is se~n. It will be appreciated that voids 

may be left in the filamentary layer through the product 

35 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 to 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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above described techniques of 

mandrel. Another embodiment 

the invention envisage a 

of the invention includes 
,.o.,able 

r• f the laminate around a core or mandrel "'hich is f 9 rma t ion o ·=-· . i d hi h b d h t . k • i ed in posit on an w c may e use as a ea sin , 
_.1n~a n . 

d connection, 
1roun . 

al expansion. 

or po11er plane 

In this form of 

and perhaps also to control 

the invention the mandrel can 
c:ie rm 

f r -ed of metal or from metal-clad laminates. Copper-Invar 
be 0 ... "· 

t.
itutes one alloy being used as a heat sink and as a thermal 

cons 
sion matching core for ceramic based chips. The mandrel can 

exp an 

b e arranged for removal to leave an opening which forms a also 
duct or the like. 

The nature and type of filamentary material which serves as a 

reinforcement in t~e 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 substantially 

more difficult to control the uniformity of thermal coefficient of 

expansion as well as modulus of elasticity. It also would make 

the control 0£ warping and the avoidance thereof more difficult. 

As h~i"s been indicated, the filaments may be applied as single 

individual filaments o~ 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 

30 set and then sequentially winding succeeding sets of untwisted 

tensioned filaments over the first mentioned layers described 

hereinabove. The filaments aEe 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 

35 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 vhereof the remaining filament sections 
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1 and uniformly distributed preferably perpendicular to 
paralle-

sre edges of the resulting laminate. 

~:ae ;Jhile certain procedures have been indicated above, it is 

.. , .... for certain unique applications to employ a continuous 
.... , DJ.­

?"'"'"'~ 
.Se ,. fort.h in U.S. natent 3,537,937. It is desirable in 

~el t as ... r 

, ents and circumstances that the number of filament sections 
a.:..1 ev 

he same in both d~rections of posture within the laminate or 
be t 

" ates and that all layers" appear .as mirror images about the 
1a111-n 
center plane or plane of symmetry of the intermediate and final 

product. The layers of reinforcements or filaments are usually 

preferably so arranged as to give an equal flexural modulus of 

elasticity or section modulus in the X and Y directions. Howe!er, 

it is possible to design different flexural moduli or section 

modulus in the X and Y direction where needed. This presuppose~ 

an ability to change density or pitch of winding. In any event, 

it is preferred that the resulting winding end up with all 

1 filaments or filament sections at an equal tension and equally 

.~ spaced. 

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. 

Under certain· 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 

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

control uniformity of characteristics as is considered essential 

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 

JS 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 b~ removed and then 

the laminate formed so as to generate a laminate 4'ith a circuit 
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with a surface therein 

another 

release 

and perhaps. 

technique the resist 

copper 

can be left in 

applied thereto (if the resist does 

release properties built in) and then the laminate 

Copper can be applied by electroplating and other 

:echniques. The copper can be burnished to improve grain 

The copper may al.so be machined or ground to 

thickness. In addition, the copper can be plated 

nickel and/or chemically treated to form oxides if 

structure. 

?redetermined 

vi th zinc or 
desired 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 r~sist 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 

flashed off. The resin may be partially cured and after winding 

can be vacuum impregnated as illustrated in FIGs. 12-16. This 

technique may be useful in order to hold the filaments in the . 
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 pl~tes 270 and 272 employed to 

30 compress the assembly together. 

35 

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

circuit boards) are produce'tl using 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 separated by and covered by four layers 

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

both sides by two sheets of copper foil. These assemblies ·.1ould 

be faced with two steel separator plates to form a book. A number 

of these assemblies could be stacked and placed between t~o outer 
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steel plates and this assembly would be placed in a press 

and cured under heat and pressure. 

r. ,.. 

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 

iocated and drilled holes in.__ 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. 

rt 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. 

