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CIRCUIT BOARD AND A METHOD FOR MAKING
THE SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a circuit board and
a method for making a multi-layer electrical circuit board
and, more particularly, to a method for making a multi-layer
electrical circuit board having at least one electrically con-
ductive portion or “via” which traverses through the multi-
layer electrical circuit board.

BACKGROUND OF THE INVENTION

[0002] Multi-layer circuit boards allow electrical compo-
nents to selectively and operatively populate opposed sur-
faces of each board (or other respective interior portions of
each of the boards), thereby desirably allowing each of the
electrical circuit boards to contain a relatively large amount
of electrical components which efficiently and densely popu-
late the respective boards. It is desirable to allow each of the
component-containing surfaces or portions of a created
and/or formed electrical circuit board to communicate and/
or to be interconnected, thereby allowing the contained
electrical components to cooperatively and selectively form
one or more desired electrical circuits. This desired com-
munication and/or interconnection typically requires the use
of shared electrical ground planes, the transmittal of power
and/or control type signals between each of the component
containing surfaces or board portions, and/or the selective
connection of the contained components.

[0003] This desired communication and/or component
interconnection typically requires that one or more holes be
drilled through each of the circuit boards, thereby creating at
least one “through hole” or “via” which traverses each of the
opposed component containing surfaces and the various
interior circuit board portions. Such drilling is undesirable
since it is relatively time consuming, costly, potentially
causes damage to significant numbers of the formed elec-
trical circuit boards requiring these circuit boards to be
destroyed, and requires costly and inefficient electroless
and/or electrolytic plating of the formed holes or “vias”.

[0004] While some attempts have been made to obviate
the need for such plating, such as by the use of a conductive
epoxy within each of the drilled holes, these attempts have
not produced reliable electrical interconnections and these
produced interconnections are not typically adapted to allow
the communication of electrical power signals between the
board surfaces and the formed apertures also do not securely
and reliably receive a component.

[0005] Further, it is desirable to form “crossover type
circuits” upon one or more selected surfaces and/or within
certain component containing portions of the formed circuit
board in order to allow multiple levels of circuits and/or
electrical interconnections to be formed upon a single board
surface or within a certain component containing portion of
the circuit board, thereby desirably increasing the amount of
electrical circuits which may be created upon and/or within
the created circuit board.

[0006] The crossover circuits which are formed by these
prior methodologies do not typically and efficiently accom-
modate certain desirable circuit board interconnection pro-
cesses and/or schemes such as and without limitation, the
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use of relatively heavy wire (e.g., using aluminum wire
having a diameter of about five thousandths of an inch to
about twenty thousandths of an inch) or the direct connec-
tion of components to a surface of the board.

[0007] There is therefore a need to provide a method for
producing a multi-layer electrical circuit board which over-
comes some or all of the previously delineated drawbacks of
prior circuit boards and/or circuit board forming method-
ologies, which selectively allows for the efficient creation of
interconnection portions which traverse the various layers of
the formed electric circuit board assembly, and which further
allows for the efficient and selective formation of crossover
members and/or circuits which desirably accommodate
diverse types of circuit interconnection processes and/or
schemes and which allow for the selective creation of a
relatively large amount of circuits.

SUMMARY OF THE INVENTION

[0008] TItis a first object of the present invention to provide
a method for producing a multi-layer electrical circuit board
which overcomes some or all of the previously delineated
drawbacks of prior multi-layer electrical circuit board form-
ing methodologies and techniques.

[0009] 1t is a second object of the invention to provide a
method for producing a multi-layer electrical circuit board
which overcomes some or all of the previously delineated
drawbacks of prior multi-layer electrical circuit board form-
ing methodologies and techniques, which allows for the
selective, efficient, and reliable formation of electrically
conductive interconnection portions which selectively and
cooperatively allow for the communication and/or electrical
connection by and between various electronic components,
and which allows for the creation of crossover members
and/or circuits, effective to increase the electrical circuit
density within these formed boards.

[0010] Tt is a third object of the invention to provide a
method for producing a multi-layer electrical circuit board
which overcomes some or all of the previously delineated
drawbacks of prior multi-layer electrical circuit board form-
ing methodologies and techniques and which allows for the
selective and efficient formation of crossover members
which are adapted to accommodate a wide variety of com-
ponents and component interconnection techniques and/or
assemblies.

