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TED CIRCUIT BOARDS
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COMPCNENT OF PRINTED CIRCUIT BOARDS -

Field of the Invention _

~ This invention relates to printed circuit boards in
general and more specifically to components. employed in
the manufacturing of printed circuit boards and other

articles.

' Background of the Invention

In its elementary form, a printed circuit board
-includes, as a component, a dielectric layer of an epoxy
resin-impregnated woven glass fiber which is known as
"prepreg". On the opposite sides of the prepreg are
bonded conductive copper foil sheets. Subsequently the
copper, through a number of photographic processes, is
etched to produce conductive paths on the surface of the
prepreg layer,' When so assembled, the lamination is
often called a core or a board.

In the manufacturing process, it is not uncommon to
assemble a stack of such boards, either of the elementary
type described above,‘ér with compound layers. The
asseﬁbly is called a press lay-up and the stack is called
a book. The entire book is heated and subject to pres-
Sure. After cooling and curing, the then bonded
individual boards are separated from each other and
subjected to further processing. This general technigue
is described in my earlier U.S. Patent 4,875,283.

‘Of tantamount importance in.the manufacturing
Procedure is the maintenance of cleanliness or lack of
-Contamination of the copper foil sheets. This is tfue,
wWhether or not the prlnted circuit board is a simple

. Sandwich of outer layers of copper fO‘l ‘and one layer of
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Inits elementary form a printed circuit board

g a conponent, -a-dielectric layer of an epoxy resin-inpregnated
fiber which is known as - "prepregsy_ On the opposite sides of

prepreg or whether its a compound board of numerous
layers. _ N |

- One of the chief causes of contamination is the
.presence'of'resin dust, fiberglass fibers, hair, bugs and

various types of foreign material resulting from the

earlier manufacture and cutting of the prepreg and
shipping and storing of the prepreg. In the laying'tp of
the book of printed circuit boards, great care is taken
in removing the resin dust by various wiping techniques.
Nevertheless, it is inevitable that some dust remains on
the copper foil surfaces. The resin dust melts in the
lamination process when heat and pressure is applied
which results in dots or deposits on the surface of the
copper.

Another cause of concern is the existence of pits or
dents in the surface of the copper foil. This, too, can
result from a spot.cf resin dust being on the foil during
the heating and laminating process as it causes a
depression in the copper. It can also result from
handling of the very thin foil. To date, there is no
Sure method of eliminating the pfesence of resin dust,
Pits or dents although all efforts are made to alleviate
the problem.

The presence of a pit or dent or unwanted deposit of
molten resolidified resin on the surface of the copper
sheet generally results in a defect in the finished
Product due to shorted or open conductive paths. In a
finished printed circuit board are a series of parallel
Conductors. 1If there is a dent in the foil in the area
Where two conductors are to be formed in the imaging and
the finishing process, the dent will become filled in and
€an cause an ele?trical short. Conversely, such a dent
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not u P to assenble a stack.of such boards, either of -the elenentary
type d g?"bed above, or with conpound IayersB-The assenbly . is called a
press /-up and the stack is called a book. The entire book is heated and
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In today’s technology, conductors are formed in the

order of magnitude of .005 inches wide and generally with
05 the same width spaces between two conductors. The desire

and trend in the industry today is to make the conductors

and the spaces betwéen them even narrover as, for

example, .00025 inches wide. If the surface of the

copper is not perfect, either open or short circuits can
10 be created, resulting in boards, which for the most part,
are rejected. Sometimes boards are subject to rewofking,
but in higher technology usage, reworking is unacceptable
and the boards become useless scrap.

Another cause of defects results from handling the
foil. When the various layers of foil and prepreg are
laid one upon another, their alignment is maintained by a
series of tooling pins that extend upwardly from a
tooling plate. The tooling plate is a thick steel plate
constituting the bottom of the stack. Each layer, be it
20 copper foil or prepreg or partially completed laminated

cores of conductive material, are pre-drilled or pre-

punched with holes in a predetermined pattern, generally
adhering to industry standards of size and location.

Each layer is then stacked manually over the tooling pins
25 with the pins extending upwardly through the pre-drilled

holes.

One side of the foil in the finished product becomes
the exposed conductive path. The other side is generally
‘treated in an oxiding process to produce a surface which

30 has a roughness, is generally gray in color, and which
_ permits better adherance to the molten resin in the
bonding process. One weight of copper foil in use today
is "half ounce foil" which means that 1/2 oz. of copper
\\
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}nortance in the nanufacturlng procedure S the nalntenance
I or | ack.of  contani nation of the copper foil sheets.. This is
H,937045!1’0'[ the printed circuit, board is a sinple saﬂmmWUB9ZH58W3 :

of copper f0|I and one Iayer of o

is distributed over 1 square foot. This reSults in a
foil which is approximétely'.OOO? inches iﬁ thickness.
Foils of 1/4 ounce and 1/8 ounce are also used. It is
obvious that the handling of a foil this thin is a
difficult problem. Layers of such foil must be placed
manually over the-toolihg pins. This can result in

wrinkles, and wrinkles, too, can result in imperfect

conductive paths in the finished product.

One of the objectives of this invention is to
provide means for better foil handling, not only to
prevent folds or wrinkles, but to maintain cleanliness.
Each time the operator assembles the layers required. to
complete one printed circuit board, he must place a
separator on the top of the pile and then proceed té
layup on top of it the components of another board. He
must, in the process, wipe the surfaces of not only the
Separator but each of the conductive foils also.

Another source of defective boards is resin bleed
that takes place around the tooling pins.

As stated aboye, each of the layers is placed upon
tooling pins which, of necessity, must be somewhat
smaller than the holes pre-cut into the copper foil and
@he prepreg layers. In the process of applying pressure
and heat to the book, molten resin bleeds around the
tooling pins and can fill up the tooling holes in the
Prepreg and foil layers. It also can bleed laterally
between the various layers, particularly between the
copper foil and the separator plates. After curing, this
resin must be removed or it will create e resist material
in the etching process. Furthermore, it can subsequently
flake off onto the surface of the copper foil. Not only
does the resin bleed have adverse effects on the surface
of the copper, but it makes disassembly of the boards

- This Sheet Has Been Replacet
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" dif f;cul when solidified resin has built up around the
pins. Removal of the boards from the plns is thus made
difficult. - S | "

In light of the foregoing, there are three principle
objects of the present invention. One is to provide
means to facilitate the handling of the extremely thin
tissue-like copper foils. ) '

 Secondly, it is an bbjéct to assure that the copper
foil is maintained as uncontaminated as possible before
and during the manufacturing process.

Thirdly, it is another object of the present
invention to prevent the resin bleed that takes place
around the tooling pins from flowing between layers of
the boards.

Summary of the Invention

. The invention is embodied in a component for use in
the manufacturing of printed circuit boards and like
articles. The component is a laminate constructed of at
least one sheet of copper foil which, when fabricated
into a printed circuit board, constitutes a functional
element of the board, i.e., the conductive paths. The
other element of the laminate is a substrate sheet of
aluminum which constitutes a discardable element of a
finished printed circuit board.

One surface of each of the copper sheet and the
aluminum sheet is essentially uncontaminated and are
engageable with each other at an interface.

A band of flexible adhesive joins the uncontaminated
surfaces of the sheets together at their borders and
defines a substantially uncontaminated central zone

" interiorally of the edges of the sheets and unjoined at

the interface. The aluminum substrate provides
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i s inevitable that some dust remai ns on the copper foil

3 resin dust nelts in the |am nation process when heat and

Jof the copper foil. This, too, can result froma spot of resin
g-on the foil during the heating amg-l am nating process as it .

flepressi on in the copper.
foil.
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the probLegy

Fd which results in dots or deposits on t hepeP/UiSH2A05874 t he
er cause of -concern is the existence of pits or dents in

It can also result fromhandling of the
To date, there is no sure method of elininating the

‘ The 1amin§ted éomponent'iay be constructed of two
sheets of copper foil which in a finished printed circuit
board both constitute functional elements of separate
boards and a single sheet of aluminum which constitutes a_
discardable element. The inner surface of each of the
copper sheets and both surfaces of the aluminum sheets
are essentially uncontaminated and engagable with each
other at interfaces on opposite sides of the aluminum.

In like manner, the band of flexible adhesive joins
each of the uncontaminated surfaces of the copper sheets
to opposite uncontaminated surfaces of the aluminum sheet
at their borders, hence, defining two substantially
uncontaminated central zones interiocrally of the edges of
the sheets on opposite sides of the lnner aluminum sheet.

There may be at least one island of flexible, water -
soluble adhesive jOlnlng the uncontaminated surfaces of
the sheets at a predetermined location spaced inwardly
from an edge of the joined sheets. A hole is cut or
pre-drilled through the island and the sheets above and
below it to provide tooling pin holes in the laminate. A
plurality of such islands may be positioned inwardly of
the marginal adhesive band which will constitute the
areas in which the tooling holes will subsequently be
punched. In the manufacturing process, the islands of
adhesive prevent resin bleed from flowing between the
superposed layers. '

The above and other features of the invention,
including various novel details of constructhn and

_combinations of parts, will now be more particularly

described with reference to the accompanying drawings and
pointed out in the claims. It will be understood that
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Fof a pit or dent-or unwanted deposit of molten resolidified
.*'surface of the copper sheet generally results i é? in
1/@ﬁﬂﬂuct due to shorted or open conductive path ETﬂV %Q&&&4

_ ¥ nted circuit board are a series of parallel conductors. If

®a dent in the foil i'n the area where two conductors are to be

n the imaging and the finishing prdcess, the dent will becone

n and can cause an electrical short. Conversely, such a dent

the particular component for use in the manufacture of
printed circuit boards embodying the invention is shown
by way of illustration only, and not as a limitation of
the invention. The'principles and features of this .
invention may be employed in varied and numerous
embodiments w1thout departing from the scope of the
invention.

Brief Descrlptzon of the Drawlngs

Figure 1 is an expanded view of a schematic cross
section of a conventional multilayer layup of two printed
circuit boards prior to laminating.

Figure 2 is an expanded view of a schematic cross
section of two printed circuit boards being made in
accordance with the features of the present anentlon
pripr to bonding.

Figure 3 is a ;chematic sectional view on enlarged
scale of one embodiment of the component for use in the
manufacturing of printed circuit boards embodying the
features of the present invention.

Figure 4 is anpther embodiment thereof.

Figure 5 is a schematic plan view of the component
made in accordance with either of the embodiments, and
Figure 6 is an enlarged view of an island of

adhesive with a tooling pin hole formed in it.

Detailed Description of the Invention

Figqure 1 is a schematic view of a conventional 6
layer multilayer layup of two PC boards. From bottom to
top, it includes first separator layer 2 which may be a
conventional polished stainless plate covered with a
sheet of release paper (not shown) as described in my
earlier patent 4,875,283, or a dual purpose separator-

Sheet Has Been Rerlaoe(

A




jit in an open circuit’ it -one of t he conductors i's
cH : - In today's technology conductors are fornmed in the
or de (e b;yde of 0.13 mm (.005 inches) wide and gener alAGI/UF?3{03%4

sane.” paces between two conductors. The desire and trend in the
I ndusi day is to nmake the conductors and the spaces between themeven
narro;é ' as, for exanple, ‘0.006 nn1( 00025_huches) Mﬁde | f the surface of

release sheet formed of aluminum and coated on both sides

with a siloxazane polymer, also as taught in my patent

4,875,283, A first or "outside" copper foil layer 4 is

placed upon the separator sheet 2 with its working or
05 "clean" surface 6 facing downwardly. Its upper surface 8

may be oxidized to facilitate better bonding with the
- next surface which will be prepreg. Upon the copper is

'placed a laminated multilayer core, identified collec-

tively as element 10, including three double plys 12 of
10 Pprepreg and two double sided boards 14 pre-etched with
conductive paths 15 on both surfaces. Upon this inner
core laminate 10 is another sheet of copper foil 4 with
an oxidized surface 16 laid upon the core 10 and with its
upper or working surface 18 in engagement with another
separator sheet 2. _

. The upper surface 18 of the copper foil 4 and
surface 6 of lower. foil 4 constitute the outer working
surfaces of the first PC board in the stack. They will
be etched to produce conductive paths when the board is
2¢ finished.

" Another book, identical to the first, is shown layed
up on the upper surface 24 of the upper separator sheet

[
w

2, including copper foil layer 4, ancther core 10 and
then a foil layer 2. These are typical six layer,

25 multilayer, blanks since there are two separate layers of
copper, one on each side (top and bottom) of the core 10
with the two double sided boards 14 having a total of 4
conductive path layers 15. Hence, this constitutes one

six layer multilayer board.