Another cause of loss of reg~stration is caused by the 

heat and pressure used in the multilayer board laminating 

process described above. The copper lines which are 
-~ . 

perhaps 0.152mm (.006 inch) wide and 0.0356mm (.0014 inch) 

high are subjected to tens of kg/cm2 (hundreds of psi) 

pressure and cure temperatures of 90 (200) plus degrees c 
(F). Actually since the copper covers only about 

·---· ---------

iiiirni1irr 

•••• • ,. • . . ,. • . . 
• • 
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w7' ld 
under heat and pressu~e. . 

alignment or regi.strati-n of 

plates and this press and be placed in a 

the six circuits on the 

sided P.C.B. 's maintained by using steel 
t!tree 

·ng pins that pass throu 
iocatl. 

uitably located and drilled holes 

1 1 of the material and t e 
in a 

plates. The holes in the 

p,C.8'. 's and the sep )ra -0r plates are located and drilled three · / 
under eight olerances whiye he holes in the prepreg and copper 

foil can be cl arance holes. 

It is impo ant that/thf registration of all the lines in all 

six of the inner ircuits 7e maintained, because in finishing the 

board, holes are ~rilleA through the board and these holes are 

plated in order to \akf J1ectrical "connections between lines in. 

the various circuits cl ded in the board. If the lines are not 

accurately located, th~ · ating through holes operation can result 

in open or short ciJcu · s causing rejection of the multilayer 

board. J 
There are a numler of p ssible causes for the circuits being 

out of registr.ation/ 0 e is during processing of the inner 

p • c . B • boards , th e/1 re expos d to e t chin g , p 1 a ting , washing , 

oxidizing so lu tionJ a so forth. These so 1 u tions can cause the 

resin matrix in rhe to water and chemicals and 

attempt to increase size or the boards dimensionally. 
I -

~:::::::::::~:::~ b loss of •::g::::a~imens~:::.:·::o:::y h::: 
and pressure us,~d the multilayer boa laminating process 

dascribed above. T e copper lines which • 006 inch 

wide and .0014 Jnc high are subjected to hundr s of psi pressure 

and cure tempe,at res of 200 plus degrees F. Ac ually since the 

c o p p e r co v e r s o1n 1 a b o u t o n'e- t hi rd the s u r fa c e i t her s i d e o f 

the board and dhe copper i~ raised above the surface f the board 

as are the oppJsi g face of the next board, 
I 

multiply the ryre force on the copper total 

psi by the proj cted area of the copper or in the averag about 

one-third for~ ressure multiplier of three. This is exacer~ated 
by adjacent an'd pposing circuits being non-uniform so that i.f\one 

'· 
considers on~y the projected areas of opposing copper. faces 

supporting the .pressure, the pressure multipliers get larger. 
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I 
e the heat c~uses the resin in he pr.~preg to re-liquify, 

sine 
normal to the 

~res / 
:?l 

8
• b 0 a rd s , bu t a 1 so pa r a 11e1 t oi e ?u face o f the boards or 

1 .. C. d" h 00 . h l" Th" 1 direction ten ing to move t e • inc ines. is a so 
t.:1 a 

time when the bond of the onductive copper to the 

d 8 
ri.:t is weakened due to high t mperature. Thus the lines 

)oar m I 

b 
QO ~and registration of t~e c"rcuit lost. 

can e "· I 
Anothe problem lies in fil!Ung he corner formed between the 

d surfac~nd the side of J/he lines. Since, when boar 
interior C.B.'s are stack d /P with the prepreg at ambient, 

che / 
the space betwe n conductors 1f ;:mpletely void of material. The 

::•dtuh:to::p •:: ":S~::n::~:::J ·~: · t::r::::.•n:.:::.:r::revgo;d•s:; 
58 terial. . \ / / The current stat of t'"{ /rt depends on the flow of the resin 
from the prep reg when ea fed/ prior to cure, to fill the voids_. 

Some of the newer art p ts 7{e area of the press under vacuum to 

help remove some of the/, rapped air and better fill the voids. 

Still othe;s use vacuum /b and .autoclave molding. techniques to 

attempt to remove the air pressure duri~g cure. 

It is an object °f. to eliminate both 

problems in the curreft the art in the production of 

multilayer circuit board hydraulic pressure which can 

cause the conductor to and the tendency of air or 

voids to form s'des of the co ductor lines. 