[0011] According to a first aspect of the present invention,
a method for making a multi-layer electric circuit board is
provided. The method includes the steps of providing a first
member having a first and a second surface; selectively
removing portions of the first surface of the first member,
thereby creating at least a first and a second depressed
portion within the first surface of the first member while
allowing a third portion of the first surface to remain intact;
filling the first and second depressed portions with a first
material; applying a second material to the third portion;
attachably overlaying a second member upon the third
portion and upon the first material; forming at least one
aperture within the second member and at least one aperture
within the second surface of the first member; filling the at
least one aperture within the second surface of the first
member and filling the at least one aperture within the
second member with the first material; applying the second
material to the second surface of the first member and to the
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second member; connecting a third member to the first
member and connecting a fourth member to the second
member, thereby forming a multi-layer circuit assembly
having an interconnection portion which extends through the
formed multi-layer circuit and which is cooperatively
formed by the third portion and by the second, third, and
fourth members.

[0012] According to a second aspect of the present inven-
tion, a circuit assembly is provided. The circuit assembly is
made by the process of providing a first electrically con-
ductive member; selectively etching the first electrically
conductive member, thereby creating at least one protuber-
ance; placing a certain material upon said first electrically
conductive member; and attaching a second electrically
conductive member to the at least one protuberance and
attaching a third electrically conductive member to the first
electrically conductive member, thereby forming a multi-
layer circuit board and causing the at least one protuberance
to extend through the multi-layer circuit board.

[0013] According to a third aspect of the present inven-
tion, a circuit assembly is provided. The circuit assembly is
made by the process of providing a first member; selectively
etching the first member, thereby causing the first member to
have at least one protuberance; providing a plurality of
conductive members; and attaching the plurality of conduc-
tive members to the first member, thereby creating a multi-
layer circuit assembly while causing the at least one protu-
berance to interconnectingly extend through the multi-layer
circuit assembly.

[0014] These and other objects, aspects, and advantages of
the present invention will become apparent upon reading the
following detailed description in combination with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIGS. 1(a)-(m) are successive sectional side views
of a multi-layer circuit board being produced and/or formed
in accordance with the teachings of the preferred embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE
INVENTION

[0016] Referring now to FIGS. 1(a)-(m), there is shown a
process 10 for making an electrical circuit board assembly in
accordance with the teachings of the preferred embodiment
of the invention. Particularly, process 10 begins by obtaining
and/or providing a member 12 having a first or top surface
14 and a second or bottom surface 16, as best shown in FIG.
1(a). In one non-limiting embodiment of the invention,
member 12 comprises a conventional and commercially
available electrically conductive material such as copper and
is generally rectangular in shape. In a further non-limiting
embodiment of the invention, the thickness of member 12 is
about four one-thousandths of an inch, although other
shapes, sizes, and/or thicknesses may be utilized.

[0017] In the second step of process 10, which is best
shown in FIG. 1(b), a pre-circuit assembly 20 is created by
selectively removing some portions of top surface 14 of
member 12 by a conventional etching process, thereby
selectively creating several recessed or depressed portions
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18 and several nubs, bumps, and/or protuberances 15 which
comprise the portions of the top surface 14 which are left
and/or remain intact by the foregoing etching process. As
later explained, protuberances 15 of the top layer 14 selec-
tively form interconnecting “vias™ or “crossover” type mem-
bers.

[0018] In the third step of process 10, which is best shown
in FIG. 1(c), a certain substance or material 22 is applied
upon member 12 and substantially “fills” depressed portions
18, thereby forming a pre-circuit assembly 24. In one
non-limiting embodiment of the invention, material 22 com-
prises a conventional and commercially available dielectric
material, such as an acrylic material.

[0019] In the fourth step of process 10, which is best
shown in FIG. 1(d), a layer of a certain substance or material
26 substantially “covers” and/or overlays each of the pro-
tuberances 15 to form a pre-circuit assembly 28 having a
first or top surface 30 and a second or bottom surface 32. In
one non-limiting embodiment of the invention, material 26
comprises a conventional and commercially available tin
based alloy or any other conventional conductive epoxy
material and is metallurgically bonded to protuberances 15.

