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(57) Abstract

Flexible multilayer printed circuit boards (10) are disclosed which utilize adhesiveless laminates (35, 45, 55) interconnected in a
genenally superposed relationship by a conductive adhesive (70, 80). In one embodiment, the adhesiveless laminates (35, 45, 55) have
relatively thin conductive layers (20, 22, 24, 26, 27, 28) and metallized through holes (32, 42, 52) which exhibit high delamination resistance.
The metallized through holes (32, 42, 52) preferably have a thickness of at most about 25 microns, yet they are capable of w1thstand1ng
multilayer assembly processes. High flexibility, reliability, packaging density, and environmental resistance are consequenty available in a
thin multilayer construction. In a further embodiment, adhesiveless dielectric layers (62, 64, 66, 67) are interposed between adhesiveless
laminates (35, 45, 55) to electrically insulate portions thereof. The adhesiveless dielectric layers (62, 64, 66, 67) may define relatively small

apertures therein, thus providing greater packaging density for a multilayer printed circuit board.
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FLEXTBLE MULTILAYER PRINTED CIRCUIT BOARDS
AND METHODS OF MANUFACTURE

Field of the Invention
The invention is directed to flexible printed
circuits, and more particularly, it is directed to
flexible printed circuit boards having multiple

interconnected conductive layers.

Background of the Invention

Flexible printed circuit boards (or assemblies)
have a wide variety of applications due to their low
cost, flexibility and versatility. For instance,
flexible printed circuit boards may be used in areas
where space ig limited, or where the surfaces upon which
the printed circuits are mounted are not flat. Further,
flexible printed circuit boards méy be useful in dynamic
applications, where the board is subjected to repeated
flexing throughout its life, such as in disk drive
heads, printer heads, and display board interconnects
for portable computers. Also, when using suitable
materials in manufacturing processes, flexible printed
circuit boards may be constructed for use in extreme
operating environments, such that they exhibit
resistance to thermal and chemical exposure.

Typically, flexible printed circuit boards have
been limited to single or double-sided constructions in
order to provide sufficient flexibility and reliability.
However, as packaging densities, processing speeds and
information bandwidths have increased, a need has been
created for higher density flexible printed circuit
boards. One manner to increase the density of a
flexible printed circuit boardvis to utilize three or
more conductive layers sandwiched together, which is
commonly referred to as a multilayer printed circuit
board. By a "conductive layer", we mean a layer of
conductive material which is typically arranged into a
circuit pattern. A conductive layer may include

elements such as signal, power, and ground traces,
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contact pads, heat sinks, active & passive electronic
components, shielding patterns, alphanumeric designs
(e.g. part numbers), etc. However, a number of
characteristics related to the materials and
manufacturing processes used to construct conventional
multilayer circuits have made the conventional
technology less than optimal for many flexible
applications.

Conventional multilayer circuit boards have
typically been constructed using adhesives to bond
conductive layers to a dielectric substrate, as well as
to join dielectric coverlayer films to the assemblies to
insulate adjacent conductive layers. The adhesives are
typically acrylics or epoxies. However, it has been
found that the use of these adhesives in multilayer
circuits significantly degrades their performance.

First, the use of adhesives produces relatively
thick multilayer circuits. Increased thickness provides
reduced flexibility, and may decrease the reliability of
the multilayer circuit since many of the layers are
located relatively far beyond the neutral axis of the
multilayer circuit board, which increases the tension
and compression forces to which these layers are
subjected during flexing of the board.

The increased thickness of the multilayer circuits
due to the use of adhesives also affects the thermal
management capabilities of the board, since the ability
of a circuit board to dissipate heat is a direct
function of the thickness of the board. Decreased
thermal management capabilities may result in lower
performanée and/or life of integrated circuit components
which are active on the multilayer circuit board.

Increased thickness of multilayer circuits from the
use of adhesives also results in the use of additional
processing steps and additional types and quantities of
materials which must be used to construct multilayer

circuits. Consequently, the cost of such multilayer
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The thickness of the layers on the multilayer
circuit board due to the use of adhesives may also, in
certain constructions, limit the packaging density of a
multilayer circuit board. For instance, as discussed
for example in U.S. Patent Application No. 08/001,811,
which is assigned to the same assignee as the present
invention, when using a conductive adhesive material to
join interconnecting pads on two conductive layers
through a dielectric coverlayer, it has been found that
roughly'a 25:1 ratio between the aperture size in the
dielectric coverlayer and the connected distance between
opposing pads must be utilized to ensure adequate
connections with a conductive adhesive. By a
"conductive adhesive", which is also often referred to
as an "anisotropic adhesive", we mean an adhesive
material which conducts through the thickness of the
material (z-axis), while electrically insulating
throughout the plane of the material (x-axis and y-
axis). Since the adhesive material used to bond a
dielectric coverlayer film to a substrate is relatively
thick, the aperture size must conform to a 25:1 ratio in
order to allow compression of the dielectric coverlayer
during -lamination of the conductive adhesive, which is
required because conductive adhesives are not
particularly well suited for bridging large distances.
Consequently, by having a relatively thick dielectric
coverlayer film, the éperture sizes of the electrical
connections between conductive layers may waste a
significant amount of space on the multilayer circuit
board. For instance, using a 50 micron connected
distance, the aperture size through this film must be at
least 1250 microns. Compared to, for example, a
conventional 125 micron conductive trace, it may be seen
that the apertures may take up a significant amount of
space on a multilayer circuit board.

The use of adhesives in multilayer printed circuit
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boards also limits the ability of the boards to
withstand chemical and thermal extremes. Typically, the
adhesives have a significantly greater susceptibility to
chemical degradation than many dielectric and conductive
materials. Chemical resistance is important in many
applications, for instance, in some operating
environments (e.g., brake fluid in ABS circuits) and in
many common post-processing assembly steps. Alsc, the
adhesives are typically less able to withstand high
temperatures compared to the other materials in a
multilayer printed circuit board. Further, it is often
difficult to match the coefficient of thermal expansion
(CTE) of the adhesive with the other materials in a
multilayer printed circuit board. Consequently, during
thermal cycling, the adhesive may exband at a different
rate from the other materials, which may induce thermal
stresses in the multilayer printed circuit board,
possibly inducing failure of the board. Thus, the use
of these adhesives is often a limiting factor on the
performance of conventional multilayer printed circuit
boards.

Another problem associated with many pfior
multilayer circuit assembly techniques is the use of
high aspect ratio plated through holes to interconnect
various conductive layers on a board. Conventional
multilayer circuit construction techniques typically
interconnect conductive layers by means of plated
through holes which are formed throughout the entire
thickness of a multilayer printed circuit board.
Generally, all of the layers in a board are precisely
aligned and bonded together, and then interconnecting
holes are drilled, stamped, or otherwise formed at
points of interconnection. The holes are then plated to
form a conductive barrel structure.

Often, chemical or plasma etching is also required
to etch away the substrates in the holes to expose

portions of the conductive layers so that an adequate
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plating surface may be created in the through hole.
This is a costly and time-consuming process, and it
further increases the diameter of the through holes,
wasting additional space on the board.

In multilayer circuits having a number of
conductive layers, several problems exist with regard to
these plated through holes. First, the holes are more
difficult to plate as the aspect ratio (length v. hole
diameter) increases, since it is more difficult to get
material to adequately bond deeper inside the holes. As
holes lengthen, their diameter must be increased to
ensure adequate plating, which also wastes additional
space on the board. Another problem with the plated
through holes is that they may waste a significant
amount of space on the multilayer printed circuit board,
thus reducing the packaging density of the circuit,
since in order to connect two layers in a multilayer
circuit board, a hole must be formed through all of the
layers in the board regardless of which layers are to be
connected.

Another drawback to these high aspect ratio plated
through holes is their susceptibility to bréakage from
z-axis expansion during thermal cycling. As the number
of circuit layers increase in a multilayer circuit
board, thermal cycling may induce failure in these holes
since various materials such as adhesives in a
conventional multilayer circuit board expand at
different rates and induce thermal stresses in the z-

axis of the circuit board. Consequently, it is

- desirable to limit the length of these holes in order to

reduce the pbssibility of their failure from bending
and/or thermal stress.

As a result of the limitations of conventional
multilayer fabrication processes, the conventional
wisdom has required a minimum of about 1 mil (or about
25.4 microns) of copper to be plated on the conductive

layers and in the plated through holes to ensure
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adequate circuit board performance. MIL-P-50884
military specification for flex circuits, MIL-P-55110
military specification for rigid boards, and IPC 250
commercial specification for class II and class III
boards (excluding low reliability, non-critical consumer
applications in class I) all require a minimum of 1 mil
thickness of copper in multilayer printed circuit
boards. Class I devices allow as low as 0.5 mil (12.7
microns) thicknesses; however, low cost is the
overriding concern in these applications, rather than
reliability. Consequently, the Class I requirements are
typically not sufficient for most applications where
reliability is a significant concern.

' Various adhesiveless laminate technologies have
been developed in an attempt to alleviate the drawbacks
associated with using adhesives. By "adhesiveless", we
mean interconnects formed directly between two layers
(an insulator and a conductor), without the inclusion of
additional layers of conventionally recognized adhesive
materials such as epoxies, acrylics, polyesters, cyanate
esters, butyral phenolics, perflouropolymers, aramid
perflouropolymers etc. Examples of adhesiveless
technologies include application of a conductor to a
base dielectric film, as in sputtering, chemical
deposition, vacuum deposition, additive plating, or a
combination thereof. Application of a dielectric to a
base metal foil by casting and curing the liquid
dielectric is also possible. However, it has been found
that many adhesiveless processes are costly and time
consuming, and not particularly suitable for high volume
and/or low cost manufacturing. Further, many of these
processes are not "dry" processes, and consequently, are
not environmentally friendly. Casting processes also
suffer from the drawback of having relatively low tear
strengths, and it is also generally difficult to
construct double-sided laminates by casting processes.