30 - A laminated component 30 is the subject matter of
the present invention (also known as CAC, which is an
acronym for copper-aluminum-copper) and will be seen in
cross section in Figure 3. It comprises a substrate A of
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to .125 inches thick depending upon the end use.
Positioned on its upper surface is a sheet of copper foil
C which, with this thickness aluminum, would be is 172
©z. copper. This means that there is_i/2 ounce of copper
by weight per square foot of the foil. When evenly
distributed, its thickness will be approximately .0007
inches. Generally speaking, this is the industry
standard at the present time for PC boards.

While aluminum is currently the preferred material.
for the substrate, other metals, such as stainless steel
or nickel alloys, may be used. In some instances, such
as in laminating plastic credit cards, polypropelene can
be used.

The outer surface C of the copper, shown in Figure

'3 as the upper surface, 1s preoxidized and often has a

gray color depending on the oxidizing process employed,
although other colors may result depending on the
Process. This is done to make it more readily adherable
to the prepreg to which it will be bonded in the PC board
making process. The 1nner surface of the copper C is
Clean and uncontaminated and is often referred to as
"virgin". This surface in a finished printed circuit
board constitutes a functional element and will be etched
to produce the desired circuit conductor configuration.
The surface Ai of the aluminum sheet A which engages the
surface Ci is also essentially uncontaminated.

On the bottom surface of the aluminum sheet A is a
Second sheet of copper foil C, also having an outer
oxidized surface Co, 2and a "virgin" or uncontaminatec
inner surface ci: the lower mating surface of the

1This Sheet Has Been Replacec
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fch | ayer is then stacked nanually over -the- toollng pi ns . wi th-
i*nding upmardly_through the pre-drilled holes. One side
5-H ni shed product becones the exposed conductperpusstiessiihe

of

generally treated in an oxiding process to produce a surface

a2 roughness, is generally gray in. color, -and which pernmits bett
b to the nolten resin in the-bpndTn process One wei ght of copper
gise today is "half ounce foi'l" whietfneans: that 1/2 oz. (1 oz =
of copper is distributed over 1 square foot (154 g/sq.m. This

aluminum sheet A is also as clean and uncontaminated as
it is pessible to make. o

As will be seen in Figuré 4, there is a single sheet
of copper foil C on the substrate aluminum sheet A. This
enbodiment of the invention would be employed depending -

er

on the board manufacturers design of and requirements for |

- a completed boatd."Asidg from it having only a single
layer of copper C, it is the same as the Figure 3 embodi-
ment. The copper layer C will constitutes a functional
element of a finished printed circuit board and the
aluminum A will constitute a discardable element.

Referring next to Figure S, the laminated component
30 or CAC is viewed with the oxidized surface C, of the

- copper foil layer facing upwardly and peeled back at one

corner. One standard size sheet of copper foil employed

in'making PC boards today is 12 x 12 inches while another

is 18 x 24 inches,-although sheets as large as 48 x 72
are used. Sheets 36 x 48 may be cut into four separate
sheets of 18 x 24. Other inbetween sizes are often used
as well. '

The CAC component shown in Figure 5 includes a
substrate layer of commercial grade aluminum A which ;s
illustrated as from about .010 to about .015 inches in
thickness. Overlaying the substrate is a sheet of copper
foil which; in the illustrative example, would be 1/2 oz.
copper, i.e., approximately .0007 inches in thickness.
The peeled corner exposes inner or “virgin" surfaces of
both the copper and the aluminum, C; and A,, '
respectively.

A band of flexible adhesive 40 extends around the
"periphery of the component CAC near or at the border of
the sheet and joins the uncontaminated surfaces, C; and

A of the coppergand the aluminum together at their

il

heet Has Been R

T

eplacec

I




:?'ls apprOX|nater 0.018 nn1( 0007 |nches) i n.thickness.
e and 1/ 8 ounce (38 and 19 g/sq.m are also used. It is
B handling of a foil this thinis a difficult RESo2705874
BI08%1"| nust be pl aced- manual |y over the tooling plns Thi s
i nkl es, and wrinkl es, too can result I n
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porders. Since the contacting surfaces are "virgin®, or
at least as clean as is physicélly possible to make them,
the border 40 creates a substantially uncontaminated
_  central zone CZ interiorally of the edges of the sheets.
* 05 The central zone is unjoined at the interface. o
| The band of flexible adhesive 40 is located in an
adhesive application zone defined by'the dotted line 42
and the edge of thé component CAC. The zone may be from
about .10 to 1.0 inches wide depending upon_both the end
10 product requirements and the size of the sheets of
aluminum and copper being used. An adhesive band or
strip from approximately .060 to approximately .090
inches in width has been found satisfactory although it
may be from about .010 inches to .500 depending upcn the
sxze of the sheets being laminated and from approximately
.00‘ to appreoximately .005 inches.thick, a thickness of
.001 to .002 has been found satisfactory.

The central zone CZ is defined by a border line 44
spaced inwardly_from the adhesive application zone line
42. VWhereas the finished circuit board will comprise the
area CZ, a band 46 'lies outwardly of the central zone
border line 44 and inwardly of the adhesive application
zone line 42. This band is fregquently employed for
making test portions of small boards for quality control
purposes. .

After the stack of PC boards (often as many as 10)
have been assembled and joined by heating under pressure
after they are cured, ;he boards will be trimmed down in
size to the inner limit of the adhesive application zone

’herein designated by the reference character 42.

Thus, the band 40 of flexible adhesive 4C seals the
layers of copper and aluminum before and during the
manufacturing process against the'intrusion of prepreg

his Sheet Has Been Replacet
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Whereas the cbnfigufation of the CAC component has
been described with reference to a single sheet of copper
C 1lying upon the aluminum substrate A, the invention is
equally applicable to the embodiments shown in both
Figures 3 and 4. That is, copper foil may be secured to
both opposite sides of the aluminum substrate A. 1In the
finished product both the copper foils will constitute -
functional elements of separate PC boards and the sihgle
aluminum substrate constitute a discardable element.

. In the Figure 3 configuration, one surface each of
the copper foils C and both surfaces of the aluminum
substrate A are essentially "virgin" and uncontaminated.
There is a band of flexible adhesive 40 joining each of
the uncontaminated gurfaces ci of the copper sheets C to
opposite uncontaminated surfaces Ai of the aluminum
substrate A at their borders and thus define two substan-
tially uncontaminated central zones interiorally of the
edges of the sheets.on opposite sides of the aluminum
substrate A.

Whereas the invention has been described with
reference to making printed circuit boards, it may also
be employed by laminators who make base laminates as an
earlier step in the final product. _

Furthermore,, the principles of the invention can be
employed in the manufacture of credit cards which require
extreme cleanliness. In this instance, the substrate
could be aluminum and this "foil" eguivalent would be
plastic. Other substrates could be cured as well.

As will be seen Figure 5, there are four islands 50
of flexible, watér soluble adhesive joiﬁing one

"
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up aroun Ins.
tiq Titn t hene islands are spaced inwardly from the edge

of the joined sheets. The islands 50 are located
inwardly of the adhe51ve application zone defined by the
line 42. Thus, it is located inwardly of the adhe51ve
band 40 and cutboard of the border 44 dividing the
central zone CZ from the_test portion band. In the
illustrative embodiment, the islands 50 are located close
to opposite edges of the sheet and spaced equidistant top
to bottom and side to side. These islands or dots, as
they are also called, are shown as square in conflgur-
ation, but they may assume any other convenient config-
uration. Their exact location relative the sheets is
governed by the pattern of the tooling pins.

The islands 50 are approximately .4 inches square
for average size tooling pins. They may be as small as
-1 inches square to about 1.0 inches squaré'dependinq on
the size of the boards and the diameter of the pins. The
adhesive is from about .0005 to .005 inches thick. A
thickness of .001 to .002 inches has been found
satisfactory.

The islands may be located off center in order to
coincide with the tooling pins configuration in the
particular press structure for which the composite sheets
are being made. The composite CAC sheets are punched or
drilled through the islands to accomodate the tooling
Pins of a press setup.

As seen in Figure 6, the CAC sheets will be punched,
drilled or machined. The hole 52 is oblong and
accomodates the tooling Pins. The shape of the holes are

-dictated by the shape of the tooling pins. The minor

axis dimension m of each oblong hole will be slightly
larger than the diameter of a tooling pin, while the

:lThls Sheet Has Been Rer
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fis made difficult. =~ In light of the foregoing, there are
F-obj ects of the present invention. One is to provide neans

handling of the extremely thin tissue-l|ikepcpusIe/0s8i1d s.

-14-

~major M axis will accomodate any misaligned registration

of the pins in the major axxs direction. The major axes
are arranged at right angles with the edges of the sheets
and the minor axes will be parallel to the edges of the
sheets in the respective islands 50 nearest an edge.

Figure 2 shows the layup of two PC boards being
assembled by use of my new laminated éompcnent 30 which
is the subject of this invention. Two cores 10,
identical with those described previously w1th rega*d to
Figure 1, are sandwiched between three sheets of my new
laminated CAC component 30. There is no stainless steel
sheets with release paper or coated aluminum as described
in my earlier patent and with reference to Figure 1. The
resulting finished PC boards will be identical to those
of Figure 1.

The foil layers 7 and 9 shown in Figure 2 will
constltute the lower and upper layers, respectively, of
two additional PC boards in the book immediately above
and below those shown in 2. The remainder of the boards
have been_eliminated for clarity. There are frequently
as many as ten total six-layer PC boards in a stack or
book which are assembled and cured simultaneously.

‘When the sheets are laid up to form a book of
perhaps as many as ten PC boards, the pressure applied to
the book causes the molten prepreg to flow around the
tooling pins and lengthwise of their axis. This flow
takes place through the then apertured stack of boards
and the inclination is to flow inwardly along the copper
surfaces. This could cause not only contamination, but
also separation of the sheets and is a major source -of

_rejections.

The purpose of the adhesive islands is to seal the
clean interface between the copper C; and the aluminum A;

-
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is an object to assure that the copper foil is maintained as

; ed as possibl'e before and during the.manufacturing process.

' E ognpt her obj ect of the present i nvention to precanysedzesgrasi n
P 1’akes place around the tooling pins from flowi ng between layers
Rrds.  Sunmary of - the | nvent.i on - . The invention is enbodied in
ent as defined in claim1 and a nexhgd as defined in claim9, e.g.
g n the nanufacturlng of printed circuit boards. The conponent is a
| ami nat§ constructed of ‘a sheet of copper foil which,

from the. bleeding of melted prepreg during the heatlng

and bonding process. Sane the tooling holes are punched
in the area of the ‘islands 50, the presence of the
adhesive prevents the flow of prepreg laterally into the
05 interface of the copper C and aluminum A, thus elimin-
ating the problem.
After a book of PC boards have been laminated, cured
and cooled, the boards are ready to be separated. The
' Figure 2 configuration will bé separated into 2 cémplete
10 PC boards with the three aluminum layers A of the CAC
components discarded. The uppermost copper foil
designated 7 will be the lower outside surface of a board
(not shown) and the lowermost copper foil 9 will be the
upper ocutside layer of another board (not shown). '
Separation takes place between the "virgin" or uncontam-
inated surface Ci of the copper and the uncontaminated
surface Ai of the aluminqm substrate as seen in Figures 3
and 4. _ '
With reference to Figure 2, separation will take
20 place along the "clean surface" C; of the uppermost
laninated CAC component 30. 1In each instance, the
aluminum A will be separated from the copper C in each of
the three CAC components shown in Figure 2 with the
copper C bonded to the particular core 10 by prepreg and
25 the aluminum discarded, recycled or used for other
purposes.
Because the frail, thin copper foil C was adhesively
secured to its aluminum substrate A, the CAC component 30
is stiffer and more readily handled resulting in far
30 fewer spoils due tc damaged copper foil.
The use of the adhered substrate A, regardless of
what material it is made of, makes_the-consumef's
(manufacturer’s) objective of using thinner and thinner

[
w
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&into a printed circuit board, constitutes a functi onal
Mjoard, i.e., the conductive paths.. The other elenment of the

trate _sheet e.g. of alum num which consPCTUIIS92/G5874
nt.. One surface of each of the copper .sheet and the

S essentlally uncont anmi nated and are engageabl e with each
s interface. - A band of flexible adhesive joins the-

:_ed
;substantially uncont ami nated central zone interiorally of

surfaces of .the sheets toget$rer at their borders and

foils and ultimately automating the procedure more |
realistic since the foil, by use of the invention, is no
longer without the much needed physical support.

' Because of the presence of the band of adhesive 40

‘ that originally secured the copper and aluminum layers

together, no prepreg dust or other contaminant has been
able to reach the zone CZ before and during the o
manufacturing process.

