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10 BACKGROUND OF THE INVENTION
Circuit board fabrication has become an increasingly
complex and expensive process as circuit boards become more
densely packed with electrically communicating components.
Various chemical layering techniques have been developed
15 for isolating electrically conducting lines or traces on
circuit boards. For 1lines or traces that could
electrically interfere with one another by, for example,
undesirably intersecting, these traces are separated or
dispersed onto different layers and are insulated from each
20 other. Thus, there may be a substantial number of layers
of traces that make up the entire printed circuit board,
depending on the geometry of the traces and the placement
of components on the printed circuit board. A significant
number of conducting traces are also electrically connected
25 to pads to which electrical components are connected, such
as integrated circuit chips.
Additionally, since such traces must also ultimately
connect with either the electrical components provided on
the circuit board pads or other traces on other layers, a
30 large number of holes, i.e., via holes and blind holes (as
they are known in the art), are typically provided as part
of the circuit board for electrically communicating between
the layers of the circuit traces. 1In fact, there may be as
many as 30,000 to 40,000 such holes provided on a single
35 circuit board.
Circuit board fabrication using such a trace layering
strategy suffers from a number of drawbacks, including:
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10 (1.4) Many of the chemicals used in circuit board

fabrication require special handling for

disposal;
(1.5) The fabricated circuit boards have relatively low
tolerances to heat; i.e., they may be unreliable
15 above 135°F;
(1.6) It is not easy to provide other than planar

circuit boards, for example, fabricating circuit

boards in the form of cylinders is difficult;

(1.7) It is not possible to provide circuit boards with
20 a substrate such as, for example, aluminum; and
(1.8) The length of individual traces may be longer

than desired thereby slowing the processing
efficiency of the circuit board.
Thus, it would be advantageous to provide a circuit
25 board fabrication process that alleviated or at least

mitigated the above drawbacks.

SUMMARY OF THE INVENTION

The present invention is directed to method and system

for fabricating a circuit board of novel construction that

30 addresses the drawbacks discussed above. In particular,
the fabrication process of the present invention is
substantially mechanical wherein circuit board conducting
traces or lines are provided on a surface of a circuit
board substrate substantially without regard to circuit

35 traces crossing or intersecting one another. That is,

circuit traces may cross or intersect one another in a

.
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conductor, an 1insulator (preferably underneath the
conductor) and, at +the bottom, a pressure-sensitive
adhesive film, the stamping process causes the adhesive

15 film to attach each circuit trace to the substrate and/or
underlying circuit trace. Further, since each circuit
trace has an insulator, each lattice of circuit traces may
be electrically isolated from all other lattices of circuit
traces provided on the circuit board.

20 The stamping process utilizes one or more circuit
trace-shaped punch elements that slide within and between
identical circuit trace-shaped cut-outs of at 1least two
plates, i.e., a pressure plate and a die plate.
Accordingly, when the circuit trace material is tightly

25 sandwiched between the two plates, the punch elements are
urged from a first position wherein they are seated in the
cut-outs of only the pressure plate, to a second position
where they are seated in the cut-outs of both plates.
Thus, when the punch elements move between the plates, the

30 circuit trace material is cut or punched to form circuit
traces and/or pads in the shape of the punch elements
(correspondingly, the cut-outs also). Subsequently, the
newly punched circuit traces and/or pads are urged by the
punch elements through the die plate and pressed against

35 the circuit board substrate.

Following the successive stamping of the lattices
having circuit traces and/or pads, the resulting
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in a direction substantially parallel to movement of the
punch elements to both fix the alignment of the overlying
traces and pads relative to one another and to permanently
adhere them together.

In another embodiment, “stamping" or cutting of
circuit trace material to provide circuit traces is
accomplished by an increased pressure applied to the
circuit trace material while it overlies the die plate.
This increased pressure is a result of a regulated
explosion or charge developed in a plenum chamber. An
explosive shock wave is generated that causes a cutting or
severing of circuit traces from the circuit trace material.
The circuit traces, under the force of the explosive shock
wave, are moved through the cutouts in the die plate and
are stamped or affixed to the substrate in desired
positions.

Accordingly, it is an aspect of the present invention
to be able to provide exceedingly dense circuit traces on
the circuit board substrate by, for instance, stacking the
circuit traces on top of one another.