Attempts have also been made at eliminating the
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adhesive in bonding dielectric coverlavers or substrates
in multilayer circuits. For instance, Volfson et al.,
U.S. Patent No. 4,980,034; Kondo et al., U.S. Patent No.
4,810,528; Dakos et al., U.S. Patent No. 4,670,325;
Davey et al., U.S. Patent No. 3,622,384; European Patent
Application 222,618; PCT Application 91/14015; and
Japanese Application 4-176193, disclose various uses of
screen-printed polyimide inks for use as dielectrics
and/or substrates. However, many of these references
disclose the use of such polyimide inks in rigid ceramic
circuit boards, and many use an additive process to
alternately print conductive and polyimide layers to
form multilayer circuits. However, it has been
generally found that the temperatures and pressures
associated with such additive processes are beyond the
capabilities of flexible multilayer printed circuit
boards, in part due to the limitations of the adhesives
and dielectrics used in these aforementioned
conventional flexible multilayer circuits. For
instance, conventional adhesives are generally unable to
withstand the typical 270°C curing temperature for a
dielectric ink. Gilleo et al., U.S. Patentho.
4,747,211, discloses the use of a dielectric ink on a
substrate utilizing polymer thick films to produce
flexible multilayer circuits. However, this process is
also unsuitable for use with conventional adhesive-based
flexible multilayer circuit boards, again in part due to
the inability of an adhesive to withstand the post-
processing assembly steps associated with this process.
European Patent Application 222,618 discloses a similar
approach on ceramic substrates, but the 475°C firing
step is unsuitable even for the best adhesiveless flex
cechnologies because of the limitations of polyimide
dielectrics. '

Consequently, a need exists in the art for flexible
multilayer printed circuit boards which generally do not

suffer from many of the drawbacks of the conventional
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multilayer printed circuit boards. Among other needs,
such properties as flexibility, reliability, high
packaging density, and thermal and chemical resistance
are desired. 1In part, it is desirable to reduce or
eliminate the use of adhesives in bonding dielectric and
conductive layers to a substrate in the formation of a
multilayer circuit in order to reduce or eliminate the
various limitations posed by the use of adhesives. It
is also desirable to limit the overall thickness of the
boards to further improve the above-described

properties.

Summary of the Invention
The present invention addresses these and other

problems associated with the prior art in providing
thin, reliable, flexible multilayer printed circuit
boards in which adhesiveless laminates are
interconnected with one another in superposed
relationships. Such printed circuit boards of the
present invention are capable of high reliability and
flexibility, as well as increased packaging density and
environmental resistance. '

In accordance with one aspect of the invention,
there is provided a flexible multilayer printed circuit
board which includes at least two adhesiveless laminates
mechanically and electrically interconnected in a

superposed relationship by a conductive adhesive layer.

‘The adhesiveless laminates include a flexible dielectric

substrate, first and second conductive layers of
conductive material secured to opposing surfaces of the
flexible dielectric substrate through adhesiveless
interconnections, and at least one metallized through
hole defined through the flexible dielectric substrate
and having conductive material deposited thereon to
electrically interconnect the first and second
conductive layers. The conductive material deposited in

the at least one metallized through hole has a thickness
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of less than about 25 microns.

In accordance with another aspect of the invention,
a metal-film laminate for use in a flexible multilayer
printed circuit board is provided which includes a
flexible dielectric substrate having surfaces bearing
non-continuous random distributions of metal-oxide,
first and second conductive layers of conductive
material secured to opposing surfaces of the flexible
dielectric substrate through the non-continuous random
distribution of metal-oxide, and at least one metallized
through hole defined through the flexible dielectric
substrate and having conductive material deposited
thereon to electrically interconnect the first and
second conductive layers. The conductive material
deposited in the at least one metallized through hole
has a thickness of less than about 25 microns.

In accordance with a further aspect of the
invention, a method of manufacturing a flexible
muitilayer printed circuit board is provided which
includes the steps of constructing at least two
adhesiveless laminates and mechanically and electrically
interconnecting the adhesiveless laminates in a
superposed relationship through a conductive adhesive
layer. The step of constructing at least two
adhesiveless laminates includes the steps of forming at
least one through hole through a flexible dielectric
substrate and depositing conductive material on the
flexible dielectric substrate to form first and second
conductive layers of conductive material on opposing
surfaces of the flexible dielectric substrate, and to
electricaily interconnect the first and second
conductive layers through metallizing the at least one
thrbugh hole. The conductive material is deposited in
the at least one through hole to a thickness of less
than about 25 microns.

According to another aspect of the invention, a

flexible multilayer printed circuit board is provided
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which includes at least two adhesiveless laminates, an
adhesiveless dielectric layer disposed on at least one
of the adhesiveless laminates, and interconnecting means
for mechanically securing the at least two adhesiveless
laminates together in a superposed relationship with the
adhesiveless dielectric layer disposed therebetween.

The at least two adhesiveless laminates each include at
least one conductive layer disposed on the surface of a
flexible dielectric substrate, and at least one of these
adhesiveless laminates has two conductive layers
disposed on opposing surfaces of the flexible dielectric
layer.

In accordance with a further aspect of the
invention, a method for manufacturing a flexible
multilayer printed circuit board of the type having at
least two adhesiveless laminates electrically and
mechanically interconnected in a superposed relationship
by a conductive adheéive layer is provided. This method
includes the step of, prior to electrically and
mechanically interconnecting the adhesiveless laminates,
forming at least one adhesiveless dielectric layer over
a conductive layer on at least one of the adhesiveless
laminates. The adhesiveless dielectric layer has at
least one aperture defined thereon for facilitating an
electrical interconnection between the conductive layer
and an opposing conductive layer on an adjacent
adhesiveless laminate across the conductive adhesive
layer.

The present invention is capable of providing thin
flexible multilayer printed circuit boards having high
reliability, flexibility, and packaging density, as well
as high thermal and chemical resistance. Multilayer
circuit boards may be constructed utilizing adhesiveless
laminates and materials, with thicknesses often below
the minimum thickness requirements which are commonly
recognized in the art. Further, greater packaging

density may be obtained through a reduction in the size
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of the apertures found in adhesiveless dielectric layers
which are utilized in some preferred embodiments of the
invention. In addition, the use of conductive adhesive
layers between adhesiveless laminates provides a built-
in system of blind and buried vias which further
increases packaging density.

These and other advantages and features which
characterize the invention are pointed out with
particularity in the claims annexed hereto and forming a
part hereof. However, for a better understanding of the
invention, its advantages and objectives obtained by its
use, reference should be made to the Drawing which forms
a further part hereof and to the accompanying
descriptive matter, in which there is described a

preferred embodiment of the invention.

Brief Description of the Drawing
FIGURE 1 is a perspective view of a six layer

multilayer printed circuit board consistent with the
present invention. ,

FIGURE 2 is a partial cross-sectional view of the
multilayer printed circuit board of Figure i, taken
along lines 2-2 (not drawn to scale).

FIGURE 3 is an enlarged partial cross-sectional
view of the multilayer printed circuit board of Figure
2, showing in greater detail the solder bridges formed

between opposing conductive layers.

Detailed Description of the Preferred Embodiment

A number of the manufacturing techniques used in
the produétion of the preferred flexible multilayer
printed circuit board are in part the subject of various
patents and patent applications assigned to the same
assignee as the present invention. U.S. Patent Nos.
5,112,462 and 5,137,791 and U.S. Patent Application No.
07/909,058 are directed to metal-film laminates. U.S.
Patent Application Nos. 08/091,081, 08/001,811,
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08/002,177, and 08/087,177 are directed to conductive
adhesives. The reader is directed to all of these
disclosures for a better understanding of the art
generally related to this invention. To the extent they
are required to support this disclosure, the disclosures
of all of these references are incorporated by reference
herein.

Turning to the Drawing, wherein like numbers denote
like parts throughout the several views, Figures 1 and 2
show a preferred flexible multilayer printed circuit
assembly 10 consistent with the present invention.
Generally, assembly 10 includes three single- or double-
sided laminates (35, 45 and 55), coated on one or both
sides by dielectric coverlayers (60, 62, 64, 66, 67,
68), and electrically and mechanically joined by
conductive adhesive layers (70, 80). However, it will
be appreciated that assembly 10 may include any number
of laminates and conductive adhesive layers within the
scope of the invention, and consequently, preferred
assembly 10 is presented for illustrative purposes
regarding the various fabrication techniques which are

discussed in greater detail below.

Metal-Film Laminates

In the preferred laminates 35, 45 and 55 (shown in
Figure 2), conductive layers such as layers 20 and 22
are deposited on one or more sides of a flexible
substrate such as substrate 30 through adhesiveless
techniques, and are preferably electrically
interconnected by an evaporative through hole
metallization process. Further, metallized through
holes such as through hole 32 are formed through the
substrate to electrically interconnect portions of the
conductive layers on the opposing sides of the
substrate. _

A number of dielectric materials may be used as a

substrate in the preferred laminates. Preferably, a
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dielectric material such as a polymeric film is used as
the substrate. Polyimide is the most preferred
substrate for use with the invention, however, other
dielectric materials such as addition polymers,
condensation polymers, natural polymers, treated films,
or thermosetting or thermoplastic resins may be used in
the alternative. Specifically, such substrate materials
as polyethylene naphthalate,-polyester or glass epoxy
may be used. Rigid substrate materials, such as
ceramics or rigid glass epoxy constructions may also be
used with the metallized through hole process, however,
these rigid materials tend to be more expensive, and do
not have the flexibility or thinness to which many of
the advantages of the through hole metallization process
provides.

Substrate dielectric materials in thicknesses
between about 12 and 125 microns are preferred. 1In
particular, polyimide films are commonly available in
thicknesses of 25 and 50 microns, among others. While
the use of thinner substrate materials provides
additional flexibility, such concerns as preventing
dielectric breakdown or increasing the grouhd—to-ground
separation for purposes of controlling impedance may
require the use of thicker substrate materials.

A number of conductive materials may be used in the
conductive layers 20 and 22 deposited on each side of
the substrate material 30 in preferred laminate 35.
Copper is a preferred conductive material, as it is
relatively inexpensive and easy to work with.
Alternative conductive materials include aluminum, gold,
silver, or other known conductive materials. It has
been found, however, that copper has an added advantage
in that it has a coefficient of thermal expansion (CTE)
that is substantially similar to that of polyimide
material. Consequently, double-sided laminates having
copper layers on polyimide substrate materials will

generally be less susceptible to thermal stresses.
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In order to manufacture single or double-sided
metal-film laminates with the evaporative through hole
metallization process, the first step is to form a
number of through holes in a blank dielectric substrate
material. These holes may be formed by stamping, laser
cutting, drilling, or other known methods. These holes
provide electrical connections between conductive layers
on opposing sides of the substrate material.