Because the tooling pins were formed in the adhesive
islands 50, no prepreg has been able to ooze_lnto the
interfaces between the aluminum and copper layers. '
Subsequently, the water soluble adhesive used to form the
islands 50 is washed away in standard cleaning process of
the bonded boards, the boards trimmed to size, the
aluminum substrate does not become part of the finished
board, but may be discarded or recycled. | |

The three objectives of this invention are met by
use of the CAC component.
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“the sheets and unjoined at"the interface. The 'Substrate’

PCT/US92/05874

[
tn

.
CLAIMS

A component for use in manufacturing articles such
as printed circuit boa#ds comprising:

a laminate constructed of a sheet of copper
foil which, in a finished printed circuit board,
constitutes a fuhctional element and a sheet of
aluminum which constitutes a discardable element;

one surface of each of the copper sheet and the
aluminum sheet being essentially uncontaminated and
engagable with each other at an interface,

a band of flexible adhesive joining the
uncontaminated surfaces of the sheets together at
their borders and defining a substantially
uncontaminated central zone interiorally of the
edges of the sheets and unjoined at the interface.

iThis Sheet Has Been Rerllacec
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k eni ng fo?“FﬁE—EBEEET‘TGTF‘and makes handl i-ng much easi er

ed conpone " cted of two sheets of copper foil
'693104“676d p mm "’E Qiﬂ' ard both constitute fPR@YUSIADS874
separate Boafdsta gl e sheet of al-umi num which -
s a discardable element. The inner surface of each of the
@eet s and both surfaces of the alungf m sheets. are essentially

“uncont’an@nat ed and engagabl e mnth each ot he i nterfaces on.opposite
si des of ¥t he- al um num - '

2. A component for use in manufacturing articles such
- as printed-ciréuit boards comprising: ’

a laminate constructed of two sheets of copper

£foil which,'in a'finished?printed circuit board,
05 constitute_fun¢tional elements and a sheet of
aluminum which constitutes a discardable element;
one surface of each of the copper sheets and
both surfaces of the aluminum sheets being
essentially uncontaminated and engagable with each
10 other at interfaces,

a band of flexlblé adhesive joining each of the
uncontaminated surfaces of the copper sheets to
opposite uncontaminated surfaces of the aluminum
sheet at their borders and defining two

i5 substantially uncontaminated central zones
interiorally 6f the edges of the sheets on opposite
sides of the aluminum sheet.

1This Sheet Has Been Rep
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E band of . flexible adhe5|ve JOInS each of the

sl ﬂﬂﬁﬂﬂﬂl 5o Ger <. “hence. %2??‘39&3&&@&%

S i

subSes Bicont ani nat &d cenfraf zbnes interiorally of the edges of the
sheet} posite sides of the inner alum numsheet. . - There may be at

| easig iand of flexible, water soluble-jgihesive joining the:

-uncorg Bd surfaces of the sheets-at a predeternined |ocation spaced

i nwarg In an edge of the joined-sheets. A hole is cut or pre-drilled

t hr ous ¥ sl and and clonpsinestts favowseanth hamif adturtng adtliclenl sugh pin
Pﬁhg;;"" 'a”‘nateasAﬂyfﬂfﬁdtaﬂf§h¢‘“ﬂ%éfﬁéﬂggiﬂgﬂéf§§POS't'Oned

'a’ laminate constructed of a sheet of copper
; foil which, in a finished printed circuit board,
‘;gs constitutes a functional element and a sheet of
1 ' aluminum which constitutes a discardable element;
' one surface of each of the copper sheet and the
aluminum sheet being essentially uncontaminated and
3 | engagable with each other at an interface,
10 at least one island of flexible, water soluble,
' adhesive joining the uncontaminated surfaces of ‘the
sheets at a predetermined location spaced inwardly
from an edge of the joined sheets.
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‘vari ous novel

E adhe5|ve_band_mhpehﬁmﬁ+—tvhstltute the areas’ in mhlch the

es W I | subsequently be ed. In the nanufacturlng pr ocess,
: ghesi v mni mﬂ eed from flowi ng betpep/uss2eos874
&g?s 1“ﬂ“ﬂ ﬂ her features of the invention,

*det%ai I's of construction and combi nations .of parts,

be nore particularly described with reference to the acconpanying:
and pointed out in the clains. I420s 11 . be underStood that.

A component-;o‘ use in manufacturxng artlcles such
as printed circuit boards comprlslng. _

a laminate constructed of two sheets of copper
foil which, in a finished printed circuit board,

a5 constitute functional elements and a sheet of
aluminum which constitutes a discardable element;
one surface of each of the copper sheets and
both surfaces of the aluminum sheets being
essentially uncontaminated and engagable with each
10 other at an interface, and
at least one island of flexible, water soluble,
adhesive on each side of the aluminum sheet joining
the uncontaminated surfaces of the sheets at a
predetermined location spaced inwardly from an edge
15 of the joined sheets. '
\
IThis Sheet Has. Been
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g ticular CﬁﬁﬁﬁﬁEﬂ%—i@#—use—Ln_the manuf act ur e of —printed

ards enbodyi

937645t | |
ent i on - may

0s

p-b
w

* L M S

the invention is shown by way- of illustration _
i ll!llHllI”e“t on. The princi pl epcepdssmasstacs
[ | .

=-21-

A compcnent for use in mannfac urlng artlcles such

as printed cir cult boards comprlslng

a laminate constructed of a sheet of copper
foil which, in a finished printed circuit boargd,
constitutes a functional element and. a sheet of-
aluminum which constitutes a discardable:element;

one surface of each of the copper sheet and the
aluminum sheet being essentially uncontaminated and
engagable with each other at an interface,

a band of flexible adhesive joining the
uncontaminated surfaees of the sheets together at’
their borders and defining a substantially
uncentaminated central zone interiorally of the
edges of the sheets and unjoined at the interface,
and

at least one island of flexible, water soluble
adhesive jOlnlng the uncontaminated surfaces of the
sheets at a predetermined location spaced inwardly
from the band.

i
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o i ed Fment s mnthout depaiting from the

,ffnventlon deflne ains.” Brief Description of the
4 E se 1 | Wﬁimﬂ w of a schematic croSECH/S92/038Df a.
: nultllayer nted circuit boards prior to .
v Fi gure 2 i s an expanded view of a schematic cross section
_nted circuit boards being made in. accordance with the features of

:t |nvent|on prior to bondlng =22-

6. A compdnent for use in manufacturing articles such
as printed circuit boards cemprising: _
a laminate cohstructed of two sheets of copper

foil which, in a finished printed circuit board,

05 constitute funétional elements and a sheet of
aluminum which constitutes a discardable element;
' one surface of each of the ccpper sheets and
both surfaces of the aluminum sheets being
essentially uncontaminated and engagable with each

10  other at interfaces,

a band of flexible adhesive joining each of the
uncontaminated surfaces of the copper sheets to
opposite uncontaminated surfaces of the aluminum
sheet at their borders and defining two
substantially uncontaminated central zones
interiorally of the edges of the sheets on opposite

, sides of the ‘aluminum sheet, and
' a plurality of islands of flexible, water
soluble, adhesive on each side of the aluminum sheet
20 joining the uncontaminated surfaces of the sheets at
a predetermined location spaced inwardly from the
bands.

-t
w

7. A component for use in manufacturing articles
according to Claims 1, 2, 5 or 6 in which the band
25 of flexible adhesive is from approximately .010
inches to approximately .500 inches wide and from
approximately .001 inches to approximately .002
inches thick.

“This Sheet Has Been Rep
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2 schenatrc—see%fenaL_¥LEMLQn_enlarged scal e of one enbodlnent,_
Bonent for uui the manufacturing of printed circuit boards

po it WEAABERL ners | 2" s ot

t her eof .
>cordance with elther of t He énbodinents, and . Figure 6 is an
view of an island of adhesive with a toollng pin hole forned in
il ed Description of the Invention-23- Figure 1 is a schemati ¢

conventional 6 layer nultilayer |ayup of -two PC boards. From
top, it ' ' -
8

A Component'for use in manufacturing artlcles'
according to Claims 3, 4, 5 or 6 in which the
islands of flexible, water soluble adhesive are from
about .1 inches square to about 1.0 inches square 

and from approximately .0005 to approximately .005
inches thick.

05

\
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I TSt separ at or Iayer 2 whi ch rray be a conventlonal poI [ shed
pl ate covered with a sheet- of release paper (not shown) as s
WQ9W§'61H i er patent 4 875, 283 or a dual purpose sBEEAUS93(05874
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Ese sheet forned of alum num and coated on both sides with a

pol ymer . also as taught -in ny patent 4,875,283. A fi rst or
.Wﬁﬁééms?bll | ayer 4 is placed upon the separator shRET/US9R83874t s
"clean" surface 6 facing downwardly. |Its upper surface 8 may be
'to facilitate better bonding with the next surface which will be
Upon the copper is placed a |lamnated nmultilayer core, identified
ively as elenent 10, includi.ng three double plys 12 of

2/4
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ftwo doubl e sided boards liﬁﬁF%metched"mnfﬁzédhductlve paths 15
faces. Upon this inner core |laninate 10 i s another sheet of
_ dggmasman oxi di zed surface 16 | ai d upon the-core IFCRUS92/05874

i 4 :r wor ki ng surface 18 in engagement with another separator sheet
2. e -upper surface 18 of the copper foil 4 and surface 6 of | ower
foil stitute the outer working surfacdﬁlof the first "PC board in the
stac ey will be etched to produce conductive paths when the board is
finished: Anot her book, identical to the first, is shown | ayed up on
the upper@surface 24 of the upper separator sheet 2, including copper foi
| ayer 4, ®not her core 10 and 'A; o

Co
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‘| layer -2. These are typical six tayer, nultilayer,  blankssssnee .
two separate |ayers of copper, one .on each side (top and botton)
WO 98/04571h t he two doubl e sided boards 14 havi ng a tBECEUSSR/05874 .
e path |ayers 15." Hence, this constitutes one six layer nultilayer
~ A lamnated conponent - 30 is the subject matter of the present
) (al so known as CAC, which is 4;?1 acronym for
copper - 2um num copper) and will be see %n cross section in Figure 3. It
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,.015 i nches)

satlsfactory al tho he
001 inches to .125 inches)

-9- cormeriﬁ:al grade al umi num Al uni nu /’f out 0:25 - 0.38 %O%tzﬂ}

%3l umi num may bre]PfEh’I%kn ‘Eﬁn’ ZE&N;O%T?

t hi ck dependi ng upon the end use. P03|t|oned on | = tytf is a
il Cwhich, with this thickness &ﬁ}mﬁﬁ%@@hfﬁe

sheet of

copper foil
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COMPCNENT OF PRINTID LIRCUIT BOARDS

ol o e ot

Field of the Invention

This invention relates to printed circuit boards in
general and more spec;f; cally to components employed in
the manufacturing of printed circuit boards and other

articles.

Background of the Invention

In its elementary'fo;m, a printed circuit board
includes, as a component, a dielectric layer of an epoxy
resin-impregnated woven glass fiber which is known as
"prepreg". On the opposite sides of the prepreg are
bonded conductive copper foil sheets. Subsequently the
copper, through a number of photpgraphic processes,'is
etched to produce conductive paths on the surface cf the
Frepreg layer. When so assembled, the lamination is '
often called a core or a board. | o

In the manufacturing process, it is not uncommon to
assemble a stack of such boards, either of the elementary
type described above, or with: compound layers. The
assembly is called a press lay-up and the stack 15 called
a2 book. The entire book is heated and subject to pres-
sure. After'cooling and curing, the then bonded
individual boards are separated from each other and
subjected to further processing. This éeneral-technique
is described in my earlier U.S. Patent 4,875,283.