It is a further aspect of the present invention to be
able to correct defects 1in circuit boards during
fabrication in a relatively straightforward manner. In
particular, by testing the conductivity of the circuit
traces prior to encapsulation with the dielectric cover,
defective circuit traces may be reapplied to the substrate.

It is a further aspect of the present invention that
circuit boards fabricated herein need have no holes for
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15 straightforwardly reconfigured for fabricating circuit

boards of different designs. In particular, the pressure

plate, die plate and punch elements discussed above are

removable and replaceable within a <circuit board

fabrication press which controls the movement of the punch

20 elements in stamping circuit traces onto the circuit board
substrate.

Since the circuit trace material insulates each
lattice not only from other lattices but from the substrate
as well, it is an aspect of the present invention that the

25 circuit board substrate may be selected from a much wider
range of materials than heretofore has been possible.

Lastly, it is an aspect of the present invention that
due to the circuit board fabrication materials that may be
used in fabricating circuit boards according to the present

30 invention, circuit boards may be fabricated which can
operate at up to 400°F.

Other features and benefits of the present invention
will become apparent from the detailed description and the

accompanying figures contained hereinafter.
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Fig. 2A illustrates a cross-—-section of an overlap of
two circuit traces that, for example, occurs in

10 intersection regions of Fig. 1;

Fig. 2B illustrates a cross-section of an alternative
embodiment of a circuit trace having a number of layers
different from Fig. 24;

Fig. 3 illustrates lattices of circuit traces;

15 Fig. 4 illustrates a step in the circuit board
fabrication method and system of the present invention
wherein a cover is aligned on top of the circuit board
substrate and lattices so that the circuit traces are
protectively covered and so that the circuit pads are

20 exposed through the openings provided within the circuit
board cover;

Fig. 5 illustrates a portion of a circuit board
fabricated by the present invention;

Fig. 6 illustrates the placement of an integrated

25 circuit within a circuit board fabricated by the present
invention wherein leads from the integrated circuit are
soldered to the pads in the bottom of the wells;

Fig. 7 is a cross-sectional view, taken along line 7-7
of Fig. 6, that illustrates the circuit board and embedded

30 integrated circuit{

Fig. 8 illustrates one embodiment of the apparatus of
the present invention for stamping a lattice of circuit
traces onto a circuit board substrate;

Figs. 9A-9C illustrate stacking of certain elements of

35 the lattice creation set in connection with simultaneous
forming of cut-outs in or through these elements;
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10 be provided on the surface of a circuit board substrate by
the present invention;

Figs. 14-16 illustrate the decomposition of the
latticework of Fig. 13 into circuit trace lattices that may
be successively stamped onto the circuit board substrate;

15 Fig. 17 1is a flowchart of the steps performed in
fabricating circuit boards;

Figs. 18A=-18B illustrate a method for connecting
electrical component leads to a circuit board fabricated by
the present invention;

20 Fig. 19 illustrates another embodiment, similar to
that of Fig. 10, but further including a spacer member
disposed between the die plate and the substrate;

Fig. 20 illustrates another embodiment of the present
invention for providing circuit traces on a substrate in

25 which the circuit trace material is located in a plenum
chamber; and

Fig. 21 is a further diagrammatic illustration of the
embodiment of Fig. 20 showing the severing of circuit
traces from circuit trace material using an explosive

30 force.

DETAILED DESCRIPTION
In Fig. 1, a latticework 20 of circuit lines or traces
' 24 is illustrated on a surface of a circuit board substrate
28. Note that the circuit traces 24 overlap one another at
35 various intersection regions 32 without electrical

interference. Briefly, in providing this overlapping

-7
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the surface of the substrate 28. Lastly, a third lattice