Once the through holes are formed on the substrate,
the substrate is next subjected to plasma treatment in a
plasma chamber to condition the substrate for the
deposition of conductive material on its surfaces. 1In
the plasma chamber, the surfaces of the substrate
material are conditioned by forming thin, random, and
preferably non-continuous distributions of metal oxide
on the surfaces of the substrate. A cathode is included
in the plasma chamber which is preferably constructed of
a material such as chromium, titanium, iron, nickel,
molybdenum, manganese, zirconium, or mixtures thereof,
so that oxides of one or more of the above materials may
be generated in the plasma chamber and deposited on the
surfaces of the substrate. This‘process enables
conductive layers to be bonded to the substrate material
in such a fashion that peel strengths in excess of 2
pounds per inch, and even in excess of 10 pounds per
inch, may be obtained.

The substrate, thus treated, is next subjected to a
vacuum deposition (evaporative) process in order to form
thin layers of conductive material on one or both
surfaces and in the through holes of the substrate. The
Vapor metallization (vacuum deposition) process is a
known low pressure/high temperature process, where
copper or another metal is vaporized at low pressure and
high temperature and then deposited upon the surface of
the substrate material. In the preferred embodiment,
copper is deposited on the treated surfaces and through

holes of the polyimide substrate to a thickness of about
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50-500 nanometers, most preferably about 200 nanometers.
It has been found that this thickness of copper forms a
strong base for securely joining later copper layers to
the substrate material.

Alternative to vacuum deposition of a first layer
of copper, a chemical deposition process, known in the
art, may instead be used to bond copper to the treated
surfaces of the substrate.

One optional step which may be performed in lieu of
or prior to vacuum deposition is the use of a sputtering
process to transfer conductive material onto the treated
surfaces and through holes of the substrate. 1In the
sputtering process, ions are accelerated against a
cathode in low pressure by generating a high electrical
potential in a chamber. This causes the cathode
material, in this case copper, to be excited and
transferred to the substrate material which is oriented
SO as to receive the sputtered copper. It has been
found that this additional step increases the strength
of the bonds formed by the through hole metallization
process. ,

One advantage of the use of the vacuum'deposition
and sputtering in the through hole metallization process
is that the plasma treatment, vacuum deposition, and
sputtering may all take place in separate zones of the
same vacuum chamber. This generally results in higher
reliability and lower reject rates due to the reduced
handling which is associated by combining these steps
into the same chamber. However, one skilled in the art
will appreciate that separate chambers may also be used
in the alternative.

Once a 50-500 nanometer thin conductive layer is
formed on each side and in the through holes of the
substrate material, the desired thickness of copper
material is preferably formed by an electroplating
process that is known in the art. Generally,

electroplating involves placing a substrate material in
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solution supplied with electrical power, and with the
substrate material configured as a cathode. The desired
conductive material, in this case copper, is present in
the solution and is deposited on the substrate by this
process. Electroplating is a well known process which
provides high reliability and controllability, and it is
this process which is used to produce the final desired
thickness of conductive material in each side of
substrate material 30.

Instead of electroplating, the final thickness of
conductive material may be formed by an electroless |
process which is also generally known in the art. Other
methods of depositing conductive material onto a
substrate may also be used.

Once layers of conductive material have been formed
on the dielectric substrate, patterns are formed thereon
using a known etching process. 1In etching, a layer of
resist material is placed on the substrate and
selectively exposed by light or other means
corresponding to a desired interconnection pattern to be
formed on the substrate. The substrate is then exposed
to resist and basic etchant baths selectiveiy in order
to remove the excess conductive material and leave the
final desired conductive patterns on the substrate.
Other methods of forming a conductive pattern from a
layer of conductive material, such as the semi-additive
technique, may also be used.

By virtue of the above process steps, conductive
layers 20 and 22 are formed on both sides of dielectric
substrate 30, and metallized through holes such as hole
32 are formed to electrically interconnect layers 20 and
22. Similarly, layers 24 and 26 and metallized through
hole 42 are formed on substrate 40 for laminate 45, and
layers 27 and 28 and metallized through hole 52 are
formed on substrate 50 for laminate 55. The conductive
layers and metallized through holes may be constructed

to have finished thicknesses which fall below the
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standard minimum thickness requirements of 1 mil (25.4
microns), although greater finished thicknesses, such as
35 microns, are nonetheless obtainable if desired.
Preferably, the conductive layers and metallized through
holes have a finished thickness of at most about 25
microns, more preferably a finished thickness of at most
about 15 microns, even more preferably a finished
thickness of at most about 12.5 microns, and most
preferably a finished thickness of at most about 5
microns. Other thicknesses may be desirable based upon
such considerations as current carrying capacity.

Preferably, the metallized through holes and
conductive layers will have the same thickness since
they are preferably formed simultaneously by the through
hole metallization process. However; one skilled in the
art will appreciate that the through holes and
conductive layers may be deposited partially or
completely independently from one another to varying
thicknesses.

. Other techniques, or combinations of techniques,
may be utilized to produce relatively thin yet durable
single- or double-sided metal-film laminateé. Any
combination of vacuum deposition, chemical deposition,
sputtering, plating, and/or other deposition techniques
may be used consistent with the invention. Also, other
processes for treating a substrate to increase its
adhesion properties, including various oxidizing
techniques, may also be used consistent with the
invention. Further, we believe additive processes may
be incorporated in some applications. Any lamination
technique; however, will preferably eliminate the need
for adhesives to bond the conductive layers to the
substrate.

Using the above-described metallized through hole
process, a number of benefits are obtained over prior
laminate construction methods. Many of these prior

processes typically rely on adhesives to bond conductive
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layers to a substrate; however, the adhesiveless through
hole metallization process eliminates the need for
adhesives. 1In many prior systems, base layers of 18
microns of copper or more are typically bonded to a
substrate material using 17 microns of adhesive
material. In addition, to form through holes with these
prior adhesive-based systems, the through holes
generally are plated after thé base layers of copper are
layered onto the substrate. Generally, an additional 25
microns of copper (or as low as 15 microns in some
advanced constructions) are plated onto the through
holes in order to form electrical interconnections
between the opposing sides of the substrate.
Consequently, each conductive layer formed on a
substrate using these prior adhesive-based systems adds
at best about 50-60 microns in thickness.

However, the above-described adhesiveless process
is capable of providing reliable, delamination resistant
conductive layers and metallized through holes at a
thickness of about 5 microns or even less. Consequently,
the preferred adhesiveless laminate processes are
capable of providing reliable adhesiveless laminates
having conductive material thicknesses on the through
holes and the conductive layers well below the
conventionally-recognized minimums of about 1 mil (25.4
microns) in the barrels and 1 mil plus adhesive
thickness plus bonded cépper thickness on the surface of
the substrate. This offers a significant advantage over
prior adhesive-based, as well as cast film adhesiveless
laminates in the art due to the increased reliability,
flexibility, packaging density, and environmental
characteristics which are typically associated with
thinner constructions.

The elimination of adhesive in the adhesiveless
through hole metallization process provides a number of
benefits over prior adhesive-based processes. 1In
general, double-sided laminates fabricated by the
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through hole metallization process are more resistant to
thermal stresses than prior adhesive-based methods,
since the adhesive used in these prior methods is
generally susceptible to breakdown from elevated

5 temperatures or repeated cycling. When using a
temperature resistant substrate material, however, the
adhesiveless through hole metallization process is
capable of providing excellent thermal resistance,
particularly during post-processing assembly and in

10 operating environments subjected to high temperatures
and/or repeated cycling. During post-processing
assembly, a further advantage is found in that no
separate adhesive drying step is required prior to
reflow.

15 Another benefit of the above-described process is a
greater chemical stability than is found in prior
methods. It has been found that the adhesive used in
many prior adhesive-based methods is somewhat
susceptible to breakdown from exposure to harsh

20 chemicals, and consequently, the elimination of this
adhesive in the adhesiveless process described above
allows a wider variety of proéessing chemicéls to be
used in post-processing assembly steps and also allows
laminates to be used in environments where chemical

25 exposure may be likely.

Stronger through holes are also provided by the
above-described process, in part due to the elimination
of adhesive which generally degrades the performance of
through holes from repeated stresses. Such stresses

30 arise from thermal cycling of the circuit during
component‘assembly or after installation, or they may
arise from elevated pressure applied as part of
anisotropic interconnection or stiffener bonding. It
has been found that assemblies constructed in accordance

35 with the principles of the invention have enabled 5
micron-thick through holes to withstand 35 kg/cm® of

pressure at 180°C without any barrel deformation or
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cracking present. This was not previously possible with
an adhesive-based construction.

Other advantages are provided by the preferred
process over prior methods due to the relatively lesser
thicknesses of conductive layers (i.e., about 5 microns
in the preferred constructions versus 50-60 microns in
prior adhesive-based assemblies). One advantage is a
greater packaging density which may be obtained. This
is provided in part based upon the fact that, with the
through hole metallization process, the finished cbpper
layer is the same thickness as copper deposited in the
through holes. Since more copper is generally plated
onto the conductive layers of an adhesive-based process
than the through holes, additional copper must be plated
around the through holes so that the through holes will
survive the later etching processes. Consequently,
thicker layers of copper will remain on the surfaces of
the substrate when suitable through holes have been
constructed. Another key to the increase in packaging
density with the preferred process is the fact that
etching undercut is minimized by the reduction of
surface copper thickness. 1In prior methods, the etchant
material tended to etch horizontally to a greater degree
in thicker coppers, requiring wider conductive traces in
order to survive the etching process. With the
elimination of the adhesive in the preferred process,
etching undercut is minimized, and consequently a
smaller line resolution may be utilized. Thinner copper
also means the valley depth between etched conductors is
less, hence the penetration and etching action of
chemicalsbin the valleys may be more evenly controlled,
also providing finer resolution. 1In fact, using the
preferred process, the limits on line resolution are no
longer dependent upon the thickness of the copper layer
on the substrate, but are limited instead by the
resolution capability of the etch resist material.