[0020] In the fifth step of the process 10, which is shown
best in FIG. 1(¢), a member 34 is attached to the top surface
30 of pre-circuit assembly 28, thereby forming pre-circuit
assembly 36 having a first or top surface 38 and a second or
bottom surface 40. In one non-limiting embodiment of the
invention, member 34 comprises a conventional and com-
mercially available electrically conductive material such as
copper and has the substantially same size and shape as
member 12. In a further non-limiting embodiment of the
invention, the thickness of member 34 is about two thou-
sandths of an inch, although other sizes, shapes, and/or
thicknesses may be utilized. In a further non-limiting
embodiment of the invention, member 34 is attached to the
top surface 30 of pre-circuit assembly 28 by metallurgically
bonding member 30 to the previously applied material 26
and by laminating member 34 to the previously applied
material 22.

[0021] As best shown in FIG. 1(f), process 10 continues
with the creation of a pre-circuit assembly 42 which is
created by subjecting pre-circuit assembly 36 to a commer-
cially available etchant material which selectively removes
portions of members 12 and 34, thereby forming apertures
within surfaces 38, 40 of pre-circuit assembly 36, and
thereby creating several recessed or depressed portions
44(a)- 44(i) within member 34 and member 12. Particularly,
portions 44(c) and 44(e) are aligned (e.g., portion 44(e) is
wholly disposed under portion 44(c) and is substantially
similar in size and shape to portion 44(c)). Portions 44(g)
and 44(h) are similarly aligned.

[0022] As best shown in FIG. 1(g), process 10 continues
by further causing a certain substance or material 46 to
substantially “fill” recessed or depressed portions 44(a-i)
and further applying a certain substance or material 48 over
the remaining or “unetched” or “unremoved” portions of
surfaces 38, 40, thereby creating pre-circuit assembly 50
having a first or top surface 52 and a second or bottom
surface 54.

[0023] In one non-limiting embodiment of the invention,
material 46 comprises a conventional and commercially
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available dielectric and/or acrylic material and is substan-
tially similar to and/or identical to material 22. In a further
non-limiting embodiment of the invention, material 46 is
laminated to members 12 and 34. In a further non-limiting
embodiment of the invention, material 48 comprises a tin
based alloy or any other suitable conductive epoxy material.
In a further non-limiting embodiment of the invention,
material 48 is substantially similar to and/or identical to
material 26.

[0024] Inthe eighth step of the process 10, which is shown
best in FIG. 1(%), a member 56 is operatively attached to the
top surface 52 of pre-circuit assembly 50 (i.e., to member 34
and to material 48) and a member 58, substantially similar
and/or identical to member 56, is operatively attached to the
bottom surface 54 of pre-circuit assembly 50 (i.e., to mem-
ber 12 and to material 48), thereby forming pre-circuit
assembly 60 having a top surface 62 and a bottom surface
64. In one non-limiting embodiment of the invention, mem-
bers 56, 58 each comprise a conventional and commercially
available electrically conductive material such as copper. In
a further non-limiting embodiment of the invention, the
thickness of member 56 is about two thousandths of an inch
and the thickness of member 58 is about two thousandths of
an inch, although other thicknesses, sizes, and/or shapes
may be utilized. In a further non-limiting embodiment of the
invention, members 56, 58 are respectively metallurgically
bonded to surfaces 52, 54 of pre-circuit assembly 50 and
laminated to material 48 to form pre-circuit assembly 60.

[0025] As best shown in FIG. 1(}), process 10 continues
with the creation of a pre-circuit assembly 66 which is
created by selectively subjecting members 56, 58 of pre-
circuit assembly 60 to a commercially available etchant
material which selectively forms apertures through surfaces
62, 64 (i.e., through members 56, 58) and creates recessed
or depressed portions 68 within members 56, 58 of pre-
circuit assembly 60.

[0026] As best shown in FIG. 1(j), process 10 continues
by applying a certain substance or material 70 to members
56, 58 cffective to substantially “fill” recessed or depressed
portions 68. A certain substance or material 72 is applied to
and substantially “covers” and/or overlays the remaining or
“unetched” or “unremoved” portions of surfaces 62, 64,
thereby creating pre-circuit assembly 74 having a top sur-
face 76 and a bottom surface 78.