Of tantamount importance in the manufacturing

- Procedure is the maintenance of cleanliness or lack of

contamination of the copper foil sheets. This is true,
Whether or not the printed circuit board is a simple
Sandwich of outer layers of copper foil and one layer of

<1



is 1/2 0z.

speaklng,

copper. This nmeans that there is 76 g/sq. n1(1/2
by wei ght per square foot of the foil). Wen evenly: dk

"t hi ckness will be approximately 0.018 mm (. 0007 I nchegaily 2
this is the industry standard at the presenty t§ of

While aluminumis currently the preferred material for)the Gl o other

netal s, such as stainless steel or nickel alloys, may
such as in lamnating plastic credit cards, )
The outer surface C[err] of-2-he copper, | p Fi-ggFe-—3 as
I's preoxidized and often has a gray col or dependi ng on

i NSt ances,

be used.
t he upper

surf ace,

t he oxi di zi ng process enployed, although ot her

pvepreg or whether its a compound board of numerous
layers.. _

one of the chief causes of contamination is the
presence of resin dust, fiberglass fibers, hair, bugs and
various types of foreign material resulting from the
earlier manufacture and cutting of the prepreg and
shipping and storing of the prepreg. In the laying up of
the book of printed circuit boards, great care is taken
in removing the resin dust by various wiping technigues.
Nevertheless, it is inevitable that some dust remains on
the copper foil surfaces. The resin dust_meltslin the
lamination process when heat and pressure is applied
which results in dots or deposits on the surface of the
copper. -

Another cause of concern is the exzsoence of pits or
dents in the surface of the copper foil. This, too, can
result from a spot of resin dust being on the foil during
the heating and laminating process as it causes a
depression in the copper. It can alsc result from
handiing of the very thin foil. To date, there is no
sure method of eliminating the presence of resin dust,
Pits or dents although all efforts are made to alleviate
the problem. o

The presence of a pit or dent or unwanted depo51t of
molten resolidified resin on the surface of the copper
sheet generally results in a defect in the finished
Product due to shorted or open conductive paths. In a
finished printed circuit board are a series of parallel
conductors. If there is a dent in the foil in the area
where two conductors are to be formed in the.imaging and
the finishing process, the dent will become filled in and

€an cause an electrical short. Conversely, such a dent



colors may result depending on the process. This is done to nake.li..nnre

Jeadily adherable to the prepreg to which it will be bmnded;nnﬁiﬁq S4ERpRr d
‘maki ng process. The inner surface of the copper C[err

.uncontam nated and is often referred to as "virgin". Thi

fianished printed circuit board constitutes a functi ona %ﬁéﬁgﬁgﬁ%p
etched to produce the desired circuit conductor configureation. The surg
Al of the alum num sheet A which engages the surface (Qerr] is also
essential ly uncontam nat ed. On the Bgtom surface _ '
sheet Ais a second sheet of copper foil C, also having an outer oxidized.
surface (Jerr] and a "virgin" or uncontam nated i nner surface (Jerr], the

| ower mat i ngcanr haee pestile dhUBhNBPeHRSirdAit ¥ Shaof | eha and
uncont am nat gd a3 bh kS 1BO§3LREE 4 QBRI

In today’s technology, conductors are formed in the
order of magnitude of .005 inches wide and generally wit

the same width spaces between two conductors. The desire
and trend in the industry today is to make the conductors
and the spaces between them even narrower as, for .
example, .00025 inches wide. If the surface of the
copper is not perfect, either open or short circuits can
be created, resulting in boards, which for the most part,
are rejected. Sometimes boards are subject to reworking,
but in higher technology-usage, reworking is unacceptable
and the boards become useless scrap. '

Another cause of defe;ts results from handling the
foil. When the various layers of foil and prepreg are |
lg;d one upon another, their alignment is maintained by a
series of tooling pins that extend upwardly from a.
tooling plate. The tocling plate is a thick steel plate
constituting the bottom of the stack. Each layer, be it
copper foil or prepreg or partially completed laminated
cores of conductive. material, are pre-drilled or ére¥
punched with holes in a predetermined pattern, generally
adhering to industry standards of size and location.

Each layer is then stacked manually over the tooling pins
with the pins extending upwardly through the p*e-dr;lled
holes.

One side of the foil in the finished prcduct becomes
the exposed conductive path. The other éide is generally
treated in an oxiding process to produce a surface which |

has a roughness, is generally gray in color,.'and which

. Permits better adherance to the molten resin in the
bonding process. One weight‘of copper foil in use today
is "half ounce fogil" which means that 1/2 o0z. of copper
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W I

[THIS SHEET HAS BEEN
REPLACED




-10-- * As will be seen in Figure 4, there is a single_sheet of, copper

§0il "C on the substrate alunlnun1sheet A. Thi s enbhaﬁﬁﬁﬂﬁﬁﬁﬁmﬁrgﬁEET

i nvention woul-d be enpl oyed dependi ng on
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is distributed over 1 square foot. This results in a
foll which is approximately .0007 inches in thickness.
Foils of 1/4 ounce and 1/8 ounce are also used. t is
obvious that the handling of a foil this thin is a
difficult problem. Layers of such foil must be placed
manually over the tooling pins. This can result in
wrinkles, and wrinkles, tooc, can resul:t in imperfect
conductive paths in the finished product.

One of the objectives of this invention is to
provide means for better foil handling, not only to
prevent folds or wrinkles, but to maintain cleanliness.
Each time the operator assembles the layers reguired to
complete one printed circuit bo&:d, he must place a
separator on the top of the pile and then proceed to
layup on top of it the components of another bocard. He
must, in the process; wipe the surfaces of not only the
separator but each of the conductive foils also.

Ancther source of defective boards is resin bleed
that takes place around the tooling pins. _

As stated above, each of the layers is placed upon
tooling pins which;.of necessity, must be somewhat
smaller than the holes pre-cut into the copper foil and
;he prepreg layers. In the process of applying pressure
and heat to the bock, molten resin bleeds around the
tooling pins and can fill up the tooling holes in the
prepreg and foil layers.. It also can bleed laterally
between the various layers, particularly between the
copper foil and the separator plates. After curing, this
resin must be removed or it will create a resist material
in the etching process. Furthermore, it can subsequently
flake off onto the surface of the copper foil. Not only
does the resin bleed have adverse effects on the surface
of the copper, but it makes disassembly of the boards

\
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t he board manufacturers design of and requirenents for a.conpleled board.
Aside fromit having only a single |ayer of copper C, itRE?LR BLERE of e
"Fi gure 3 enbodinent. The copper layer C will constitute - p§14? QEEE

el ement of a finished printed circuit board and the alu u 3 Wi ||
constitute a discardable el enment. Referring next t ] (SQ emﬁ? 12%e
| am nat ed conponent 30 or CACis viewed with the oxidi z¢disurface Jerr] pf
t he copper -foil layer facing upwardly amg peel ed back aJ one corner. e

-standard size sheet of copper foil enployed in nmaking Pe-beards—taday |s
0.305 x 0.305 m (12 x 12 inches) while another is 0.46 x 0.61 m (18 x 24
i nches), al didddhuiitcattremsdldcie it te22 X Has8wil¥8up FPoundhelse are

used.  SNeeL$ns. Removal of the boards from the pins is thus made
difficuit.

In light of the foregoing, there are three principle
objects of the present invention. One is to provide |
means to facilitate the handling of the extremely thin
tissue-like copper foils. |

Secondly, it is an object to assure that the copper
foil is maintained as uncontaminated as possible before

and during the manufacturing process.

Thirdly, it is another object of the present
invention to prevent the resin bleed that takes place
around the tooling pins from flowing between layers of
the boards. |

Summary of the Invention

The invention is embodied in a component for use in
the manufacturing of printed circuit boards and like
articies. The component is a laminate constructed of at
least one sheet of copper foil which, when fabricated
into a printed circuit board, constitutes a functional
element of the boar&, i.e., the conductive paths. The
other element of the laminate is a substrate sheet of
aluminum which constitutes a discardable element of a

finished printed circuit boarad. _
One surface of each of the copper sheet and the
aluminum sheet is essentially uncontaminated and are
engageable with each other at an interface.
A band of flexible adhesive joins the uncontaminated
surfaces of the sheets together at their borders and
~defines a substantially uncontaminated central zone
" interiorally of the edges of the sheets and unjoined at
~the interface. The aluminum substrate provides
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0.91 x 1:22

m (36 x 48 inches) nay be cut into four separate sheets of 0.46

adhesi ve 40 extends around the

stiffening for the copper foil and. makes handling much
easier. ' _ _

- The laminated éomponeht ﬁay be constructed of two
sheets of copper foil which in a finished printed circuit
board both constitute functional elements of separate

" boards and a single sheet of aluminum which constitutes a

discardable eiement. The inner surface of each of the
copper sheets and both surfaceé of the aluminum sheets
are essentlally uncontaminated and engagable with each
other at interfaces on opposite sides of the aluminunm.

In like manner, the band of flexible adhesive jcins
each of the uncontaminated surfaces of the .copper sheets

to opposite uncontaminated surfaces of the aluminum sheet

at their borders, hence, defining two substantially
uncontaminated central zones interiorally of the edges of
the sheets on opposite sides of the inner aluminum sheet.

There may be at least one island of flexible, water -

soluble adhesive jéining the uncentaninated surfaces cf
the sheets at a predetermined location spacéd inwardly
from an edge of the joined sheets. A hole is cut or
pre-drilled through the island and the sheets above and
belqw it to provide tooling pin holes in the laminate. A
plurality of such islands may be positioned inwardly of
the marginal adhesive band which will constitute the
areas in which the tooling holes will subsequently be
punched. In the manufacturing process, the islands of
adhesive prevent resin bleed from flowing between the
superposed layers. - |

The above and other features of the invention,
including various novel details of construction and
_combinations of parts, will now be more partiéularly

described with reference to the accompanying drawings ané

prointed out in the claims. It will be understood tha:

X 0.61 m (18 x 24 inches). Qher inbetween sizes are of dsed.as. well
"The CAC conponent shown in Figure 5 includes a substra REPB&@EN@%&‘S‘HET
commerical grade alum num A which is illustrated as fr om0 25to—6-38
(about .010 to about .015 inches) in thickness. Overlgyin 3”@3% ta
is a sheet of copper f0|I which, in the illustrative exapple, ’be 1] 2
0z. copper, i.e., -apprOX|nater 0 018 mm (. 0007 ipchesy—in thickhefs.
The peel ed corner exposes inner or "virgi.n" surfaces of both the copper fnd
the alumnum Cerr] and Alerr], respectively. Al '



periphefy of the conponent CAC near or at the border

g-4+9i NS
;g he “‘uncontam nated surfaces, Clerr] and Alerr], of theRﬁﬁﬁﬁﬁﬁ 4@T

aIun1nun1together at their borders. Since the
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the particular bomponent for use in the manufacture of
orinted circuit boards embodying the invention is shown
by way of illustration only.'and not as a limitation of
the invention. The principles and features of this
invention may be employed in varied and numerous
embodiments without departing from the scope of the
invention.

Brief Description of the Drawings
Figure 1 is an expanded view of a schematic cross
section of a conventional multilayer layup of two printed

circuit boards prior to laminating.

Figure 2 is an expanded view of a schematic cross
section of two printed circuit boards being made in
accordance with the features of the present invention
pripr to bonding. .

Figure 3 is a §chematic sectional view on enlarged
scale of one exbodiment the compenent for use in the
manufacturing of printed'clrcuzt boards embodying the
features of the present invention.

Figure 4 is anpther embodiment thereof.

Figure 5 is a schematic plan view of the component
made in accordance with either of the embodiments, and
Figqure 6 is an enlarged view of an island of

adhesive with a tooling pin hole formed in it.

..Detailed bescrintion-of the Invention

Figure 1 is a schematic view of a conventional 6
layer multilayer layup of two PC boards. From bottom to
top, it includes first separator layer 2 which may be a

conventional polished stainless plate covered with a
sheet of release paper (not shown) as described in my
_earlier patent 4,875,283, or a dual purpose separator-

Sheet Has Been Replacec ) - | THIS SHEET HAS BEEN
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contactihg surfaces are "virgin", or at |least as clean as is physiQaLLy__
Jpossible to nake them the border 40 creates a substan hﬁj SRT
uncontam nated central zone CZ interiorally of the edgé¢s He
The central zone is unjoined at the interface. Th baﬁg of erX|b e
adhesive 40 is located in an adhesive application zone dlefi 195
dotted line 42 and the edge of the conponent CAC. The z¢n¢ _may be from
to 25.4 mm (about .10 to 1.0 inches) w de depending upoh both the end
product requirenents and the size of the sheets of ,

_L

\U

NJ

release sheet formed of aluminum and coated on both sides
with a siloxazane pelymer, also as taught in my patent
4,875,283. A first or "outside" copper foil layer 4 is
placed upon the separator sheet 2 with its working or
“"clean" surface 6 facing downwardly. Its upper surface 8
may be oxidized to facilitate better bondlng with the
next surface which will be prepreg. Upon the copper is
placed a laminated multilayer core, identified collec-
tively as element 10, including three double plys 12 of
prepfeg and two double sided boards 14 pre-etched with
conductive paths 15 on both surfaces. Upen this inner
core laminate 10 is another sheet of copper foil 4 wit

an oxidized surface 16 laid upon the core 10 and with its
upper or working surface 18 in engagement with ancther
separator sheet 2.

. The upper surface 18 of the copper foil 4 and
surface 6 of lower. foil 4 constitute the outer working
surfaces of the first PC board in the stack. They will
be etched to produce conductive paths when the board is
finished. _

Another book, identical to the first, is shown layed
up on the upper surface 24 of the upper separator sheet
2, including copper foil layer 4, another core 10 and
then a foil layer 2. These are typical six'layer,
multilayef, blanks since there are two separate layers of
coppér, one on eéch side (top and bottom) of the core 10
with the two double sided boards 14 having a total of 4
conductive path layers 15. Hence, this constitutes one
six layer multilayer board.