The above-described evaporative metallized through
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hole process provides another benefit over other
adhesive-based, as well as adhesiveless processes in
that the evaporative metallized through hole process is
readily adaptable for high volume and/or low cost
applications. The number of steps and materials, as
well as the time to perform each of the steps, in the
metallized through hole process is generally less than
many prior methods. Also, the process is characterized
as a "dry" method, which is more environmentally
friendly than many other techniques. Consequently, the
metallized through hole process may be utilized in a
wider variety of applications, with reduced economic
restraints compared to many prior laminate technologies.
Another important benefit of the thinner copper
layers produced by the preferred process is the
increased flexibility and reliability of the finished
laminates over prior, thicker assemblies. As discussed
above, the preferred laminates are capable of having
conductive thicknesses well below the conventionally
recognized minimum thickness. The ability of a flexible
substrate to withstand repeated and/or narrowed radius
bends and resist delamination is important in many
applications, most notably dynamic flex applications
such as disk drive read/write heads, printer heads, and
display interconnects for portable, laptop, notebook and
sub-notebook computers. In general, the thinner a

laminate, the more flexible it is, and the less it is

. subjected to tension or compression forces produced by

bending. Consequently, the thinner layers provided by
the preferred process offer a significant advantage over
the significantly thicker prior assemblies which must
conform to the conventional thickness limitations.
Flexibility and reliability are also benefited by
the adhesiveless through hole metallization process
beyond its thinner conductive layers. It has been found
that the surface of the conductive material which is

bonded to the substrate by the preferred process has a
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desirable surface profile which aids in flexibility and
in maintaining a more reliable delamination resistant
connection with the base substrate material. This is
important because it has been found that one important
factor in determining flexibility and reliability of a
conductive layer is the surface profile of the
conductive material joined to a dielectric base
substrate material.

Electrodeposited (ED) conductive layers are
generally not utilized in flexible circuits that are
exposed to repeated flexures, such as in dynamic flex
applications. This is generally due to the fact that
electrodeposited copper typically has a rough surface
facing the substrate material, which is generally
necessary to form an adequate bond wiﬁh the adhesive
used. Even when used as a cast film, the surface of ED
copper is generally rougher than is desirable for
forming a reliable and flexible layer, which makes the
layer susceptible to fracture from dynamic flexing.

Consequently, current commercial practice uses
rolled annealed (RA) conductive layers (class 7) for
dynamic applications. The surface of RA'coﬁductive
material such as copper is much smoother than ED copper,
which generally provides better flexibility. The
economic limit, however, of RA copper in a conductive
layer is about 17 microns in thickness. Reliability and
cost concerns generally limit the production of RA
copper layers much thinner than this lower limit.

On the other hand, the electrodeposited copper

layers provided by the through hole metallization

process described above have generally smoother surface
profiles than even rolled annealed copper, and therefore
have a comparable resistance to delamination from
repeated flexing. It has been found that a conductive
layer formed by the preferred process and comparable in
thickness to rolled annealed copper has a fatigue
ductility (D;) of 110% versus 85% for RA copper.
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Further, the failure rate of this layer around a 0.078
inch mandrel was 470 cycles versus 289 cycles for RA
copper. Consequently, at equivalent thicknesses, the
conductive layers manufactured by the preferred method
5 are generally superior to the rolled annealed copper

layers. However, given that the preferred process may
be used to deposit significantly thinner conductive
layers on a substrate than the rolled annealed process,
the reliability may be significantly greater due to the

10 flexibility benefits obtained by reduced thicknesses.
Further, another benefit over the RA process is that
there is no concern for the orientation of the tracings
with the preferred process since the copper layers
formed thereby are isotropic in nature, unlike those

15 formed by the rolled annealed process.

Using a 50 micron polyimide dielectric film,
double-sided laminates of at most about 120 microns,
preferably at most about 80 microns, and most preferably
at most about 60 microns may be formed, which is

20 generally a two- to three-fold improvement over many
prior processes. Further, by utilizing 25 micron
polyimide dielectric film, the thickness of'a double-
sided laminate may be further decreased to a thickness
of at most about 35 microns. Consequently, significant

25 improvements in thinness, flexibility and reliability
are obtained by using the above-described preferred
through hole metallization process consistent with the

invention.

30 Dielectric Coverlavers
Prior to interconnecting the double-sided

metallized through hole laminates 35, 45, and 55, it is
preferable to coat one or both sides of these laminates
with coverlayers of dielectric material in order to

35 provide electrical insulation and environmental
resistance. In the preferred embodiment, dielectric

coverlayers 60 and 62 are coated over conductive layers
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20 and 22 on laminate 35. Similarly, coverlayers 64 and
66 are coated over conductive layers 24 and 26 of
laminate 45, and coverlayers 67 and 68 are coated over
conductive layers 67 and 68 of laminate 55.

Dielectric coverlayers 60 and 68 operate to protect
flexible multilayer printed circuit board 10 from the
external environment. The remaining coverlayers 62, 64,
66 and 67 provide insulation across the conductive
adhesive layers 70 and 80. Both opposing conductive
layers across a conductive adhesive layer may be
insulated by dielectric coverlayers. Alternatively, one
of these layers may be omitted to further reduce the
thickness of the laminates. However, it has been found
that two coverlayers provide sufficient electrical
insulation across a conductive adhesive layer.

Referring to laminate 35, dielectric éoverlayers 60

and 62 are preferably selectively screen-printed over

“conductive layers 20 and 22, with a number of apertures

defined by the screen in order to provide external
accegss to contact pads on the conductive layers at a

number of predetermined points. Alternatively, the

~dielectric ink used to form dielectric coveflayers 60

and 62 may be applied by means of a flooding screen
print operation, where the dielectric ink is printed
over the entire surface of the dielectric layers
followed by a laser or selective chemical etching step

to cut apertures into the dielectric coverlayers at

 desired points. Other methods of cutting apertures such

as mechanical abrasion or micro-sandblasting may also be
used. The dielectric ink may also be applied using a
continuous roll-to-roll process, such as barcoating or
spraying. . Further, the dielectric ink may be casted
into a b-stage layer, punched to form the apertures, and
then applied to the surfaces of the conductive layers 20
and 22. Other known ink application processes may be
used in the alternative. _

The dielectric ink is preferably a polyimide ink;
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A wetting agent and/or anti-foam agent may be added to

the ink. Other dielectric materials which readily form

inks may also be used.

Once the dielectric ink material is applied onto
the surfaces of conductive layers 20 and 22, the
assemblies are preferably dried and cured in an oven.
Preferably, drying occurs at a temperature in the range
of 135°C for a dwell time of approximately 7 to 10

minutes. Curing occurs at about 270°C for a dwell time

of about 2 minutes. One skilled in the art will
appreciate that various dielectric inks will have
different dry and cure processing requirements.

In some instances, it may be preferable to treat
the cured dielectric coverlayers 60 and 62 to improve
the ability of the dielectric material to bond to
conductive adhesive material. This treatment is
especially useful for dielectric coverlayers coated over
internal signal layers, such as coverlayer 62, where the
dielectric coverlayer bonds with a conductive adhesive
layer in the final assembly. However, for the external
dielectric coverlayers, such as dielectric coverlayers
60 and 68, the treatment is not required, aithough it
may nonetheless be performed.

The preferred treatment of the dielectric
coverlayers includes a first treatment with an alkaline
solution such as sodium hydroxide, followed by a
subsequent treatment with a bonding agent such as 0.5%
Union Carbide A-187 or Dow Corning Z-6040 in a solution
of methyl alcohol. These steps are useful for ensuring
good adhesion of the dielectric coverlayer to a
conductivé adhesive, since dﬁring cure, an antifoam
agent which is a component .of the polyimide ink in the
dielectric coverlayers tends to rise to the surface of
these coverlayers and impede adhesion. In prior
dielectric layers, this is usually not a concern, since
it is beneficial to have non-adhesive dielectric

material as no adhesive bonds with the dielectric
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material in the final assemblies. However, since good
adhesion is a desirable feature of the dielectric
coverlayers used with the present invention, this
treatment step significantly improves the performance of
the preferred assemblies.

The dielectric coverlayers have a thickness in the
range of at most about 50 microns, preferably at most
about 25 microns, more preferably at most about 10
microns, and most preferably at most about 5 microns.
Often, the determinate factor for the thickness of these
layers will be the amount of dielectric protection which
is needed for the particular application.

The screen-printed dielectric coverlayers offer a
number of advantages over many prior coverlayer designs.
In particular, dielectric coverlayers of the prior art
are typically dielectric films which are applied to a
substrate by means of an adhesive material, similar to
the prior applications of conductive layers on
substrates as discussed above.

.One advantage provided by screen printing polyimide
ink into dielectric coverlayers is that much thinner
coverlayers may be applied than heretofore has generally
been used in the prior art. Primarily due to the
elimination of adhesive, adequate dielectric protection
can be provided in 5 microns or less of dielectric ink,
as opposed to prior adhesive/film coverlayers which
generally are about 25-50 microns thick. The
elimination of adhesives also provides advantages in
terms of thermal stress and chemical stability, as it is
the adhesive which is typically unmatched with a
dielectrié substrate in terms of CTE, and which is more
susceptible to chemical or thermal degradation. Due to
the elimination of adhesive in the screen printing
process, the dielectric coverlayers have essentially the
same CTE, as well as the same chemical and thermal
resistance as the dielectric substrate material.

It has been found that the screen-printed polyimide
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ink provides excellent insulation resistance and
breakdown voltage. For example, two conductive layers,
each coated with 5 microns of screen-printed polyimide
ink, were connected by a conductive adhesive similar to
the composition discussed below. Testing of 200 samples
in a designed experiment revealed that the dielectric
cover- layers provided in excess of 2.0 million megohms
of insula-tion resistance (with a low value of 1.6
million megohms), and provided in excess of 1300 volts
breakdown voltage (with a low value of 765 volts).
These insulation charac- teristics are more than
adequate for most applications.

It may be seen, therefore, that throﬁgh the use of
the through hole metallization and dielectric coverlayer
screen-printing processes, a completeiy adhesiveless
thin double-sided laminate may be fabricated consistent
with the invention. Using a 50 micron polyimide
substrate, such laminates may be produced having overall
thicknesses of at most about 170 microns, more
preferably at most about 100 microns, and most
preferably at most about 70 microns. Lower values may
even be obtained with thinner substrates. Greater
packing density and greater resistance to thermal stress
and chemical degradation is also provided. Further,
higher flexibility and reliability may be obtained over
other prior methods, which makes the preferred laminates
especially suitable for use in flexible and dynamic

applications.