FIG. 19A shows board 400 which has· been 

prepared to be lami ated into a circuit board.· In 

accordance with thi~ spect of the is covered 

with the desired ~L~ er of layers using equipment as 

des c r i bed w i th r e -:J; ~ c t t o FIGS • 7 , 9 , 1 0 a d 11 • A 1 t e r n a t i v e 1 y , 

layer(s) of fabriJ f reated wf:..,th a .finish compa ible with the resin 

system being useJ an be applied or tacked to both sides of the 

P.C.B. board. Bo/ r 400 may be provided perimetr lly with spacer 

frames 401 (a) - ( ). \~ 
FIG. 198 exploded view of the assem~~~~hat is put 

through the pr of this invention. The illustratfon sho~s an 
\ 

eight layer boar , six l_ayers from the two sides of three inner 

P.C.B. boards lo , 404 and 406 plus two lay~.rs of copper which are 

a d d e d to fo rm/ t o u ts 1 d e s u r fa c es o f th e mu 1 t 11 a y e r boa r d . I t 



r r 

" 
, r 

.. r .• 

-37-

one-third the surface on either side of 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 norm.al to the P.C.B. boards, but also parallel to the 

surf ace of the boards or in a direction tending to move 

the o.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 

be 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 t~ help remove some of the trapped 

air and better fill 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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production of multilayer circuit boards; namely the 

hydraulic 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 

been prepared to be laminated into a multilayer circuit 

board. In accordance with this aspect of the inv~ntion, 

the board is covered with the desired number of layers of 

filaments using equipment as described with respect to 

Figs. 7,9,10 and 11. Alternatively, layer(s} of fabric 

treated with a finish compatible with the resin system 

being 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} - (d) . 

Fig. 19B is an exploded view of the assembly that is 

put through the process of this invention. The 

illustration 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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P
erimettal elastomeric gasket 408 used to contain the 

ho"s a 
~ 1 tion between the outer plates 410 and 412. 

f or:nu _a 
~·•i~ hree inner P.C. boards are held in registration and with 

the t 
ing ~ith each other at the bottom areas 402(a), 404(a), 

er spac 
1~0' &0

6
(a) bet.,..een the dotted lines and the bottoms of the board 

a•• by tack bonding, riveting or some other such means. Proper 
-1th«t' ' can be achieved using optical means lining up 

tstration 
:«I ble targets included on eac.Q. of the boards. Proper spacing ,,.1t• 

chieved using suitable shim material as an alternative to 
c•ll be a 

ddition to spacers 401(a) - (d). 
or in a 

FIG. 19Cl shows a spreader block 414 in raised position. The 

i 
it places on the assembly in its lowered position is shown 

act on 
ia FIG. 19C2 wherein 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 

if 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 spreaqing the elements 

to allow rapid and effective penetration of the resin formulation 

between 
As 

vacuum 

the various parts as will next be discussed. 

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

chamber 420. The spacer block 414 is in its lowered 

posit ion 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 

chamber for the assembly. The chambe~ 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 appro~imately 2mm. mercury or less. 

As shown in FIG. 20B, while the chamber is still under 

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 

the resin level should be at least above 

to the design spacing, 

the top of the inner 

P.C.B. 's 402, 404 and 406 and reinforcement wound or tacked 
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assembly should r-emain as shown for a sufficient 

any frothing to dissipate and for resin to fill all 

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

}.s shown 
d and the cylinders activated to close the assembly to the 

raise . 
C ing When the assembly reaches this spacing as 

i ned spa • . 
•• , g 

lled, for example, by spacers 40l(a)-(d) and other shims, 
coacro 

the vacuum can be released .... 
ecc.' 

As shown in FIG. 20D, the the chamber 420 is 

e d and the assembly heated 
reaov 

top 424 .of 

to effect a cure of the resin. 

S 
426 and 428 are illustrated by 

La•P 
~arious other heating techniques are 

way 

readily 

of example 

possible. 

but 

The 

asse~bly can be post-cured if necessary and the outer plates 410 

and 412 and gasket 408 are removed. The product can then be 

crimmed and, in the trimming process, spacers 40l(a)-(d) can be 

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

~ith respect to the current state of the art. There are no 

pressure or hydraulic forces tending to mov~ the conductor lines. 

Significantly, by the use ef the va:cuum impregnation tech·nique, 

all of the interstices are filled with resin and there are no 

voids 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 

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. Sol~ent systems and their 

inherent contaminating and toxic pro~lems are eliminated. 