_' A laminated component 30 is the subject matter of
the present invention (also known as CAC, which is an
acronym for Copper-aluminumdcopper) and will be seen in

»

cross section in Figure 3. It comprises a substrate & of




al um num and copper being used. An adhesive band or strip from.

sapproximately 1.52 to 2.29 nm (.060 to approxinately .g@p L. 0GE 3
has been found satisfactory although it may be from g il SO

(.010 inches to .500 inches) dependi ng upon the size dgf {the sheets beln

| aii nated and from approxi mately 0.25 to 0.13 nm (. 041 |t o0 FAPRXPML ¢!
. 005 inches) thick, a thickness of 0.25 to 0.51 mm (.({0} to .002) had keen

- found satisfactory. . The central zoge CZ is defired by a porder—Ttinge

commercial grade aluminum. ~Aluminum £rom about .010 to
.015 inches in thickness has been found to be satisfac-
tory, although the aluminum may be from about .0C2 inches
to .125 inches thick depending upon the end use.
Positioned on its upper surface is a sheet of copper foil
¢ which, with this thickness aluminum, would be Is 1/2
oz. copper. This means that there is 1/2 ounce of copper
by weight per square foot of the foil. When evenly
distributed, its thickness will be approximately .0007
inches. Generally speaking, this is the industry
standard at the p*esenu time for PC boarxds.
While aluminum is currently the preferred material
for the substrate, other metals, such as stainless steel .
or nickel alloys, may Ee'used. In some instances, such
as in iaminating plastic credit cards, polypropelene can
be used. '
The outer surface o of the copper, shown in Figure
3 as the upper surface, is preoxidized and often has a
gray color depend;ng on the oxidizing process employ--,
although other colors may result depending on the
process. This is done to make it more readily adherable
to the prepreg to which it will be bonded in the PC board
making process. The inner surface of the copper Ci is
clean and uncontaminated and is often referred to as
“virgin®.  This surface in a finished printed‘circuit
board constitutes a functional element and will be etched
to produce the desired circuit conductor configuration.
The surface Ai of the_aluhinum sheet A which engages the
surface ¢, is also essentially uncontaminated.
On the bottom surface of the aluminum sheet A is a
. second sheet of copper foil C, also having an outer
oxidized surface Co' and a “virgiﬁ" or uncontaminated
inner surface Ci; the lower mating surfaqe of the
\
IThis Sheet Has Beg
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spaced |nmardly fromthe adhesive appllcatlon zone I|ne 42. \Wereas the
finished circuit board will conprise the area CZ, a ba mardly

tt-05-.QUL) ar dl
of the central zone border line 44 and inwardly of the ja¢ éﬁ£§%ﬁﬁﬁﬂg*
g tes ,

zone line 42. This band is frequently enpl oyed for maki

snal | boards for quality control purposes. - After fhe 98 CA(P‘ﬁg%ﬂ%C
boards (often as many as 10) have been assenbled and fofned by I n
under pressure after they are cured, the boards will b i

size to the inner Iimt of the adheS|v§°appI|cat|on zqQne herein designdted

by the reference character 42

‘aluminum sheet A is also as clean and uncontaminated as
_ it is pessible to ﬁaké.

As will be seen in Figure 4, there is a single sheet
of copper foil C on the substrate aluminum sheet A. This
embodiment of the invention Qould be employed depending
on the board manufacturers design of and requirements for
a2 completed board. Aside from it having eonly a single
layer of copper C, it is the same as the Figure 3 embcdi-
ment. The copper layer C will constitutes a functiocnal
element of a finished printed circuit board and the
aluminum A will constitute a discardable element.

Refe:ring next to Figure 5, the laminated component
30 or CAC is viewed with the oxidized surface Co of the
copper foil layer facing upwardly and peeled back at one
corner. One standard size sheet cf copper foil employed
in'maxing PC boards today is 12 x 12 inches while another
is 18 x 24 1nches, although sheets as large as 48 x 72

re used. Sheets 36 x 48 may be cut into four separate
sheets of 18 x 24. oOther 1nbe tween s;zes are often used
as well.

The CAC component shown in Figure 5 includes a
substrate layer of commercial grade aluminum A which is
illustrated as from about .010 to about .015 inches iﬁ
thickness. Overlaying the substrate is a sheet of copper
foil which, in the illustrative example, would be 1/2 cz.
copper, i.e., approximately .0007 inches in thickness.
1he peeled corner exposes inner or “virgin" surfaces of
both the copper and the aluminum, C; and A,
respectively.

A band of flexible adhesive 40 ext ends around the

"perlphery of the component CAC near or at the border cs
the sheet and 301ns the uncontaminated surfaces, Ci ang

Ai, of the copper and the aluminum together at their

{This Sheet Has Been ReIplaced-




Thus, the band 40 of fl exi bl e adhesi ve 40 seal s the Iayers of copper and
»alun1nun1before and during the x -

manuf acturi ng process agai nst the |ntru3|on of prepreg d
.contam nant which could result fromparticles in

-11~-

porders. Since the contacting surfaces are "virgin", or
at>1east as clean as is physically possible to make thenm,
the border 40 creates a substantially uncontaminated
central zone CZ interiorally of the edges of the sheets.
The central zone is unjoined at the interface.

The band of flexible adhesive 40 is located in an
adhesive application zone defined by the dotted line 42
and the edge of the component CAC. The zone may be from
about .10 to 1.0 inches wide depending upon both the end
product requirements and the size of the sheets of .
‘aluminum and copper being used. An adhesive band or
strip from approximately .060 to approximately .090
inches in width has been found satisfactory although it
may be from about .010 inches to .500 depending upcn the
size of the sheets being laminated and from approximately
.001 *o aonrcximately .005 inches thick, a thickness of
.001 to .002 has been found satisfactory.

The central zone CZ is defined by a border line 44
spaced inwardly from the adhesive application zone line
42. Whereas the finished circuit board will comprise the

rea CZ, a band 46 'lies outwardly of the central zone
border line 44 and inwardly of the adhesive application
zone line 42. This band is freguently employed for
making test portions of small boards for quality control
purposes. ' ' a

~ After the stack of PC boards (often as many as 10)
have been assembled and joined by heating under pressure
after they are cured, the boards will be trimmed down in
size to the inner limit of the adhesive application zone
herein des;gnated by the reference character 42.

Thus, the band 40 of flexible ‘adhesive 4C seals the
layers of copper and aluminum before and during the
ranufacturing process against the intrusion of prepre:

- This Sheet Has Been Replac




the air, fingerprints, grease spots, or the like. "~ \Wereas the
configuration of the CAC conponent has been described w H-teference to a
singl e sheet of copper C Iying upon the al uni num substrat FRER tPM§|nvent|on
is equally .applicable to the enbodi ments shown in both H gures-3:iand..4.
.That is, copper foil may be secured to both opposite sidgs ofpﬁghe alun1nu

substrate A In the finished product both the copper foil|s 48R4 ute
functional elenments of separate PC boards and the singleja nun1substri
constitute a discardable el enent. -12-

dust or any other contaminant which could result from
particles in the air, fingerprints, grease spots, or the
like. .
Whereas the configuration of the CAC component has
been described with reference to a single sheet of éopper '
€ lying upon the aluminum substrate A, the invention is
equally applicable to the embodiments shown in both
Figures 3 and 4. That is, copper foil may be secured to
both opposite sides of the aluminum substrate A. 1In the
finished product both the copper foils will cohstitute
functional elements of separate PC boards and the 51ngle
aluminum substrate constitute a discardable element.

In the Figure 3 configuration, one surface each of
the copper foils C and both surfaces of the aluminum
substrate A are essentially "virgin" and uncontaminated.
There is a band of flexible adhesive 40 joining each of
the uncontaminated su:faces c of the copper sheets C to
cpposite uncontamlnated surf aces Ai of the aluminum
substrate A at their borders and thus define two substan-
tially uncontaminated central zones interiorally of the
edges of the sheets.on opposite sides of the aluminum
substrate A. . _

‘Whereas the invention has been described with
reference to making printed circuit boards, it may alsoc
be employed by laminators who make base laminates as an
earlier step in the final product.

Furthermore,, the principles of the invention can be
enployed in the manufacture of credit cards which require
extreme cleanliness. In this instancé, the substrate
could be aluminum and this "foil" equivalent would be
plastic. Other substrates could be cured as well. |

As will be seen Figure 5) there are four islands 50
of flexible, watér soluble adhesive joining one

- This Sheet Has Been Replacec - THIS SHEET HAS BEEN |
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In the Figure 3 configuration, one surface each of the capper_fils C and
_both surfaces of the al um num substrate A are essentiall‘%ﬁpﬂA@ﬁ and.. .
‘uncontam nated. There is a band of flexible adhesive 4"'--e1-ﬁ+s¥1’gweach;,ihj“z
the uncontam nated surfaces C[err] of the copper sheets [0 opposite i §
uncontam nated surfaces A of the alum num substrate A pt tﬁ%vf“ﬁb%ﬁerﬁ i
and thus define two substantially uncontam nated central; zQnes interiordlly
of the edges of the sheets on opposite sides of the alum num substrate A
Wher eas the invention has been describetldgth reference |

uncoritaminated surface of the sheets at predetermined
locations. The islands are spaced inwardly froz the edge
of the joined'sheets. The islands 50 are located
inwardly of the adhesive application zone defined by the
line 42. Thus, it is located inwardly of the acdhesive
band 40 and.outboard of the border 44 dividing the
central zone CZ from the test portion band. In the
illustrative embodiment, the islands 50 are located close
to opposite edges of the sheet and spaced equidistant top
to bottom and side to side. These islands or dots, as
they are also called, are shown as square in configﬁr-
ation, but they may assume any other convenient config-
uration. Their exact location relative the sheets is
governed by the pattern of the tooling pins.. '

The islands 50 are approximately .4 inches square
for average size tooling pins. They may be as small as
.1 inches square to about 1.0 inches square depending on
the size of the boards and the diameter of the pins. The
adhesive is from about .0005 to .005 inches thick. A
thickness of .001 to .002 inches has been found
satisfaciory. |

The islands may be located off center in order to
coincide with the tooling pins configuration in the
particular press structure for which the composite sheets
are being made. The composite CAC sheets are punched or
drilled through the islands to accomodate the tooling
pins of a press setup. | ' ' -

As seen in Figure 6, the CAC sheets will be punched,
drilled or machined. The hole 52 is oblong and |
accomodates the tooling pins. The shape of the holés are

- dictated by the shape of the tooling pins.  The minor
axis dimension m of each oblong hole will be siightly
larger than the diameter of .a tooling pin, while the

i T



to waking printed circuit boards, it may al so be enpl oyed

i i
i AL AR
Jrake base |am nates as an earlier step in the final produw | Nrt Eﬁ 1]

"Furthernore,, the principles of the invention can be enpl

manuf acture of credit cards which require extreme cleanlineds. QIAPRIS92

- tnstance, the substrate could be alumnumand this "foil"
be plastic. Oher substrates could be cured as well.
Figure 5, there are four islands 50 of flexible, water sol
j 0i ni ng one uncont am nat ed . =14~ '

oyled in t he

gqui val ent woul

ubl e adhesi ve

As—wrtt+—te—seen

major M axis will accomodate any misaligned registration

of the pins in the major axis direction. The major axes

are arranged at right angles with the edges of

the sheets

and the minor axes will be parallel to the edges of the .

sheets in the respective islands 50 nearest an
Figure 2 shows the layup of two PC boards
assembled by use of my new laminated component

edge.
being
30 which

is the subject of this invention. Two cores 10,

identical with those described previously witp

regard to

Figure 1, are sandwiched between three sheets of my new
laminated CAC component 30. There is no stainless steel
sheets with release paper or coated aluminum as described
in my earlier patent and with reference to Figure 1. The

resulting finished PC boards will be identical
of Figure 1.
The foil layers 7 and 9 shown in Figure 2

to these

will

constitute the lower and upper layers, respectively, of
two additional Pc'boards in the book immediately above
and below those shown in 2. The remainder of the boards
have been eliminated for clarity. There are f:eqnently
as many aé ten total six-layer PC boards in a stack or
book_which are assembled and cured simultaneocusly.