Conductive Adhesive

In the preferred assembly 10, a number of finished
double-sided laminates are electrically and mechanically
joined by means of conductive adhesive layers disposed
therebetween. As discussed generally for example in
U.S. Patent Application No. 08/001,811, the conductive
adhesive, also known as an anisotropic adhesive, is used

to form multilayer constructions from two or more
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double-sided printed circuilt assemblies or laminates.

With regard to assembly 10, shown in Figures 1 and
2, laminates 35, 45 and 55 are preferably interconnected
by conductive adhesive layers 70 and 80. The conductive
adhesive layers 70 and 80 provide secure mechanical
interconnections between the double-sided metal-film
laminates, and provide electrical interconnection only
in the Z-axis (i.e., through ﬁhe thickness thereof),
while providing electrical insulation in the X and Y
axes (i.e., throughout the plane of the layer). These
layers are also referred to as anisotropic adhesive
layers.

Generally, the conductive adhesive material used to
form layers 70 and 80 includes a plurality of deformable
heat fusible conductive particles disposed in a
thermosetting polymer matrix. The conductive particles
are preferably solder balls which are sized to span the
connected distance between the opposing conductive
layers, generally varying from this distance by no more
than 10%; however, relatively larger or smaller
particles may be utilized with sufficient reliability
for many applications. It is also desirable to match
the coefficient of thermal expansion of these particles
with the dielectric substrate material to provide
greater resistance to thermal stresses. Preferably, the
CTE of the solder particles should be within 25% of the
CTE of the dielectric substrate.

The preferred solder particles are formed of a
eutectic solder such as 63:37 tin/lead, or alternatively
62.5:36.1:1.4 tin/lead/silver. It has been found that
these compositions have relatively low melting points so
that the solder particles are capable of being reflowed
without subjecting any of the printed circuit assemblies
to excessive temperatures. Other particle compositions
may include alloys of indium or bismuth, or various
solder combinations thereof. Consequently, depending on

the thermal characteristics of the assemblies, various
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solder compositions may be utilized in order to provide
the desired properties for the conductive adhesive.

It may also be preferable to include a number of
smaller particles in addition to the primary particles
sized to span the connected distance between opposing
conductive layers. These smaller particles have been
found to facilitate the formation of reliable
interconnections in the adhesive layer. 1In a preferred
embodiment, equal parts of -325 to +400 mesh powder and
-500 mesh powder are used in the conductive adhesive
material. The mixture of particles will tend to vary
depending on the particular application desired.

The adhesive material used in the conductive
adhesive is preferably dielectric, and may be any non-
conducting plastic, resin, ceramic or glass material.
It is preferable that the adhesive completely coat all
of the particles so as to isolate each electrically from
adjacent particles, and to protect each from contact
from forces applied to the adhesive during assembly.
The preferred adhesive is a thermosetting plastic
suitable for screen printing.

One preferred conductive adhesive includes a base
resin which is combined with phenolic resin and solder

particles. The preferred base resin has the following

composition:
Ingredient % Weight
Butvar 90 (Polyvinyl) 74.78
Cab-o-sil (Filler) 7.79
Antifoam A (Wetting Agent) 1.24
Epon 872 X 75 (Epoxy) 16.19

The base resin is mixed with phenolic resin and
conductive particles. Preferably, the conductive
particles represent about 10 to about 30% by weight of
the final composition. The loading of these particles

is determined statistically, and must be sufficient to
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ensure adequate contact between opposing conductive
layers where electrical interconnection is desired, but
not so high as to exceed critical volume loading where
not all of the solder particles are completely coated by
the adhesive. While the precise loading of solder
particles will vary depending upon the particular
application used, the preferred conductive adhesive has

the following composition:

Ingredient . % Weight
Base Resin 70.30
BLS 2700 (Phenolic Resin) 5.80
Conductive Particles 23.90

For each connection between double-sided laminates,
the conductive adhesive material is preferably screen-
printed onto one of the laminates. Alternatively, the
conductive adhesive may be selectively screen-printed to
certain areas of the circuit assembly, or flood screen-
printed with areas removed by laser etching or
otherwise. The conductive adhesive may also be formed
into a b-stage film, where it may then be cﬁt, drilled,
punched, etc. to form apertures. Other known manners of
applying an adhesive may also be used. After the
conductive adhesive is screen-printed in the preferred
pfocess, it is next dried to a b-stage adhesive in an
oven set at about 220-250°F for approximately 10
minutes. Next, all of the double-sided laminate
assemblies (35, 45, 55) are aligned overlapping with one
another, preferably using alignment pins which have been
preformed'during the manufacture of the assemblies.
Next, the entire assembly 10 is laminated to cure and
set the conductive adhesive layers 70 and 80.
Preferably, this is performed at about 300 psi pressure
and about 380°F for about 50-60 minutes, and cooled
under pressure. One skilled in the art will appreciate

that the lamination times, pressures, and temperatures
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will vary for the particular application involved.

Once laminated, conductive adhesive layers 70 and
80 electrically and mechanically join the double-sided
metal-film laminates 35, 45 and 55. During lamination,
the adhesive cures and sets, while the conductive
particles reflow and wet to opposing contact pads formed
on the opposing conductive layers. As shown in Figure
3, the conductive particles tend to form solder bridges
90 between opposing paths which, by virtue of the
setting of the adhesive, become locked in place at the
completion of the lamination process. Due to the
thermosetting nature of the adhesive, any subsequent
heating sufficient to reflow the solder will not cause
these solder bridges to fail, as the surface tension of
the solder, as well as the nature of the adhesive, will
keep these bridges together. Consequently, assemblies
which utilize the preferred conductive adhesive are
capable of withstanding the high temperatures associated
with many post-processing assemblies (e.g., wave
soldering or IR reflow) and associated with many extreme
operating environments.

In the preferred embodiment, the conduétive
adhesive layers are about 25 microns thick. While the
particles in the above-described composition are not
sized to within 10% of this thickness, it has been found
that sufficiently reliable connections may be formed.

We believe, however, that using particles Which conform
to the 10% rule would generally provide more reliable

_interconnections.

The conductive adhesive layers also provide greater
packaging density, flexibility and design options over
the prior interconnection methods. Previously, high
aspect ratio through holes, extending throughout the
thickness of a multilayer circuit, were required to
interconnect layers in an assembly. These through holes
require additional plating, and are highly susceptible
to failure from flexing due to their longer lengths |
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(spanning numerous layers). By virtue of the preferred
conductive adhesive, however, individual internal
interconnections, such as blind or buried vias, may be
formed, limiting the use of through holes to merely
connect conductive layers on opposing sides of a
dielectric substrate (e.g., formed by the through hole
metallization process). By proper circuit design, the
space previously wasted by long through holes through
multiple layers may be effectively used to allow for
greater packaging densities for the various conductive
layers. Gains of 25-40% in density are commonly
obtained with the preferred process.

Further, as discussed, for example, in U.S. Patent
Application No. 08/001,811, the conventional wisdom has
required a 25:1 ratio between apertufe size and the
connected distance between opposing interconnecting pads
on the conductive layers to ensure adequate electrical
interconnections between opposing interconnecting pads
using conductive adhesive layers. The aperture size
typically determines the size of interconnecting pads on
the conductive layers, and consequently, limits the
packaging density obtainable in the conductive layers.
This is generally the case with adhesive-based
dielectric coverlayers since the 25:1 ratio allows for
deformation of the opposing coverlayers during bonding
since a Z-axis adhesive is generally ineffective at
bridging relatively large distances. For instance, with
a 50 micron connected distance, conventional wisdom
requires a 1250 micron diameter aperture to ensure
adequate performance of the conductive adhesive.

HoweVer, simply by using the screen-printed
dielectric coverlayers discussed above, significant
reductions in aperture size may be obtained. First, it
has been found that, by using thinner coverlayers, much
less deformation is required during lamination, as
comparatively lesser distances must be spanned by the

conductive adhesive. The ink may thus be non-
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compactible if desired without degrading the gquality of
connections. Consequently, it has been determined that
a more reliable design rule may be utilized in the
alternative which requires a 25 to 1 ratio between
aperture size and the thickness of the dielectric
coverlayer, rather than the connected distance beﬁween
pads. Thus, using 5 micron dielectric coverlayers on
each opposing conductive layer, aperture sizes of 250
microns (10 microns x 25) provide reliable
interconnections utilizing this alternative design rule.
While this aperture size reduction alone is a
significant improvement over the prior art, it has been
found that further improvements are obtained by virtue
of the fact that the thinner dielectric ink requires
less compression in order to ensure adequate bonding
with the Z-axis adhesive. It has been found that the
ratio of aperture size to dielectric coverlayer
thickness may be decreased below the 25:1 ratio by using
the dielectric ink as a coverlayer. In fact, we believe
ratios as low as 20:1, and even as low as 12.5:1 or
less, may be obtained, resulting in 125 micron apertures
(10 microns x 12.5) using the above-described processes.
Sample assemblies constructed by the preferred
processes were tested with varying sizes of
interconnecting contact pads which terminated 125 micron
conductive traces. It was found that, with as low as
125 micron pad sizes, when adequate resistance (less
than 10 ohms) was obtained for the interconnections
through the conductive adhesive, the current capacity of
the circuits was not at all degraded by the 125 micron
pad size (remaining at one amp or better regardless of
pad size). While the aperture size itself was not set
to 125 microns because of the limitations of the screen
printing process used in the sample constructions, it is
believed that using 125 micron apertures over thesé 125
micron pads would not significantly degrade the overall

performance of these assemblies. Further, we believe
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that greater reliability in the interconnections between
contact pads, and possibly a greater reduction in the
possible aperture size ratio, would be obtainable
through the use of smaller particles in the conductive
adhesive material.

The primary benefit obtained by reducing the size
of these apertures is the greater packaging density of
the conductive traces in a conductive layer. This
enables more traces to be included in the same amount of
area of a conductive layer, and sometimes may be
significant enough to eliminate the need for additional
conductive layers. Consequently, it may be possible to
provide more flexible and reliable circuits by reducing
the aperture size as disclosed herein. Alternatively,
it is possible to manufacture more complicated higher

density circuits in the same area as previously used in

.the same area as without degrading flexibility and/or

reliability.