The process of the present invention gives great latitude and 

control of the ratio of re info c-c emen t-to-resin con teat of 
-~ P.C.B.'s. The ratio of volume reinforcement to resin can vary 

from approximately 0 to approximately 0.9 theoretically. The zero 

capability stems from the fact that it is possible to cast between 

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 tvo 

sides to form a container for the resin. While not many 

applications are foreseen at this time for zero or very low 



10 

~- . 
.f 20 
i 

~ 

{ 25 

'· fi 

J.. 
' ~. 

j 

30 

WO 38j01938 -40- PCT /l"S37 /02327 

ratios of reinforcement to resin, there are some. One i aiportant 
one is explained belo~. 

The reinforcement normally has a higher dielectric constant 

than the resin. But the resin wi.11 absorb water, whereas the 

reinforcements do not absorb ~ater (except for the or&anic 

type). The thermal coefficient of expansion of the reinforcements 

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

Examole 

E Fiberglass 

D Fiberglass 

S Fiberglass 

Quartz 

Ar amid 

Epoxy Resin 

Dielectric Const. T.C.E.(PPM /OC) 
... 
6.3 - 6.8 

3.85 

s.o - 5.3 

3.35 

4 .1 

3.3 

4.8 - 5.4 

2.0 - 3.0 

2.3 - 2.8 

0.54 

-2 - 4 (Axial) 

56 (Radial) 

30 - 80 

It is determinable (but not linearly so) that the following holds 

true: 

As the reinforcement to resin ratio increases: 

-Dielectric constant inc~eases 

-Water absorption decre~ses making laminate mor~ 

dimensionally stable through etching, plating, and 

other such processing. 

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

The relevant industry normally prefers: 

I. Low or minimum dielectric constant 

2. Maximum dimensional stability· through processing 

which means low water absorption mostly. 

3. A T.C.E. that mate.hes the T.C.E. of I.C. chip 

carriers (-5-7 x 10-6/Deg.C). 

4. Control vith repeatabillty 

The reasons for this are: 

1. Electronic signal ~peed through a conductor is 
~ 

inversely proportional to the square root of the dielectric 

35 constant of the dielectTic surrounding the conductor. Low D.C. 

and uniform D.C. one boai:-d to the next are usually desirable·. 

2. The dimensional stability is needed for the inner 

P.C.B. 1 s that go into multilayer boards (M.L.B.'s). These boai:-ds 

go through printing, etching, and plating processes prior to being 

laminated in a H.L.B. under heat and pressure. The di:nensional 

ilii i1i11iITili 
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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 subsequent drilling and plating-

through holes-operations on t:he M. L.B. that are used to make 

electrical connections with specific conductors on the internal 

P.C.B. 's. Internal conductors and/or spaces that are out of 

alignment can cause open or short circuits in an M.L.B., which are 

cause for t'ejection. Thus, dimensional stabi.lity is one of the 

lO limiting factors in the way of densifying circuitry through the 

use of thinner lines and thinner spaces. 

20 
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The preferred T.C.E. of the M.L.B. is ·one that matches 

the T.C.E. of the chip carrier which is mounted directly on the 

surface of the M.L.B. In this manner, the stress on the bond of 

the chip to the surface is minimized during hot and cold 

temperature cycling. 

One of the design schemes that {s 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 cons id era ti on to dielectric constant and T. C. E. This ratio 

is used as ···an average and is achieved 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 theoret±cally from 0 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 

5 and as a result wants to stay dimensionally the same. The 

materials, bonded together in the laminating process, reach 

equilibrium whereby the resin induces a tensile load in the 

fiberglass which then equals the compression load in the resin. 

The amount of movement is proportional to the amount of liquid 

absorbed by the resin, the percentage of resin per unit of 
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laminate, and the modulus of elasticity of the resin 

by the percentage of fiberglass per unit laminate and 

of elasticity of the fiberglass. 

all di•1ided 

the modulus 

Products of this invention can have a much higher ratio of 

to geometry. In the C.T.L. 

each layer consists of 

With the fabrics used in 

reinforcement to t"esin. This is due 

co n·s tr u ct ion , the reinforcement in 

essentially parallel rods or filaments. 