When the sheets are laid up to form a book of

perhaps- as many'as ten PC boards, the pressure

applied to

the book causes the molten prepreg to flow around the
tooling pins and lengthwise of their axis. This flow

takes place through the then apertured stack of boards
and the inclination is to flow inwardly along the copper
surfaces. This could cause not only contamination, but

also separation of the sheets and is a major source -of

~rejections. _
" The purpose of the adhesive islands is to

clean interface between the copper Cs and the aluminus A,

seal the

-




13 surface of the sheets at predeterm ned Iocations..-flne i sl ands are )
spaced inwardly fromthe edge of the joined sheets. The ﬁfmgmrare ~17
| ocat ed- i nwardly of the adhesive application zone defin Y ing! BT
Thus, it is located inwardly of the adhesive band 40 an utboard | of FHF
bor der 03 APR 1994 |
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from the bleeding of melted prepreg during the heating
and bonding process. Since the tooling holes are punched
in the area of the islands 50, the presence of the
adhesive prevents the flow of prepreg laterally into the
interface of the copper C and aluminum A, thus elimin-
ating the problem. '

After a book of PC boards have been lam-naued cured
and cooled, the boards are ready to be separated. The
Figure 2 configuration will be separated'into 2 complete
PC boards with the three aluminum layers A of the CAC
components discarded. The uppermost copper foil _
designated 7 will be the lower outside surface of a board
(not shown) and the lowermost copper foil 9 will be the
upper'oqtside layer of ancther board (not shown).
Separation takes place between the "virgin" or uncontam-
ina;ed'surface Ci of the cépper and the uncontanin;ted
surface Ai of the aluminum substrate as seen in Figures 3
and 4. .

| With reference to Figure 2, separation will take
place along the "clean surface" ci of the uppermost
laninated CAC component 30. In each instance, the
aluminum A will be separated from the copper C in each of
the three CAC components shown in Figure 2 with the
copper C bonded to the particular core lb'by prepreg and
the aluminum discarded, recycied or used for other
purPOSes. _

Because the frail, thin éopper foil C was adhesively
secured to its aluminum substrate A, the CAC component 38
is stiffer and more readily handled resulting in far
fewer spoils due to damaged copper foil. |

The use of the adhered substrate A, regardless of
what material it is made of, makes the consumer’s
(manufacturer’s) objective of using thinner and thinner



44 dividtng the central zone CZ fromthe test portion band..In the
Jllustrative enbodiment, the islands 50 are |ocated cl ose; opposi t e edges
of the sheet and spaced equidistant top to bottom and S|deﬁL0&s1de Thegg??

i slands or dots, as they are also called, are shown as shuare in T
!

configuration, but t hey may assune any other conveni ent cdnnguraql ;
Their exact location relative the sheets is governed by the pattern bf the
tooling pins. The islands 50 are approxi mately 10. nm’ A lnches, ’

square) for average size tooling pins. They may be as skakl._as_ 0.25 nnt(.i

i nches) square) to about 25.4 nm (1.0 rhéhes) squar e dependi ng on the-size

of the boards and the dianeter _

foils and ultimately automating the procedure more
realistic since the £0il, by use of the invention, is no
longer without the much needed physical support.

Because of the presence of the band of adhesive 40
that originally secured the copper and aluminum layers
together, no prepreg dust or other contaminant has been
able to reach the zone C2Z before and during the '
manu‘acturxng process,

Because the tooling pins were formed in the achesive
islands 50, no prepreg has been able_to ooze into the
interfaces between the aluminum and copper layers.
Subseqguently, the éater soluble -adhesive used to form the
islands 50 is washed away in standard cleaning process of
the bonded boards, the boards trimmed to size, the
aluminum subsirate does not become part of the finished
board, but may be discarded cr recycled. |

The three objectives of this invention are met by

use of the CAC component.



of the pi The adhesive is fromabout 0.013 to 0.13 nm (.0005 to .005
i'nches) thick. At 0.025 to0-0.051 mm (.001 to .002 inches) ‘

been foundlﬂlﬂ The islands nmay be | ocated
order to c , Mﬂ ool ing pins configuration i
press structuré for e conposite sheets are bein
conposite CAC sheets are punched or drilled through they Qﬂi
acconodate the tooling pins of a press setup. As seentin
CAC sheets will be punched, drilled orirachi ned. The hol '
acconodates the tooling pins. The shapé™of the holes areldictated by.
shape of the tooling pins. The mnor axis dinension m of obl ong hol e
will be sightly larger than the di aneC3AIMS

Np@‘ﬁ?
lgure 6

1. A component for use in manufacturing articles such
as printed circuit boards comprising:

a laminate constructed of a sheet of copper
foil which, in a finished printed circuit board,
constitutes a functional element and a sheet of
aluminum which constitutes a discardable element;

one surface of each of the copper sheet and the

 aluminum sheet being essentially uncontaminated and
engagable with each other at an interface,

a band of flexible adhesive joining the
uncontaminated surfaces of the sheets together at
their borders and defining a substantially
uncontaminated central zone intericrally of the
edges of the sheets and unjocined at the interface.

dThis Sheet Has Been Rer
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a tooling pin,
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A component for use in manufacturing articles such
as printed circuit boards comprising:

a laminate constructed of two sheets of copper
foil which, in a finished printed circuit board,
constitute functional elements and a sheet of
aluminum which constitutes a discardable element;

one surface of each of the copper sheets and
both surfaces of the aluminum sheets being
essentially uncontaminated and engagable with each
other at interfaces, |

a band of flexible adhesive joining each ¢Z the

" uncontaminated surfaces of the copper sheets to

opposite uncontaminated surfaces of the aluminux
sheet at their borders and defining two
substantially uncontaminated central zones
interiorally of the edges of the sheets on opposite

sides of the aluminum sheet.

dThls Sheet Has Been Replacet
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maj or Maxis will acconodate any m sal i gned registration of the pins—ia- he
mej or axis direction. The nmajor axes are arranged at rlg%plﬁgﬁg"‘ﬁh@Pﬁff1e

" edges of he m nor axes will be parall el| o~tAe-edges—0v he
sheets i f“‘m Iﬁmﬂ m'wl"l sl ands 50 nearest an edge. %@ ows

t he | ayup*of “‘two PC Boar'ds bei ng assenbl ed by use of my rewﬁﬁ%é?ﬁ M
conponent 30 which is the subject of this invention. TwWo{cores 10
identical with those described previously with regard tjo Figure 1, are
sandwi ched between three sheets of ny =138~ | am nated CA
I's no stainless steel sheets mnth release paper or coated alun1nun1as
descri bed

3. A component for use in manufacturing arct ticles such
as printed circul t boards comprising:

a laminate constructed of a sheet of copper
foil which, in a finished printed circuit board,
constitutes a functional element and a sheet of )
aluminum which constitutes a discardable element;

one surface of each of the copper sheet and the
aluminum sheet being essentially uncontaminated and
engagable with each other at an interface, '

at least one island of flexible, water soluble,
adhesive joining the uncontaminated surfaces of ‘the
-3

sheets at a predetermined location spaced inwardly
from an edge of the joined sheets.

eet Has Been Replace:.
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in nmy. eart tent and with reference to Figure 1
fini shed PC boards w dentical to those of Figur

I

-above and bel ow t hose ss
elimnated for clarity. There are frequently as many a
book which are assenbl ed and cpred sinultareous|
many _as ten PC
TTow

| ayers 7 i
| ayers, r

PC boar ds

in a stack or
When the sheets are laid up to forma book of perhaps
boards, the pressure applied to the baglgcauses the nolten prepreg to

Jm igure 2 will constitute the | \Ifﬁ
m"a addi ti onal PC boards in tHe

book |nned|atel
in 2. The remainder of the|bdar@S ARV @ Tseen

en total six-}a

around the tooling-pins and | engthw se of their axis. This flow

“ .

A ccmponent for use in manufacturing articles such
as printed circuit boards comprising: '

a laminate constructed of two sheets cf copper
foil which, in a finished printed circuit board,
constitute functional elements and a sheet of
aluminuz which constitutes a discardable element;

one surface of each of the copper sheets and
both surfaces of the aluminum sheets being
essentlally uncontaminated” and engagab’e with each
other at an interface, and _

at least one island of flexible, water solible,

- adhesive on each side of the aluminum sheet joining

the uncontaninated surfaces of the sheets at a
predetermined location spaced inwardly from an edge
of the joined sheets.

s Sheet Has Been Rerlaceu
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iI's to flow
contan1nau
rejections.
interface between

t akes pI ace throﬁﬁm apertured stack of boards and theuL‘ncl..L_nati_on

The purpose of the adhesive islands is t eﬁ{u?ﬁﬁggleamf
the copper C, and the al um num A, %’j{p 1}%3@ I 1

e copper surfaces. This coul df

s Separation of the sheets and is a

—21-

A component f£5r use in marufac*urzng articles such
as printed circuit boards comprising:

a laminate constructed of a sheet of copper
foil which, in a finished printed circuit board,
constitutes a functional element and a sheet cf
aluminum which constitutes a discardable element;

‘one surface of each of the copper sheet and the
aluninum sheet being éssentially uncontaminated and
engagable_with each other at an interface,

a band of flexible adhesive joining the
uncontaminated surfaces of the sheets toge ther at
their borders and defining a substantially
unccntam-na ted central zone interiorally of the
edges of the sheets and unjoined at the intexrface,
and . )

at leas. one island of flexible, water soluble
adhes-ve jOlnzng the uncontam-nated surfaces of the
sheets at a predetermined location spaced inwardly
from the band.

-—_
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- 15- fromthe bl eedi ng of mel t ed prepreg during the heatim
Since the tooling holes are punched in the ar

" 50, t he presence—of the adhesi ve prevents the flow of prep
opper C and al um num A, thus lelli n§I% ARRI10%% t I
ﬁ“i“mmi mfof PC boards have been |am ngtgd, cured

.pProcess.

into the interf

wronten |

ol
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A component for use in manufacturing articles such
as printed circuit beards ceoxprising:

a laminate constructed of two sheets of copper
foil which, in a finished printed circuit board,
constitute functional elements and a sheet of
aluminum which constitutes a discardable element;

one surface of each of the copper sheets and
both surfaces of the aluminum sheets being |
essentially uncontaminated and engagable with each
other at interfaces, |

a band of flexible adhes*ve joining each of the
uncontaminated surfaces of the ccpne- sheets to

opposite uncontaminated surfaces of the alunminunm

sheet at their borders and defining two
substantially uncontaminated central zones
interiorally of the edges cf_the shgéts on cpposite
sides of the-aluminum sheet, and

. 2 plurality of islands of flexible, water |
soluble, adhesive on each side of the aluminum sheet

joining the uncontaminated surfaces of the sheets at
-a predetermined location spaced inwardly from the

bands.

A component for use in manufacturing articles
according to Claims 1, 2, 5 or 6 in which the band
of flexible adhesive is from approximately .010
inches to approximately .500 inches wide and from
approximately .001 inches to approximately .002

" inches thick.

dThis Sheet Has Been Relp

W

il

THIS SHEET HAS BE
REPLACED

i



and -cool'ed;—the—boards are ready to be separated. The Fig ACEMENT SHEET
W Il be separated into 2 conplete PC boards jw €e

A.conflg
alumn m
foil

to Figure 2,
t he upperrrsnst

!"mm, CAC conponents di scarded. The up er_m)ﬁ é?agﬁgf,
I”"Ee the | ower outside surface of a hoard (L‘% o'vvn)
and the | ower nos't copper foil 9 will be the upper out5| de

board (not shown). Separation takes place between the "virpin" or uncontam

inated surface C[err] of the copper ag the uncont am nat edLsufaee—AferT]
of the alum num substrate as seen in Fig

separation will take place along the "clean surface" (err] of
llz\i ng:ggfagger% Cf gonpepesh 3QnukR RFing Hrariceles he

. y  smam———
-;._---—--.m..-.-- —

ures 3 and 4. Wth reference -

-

according to Claims 3, 4, 5 ©OrF 6 Ln which the
islands of flexible, water soluble adhesive are £rom
about .1 inches square to about 1.0 inches sguare
and from approximately .0005 to approximately .-qos

inches thick.

dThis Sheet Has Been Rep

L

L

”l, ,"l ' | _ ' THIS SHEET HAS BEEN

REPLACED




alum num A wil | be separated fromthe copper Cin each of the three CAC
_conmponents shown in Figure 2 with the copper C bonded to the particul ar

* core 10 by prepreg and the al um num di scarded, recycled or used for other
pur poses. Because the frail, thin copper foil C was adhesively secured
to its alum num substrate A the CAC chnponent 30 is stiffer and nore
readily handled resulting in far fewer spoils due to damaged copper foil.
The use of the adhered substrate A regardl ess of what material it |w% =
of, makes the consuner's (nmanufacturer's) objective of u3| PECTER g.
t hi nner v uﬁm‘i@_ﬁ%@ ﬁg&g
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realistic since the foil, by use of the invention, is-nolongér mnthout the
_-much needed physical support. Because of the prese .
-adhesive 40 that originally secured the copper and alu fgj
toget her, no prepreg dust or other contam nant has beental
zone CZ before and during the nmanufactuging process. Be
tooling pins were forned in the adhesi ve i sl ands 50, no{pte d§
able to ooze into the interfaces between the al um num ard
Subsequently, the water soluble adhesive used to formtHe islands 50-is
washed away in standard cl eaning process of the bonded Hosete—the—tonras

trimred to size, the alun1nunlsubstrate does not becone part of the
finished -

Ai Co
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dnvéntion are nmet by use of the CAC conponent.