Multilayer Circuit Performance
A number of unique benefits are obtained by the use

of the various processes described above. One such
benefit which has been realized is the reduction in
thickness in preferred assemblies over prior art
methods. Through the combination of the through hole
metallization process, the dielectric coverlayer
deposition, and the conductive adhesive bonding,
significantly thinner flexible multilayer printed
circuit assemblies may be formed than heretofore has
generally been possible. For example, using 50 micron
dielectric substrates, four layer multilayer circuits
may be constructed having an overall thickness of at
most about 365 microns (with 35 micron conductive layers
and 25 micron dielectric coverlayers), more preferably
at most about 225 microns (with 15 micron conductive
layers and 10 micron dielectric coverlayers), and most

preferably at most about 165 microns (with 5 micron
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conductive layers and dielectric coverlayers). The
addition of another double-sided adhesiveless laminate
and another conductive adhesive layer adds at most about
195 microns, more preferably at most about 125 microns,
and most preferably at most about 95 microns. Thus, six
layer multilayer circuits may be constructed with as
little as 260 microns, and eight layer multilayer
circuits may be constructed with as little as 355
microns.

By instead utilizing 25 micron dielectric
substrates and only one dielectric coverlayer adjacent
each layer of conductive adhesive, the overall thickness
of a four layer multilayer circuit may be reduced to at
most about 105 microns. Additional adhesiveless
laminates secured by conductive adhesiveless laminates
would then add at most about 65 microns to the overall
thickness, therefore providing overall thicknesses of
170 microns for six layer circuits, and 235 microns for
eight layer circuits.

These representative thicknesses for multilayer
circuits exhibit significant advantages over the prior
art. For instance, prior rigid circuits are limited to
about a 800 micron thickness for a six layer circuit.
Similarly, conventional FPC using 25 micron substrates
can obtain only about a 653 micron thickness for a six
layer construction. At best, using conventional
flexible circuit fabrication technology, a six layer FPC
may be produced with about a 500 micron thickness.

As discussed above, a reduction in thickness in a
printed wiring circuit offers increased flexibility and
reliability, which is particularly relevant to dynamic
applications where a printed wiring hingeboard is
subjected to multiple flexures over its lifetime. The
reduction in thickness also results in significant
material savings due to reduction in the types, as well
as the quantities, of products required to manufacture

the assemblies.
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Other benefits are obtained by virtue of the above
preferred fabrication processes. For instance, greater
packaging density is available due to the reduction in
aperture size in the dielectric coverlayers. This may
often result in the elimination of conductive layers,
and/or a reduction in the overall size of the conductive
layers. It may also allow higher density circuits to be
formed on similar sized substrates. Further, by use of
blind or buried vias which interconnect various layers
in the interior of a multilayer circuit assembly,
overall packaging density may be reduced an additional
25-40% through proper circuit design.

Assemblies fabricated byAthe preferred processes
also exhibit excellent thermal and chemical resistance.
In particular, the assemblies are resistant to the high
temperatures as well as the repeated thermal cycling
that is commonly found in a number of post-processing
assembly steps (e.g., soldering, IR reflow, roll
tinning, hot air leveling, etc.) and in a number of
extreme operating environments. Further, these
assemblies exhibit resistance to harsh chemicals which
often accompany many post-processing assembly steps, or
which may be encountered in some operating environments
(e.g., hot brake fluid in some antilock brake circuits).

One further advantage provided by these preferred
manufacturing processes is improved thermal management

capabilities resulting from the reduced thickness of the

~assemblies. The ability of a substrate to dissipate

heat generated by devices attached thereto is in part a
function of the thickness of the substrate.
Consequently, the reduced thicknesses associated with
these preferred manufacturing processes enable heat to
be conducted away from integrated circuits and other
devices attached to a substrate and éonsequently
increase the life, reliability, and performance of those
devices.

One further significant benefit realized by the
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present invention is the fact that adhesiveless
metallized through hole laminates may be utilized in
multilayer circuits. 1In the past, adhesiveless
laminates were found to be unsuitable for use in
multilayer circuitry. Primarily, this was the result of
the inability of the thin copper inner layer in a
through hole structure to withstand the high
temperatures and pressures which were commonly
associated with multilayer circuit assembly. One such
example is the electroplating processes required in
additive multilayer processes. In general, the copper
layers and the plated through holes were found to be
unreliable in prior multilayer circuits unless
significantly thicker copper layers were utilized.
While thicker layers might survive a prior multilayer
process such as the additive process, the use of these
thicker copper layers is counterproductive to
flexibility and thinness, and hence is generally
unsuitable for flexible multilayer circuitry.

However, through the use of conductive adhesive
layers as an assembly technique for multilayer
constructions, it has been found that the thin copper
layers and holes provided by the above-described

adhesiveless metallized through hole process may be

‘utilized in a multilayer construction, principally due

to the robustness of the metallized through holes.
Therefore, one principal benefit of the invention is the
realization that sufficient mechanical strength and
reliability may still be maintained with thin metallized
through hole constructions to form thin multilayer
circuit assemblies.

Therefore, it can be seen that the present
invention provides many significant advantages in the
manufacture of high-quality, reliable flexible
multilayer printed circuit boards. The above
discussion, examples and embodiments illustrate our
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current understanding of the invention. However, one

skilled in the art will appreciate that various changes
may be made without departing from the spirit and scope
of the invention. Thus, the invention resides wholly in

5 the claims hereafter appended.
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We claim:
1. A flexible multilayer printed circuit board,
comprising:
(a) at least two adhesiveless laminates, each
adhesiveless laminate comprising:

(i) a flexible dielectric substrate;

(1i1) first and second conductive‘layers
of conductive material secured to opposing
surfaces of the flexible dielectric substrate
through adhesiveless interconnections; and

(iii) at least one metallized through
hole defined through the flexible dielectric
substrate and having conductive material
deposited thereon to electrically interconnect
the first and second conductive layers,
wherein the conductive material deposited in
the at least one metallized through hole has a
thickness of less than about 25 microns; and
(b) a conductive adhesive layer, disposed

~ between the adhesiveless laminates, for
mechanically and electrically interconnecting the
adhesiveless laminates in a superposedv

relationship.

2. The flexible multilayer printed circuit board
of claim 1, wherein the opposing surfaces of the
flexible dielectric substrate include non-continuous
random distributions of metal-oxide selected from the
group consisting of oxides of iron, chromium, nickel,
molybdenum, manganese, zirconium or mixtures thereof;
and wherein the conductive material in the first and
second conductive layers and the at least one metallized
through hole is adhered to the flexible dielectric

substrate through the random distributions.

3. ‘The flexible multilayer printed circuit board

of claim 2, wherein the conductive material in the first
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and second conductive layers and the at least one
metallized through hole comprises a first metal layer,
formed on the random distributions by vapor
metallization, having a thickness of about 50 to 500
nanometers, and a second metal layer electroplated on

the first metal layer.

4. The flexible multilayer printed circuit board
of claim 3, wherein the conductive material in the first
and second conductive layers is at most about 35 microns

in thickness.

5. The flexible multilayer printed circuit board
of claim 4, wherein the conductive material in the first
and second conductive layers and the at least one
metallized through hole comprises copper having a

thickness of at most about 5 microns.

6. The flexible multilayer printed circuit board
of claim 1, wherein the conductive material deposited in
the at least one metallized through hole has a thickness
of less than about 12.5 microns. |

7. The flexible multilayer printed circuit board
of claim 1, wherein the peel strengths of the
adhesiveless laminates are at least 2 pounds per inch.

8. The flexible multilayer printed circuit board
of claim 1, wherein the flexible dielectric substrate
comprises a polyimide film having a thickness of at most
about 50 microns, and wherein the flexible dielectric
substrate and the first and second conductive layers
have substantially similar coefficients of thermal

expansion.

9. The flexible multilayer printed circuit board
of claim 1, wherein the conductive adhesive layer is
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interposed between the first conductive layers on the at
least two adhesiveless laminates to mechanically connect
the at least two adhesiveless laminates in a superposed
relationship with a connected distance therebetween, and
to electrically connect the first conductive layers on
the at least two adhesiveless laminates; the conductive
adhesive layer being conductive across a thickness
thereof and being non-conductive throughout a coplanar
direction thereof, and being disposed substantially
throughout an overlapping portion of the two first
conductive layers; the conductive adhesive layer
comprising a non-conductive adhesive having a first
plurality of deformable conductive metallic particles
dispersed substantially uniformly throughout the
adhesive such that each particle is electrically
insulated from substantially every other particle, the
particles and the flexible dielectric substrates having
a substantially similar coefficient of thermal

expansion.

10. The flexible multilayer printed circuit board
of claim 9, wherein the particles in the conductive
adhesive layer have a diameter that is about 90-110% of
the distance between the first conductive layers on the

at least two adhesiveless laminates.

11. The flexible multilayer printed circuit board
of claim 9, wherein the non-conductive adhesive is a

thermosetting resin.

12. The flexible multilayer printed circuit board
of claim 9, wherein the conductive adhesive layer
further comprises a second plurality of deformable
conductive metallic particles having'diameters smaller

than the first plurality of particles.

13. The flexible multilayer printed circuit boafd
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of claim 9, wherein the particles are made of
substantially spherical eutectic solder comprising
62.5:36.1:1.4 tin/lead/silver, and wherein at least 80
percent of the particles have a diameter within 20

percent of a mean diameter.

14. The flexible multilayer printed circuit board
of claim 9, wherein the conductive adhesive layer is at

most about 25 microns in thickness.

15. The flexible multilayer printed circuit board
of claim 1, further comprising at least one adhesiveless
dielectric layer diéposed on at least one of the

adhesiveless laminates.

16. The flexible multilayer printed circuit board
of claim 15, wherein the adhesiveless dielectric layer
comprises a cured polyimide ink printed to a thickness

of at most about 5 microns.

'17. The flexible multilayer printed circuit board
of claim 15, wherein the first conductive layers on the
at least two adhesiveless laminates are oppositely
disposed across the conductive adhesive layer such that
at least one pair of opposing interconnecting pads
defined on the first conductive layers are oppositely
disposed across the conductive adhesive layer, and
wherein ‘the adhesiveless dielectric layer is configured
to define at least one aperture oriented to enable the
conductive adhesive layer to electrically connect the at

least one pair of interconnecting pads.