36c, including the circuit traces 24c was applied to the
surface of the substrate 28, and all previously applied
15 traces. Each circuit trace 24 1is able to provide
electrical communication with electrically connected end
points which typically are pads 40. Such pads are, in most
cases: (a) integral with connected traces 24; and (b)
applied to the surface of the substrate 28 simultaneously
20 with each circuit trace 24 to which the pad is connected.
It should be understood, however, that portions of one or
more pads 40 may overlie a trace 24 so that not all
portions of all pads 40 contact the substrate 28. The pads
40 commonly, but not necessarily, terminate both ends of
25 each circuit trace 24 and these pads 40, as well as their
corresponding circuit traces 24, may be arranged on the
surface of the substrate 28 in a substantially larger
number of geometric configurations than heretofore has been
possible. For expediency and/or performance, instead of
30 the circuit traces 24 intersecting at 90° to one another,
such circuit traces 24 may be angled at substantially any
angle to one another. Accordingly, circuit board designs
may be provided in which circuit traces or lines 24 are a
straight line, point-~to-point connections so that the total
35 linear length of the traces 24 is substantially reduced,
thereby enhancing the performance of the circuit board in
which the circuit traces are incorporated. Accordingly,
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a circuit bothdt intersection regions 32 are not limited to the
intersection of only two circuit traces 24. Rather, traces
24 may be stacked upon one another repeatedly. For
example, by iteratively applying lattices 36 to a surface
10 of the substrate 28 wherein three or more circuit traces 24
from different lattices 36 intersect, an intersection
region 32 is provided having three circuit traces 24
stacked on top of one another. Thus, the present invention
allows for the design of circuit boards wherein each
15 circuit trace 24 traverses the surface of the circuit board
substrate 28 between the trace's terminating pads 40 with
few if any curves or bends in the circuit trace. In this
case, such a latticework 20 may appear to be more like an
abstract "weaving" or "tangle" of circuit traces 24.
20 However, regardless of the ultimate pattern provided on the
surface of the substrate 28, for notational convenience,
this pattern shall be referred to as a "latticework" and
each integral set of circuit traces 24 and pads 40 provided
on the surface of the substrate 28 will be referred to as
25 a lattice 36.

To better provide an understanding as to how the
circuit traces 24 may overlap one another in intersection
regions 32 without electrical interference such as
crosstalk between individual traces 24, reference is made

30 to Fig. 2A. As seen, a cross-section of an intersection
region 32 of Fig. 1 is illustrated in which only two
circuit traces 24 overlap one another. Referring first to
the cross-section of the circuit trace 24a, the topmost
layer of trace 24a is an electrical conductor 44a, such as

35 copper. Below this conductor 44a and laminated to it is an
insulator 48a which serves as a dielectric in the present
embodiment. Lastly, on the lower side of the insulator 48a

-9-
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Note that it is well within the skill of the adhesive

backed material art to fabricate sheets of material from
15 which the circuit traces 24 and any associated pads 40 may
be fabricated. For example, in the present embodiment
illustrated in Fig. 2A, the insulators 48 may include a
thermoplastic and the adhesive film 52 includes any
adhesive that has the necessary adhesive properties, as
20 well as maintaining such properties during the fabrication
process, such as when heat and pressure are applied.

It is also within the scope of the present invention
to provide circuit traces 24 from a wide variety of
materials. For example, in Fig. 2B, a cross-section of an

25 alternative embodiment of a circuit trace 24 is
illustrated. The uppermost section 56 of this cross-
section is a magnetic media. Below this section 56 is a
plastic insulator 60 serving as a dielectric. Below the
insulator 60 is a copper conductor. Below the conductor 64

30 is another plaétic dielectric or insulator 68. Below the
dielectric 68 1is another section 66 of magnetic media.
Below this 1is another insulating plastic 70 wherein an
adhesive thin film 52 is provided. As in Fig. 2A, the thin
film adhesive 52 should be capable of binding to the

35 surface of the substrate 28 to which the circuit trace 24
is to be applied as well as able to bind to the uppermost
surface of other traces such as the top magnetic media §6.