but may be di scarded or recycl ed.
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“CLAIMS 1. A conponent for use in manufacturi ng articl-es--such.as._.

prihted circuit boards conprising: a | am nat &\Eﬁ%@f FRORRT G
constructed of a sheet of copper foil (C which, {if af ‘r*n%fshed-u &
printed circuit board, constitutes a functional P
substrate _ _ 5 : rre@% MT&% P

L:,_,
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sheet (A), e.g. of alumnum which constitutes a° ~di scar dabl e

_elenent; ~one surface (G, A) of each of the copper sheet
"(C) and the substrate sheet (A) belng essentially uncont am nat ed and
engagabl e with each other at an i nterface, a band of

fl exi bl e adhesive (40) joining the

. ABSTRACT

. COMPONENT OF PRINTED CIRCUIT BOARDS

A component for use in manufacturing articles such és printed"
circuit boards and a method of making the same; The article
comprising a laminate'(30).of a sheet (C) of, fbr example, copper
in face to face contact with a substrate sheet (A) of,.for
exémplé, aluminium. The sheets being joined together by a band
of flexible adhesive (40) which surrounds a central zone (CZ)

which is substantially uncontaminated. FIGURE 2

R
heet Has Been Replace«

" \I\I\ I

THIS SHEET HAS BEEN |
REPLACED




f‘l v 2 4 o -— .
uncont am nated surfaces (G, -Ai) of the sheet@%ﬂl‘ SHE%tqétOD 7:} |
cent &i idéone

borders and defining a substantially uncont am nat 4d

(C2) interiorally of the edges of the |[sheebsy and gggoﬂned at the :
interface. 2. A conponent according to cldi m1, wherein thell am nate

(30) is constructed of two sheets of coppér {f dt+—C6& +Ai ¢h, in a
finished printed circuit board, constitute functional .elfements and

t he di scar daba alise resaléhday an opqqnqircurt—rfﬂmnrﬁxﬁﬂﬂme-conductors
' ig discontinuous.

In today’s technology, conductors are formed in the
order of magnitude of 0.13 mm (.005 inches) wide and
generally with the same width spaces between two'conductors..
The desire and trend in the industry today is to make the
conductors and the spaces between them evén narrower as, for
example, 0.006 mm (.00025 inches) wide. If the surface of
the copper is not perfect, either open or short circuits can
be created, resulting in boards, which for the most part, are
rejected. Sometimes boards are subject to reworking, but in
higher technology usage, rewérking is unacceptable and the
boards become useless scrap.

Another cause of defects results from handling the foil.
When the various layers of foil and prepreg are- laid one upon
anothér, their alignment is maintained by a series of tooling
pins that extend upwardly from a tooling plate. The tooling
plate is a thick steel plate constituting the bottom of the
stack. Each layer, be it copper foil or prepreg or partially
completed laminated cores 6f conduétive material, argﬁgre-
drilled or pre-punched with holes in a predetermined pattérn,
generally adhering to industry standards of size and
location. Each layer is then stacked manually over the
tooling pins with the pins extending upwardly through the
pre-drilled holes. -

One side of the foil in the finished product becomes the -
exposed conductive path. The other side is generally treated
in an oxiding process to produce a surface which has a
roughness, is generally gray in color, and which permits
better adherance to the molten resin in the bonding process.
One weight of copper foil in use today is "half ounce foil"

which means that 1/2 oz. (1 08. = 28,3495g) of copper is

;______~____4distxibuted over 1 square foot (154 g/sq.m). This results in

ot Has Been Replacet.

"




INT SHEET
one surface (C) of each of the copper sheets (O REPLA£?§ﬂ§€¥” Sqr fiaces
(Ai) of the substrate sheets (A) being essentiplly %pqgﬁtﬁﬁgnat d and
engagabl e with each ot her at respective interface > band
of- fl exi bl e adhesive (40) joining each of t hel upco ] rfaces
of the copper sheets (C) to opposit & uncont an} nat ed surfaces of}the
substrate sheet

a foil which is approximately 0.018 mm (.0007 inches) in
thickness. Foils of 1/4 ounce and 1/8 ounce (38 and 19
g/sq.m) are also used. It is abvious that the handling of a
foil this thin is a difficult problem. Layers of such foil .
must be placed manually over the tooling pins. This can
result in wrinkles, and wrinkles, too, can result in
imperfect conductive paths in the finished product.

One of the objectives of this invention is to provide
means for better foil handling, not only to prevent folds or
wrinkles, but to maintain cleanliness. Each time the
operator assembles the 1ayérs required to complete one
printéd circuit board, he must place a separator on the top
of the pile and then proceed to layup on top of it the
components of another board. He must, in the process, wipe
the surfaces of not oﬁly' the separator but each of the
conductive foils also.

Another source of defective boards is resin bleed that
takes place around the tooling pins.

As stated above, each of the layers is placed upon
tooling pins which, of necessity, must be somewhat smaller
than the holes pre-cut into the copper foil and the prepreg
layers. In the process of applying pressure and heat to the
book, molten resin bleeds around the tooling pins and can
fill up the tooling holes in the prepreg and foil layefs. It
also can bleed 1laterally between the various layers,
particularly between the copper foil and the separator
plates. After curing, this reéin must be removed or it will
create a resgsist material in the etching process.
Furthermore, it can subsequently flake off onto the surface
of the copper foil. Not only does the resin bleed have
adverse effects on the surface of the copper, but it makes
disassembly of the boards difficult when solidified resin has

built up around the pins. Removal of the boards from the



-.18 - at their borders and defining two substant RERBACEQE%H‘E;“%Tf
uncontam nated central zones (CZ) interiorally of the etges—of Fhel.
sheets on opposite sides of the substrate sheet .
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pins is thus made difficult.

In light of the foregoing, there are three principle
objects of the present invention. One is to provide means to
facilitate the handling of the extremely thin tissue-like
copper foils.

Secondly, it is an object to assure that the copper foil
is maintained as uncontaminated as possible before and during
the manufacturing process. |

Thirdly, it is another object of the present invention
to prevent the resin bleed that takes -place around the

tooling pins from flowing between layers of the boards.

Summary of the Invention

The invention is embodied in a component as defined in
claim 1 and a method as defined in claim 9, e.g. for use in
the manufacturing of printed circuit boards. The component
is a laminate constructed of a sheet of copper foil which,
when fabricated into a printed circuit board, constitutes a
functional element of the board, i.e., the conductive paths.
The other element of the laminate is a substrate sheet, e.g.
of aluminum, which constitutes a discardable element.

One surface of each of the copper sheet and the aluminum
sheet is essentially uncontaminated énd_are engageable with
each other at an interface.

A band of flexible adhesive joins the uncontaminated
surfaces of the sheets together at their borders and defines
a substantially uncontaminated central zone interiorally of ,
the edges of the sheets and unjoined at the interface. The

substrate provides
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3. A corrponent according to claim11, further inclJdipmg—an

(50) of flexible, water-soluble, adhesive j oi ni ng %?e.#@ﬁ@ at ed
surfaces of the sheets (C A at a predet erm rjed | 4 @%a e

i rwardly from an edge of the joined sheets. 4L _A _conponent |
according to claim2, further including-a¥ - I slland (50) of flexible,

wat er- sol ubl e, adhesi ve on each si de of thé éA
j oi ni ng thethe particular component for use in the manufacture o

printed circuit boards embodying the invention is shown by
‘way of illustration only, and not as a limitation of the
invention. The principles and features of this invention may
be employed in varied and numerous embodiments without
departing from the scope of the invention defined in the

claims.

Brief Description of the Drawings

Figure 1 is an expanded view of a schematic cross
section of a conventional multilayer layup of two printea
circuit boards prior to laminating.

Figure 2 is an expanded view of a schematic cross
section of two printed circuit boards being made in
accordance with the features of the present invention prior
to bonding. _

Figure 3 is a schematic sectional view on enlarged scale
of one embodiment of the component for wuse in the
manufacturing of printed circuit boards embodying the
features of the present invention.

Figure 4 is another embodiment thereof.

Figure 5 is a schematic plan view of the component made
in accordance with either of the embodiments, and

Figure 6 is an enlarged view of an island of adhesive

with a tooling pin hole formed in it.

Detailed Description of the Invention

Figure 1 is a schematic view of a conventional 6 layer
multilayer layup of two PC boards. From bottom to top, it
includes first separator layer 2 which may be a conventional
polished stainless plate covered with a sheet of release
paper (not shown) as described in my earlier patent

4,875,283, or a dual purpose separator-
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uncont am nat ed surfaces of the sheets (C, A) at rede ern1n

| ocati ons spaced inwardly from an edge of the jol n F 51 A
conponent according to claim4, which includes a ?ura Ity of I g4l ands
(50) of flexible, water-soluble, adhesive on e ulstrate
sheet (A) joining the uncontami nat ed Sur faces pf the sheets (C A) at
predeterm ned | ocations spaced inwardly fromthe bands of —adtTesT

(40). commerical grade aluminum. Aluminum from about 0.25 - 0. 38

mm (.010 to .015 inches) in thickness has been found to be
satisfactory, although the aluminum may be from about 0.025 -
3.17 mm (.001 inches to .125 inches) thick dependihg upon the
end use. Positioned on.its upper surface is a sheet of
copper foil C which, with this thickness aluminum, would be
is 1/2 oz. copper. This means that there is 76 g/sqg.m (1/2
ounce of copper by weight per square foot of the foil). Whén
evenly distributed, its thickness will be approximately 0.018
mm (.0007 inches). Generally speaking, this is the industry
.standard at the ﬁresent time for PC boards.

While aluminum is currently the preferred material for
the substrate, other metals, such as stainless steel or
nickel alloys, may be used. In some instances, such as in
laminating plastic credit cards, polypropylene can be used.

The outer surface C, of the copper, shown in Figure 3 as
the upper surface, is preoxidized and often has a gray color
depending on the oxidizing process employed, although other
colors may result depending on the process. This is done to
make it more readily adherable to the prepreg to which it
will be bonded in the PC board making process. The inner
surface of the copper C; is clean and uncontaminated and is
often referred to as "virgin". This surface in a finished
printed circuit board consﬁitﬁtes a functional element and
will be etched to produce the desired circuit conductor
configuration. The surface Ai of the aluminum sheet A which
engages the surface C; is also essentially uncontaminated.

On the bottom surface of the aluminum sheet A is a
second sheet of copper foil C, also having an outer oxidized
surface C, and a "virgin" or uncontaminated ihﬁer surface C,,
the lower mating surface of the aluminum sheet A is also as

clean and uncontaminated as it is possible to make.
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6. A conponent according to any preceding claimin
band (40) of flexible adhesive is from appr oxi
(0.10 inches to approxi mately 0.500 inches) i H
approxi mately 0.025 to 0.051 nm (0.001 inches §o
i nches) thick. - 10 -

As will be seen in Figure 4, there is a single sheet of
copper foil C on the substrate aluminum sheet A. This
embodiment of the invention would be employed depending on
the board manufacturers design of and requirements for a
completed board. Aside from it having only a single layer of
copper C, it is the same as the Figure 3 embodiment. The
copper layer C will cohstitutes a functional element of a
finished printed circuit board and the aluminum A will
constitute a discardable element.

Referring next to Figure 5, the laminated component 30
or CAC is viewed with the oxidized surface C, of the copper
foil layer facing upwardly and peeled back ét one corner.
One standard size sheet of copper foil employed in making PC
boards today is 0.305 x 0.305 m (12 x 12 inches) while
another is 0.46 x 0.61 m (18 x 24 inches), although sheets as
large as 1.22 x 1.83 m (48 x 72 inches) are used. Sheets
0.91 x 1.22 m (36 x 48 inches) may be cut into four separate
sheets of 0.46 x 0.61 m (18 x 24 inches). Other inbetween
sizes are often used as well.