[0027] In one non-limiting embodiment of the invention,
material 70 comprises a conventional and commercially
available dielectric and/or acrylic material and is substan-
tially similar or identical to materials 22, 46. In a further
non-limiting embodiment of the invention, material 70 is
applied by laminating material 70 to members 56, 58. In a
further non-limiting embodiment of the invention, material
72 comprises a conventional and commercially available tin
based alloy or any other suitable conductive epoxy. In a
further non-limiting embodiment of the invention, material
72 is substantially similar to materials 26, 48. In a further
non-limiting embodiment of the invention, material 72 is
metallurgically bonded to the remaining portions of surfaces
62, 64.

[0028] Inthe eighth step of the process 10, which is shown
best in FIG. 1(k), a member 80 is operatively attached to the
top surface 76 of pre-circuit assembly 74 (i.e., to material 70
and 72) and a member 82, substantially similar or identical
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to layer 80, is operatively attached to the bottom surface 78
of pre-circuit assembly 74 (i.e., to material 70 and 72),
thereby forming pre-circuit assembly 84 having a top sur-
face 86 and a bottom surface 88. In one non-limiting
embodiment of the invention, members 80, 82 comprise a
conventional and commercially available electrically con-
ductive material such as copper. In a further non-limiting
embodiment of the invention, the thickness of layer 80 is
about two thousandths of an inch and the thickness of layer
82 is about is about two thousandths of an inch, although
other sizes, shapes, and thicknesses may be utilized. In a
further non-limiting embodiment of the invention, members
80, 82 are respectively and metallurgically bonded to the
material 72 resident on surfaces 76, 78 and respectively
laminated to the material 70 resident on surfaces 76, 78,
thereby forming a pre-circuit assembly 84.

[0029] As best shown in FIG. 1(/), process 10 continues
with the creation of a pre-circuit assembly 90 which is
created by selectively subjecting members 80, 82 of pre-
circuit assembly 84 to a commercially available etchant
material which selectively forms apertures through surfaces
86, 88 and creates recessed or depressed portions 92 within
members 80, 82 of pre-circuit assembly 84.

[0030] As best shown in FIG. 1(m), process 10 continues
by applying and/or attaching a certain substance or material
94 upon members 80, 82, effective to substantially “fill”
recessed or depressed portions 92 in pre-circuit assembly 90.
Further, a certain substance or material 96 is made to
substantially “cover” or overlay those unetched or remaining
portions of surfaces 86, 88, thereby creating a multi-layer
circuit assembly or circuit board 98. In one non-limiting
embodiment of the invention, material 94 comprises a
conventional and commercially available dielectric and/or
acrylic material and is substantially similar or identical to
materials 22, 46, 70. In a further non-limiting embodiment
of the invention, material 94 is applied by laminating
material 94 to members 80, 82. In a further non-limiting
embodiment of the invention, material 96 comprises a
conventional and commercially available tin based alloy or
any other suitable conductive epoxy. In one non-limiting
embodiment of the invention, material 96 is substantially
similar to and/or identical to materials 26, 48, 72. In a further
non-limiting embodiment of the invention, material 96 is
metallurgically bonded to surfaces 86, 88 (i.c., to members
80, 82). It should be appreciated that multi-layer circuit
board and/or assembly 98 includes electrically conductive
“vias” or interconnection portions, such as portion 100,
which traverse the multi-layer electrical circuit board 98,
and which allows the various layers or members 12, 34, 56,
58, 80, and 82 to be electrically interconnected. Each
interconnection portion, such as portion 100, thereby
extends a unique one of each of protuberances 15 trough the
formed multi-layer circuit assembly 98 while obviating the
need to drill and/or electroplate a formed aperture.

[0031] Tt should be appreciated that the selective etching
of members 12, 34, 56, 58, 80, 82 allows the crossover
connections, such as crossover connection 102, to be effi-
ciently and relatively easily formed in a cost-effective man-
ner. Further, such selectively formed crossover connections,
such as 102 are adapted to support a wide variety of
components and interconnection assemblies as these cross-
over connections or members 102 may have a selected size
and shape.
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[0032] Tt should further be appreciated that multi-layer
circuit assembly 98 may, in one non-limiting embodiment of
this invention, serve as a pre-circuit assembly and be further
subjected to the processes found in process steps 1(d), 1(e),
1(f), 1(b), 1(i), and 1(j). Particularly, multi-layer circuit
assembly 98 may be selective “grown” or “expanded” by
selectively adding additional interconnecting layers.