18. The flexible multilayer printed circuit board
of claim 17, wherein the at least one aperture has a
diameter of less than about 25 times the thickness of

the adhesiveless dielectric layer.
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19. The flexible multilayer printed circuit board
of claim 15, wherein the combined thickness of the
adhesiveless laminates, the at least one adhesiveless
dielectric layer and the conductive adhesive layer is at

most about 365 microns.

20. The flexible multilayer printed circuit board
of claim 19, wherein the additional combined thickness
of an additional adhesiveless laminate, at least one
additional adhesiveless dielectric layer, and an
additional conductive adhesive layer is at most about

195 microns.

21. The flexible multilayer printed circuit board
of claim 19, wherein the combined thickness of the
adhesiveless laminates, the at least one adhesiveless
dielectric layer and the conductive adhesive layer is at

most about 225 microns.

22. The flexible multilayer printed circuit board
of claim 21, wherein the additional combined thickness
of an additional adhesiveless laminate, at 1east one
additional adhesiveless dielectric layer, and an
additional conductive adhesive layer is at most about

125 microns.

23. The flexible multilayer printed circuit board
of claim 21, wherein the combined thickness of the
adhesiveless laminates, the at least one adhesiveless
dielectric layer and the conductive adhesive layer is at

most about 165 microns.

24. The flexible multilayer printed circuit board
of claim 23, wherein the additional combined thickness
of an additional adhesiveless laminate, at least one
additional adhesiveless dielectric layer, and an

additional conductive adhesive layer is at most about 95
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microns.

25. The flexible multilayer printed circuit board
of claim 23, wherein the combined thickness of the
adhesiveless laminates, the at least one adhesiveless
dielectric layer and the conductive adhesive layer is at

most about 105 microns.

26. The flexible multilayer printed circuit board
of claim 25, wherein the additional combined thickness
of an additional adhesiveless laminate, at least one
additional adhesiveless dielectric layer, and an
additional conductive adhesive layer is at most about 65

microns.

27. A metal-film laminate for use in a flexible
multilayer printed circuit board, comprising:

- (a) a flexible dielectric substrate having
surfaces bearing non-continuous random
distributions of metal-oxide;

~(b) first and second conductive layers of
conductive material secured to opposing surfaces of
the flexible dielectric substrate through the non-
continuous random distributions of metal-oxide; and

(c) at least one metallized through hole

defined through the flexible dielectric substrate
and having conductive material deposited thereon to
electrically interconnect the first and second
conductive layers, wherein the conductive material
deposited in the at least one metallized through
hole'has a thickness of less than about 25 microns.

28. The metal-film laminate of claim 27, wherein
the conductive material on the metallized through hole
is integral with the conductive material in the first
and second conductive layers, and wherein the first and

second conductive layers and the at least one metallized



WO 95/11582 PCT/US94/11658

10

15

20

25

30

35

45

through hole are constructed to have a delamination
resistance sufficient to withstand multilayer printed

circuit board assembly.

29. The metal-film laminate of claim 27, wherein
the non-continuous random distributions of metal-oxide
include metal-oxides selected from the group consisting

of oxides of iron, chromium, nickel, molybdenum,

manganese, zirconium or mixtures thereof.

30. The metal-film laminate of claim 29, wherein
the conductive material in the first and second
conductive layers and the at least one metallized
through hole comprises a first metal layer, formed on
the random distributions by vapor metallization, having
a thickness of about 50 to 500 nanometers, and a second

metal layer deposited on the first metal layer.

31. The metal-film laminate of claim 30, wherein
the conductive material in the first and second
conductive layers is at most about 35 microns in

thickness.

32. The metal-film laminate of claim 31, wherein
the conductive material in the first and second
conductive layers and the at least one metallized
through hole comprises copper having a thickness of at

most about 5 microns.

33.' The metal-film laminate of claim 30, wherein
the second metal layer of conductive material in the
first and second conductive layers and the at least one

metallized through hole is formed by electroplating.

34. The metal-film laminate of claim 27, wherein
the peel strength of the adhesiveless laminates is at

least 2 pounds per inch.



WO 95/11582 PCT/US94/11658

10

15

20

25

30

35

46

35. The metal-film laminate of claim 27, wherein
the flexible dielectric substrate comprises a polyimide

film having a thickness of at most about 50 microns.

36. The metal-film laminate of claim 27, further
comprising at least one adhesiveless dielectric layer
disposed on at least one of thé first and second

conductive layers on the adhesiveless laminate.

37. The metal-film laminate of claim 36, wherein
the flexible dielectric substrate, the conductive
material and the at least one adhesiveless dielectric
layer having substantially similar coefficients of

thermal expansion.

38. The metal-film laminate of claim 36, wherein
the adhesiveless dielectric layer comprises a screen
printable polyimide ink printed to a thickness of at

most about 5 microns.

39. ' The metal-film laminate of claim 36, wherein
the adhesiveless dielectric layer is configured to
define at least one aperture oriented to expose an
interconnecting pad defined on the at least one of the
first and second conductive layers upon which the

adhesiveless dielectric layer is disposed.

40. The metal-film laminate of claim 36, wherein
the adhesiveless dielectric layer comprises first and
second adhesiveless dielectric layers disposed on the
first and second conductive layers, respectively, and
wherein the combined thickness of the flexible
dielectric substrate, the first and second conductive
layers and the first and second adhesiveless dielectric

layers is at most about 170 microns.

41. The metal-film laminate of claim 40, wherein
F)
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the combined thickness of the flexible dielectric
substrate, the first and second conductive layers and
the first and second adhesiveless dielectric layers is

at most about 100 microns.

42. The metal-film laminate of claim 41, wherein
the combined thickness of the flexible dielectric
substrate, the first and second conductive layers and
the first and second adhesiveless dielectric layers is

at most about 70 microns.

43. The metal-film laminate of claim 27, wherein
the combined thickness of the flexible dielectric
substrate and the first and second conductive layers is

at most about 120 microns.

44. The metal-film laminate of claim 43, wherein
the combined thickness of the flexible dielectric
substrate and the first and second conductive layers is

at most about 80 microns.

45. The metal-film laminate of claim 44, wherein
the combined thickness of the flexible dielectric
substrate and the first and second conductive layers is

at most about 35 microns.

46. A method of manufacturing a flexible
multiléyer printed circuit board, comprising the steps
of:

(a) constructing at least two adhesiveless
laminates, wherein the construction of each
adhesiveless laminate comprises the steps of:

(iii) forming at least one through hole
through a flexible dielectric substrate;

(ii1) depositing conductive material on
the flexible dielectric substrate to form

first and second conductive layers of
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conductive material on opposing surfaces of
the flexible dielectric substrate, and to
electrically interconnect the first and second
conductive layers through metallizing the at
least one through hole, wherein the conductive
material is deposited in the at least one
through hole to form a metallized through hole
with a thickness of less than about 25
microns; and
(b) mechanically and electrically
interconnecting the adhesiveless laminates in a
superposed relationship through a conductive

adhesive layer.

47. The method of claim 46, wherein the flexible
dielectric substrate comprises a polyimide film having a
thickness of at most about 50 microns, and wherein the
step of forming at least one through hole comprises the
step of stamping the polyimide film to form a plurality

of through holes substantially simultaneously.

48. The method of claim 46, wherein the
constructing step further comprises the step of forming
non-continuous random distributions of metal-oxide on
the opposing surfaces of the flexible dielectric
substrate by contacting the flexible dielectric
substrate with a plasma, produced from at least two
metallic electrodes, the plasma comprising ionized
oxygen, the random distributions including metal-oxides
selected from the group consisting of oxides of iron,
chromium,.nickel, molybdenum, manganese, zirconium or
mixtures thereof, and wherein the conductive material in
the first and second conductive layers and the at least
one metallized through hole is adhered to the flexible
dielectric substrate through the random distributions.

49. The method of claim 48, wherein the depositing
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step comprises the step of vapor metallizing a first
metal layer on the random distributions to a thickness
of about 50 to 500 nanometers, and depositing a second
metal layer on the first metal layer, to form the first
and second conductive layers and the at least one

metallized through hole.

50. The method of claim 49, wherein the conductive
material in the first and second conductive layers is at

most about 35 microns.

51. The method of claim 50, wherein the conductive
material in the first and second conductive layers and
the at least one metallized through hole comprises

copper having a thickness of at most about 5 microns.

52. The method of claim 49, wherein the step of
depositing the second metal layer comprises the step of
electroplating conductive material on the first metal

layer.

53. The method of claim 46, wherein the peel
strength of the adhesiveless laminates is at least 2

pounds per inch.

54. The method of claim 46, wherein the step of
mechanically and electrically interconnecting comprises

‘the steps of:

(a) layering an electrically conductive
adhesive over a portion of one of the at least two
adhesiveless laminates to form the conductive
adhesive layer, the conductive adhesive comprising
a non-conductive thermosetting adhesive having a
plurality of deformable conductive metallic
particles dispersed substantially uniformly
throughout the non-conductive adhesive such that

each particle is electrically insulated from
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substantially every other particle, the particles
and the flexible dielectric substrates having a
substantially similar coefficient of thermal
expansion;

(b) aligning the other of the at least two
adhesiveless laminates to form an uncured assembly,
such that the conductive adhesive layer is
interposed between the at least two adhesiveless
laminates with corresponding interconnecting pads
defined on each adhesiveless laminate being aligned
with one another; and

(c) subjecting the uncured assembly to an
elevated temperature and a clamping pressure to
form an interconnected assembly“ such that the
conductive adhesive layer becomes conductive across
a thickness thereof and non-conductive throughout a
coplanar direction thereof, and such that the at
least two adhesiveless laminates are mechanically

connected in a superposed relationship with a

-connected distance therebetween and corresponding

'interconnecting pads on the adhegiveless laminates

are electrically connected.

55. The method of claim 54, further comprising,

25 before the aligning step, the step of drying the

conductive adhesive layer to form a B stage adhesive.

56. The method of claim 46, further comprising,

prior to the step of mechanically and electrically

30 interconnecting, the step of forming at least one

adhesiveless dielectric layer on at least one of the

adhesiveless laminates.