The CAC component shown in Figure 5 includes a substraﬁe
layer of commerical grade aluminum A which is illustrated as
from 0.25 to 0.38 mm (about .010 to about .015 inches) in
thickness. Overlaying the substrate is a sheet of copper
foil which, in the illustrative example, would be 1/2 oz.
copper, i.e., approximately 0.018 mm (.0007 inches) in
thickness. The peeled corner exposes inner or "virgin"
gurfaces of both the copper and the aluminum, C; and A,,
respectively. '

A band of flexible adhesive 40 extends around the
periphery of the component CAC near or at the border of the
sheet and joins the uncontaminated surfaces, C; and A;, of the

copper and the aluminum together at their borders. Since the
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- 19 - 7. A conponent according to claim3 to claim¥, 1 n which ‘he
or each island (50) of flexible, water-soluble ndhesi ¥ gainsigogon about
2.5 M (0.1 inches) square to about 25.4 nmm (1.0]ipches) square d
fr-om appr oxi mat el y 0.013 to 0.13 nm (0.0005 to ap! ' ' 5
i nches) t hi ck. - 11 -

contacting surfaces are "virgin", or at least as clean as is
physically possible to make them, the border 40 creates a
substantially uncontaminated central zone CZ interiorally of
the edges of the sheets. The central zone is unjoined at the
interface. | _

The band of flexible adhesive 40 is located in an
adhesive application zone defined by the dotted line 42 and
the edge of the component CAC. The zone may.be from 2.54 to
25.4 mm (about .10 to 1.0 inches) wide depending upon both
the end product requirements and the size of the sheets of
aluminum and copper being used. An adhesive band or strip
from approximately 1.52 to 2.29 mm (.060 to approximately
.090 inches) in width has been found satisfactory although it
may be from about 0.25 to 1.27 mm (.010 inches to .500
inches) depending upon the size of the sheets being laminated
and from approximately 0.25 to 0.13 mm (.00l to approximately
.005 inches) thick, a thickness of 0.25 to 0.51 mm (.001 to
.002) has been found satisfactory.

The central zone CZ'is defined by a border 1line 44
spaced inwardly from the adhesive applicatién zone line 42.
Whereas the finished circuit board will comprise the area CZ,
a band 46 lies outwardly of the central zone border line 44
and inwardly of the adhesive appliCation zone line 42. This

. band is frequently employed for making test portions of small
boards for quality control purposes.

After the stack of PC boards (often as many as 10) have
been assembled and joined by heating under pressure after
they are cured, the boards will be trimmgd down in size to
the inner limit of tﬁe adhegive application zone herein
designated by the reference character 427

Thus, the band 40 of flexible adhesive 40 seals the

layers of copper and aluminum before and during the
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8. A conponent according to any one of the precedi

the band of flexible adhesive (40) is conti nuoys| L

manuf acturing a | am nar conponent (30, 30') suc S 217p}AN1t1%9? cireguit

board, having a foil as a functional elenent, g§he¢ nethod conpristng

the steps of: (a) producing a 32bstrate-filoiT Tam nate;

(b) bringing an exterior foil face (C) of the | :
manufacturing process against the intrusion of prepreg dust

or any other contaminant which could result from particles in
the air, fingerprints, grease spots, or the like.

Whereas the configuration of the CAC component has been
described with reference to a single sheet of copper C lying
upon the aluminum substrate A, the invention is equally
applicable to the embodiments shown in both Figures 3 and 4.
That is, copper foil may be secured to both opposite sides of
the aluminum substrate A. In the finished product both the
copper foils with constitute functional elements of separate
PC boards and the single aluminum substrate constitute a
discardable element.

In the Figure 3 configuration, one surface each of the
copper foils C and both surfaces of the aluminum substrate A
aré essentially "virgin" and uncontaminated. There is a band
of flexible adhesive 40 joining each of the uncontaminated
‘surfaces C; of the copper sheets C to opposite uncontaminated
surfaces Ai of the aluminum substrate A at their borders and
thus define two substantially uncontaminated central zones
interiorally of the edges of the sheets on opposite sides of
the aluminum substrate A.

Whereas the invention has been deséribed with reference
to making printed circuit boards, it may also be employéd by
laminators who make base laminates as an earlier step in the
final product.

Furthermore,, the principles of the invention can be
employed in the manufacture of credit cards which require
extreme cleanliness. In this instance, the substrate could
be aluminum and this "foil" equivalent would be plastic.
Other substrates could be cured as well.

As will be seen Figure 5, there are four islands 50 of

flexible, water soluble adhesive joining one uncontaminated
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substrate-foil lamnate in face-to face contact wt Kh?LﬁChhﬂﬂgéﬁéﬁg;fof a
prepreg lam nate to form a book; (c) subjecting the book |td heat
and pressure to bond the exterior foil face (G )jthb 2heJANCHIPAIY) lof
t he prepreg; (d) disassenbling the bopkito form said |l dm nar
conponent (30, 30') conprising a prepreg-18it |am nafe and a
di sgardabl e el enent conprising a substrate sheet (A, characteridged in

that in stepsgafacdee ofbsthet isheers at prrdgherninaddlogesdoss . t he The

substrate anqgfy% é”érgr%paced inwardly from the edge of the joined

sheets. The islands 50 are located inwardly of the adhesive
application zone defined by the line 42. Thus, it is located
inwardly of the adhesive band 40 and outboard of the border
44 dividing the céntral zone CZ from the test portion band.
In the illustrative embodiment, the islands 50 are located
close to opposite edges of the sheet and spaced equidistant
top to bottom and side to side. These islands or dots, as
they are also called, are shown as square in configuration,
but they may assume any other convenient configuration.
Their exact location relative the sheets is governed by the
pattern of the tooling pihs.

The islands 50 are épproximately 10.2 mm (.4 inches
square) for average size tooling pins. They may be as small
as 0.25 mm (.1 inches) square) to about 25.4 mm (1.0 inches)
square depending on the size of the boards and the diameter
of the pins. The adhesive is from about 0.013 to 0.13 mm
(.0005 to .005 inches) thick. A thickness of 0.025 to 0.051
mm (.001 to .002 inches) has been found satisfactory.

The islands may be located off center in order to
coincide with the tooling pins configuration in the
particular press structure for.which the composite sheets are
being made. The composite CAC sheets are punched or drilled
through the islands to accomodate the tooling pins of a press
setup. ' . _

As seen in Figure 6, the CAC sheets will be punched,
drilled or machined. The hole 52 is oblong and accomodates
the tooling pins. The shape of the holes are dictated by the
shape of the tooling pins. The minor axis dimension m of
each oblong hole will be sightly larger than the diameter of

a tooling pin, while the



joined together with a flexible adhesive in an adhesive  band at_the
borders of the substrate-foil laminate. 10. A nethod ac&Fbad Aoutmaal @79,
wherein a plurality of .lam nar conponents (30, gh E&F&ﬁ&{i“ﬂiﬁ“
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CLAIMS B e

1. A component for use in manufacturing artic¢les such as
printed circuit boards comprising:

a laminate (30, 30’) constructed of a sheet of
copper foil (C) which, in a finished printed circuit
board, constitutes a functional element and a substrate
sheet (A), e.g. of aluminum, which constitutes a
discardable element;

one surface (Ci, Ai) of each of the copper sheet
(C) and the substrate sheet (A) being essentially
uncontaminated and engagable with each other at an
interface, .

a band of flexible adhesive (40) Jjoining the
uncontaminated surfaces (Ci, Ai) of the sheets together
at their Dborders and defining a substantially
uncontaminatedlcentral zone (CZ) interiorally of the

edges of the sheets and unjoined at the interface.

2. A component according to claim 1, wherein the laminate
(30) is constructed of two sheets of copper foil (C)
which, in a finished printed'circuit board, constitute
functional elements and the discardable substrate sheet
(A); _

one surface (Ci) of each of the copper sheets (C)
and both surfaces (Ai) of the substrate sheets (A) being
essentially uncontaminated and engagable with each other
at respective interfaces, '

a band of flexible adhesive (40) joining each of
the uhcontaminated surfaces of the copper sheets (C) to

opposite uncontaminated surfaces of the substrate sheet
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at their borders and defining two substantially
uncontaminated central zones (CZ) interiorally of the
edges of the sheets on opp081te sides of the substrate

sheet

A component according to claim 1, further including an
island (50) of flexible, water-soluble, adhesive joining
the uncontaminated surfaces of the sheets (C,A) at a
predetermined location spaced inwardly from an edge of

the joined sheets.

A component accordiﬁg to claim 2, further including an
island (50) of flexible, water-soluble, adhesive on each
gide of the substrate sheet (A) joining the
uncontaminated surfaces of the sheets (C, A) at
predetermined locations spaced inwardly from an edge of

the joined sheets.

A component according to claim 4, which includes a
plurality of islands (50) of flexible, water-soluble,
adhesive on each side of the substrate sheet (A) joining
the uncontaminated surfaces of the sheets (C, A) at
predetermined locations spaced inwardly from the bands

of adhesive (40).

A component according to any preceding claim in which
the or each band (40) of flexible adhesive is from
approximately 0.25 to 13 mm (0.10 inches to
approximately 0.500 inches) wide and from approximately
0.025 to 0.051 mm (0.001 inches to approximately 0.002

inches) thick.
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A component according to claim 3 to claim 4, in which
the or each island (50) of flexible, water-soluble
adhesive is from about 2.5 mm (0.1.inches) square to
about 25.4 mm (1.0 inches) square and from approximately
0.013 to 0.13 mm (0.0005 to approximately 0.605 inches)
thick.

A component according to any one of the preceding
claims, wherein the band of flexible adhesive (40) is

continuous.

A method of manufacturing a laminar component (30, 30')
such as a printed circuit board, having a foil as a
functional element, the method comprising the steps of:

(a) producing a substrate-foil laminate;

(b) bringing an exterior foil face (Ci}) of the
substrate-foil laminate in face-to face contact with a
face (Ai) of a prepreg laminate to form a book;

(c) subjecting the book to heat and pressure to

bond the exterior foil face (Ci) to the face (Ai) of the

~

prepreg;

(d) disassembling the book to form said laminar
component (30, 30’) comprising a prepreg-foil laminate
and a disgardable element comprising a substrate sheet
(A) ; characterised in that in step (a) the substantially
uncontaminated faces of the substrate and the foil are
joined together with a flexible adhesive in an adhesive

band at the borders of the substrate-foil laminate.

A method according to claim 9, wherein a plurality of

laminar components (30, 30’) are manufactured by :

producing a plurality of foil-prepreg laminates in face-

to-face contact to form the book in step (b), and a foil
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11. A method accofding_to claim 9 or claim 10, wherein step
(a) includes forming adhesive islands (50) between the
foil and the substrate sheet (A) and making hoies
through said adhesive island (50) in the.substrate-foil
laminate, and step (b) includes fitting the substrate-
foil iaminate and prepreg laminate to a tooling pin, the

tooling pin extending though the holes in the laminates.

12. A method according to any one of claims 9 to 11, wherein’
step (d) includes trimming down the laminates to the

gsize of the central zone (CZ) of the foil laminate.

13. A method according to any one of the claims 9 to 12,
wherein the substrate (A) is selected from aluminium,
stainless steel, nickel alloy, other metals or
polypropylene, preferably the substrate is aluminium,
and the foil is a foil of copper or a plastic,

preferably the foil is copper.

14. A method according to any one of claims 9 to 13, wherein
the adhesive band (40) substantially prevents the
ihgress of contaminants between the foil laminate and
the substrate laminate during the manufacturing process

and is preferably continuous.
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ABSTRACT
COMPONENT OF PRINTED CIRCUIT BOARDS

A component for use in manufacturing articles such as
printed circuit boards and a method of making the same. The
article comprising a laminate (30) of a sheet (C) of, for
example, copper in face to face contact with a substrate
sheet (A) of, for example, aluminium. The sheets being
jéined together by a band of flexible adhesive (40) which

gurrounds a central 2zone (CZ) which 1is substantially

uncontaminated.

FIGURE 2
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can also result in an open circuit if one:of the conductors

is discontinuous.

In today'’s technology, conductors are formed in the
order of magnitﬁde of 0.13 mm (.005 inches) wide and
generally with the same width spaces between two conductors.
The desire and trend in the industry today is to make the
conductors and the spaces between them even narrower as, for
example, 0.006 mm (.00025 inches) wide. If the surface of
the copper is not perfect, eithef open or short circuits. can
be created, resulting in boards, which for the most part, are
rejqued. Sometimes boards are subject to reWorking, but in
higheﬁ technoiogy usage, ‘reworking is unacceptable and_the

boards become useless scrap.

Another cause of defects results from handling the foil.

AeYIT A
2003 .

When the various layers of foil and prepreg are laid one upon

another, their alignment is maintained by a series of tooling
pins that extend upwardly from a tooling plate. The tooling
plate is a thick steel plate constituting the bottom of the
stack. Each layer, be it copper foil or prepreg or partially
compléted laminated cores of conductive material, are pre-
drilledhor'pre-punched.with.hbles in a predetermined pattern,
generally adhering to industry standafds of size and
location. Each layer is then stacked manually 6ver the
tooling pins with the pins extending upwardly through the
pre-drilled holes. |

One side of the foil in the finished prbduct becomes the
exposed conductive path. The other side is generally.treated

in an oxiding process to produce a surface which has a

roughness, is generally gray in color, and which permits -

better adherance to the molten resin in the bonding process.

One weight of copper-foii in use today is "half ounce foil®

which means that 1/2 oz. (loz = 28,3495g) of copper is

distributed over 1 square foot (154 g/sq.m). This results in