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 displaced by the resin in 

the prepreg step, thus increasing the percentage of resin to a 

higher level 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 is achieved between the resin wanting to expand more, 

approximately 80 x 10-6 unit length/unit length per degree C, and 

20 the reinforcement (such as "E" glass) which only want~ to expand 

25 

. 
5- x 10-6 unit length/unit. length per degree 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: 

Kr Er Ar + Kg Eg Ag 
K1 IQ 

; 

..., Eg Ag + Er Ar 

30 

35 

wherein Ki = Thermal Coefficient of Expansion of the laminate 

Kr and Kg ,,. Thermal Coefficient of .Expansion, resin and 

glass 

Er & E8 = Modulus of Elasticity, resin and glass 

Ar & Ag = Volume % resin & Volume % Glass 

(r and g subscripts re~er 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 less stable than others. For example, the structures of 
FIG. 20F & G will warp at ambient 

preferred structures. In any event, a 

temperature and are not 

t·.to-layer laminate 502 as 

in FIG. 21F is too unstable warp-wise to be a satisfactor7 
--- -----·-·--·-· 
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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 is 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. 21A, B, C, D, and E meet this 

requirement as can many other c~nstructions. 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), 210 (X 

and Y), 21E (I 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 ~he 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 is necessary to keep the shrinkage uniform 

throughout or at least from si~e 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 

is desirable that the T.C.E. in the X and Y direction be the same 

illiiili iii 
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as it is in the component or the component can· i er 9 • This .., i 11 

induce the least amount of stress in the bond of the component or 

carrier to the P.C.B. Yhen 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 reinfor:cement 

parallel to that direction. It folloYs that in balancing the 

reinforcement in the X and Y directions, the tensile stress 

capability is also balanced. If d-esired, 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 

s e c ti o n mo du 1 us i n b o th d i rec t i o n s • 1' he pa t t e· r n s o f F I G • 21 A , B , 

;tf 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 roughly proportional to the cross 

sectional area of the reinforcement times the square of the 

J distance to the neutral axis from the centroid of that area. 
l l 20 Since th·e fibers parallel to the X axis are on the outside as 

f opposed to the Y fibers being on the inside or closer to the 

neutral axis, the X section modulus is greater than the Y. All 

this is assuming the same number of fibers in both directions. 

25 

• 
30 

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 

equal. In a like manner, a tailored or controlled mismatch of 

X and Y section modulus can be incorporated into the laminate. 

This could be useful to save weight in certain board mounting 

designs. 

FORMULATIONS 

35 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: 

Dow D.E.R. 521-A80 epoxy resin 

Dicyandiamide (Dicy (TM)) 

Propylene Glycol Monomethyl Ether 

Dimethyl Formamide (DMF) 

Benzyldimethylamine(BDMA)accelerator 

• • • ~,. r ,. 

Parts 

125.0 

3.25 

16.25 

16.25 

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 diffic_ult 

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 voids 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 

Dow D.E.R. 542 epoxy 

Shell Epon 8280 epoxy 

Methyl Tetrahydrophthal~c Anhydride(MTHPA) 

Benzyldimethylamine(BDMA) accelerator 

Parts 

43.5 

21.0 

35.5 

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, 

This Sheet Has Been Replaced 
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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 

Owens/Corning Fiberglas 475-KlSOO 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. 

••• 

• • e . . • 
•• 



; 
t .. 
f 
F 

I 
! 
i· 
; 
~ • 
i 

• _, 

i • , 
' 

,... ~ r • . . . 
• r . . 

-47- ~ r r _. ,. 

• • e " • . . 
• •" ,,. r r r 

... 
. .. . . 

COMPARATIVE TEST RESULTS 

FLEXURAL STRENGTH (AVE) 

FLEXURAL MODULUS (AVE) 

GLASS CONTENT, BY WT. 