57. The method of claim 56, whérein the step of

35 forming at least one adhesiveless dielectric layer

comprises the steps of screen printing a dielectric ink

on the adhesiveless laminate to a thickness of at most
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about 25 microns, and drying and curing the dielectric

ink.

58. The method of claim 57, wherein the dielectric
ink comprises a polyimide ink printed to a thickness of

at most about 5 microns.

59. The method of claim 56, wherein the first
conductive layers on the at least two adhesiveless
laminates are oppositely disposed across the conductive
adhesive layer such that at least one pair of opposing
interconnecting pads defined on the first conductive
layers are oppositely disposed across the conductive
adhesive layer, and wherein the step of forming at least
one adhesiveless dielectric layer further comprises the
step of forming at least one aperture in the at least
one adhesiveless dielectric layer, wherein the at least
one aperture is oriented to enable the conductive
adhesive layer to electrically connect the at least one

pair of interconnecting pads.

60. A flexible multilayer printed ciréuit board,
comprising:

(a) at least two adhesiveless laminates, each
adhesiveless laminate including at least one
conductive layer disposed on a surface of a
flexible dielectric substrate, at least one of the
two adhesiveless laminates having two conductive
layers disposed on opposing surfaces of the
flexible dielectric layer;

(b) an adhesiveless dielectric layer disposed
on at least one of the adhesiveless laminates; and

(c) 1interconnecting means for mechanically
securing the at least two adhesiveless laminates
together in a superposed relationship with the
adhesiveless dielectric layer disposed

therebetween.
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61. The flexible multilayer printed circuit board
of claim 60, wherein the adhesiveless dielectric layer
comprises a screen printable dielectric ink printed to a

thickness of at most about 25 microns.

62. The flexible multilayer printed circuit board
of claim 61, wherein the dielectric ink is printed to a

thickness of at mostAabout 10 microns.

63. The flexible multilayer printed circuit board
of claim 62 wherein the screen printable dielectric ink
comprises a polyimide ink printed to a thickness of at

most about 5 microns.

64. The flexible multilayer printed circuit board
of claim 60, wherein conductive layers on the at least
two adhesiveless laminates are oppositely disposed
across the interconnecting means such that at least one
pair of opposing interconnecting pads defined on the
first conductive layers are oppositely disposed across
the interconnecting means, and wherein the adhesiveless
dielectric layer is configured to define at least one
aperture oriented to expose an interconnecting pad on at

least one of the adhesiveless laminates.

65. . The flexible multilayer printed circuit board
of claim 64, wherein the at least one aperture has a
diameter of less than about 25 times the thickness of

the adhesiveless dielectric layer.

66. .The flexible multilayef printed circuit board
of claim 65, wherein the adhesiveless dielectric layer

is generally non-compactible.

67. The flexible multilayer printed circuit board
of claim 65, wherein the at least one aperture has a

diameter of at most about 12.5 times the thickness of



WO 95/11582 PCT/US94/11658

10

15

20

25

30

35

53

the adhesiveless dielectric layer.

68. The flexible multilayer printed circuit board
of claim 64, wherein the at least one aperture has a

diameter of less than about 1250 microns.

69. The flexible multilayer printed circuit board
of claim 68, wherein the at least one aperture has a

diameter of at most about 125 microns.

70. The flexible multilayer printed circuit board
of claim 60, wherein the interconnecting means comprises
a conductive adhesive layer interposed between the
conductive layers on the at least two adhesiveless
laminates to mechanically connect the at least two
adhesiveless laminates in a superposed relationship with
a connected distance therebetween, and to electrically
connect the conductive layers on the at least two
adhesiveless laminates, the conductive adhesive layer
being conductive across a thickness thereof and being
non-conductive throughout a coplanar direction thereof,
and being disposed substantially throughout an
overlapping portion of the at least two adhesiveless
laminates, the conductive adhesive layer comprising a
non-conductive adhesive having a first plurality of
deformable conductive metallic particles dispersed
substantially uniformly throughout the adhesive such
that each particle is electrically insulated from
substantially every other particle, the particles and
the flexible dielectric substrates of the adhesiveless
laminates having a substantially similar coefficient of

thermal expansion.

71. The flexible multilayer printed circuit board
of claim 60, wherein at least one of the adhesiveless
laminates includes conductive layers disposed on

opposing surfaces of the flexible dielectric substrate
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and at least one metallized through hole defined through
the flexible dielectric substrate and having conductive
material deposited thereon to electrically interconnect
the conductive layers on the opposing surfaces of the
flexible dielectric substrate, wherein the conductive
material deposited in the at least one metallized
through hole has a thickness of less than about 25

microns.

72. The flexible multilayer printed circuit board
of claim 71, wherein the opposing surfaces of the
flexible dielectric substrate with the at least one
metallized through hole include non-continuous random
distributions of metal-oxide selected from the group
consisting of oxides of iron, chromium, nickel,
molybdenum, manganese, zirconium or mixtures thereof,
and wherein the conductive layers on the opposing
surfaces of the flexible dielectric substrate and the
conductive material in the at least one metallized
through hole are adhered to the flexible dielectric
substrate through the random distributions such that the
peel strengths of the adhesiveless laminateé are at

least 2 pounds per inch.

73. A method for manufacturing a flexible
multilayer printed circuit board of the type having at

least two adhesiveless laminates electrically and

~mechanically interconnected in a superposed relationship

by a conductive adhesive layer, the method comprising
the step of, prior to electrically and mechanically
interconnécting the adhesiveless laminates, forming at
least one adhesiveless dielectric layer over a
conductive layer on at least one of the adhesiveless
laminates, the adhesiveless dielectric layer having at
least one aperture defined thereon for facilitating an
electrical interconnection between the conductive layer

and an opposing conductive layer on an adjacent
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adhesiveless laminate across the conductive adhesive

layer.

74. The method of claim 73, wherein the step of
forming at least one adhesiveless dielectric layer
comprises the step of screen printing a dielectric ink
on the adhesiveless laminate to a thickness of at most

about 25 microns.

75. The method of claim 74, wherein the dielectric
ink comprises a polyimide ink printed to a thickness of

at most about 5 microns.

76. The method of claim 74, wherein the step of
forming at least one adhesiveless dielectric layer
further comprises the steps of drying and curing the

screen printed dielectric ink.

77. The method of claim 76, wherein the step of
forming at least one adhesiveless dielectric layer
further comprises the step of treating the at least one
adhesiveless dielectric layer to facilitate bonding of
the at least one adhesiveless layer to the conductive

adhesgive layer.

78. The method of claim 77, wherein the treating
step comprises the steps of exposing the at least one
adhesiveless dielectric layer to an alkaline solution of
sodium hydroxide and exposing the at least one
adhesiveless dielectric layer to a bonding agent
solution of about 0.5% bonding agent in methyl alcohol,
wherein the bonding agent is selected from the group
consisting of Union Carbide A-187, Dow Corning Z-6040,

or equivalents thereof.

79. The method of claim 73, wherein the at least

one aperture has a diameter of less than about 25 times
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the thickness of the at least one adhesiveless

dielectric layer.

80.

The method of claim 79, wherein the at least

one aperture has a diameter of at most about 12.5 times

the thickness of the at least one adhesiveless

dielectric layer.

81.

A flexible multilayer printed circuit board,

comprising:

(a) at least two adhesiveless laminates, each

adhesiveless laminate comprising:

(1) a flexible dielectric substrate
comprising a polyimide film having at least
one through hole defined therethrough, a
thickness of at most about 50 microns and
opposing surfaces which include non-continuous
random distributions of metal-oxide selected
from the group consisting of oxides of iron,
chromium, nickel, molybdenum, manganese,
zirconium or mixtures thereof; '

(ii) copper deposited on the flexible
dielectric substrate to form first and second
copper layers on the opposing surfaces of the
flexible dielectric substrate and to
interconnect the first and second copper
layers by metallizing the at least one through
hole, wherein the copper in the first and

second copper layers and the at least one

through hole comprises a first copper layer,

formed on the random distributions by vapor
metallization, having a thickness of about 50
to 500 nanometers, and a second copper layer
electroplated on the first'copper layer,
wherein the copper in the first and second
copper layers and the at least one through
hole has a thickness of at most about 5
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microns, and wherein the peel strengths of the

adhesiveless laminates are at least 2 pounds

per inch; and

(iii) adhesiveless dielectric layers
disposed on the opposing surfaces of the
flexible dielectric substrate over the first
and second copper layers, wherein each

adhesiveless dielectric layer comprises a

screen printed polyimide printed to a

thickness of at most about 5 microns, wherein

the flexible dielectric substrate, the copper
and the adhesiveless dielectric layers have
substantially similar coefficients of thermal
expansion;

(b) a conductive adhesive layer, disposed
between the at least two adhesiveless laminates
such that the first copper layers thereon are
opposed across the conductive adhesive layer, for

mechanically connecting the at least two

- adhesiveless laminates in a superposed relationship

" with a connected distance therebetween and

electrically interconnecting the first copper
layers, the conductive adhesive layer being
conductive across a thickness thereof and being
non-conductive throughout a coplanar direction
thereof, and being disposed substantially
throughout an oVerlapping portion of the two first
copper layers, the conductive adhesive layer
comprising a non-conductive thermosetting adhesive
having a plurality of deformable conductive
metallic particles dispersed substantially
uniformly throughout the adhesive such that each
particle is electrically insulated from
substantially every other partiéle, the particles
and the flexible dielectric substrates having a
substantially similar coefficient of thermal

expansion;
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(c¢) wherein the adhesiveless dielectric layer
disposed over the first copper layer on at least
one of the adhesiveless laminates is configured to
define at least one aperture which is oriented to
expose an interconnecting pad on the first copper
layer to facilitate an electrical connection
between the interconnecting pad and an opposing
interconnecting pad on the first copper layer
opposite the conductive adhesive layer, the
aperture being sized with a diameter which is less
than 25 times the thickness of the adhesiveless
dielectric layer; and

(d) wherein the combined thickness of the
adhesiveless laminates and the conductive adhesive
layer is at most about 165 microns, and wherein the
additional combined thickness of an additional
adhesiveless laminate and an additional conductive

adhesive layer is at most about 95 microns.
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