[0033] It should be understood that the invention is not
limited to the exact embodiment or construction which has
been illustrated and described but that various changes may
be made without departing from the spirit and the scope of
the invention.

What is claimed is:
1. A method for creating a circuit assembly comprising the
steps of:

providing a first member;

selectively etching said first member, thereby causing said
first member to have at least one protuberance;

providing a plurality of conductive members; and

attaching said plurality of conductive members to said
first member, thereby creating a multi-layer circuit
assembly and extending said at least one protuberance
through said multi-layer circuit assembly.

2. The method of claim 1 wherein said first member and
said plurality of conductive members each comprise copper
material.

3. The method of claim 1 wherein at least one of said
plurality of electrically conductive members is laminated to
said first member.

4. The method of claim 1 further comprising the steps of:

selectively applying a dielectric material upon said first
member; and

selectively applying an electrically conductive material
upon said at least one protuberance.

5. The method of claim 4 wherein said dielectric material
comprises acrylic.

6. The method of claim 4 wherein said electrically con-
ductive material comprises conductive epoxy.

7. The method of claim 4 wherein said electrically con-
ductive material comprises a tin alloy.

8. A method for making an electrical circuit assembly
comprising the steps of:

providing a first member having a first and a second
surface;

selectively removing portions of said first surface of said
first member, thereby creating at least a first and a
second depressed portion within said first surface of the
first member while allowing a third portion of said first
surface to remain intact;

filling said first and second depressed portions with a first
material;

applying a second material to said third portion;

attachably overlaying a second member upon said third
portion and upon said first material;

forming at least one aperture within said second member
and at least one aperture within said second surface of
said first member;
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filling said at least one aperture within said second surface
of said first member and filling said at least one aperture
within said second member with said first material;

applying said second material to said second surface of
said first member and to said second member; and

connecting a third member to said first member and
connecting a fourth member to said second member,
thereby forming a multi-layer circuit assembly having
an interconnection portion which extends through the
formed multi-layer circuit assembly which is coopera-
tively formed by said third portion and by said second,
third, and fourth members.

9. The method of claim 8 wherein said first, second, third,
and fourth members each comprise copper material.

10. The method of claim 8 wherein said first material
comprises acrylic material.

11. The method of claim 8 wherein said second material
comprises conductive epoxy.

12. The method of claim 8 wherein said second material
comprises a tin alloy.

13. The method of claim 8 wherein said step of selectively
removing portions of said first surface of said first member
comprises selectively etching portions of said first surface of
said first member.

14. The method of claim 8 wherein the step of attachably
overlaying said second member upon said third portion and
upon said first material comprises laminating said second
member upon said third portion and upon said first material.

15. The method of claim 8 wherein said step of connecting
said third member to said first member and connecting said
fourth member to said second member comprises laminating
said third member to said first member and laminating said
fourth member to said second member.

16. The method of claim 8 further comprising the steps of:

forming at least one aperture within said third member
and at least one aperture within said fourth member;

filling said at least one aperture within said third member
and filling said at least one aperture within said fourth
member with said first material;

applying said second material to said third member and to
said fourth member;

connecting a fifth member to said third member and to
said first material and connecting a sixth member to
said fourth member and to said first material;

forming at least one aperture within said fifth member and
at least one aperture within said sixth member;

filling said at least one aperture within said fifth member
and filling said at least one aperture within said sixth
member with said first material; and

applying said second material to said fifth member and to
said sixth member, thereby forming a second circuit
assembly.

17. The method of claim 16 wherein said fifth and said
sixth members each comprise copper material.

18. The method of claim 16 wherein said step of forming
at least one aperture within said third member and at least
one aperture within said fourth member comprises selec-
tively etching portions of said third member and said fourth
member.
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19. The method of claim 18 wherein said step of forming placing a certain material upon said first electrically

at least one aperture within said fifth member and at least conductive member; and
onc aperture within Séid sixth member comprise;s selectively attaching a second electrically conductive member to said
etching portions of said fifth member and said sixth member. at least one protuberance and attaching a third electri-
20. A circuit assembly made by the process of: cally conductive member to said first electrically con-
o ) ) ductive member, thereby forming a multi-layer circuit
providing a first electrically conductive member; board and causing said at least one protuberance to

. . . . extend through said multi-layer circuit board.
selectively etching the first electrically conductive mem- g y

ber, thereby creating at least one protuberance; I T S