Tg (DISC) 

MOISTURE ABSORPTION TESTS 

2 HR BOIL, DISTILLED WATER 

PRESENT METHOD 

7050 kg/cm2 

(100,300 PSI) 

241687 kg/cm2 .. 
(3,438,000 PSI) 

63% 

155 DEG. C 

+0.075% 

2 HR BOIL+ 24 HR 21 (70) DEG.C(F) +0.056% 

(COND 24/23) 

1 HR DISTILLED WATER -

BOIL @ l.05kg/cm2 (15 PSI) +0.11% 

SOLDER DIP-20 SEC.260 (500) DEG.C(F) PASSED 

(After lhr l.05kg/cm2 (15 psi) 

cooker test) 

ELECTRIC STRENGTH 

-Volts/0.0254mm (Mil) 

DIELECTRIC CONSTANT @ 1 MHz 

DISSIPATION FACTOR @ 1 MHz 

VOLUME RESISTIVITY, ohm-cm 

(550 volts, 24 hr, 21 (70) 

Deg. C(F), 50% h) 

740 

4.54 

.0094 

8.9 x 1013 

PRIOR ART 

4218-5263 kg/cm2 

(60-75,000 PSI 

175747-196836 kg/cm2 

(2,5-2,aoo,ooo PSI) 

58-60% 

120-140 DEG. C 

+0.15% 

.+0.25% 

+0.5% 

USUALLY FAILS 

(Blisters & Delams) 

700-780 

4.55 - 5.0 

.0175-.020 

6 x lolJ 
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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 form 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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ieast a portion of one surface on which at least part of said 

~etallic coating is supported, wherein the filament sections and 

matrix are electrically non-conductive. 

8. The invention as claimed in claim 7 wherein said matrix 

is 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 

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. 

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 

thereof. 

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 quadrilateral 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 hates therein. 

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

matrix has X and Y directions and thermal coefficients of 

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

th~ filament sections are so constructed and arranged as to 

' 111\111 ll\lll 1111\ \ll\l ll "" * C L M S * 
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0 rovide section modulus of tailored elasticity values which are 
ln 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 
essentia'ily 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 
nylon, and wherein the matrix is a resin selected from the group 
consisting of epoxy, polyimide, polyester, bismaleimide, vinyl 
ester, phenolic, melamine 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 parall~l 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 comorises 
introducing the matrix materiar~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 elect=ically non-conductive and are embodied in a 
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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 sufticiently hard and smooth to 
imoart smooth surface characteristics to the product, and wherein 
the tension in the filament sections at the curing or setting of 
the matrix is reduced to the minimwn 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 is 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 
sa·id 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 fil~ment arrangements. 

27. A method as claimed in claim 23 wherein controllably 
displacing said form also controls the pitch of the wound 
arrangement. 

I 1111111111111 1111111111111111 
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28. A method as claimed in claim 23 further comprising 
maintaining substantially constant and co~trolled tension in the 
filament arrangement as said arrangement is wound around said 
form such that all filament sectioQS in eac~ layer are 
substantially parallel and at the same tension. 

29. A method as claimed in claim 23 further comprising 
bordering 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 Y 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. 

Ji. 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 layer. 

32. A method as claimed in claim 20 further comprising 
forming at least one hole through said matrix betwee~ 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 . 

33. A method as claimed in claim 20 wherein said filament 
sections are of a material selected from the group consisting of 
fiberglass, quartz, 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 
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e:-cPansion or contraction of both due to temperature, do not cause 
warpage 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. 

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 
oole 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 comp:~::::~g a plurality of the printed circuit boards 
according to claim 20 or obtaining a plurality of the printed 

I 
circuit boards according to 2, each printed circuit board having 
a circuit printed on at least oqe s1de, · · 

! 
~ 

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, 
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introducing a settable matrix material around and between 

said printed circuit boards to complet~ly fill the voids 

between and around the printed circuit boards, and curing 

the settable matrix material to form a multilayer circuit 

board. 

40. A method as defined in claim 39 including providing a .. 
pair of opposed mold surf aces substantially 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 parallei 

relationship in order to define the desired shape and 

dimension of the multilayer circuit board. 

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 

one of claims 39 - 42. 
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45. The invention as claimed in claim 1 or 2 wherein the 

~matrix comprises ;,, t;.,., pll.ase res;,,,.,. t"'o c"°''1f«f:i!lt 

1'-\ t a:{f"e.;-~"t r:~r;"' rj s· r .v .. 1.r . 

... 
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