-10-



Fig. 8 illustrates one enbodi mrent of the apparatus of t he present

I nvention feyosy6uie Ng a lattice of circuit traces ont o aperfussthrio7gsoar d

substrat e; Figs. 9A-9C illustrate stacking of certain elenents of

35 the lattice creation set in connection wi th sinultaneous form ng of

cut-outs in or thr&@gh E¥ese dlendéifts;alternative embodiment of th

%6' o0 il ¥K¥?féé@&ﬂﬁ 20 is 111ustrate? WPefﬁln' as Pﬁrtldﬂzal£§5Véﬂ783
i g. illustrates ma punc 0 e atlice creation

set the Fedire it Phpelofro TR Broruresas Tinear
Iattice of ciwithtthe acixscwit otthcesuRdtr alin; Fla 3, theFlchcuﬂt:Lkﬂa]c(és

1 ustrate o pebied shlked S did hngrnefSachY BREKER ShERULL 11 3085

onto a circu resu
process of thatufé}sls jStragking or overlyn:ng lgytnppuéﬂrramm@:@ @ayc e

board design 44&§ #BY provide ultra-dense circuit traces on a circuit
board. In particular, the present invention allows the
circuit traces 24 to be aligned as shown in this figure
10 wherein the width 72 of the circuit traces 24 is
approximately 8 mil and the spacing 76 between the adjacent
circuit traces 24 is approximately 2 mil. Therefore,
approximately 200 distinct circuit traces 24 may be
provided in this manner within a width (along the direction

15 of arrow 72) of approximately one inch.
Following the providing of the circuit traces 24 and
their connected pads 40 on the surface of a substrate 28,
a subsequent step in the fabrication of circuit boards is
illustrated in Fig. 4. That is, for each circuit board
20 being fabricated by the present invention, a cover 200 is
provided for sandwiching the circuit traces 24 on a surface
of the substrate 28 between the substrate 28 and the cover
200. Thus, the cover 200 provides an outer protection for
the conductive traces 24 as well as fixing their paths on
25 the surface of the substrate 28 (as will be described in
detail hereinbelow). Note, however, that the cover 200
also includes openings 204 that breach the cover 200 so
that when the cover 200 is aligned appropriately with the
substrate 28, the openings 204 align with pads 40 so that
30 electrical communication can be provided between the
circuit +traces 24 and electrical components having
connections to the circuit traces via access to the pads 40
by way of the openings 204. Accordingly, as will also be
illustrated hereinbelow, each openings 204 forms a sealed
35 recess or well about its corresponding pad 40 to which it
provides access. That is, once the cover 200 is
appropriately aligned upon substrate 28, both pressure and



10 be provided on the surface of a circuit board substrate by t he

present invention; Figs. 14-16 illustrate the deconposition of
t he wOar/s0eework of Fig. 13 into circuit trace | atti cRSI/UBWIONGDY
be successively stanped onto the circuit board substrate; 15 Fi g.

17 i 2 Thauehate chpbigest oBs RANKOMIE i Shuasea  3A khaLhG

dedi
boards; . ustrate a ne for connecting
el ect ri cahereiphedav . cgds thata the capvepo R fherrrasesufificientln

present i BYERLHAE A8 adhesiveédikd9sb! tHatr ateg1a8nat hek o) iy |
simlar to t hat of Flg. 10, but further_including a spacer nenber

di sposed BEPHEethehCHFEuBE atEaGRE Lhe alithAgngxes to the trpcgs A4

i |1 ussrat ghganphler eobedi neathof1dtheidy esRBreby ehdySdi120ihg" aHVi di ng

LISV EGERORE PHBSLERL G e S M G AR S 1

di agr ammasubstirbtet r28 | andoftitehecover embodimemhadé Bifg.ti) shmei iy t he

severin h [GUI s oA L Lcuit t e ertal j_n

oxpl 051 veSyplIpS Haterial B LA Ehé Cbhhe' LRGN Br AalEk Bl

In Fig. 1heat| arei @PRIYed0 of circuit lines or traces 24 is
illugprated onza pugfase af pareisslbt PeAESHPYoade206 £3%rilalted hat the

circuit traces _24 overl.ap one another at 35 various i ntersectiagn
regi ons QQCORPPHEUFO thresgnt 1invention 1s illustrated wherein
this portion shows the cover 200 laminated onto the
substrate 28 and thereby embedding the circuit traces 24
into the cover 200. Accordingly, as mentioned in the
15 description for Fig. 4, the openings 204 provide access to
the pads 40 such that a sealed recess or well 208 is formed
from a corresponding opening 204 and pad 40. Further, note
that the present figure also illustrates that an opposing
cover 200' may be laminated to the opposite side of
20 substrate 28 thereby encapsulating and fixing circuit
traces 24' that are on the opposite side of the substrate

28, when heated under pressure.
Referring now to Figs. 6 and 7, a plan view and a
corresponding cross-sectional view, respectively, of
25 another portion of a circuit board 206 are illustrated,
wherein an integrated circuit chip 212 is package mounted
through the circuit board 206 so that circuit traces 24 on
both sides of the substrate 28 may be electrically
connected to the chip 212. In particular, Fig. 7
30 illustrates a cross-section taken along the axis 214 of
Fig. 6. Accordingly, as particularly shown in Fig. 7, the
leads 216 from the chip 212 enter into the wells 208 on
either side of the circuit board 206 via an open end into
each of the wells 208. Further, note that disposed in each
35 of the wells 208 is a solder core 220 that may be
subseqguently heated for fixing the leads 216 within the
wells 208 and thereby establishing an electrical conduit
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i nt'er f erence. Briefly, in providing this overlapping
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capability i ut electrical interference, the circuit race materi al
fromwhi ch each trace 24 is provided i ncludes at | east a conductor for
carryi ng el ecbetweken the slgad&s2lanandstlediar eorrespediésgyeaidd md cat

attaching 5 e ce .t h rf X a 8 Lhgly,
to provide thtéﬁga?%lg%e%r %h%o%’ﬁﬁﬁﬁzg’%efg s‘}el{}gc%;@f%%t%gaeé 216%@2%%%% ng
circuit traces 24 fige Bt aLivFhEated pp| FressITSedeion of AN faRRRFtysHLor

substrate 28.,1bataisg & f1htelickabbi 6@ 3§2cuit trladdsdiug drite Pe¥IUfs idl
traces 36a was first applied to_10 the surface of the substragte 28,

SubsequerR | y,2 aSUbEdFRte 284 5t dnc P2TEH SHATi The t RRPRFREUSt 1ncdudes) &
was applied tgiuralitpe 68rfpaRchf éhemenbstrabe 2pthteet |yt ayHidn d are

T L € T L A U N
circuit tracehi@d the pabich d¢lemgntoyil@0 are Elirabiychleldomauprassure
with electri Cﬁﬂ\é{ecojw‘?ma% egd die plate 312 (these four components

10 denoted as a "lattice creation set"). Note that the punch
elements 300 are disposed within cut-outs 308 of a pressure
plate 304, wherein the punch elements 300 are slidable
within their respective cut-outs 308. The tolerance
between the punch elements 300 and their corresponding cut-

15 outs 308 is extremely tight. Both the punch elements 300
and their respective cut-outs 308 provide an outline of a
lattice 36 that is to be affixed to the substrate 28.
Below the pressure plate 304 is a die plate 312 that
includes matching cut-outs 308'. The punch elements 300,

20 together with the punch holder 302, are moved under control
of a punch actuator (not shown). The punch elements 300
slide through the cut-outs 308 that each is aligned with
and into the cut-outs 308' during operation as will be
described hereinbelow.

25 With reference to Figs. 9A-9C, making the punch holder
302, the pressure plate 304 and the die plate 312 with cut-
outs is described. In that regard, cut-outs, 308'' are
also created in the punch holder 302. The punch elements
300 are fixedly disposed in the cut-outs 308'' of the punch

30 holder 302 by, for example, adhesive bonding. Preferably,
the materials or plates from which the punch holder 302
with resulting cut-outs 308'', the pressure plate 304 with
resulting cut-outs 308 and the die plate 312 with resulting
cut-outs 308' are stacked in desired alignment to achieve

35 the exact matching of the cut-outs 308'', 308, 308B!‘.
Preferably, the cut-outs 308'', 308, 308', are produced at
the same time using electric discharge machinery (EDM)

-13-



poi nts which typically are pads 40. Such pads are, in nost cases: ('a)

integral with connected traces 24; and (b) - applied to the surface of
t he sWRPT/M48 28 si nul t aneously 20 with each circuit tREHESTAOIES which t he
pad i s connected. It shoul d be understood, however t hat portions of

por t 1 ontespodrpSyahe aBtel 1 8¥Erpheafit BIBcAALER e3¥ Wbitd of,
conmon| $hepbEPMnbardeare sts iappliest tiondhe %ﬁ#keﬁdyl@rte% 302ac30dircuit

trace 2&%%@6%@&@8&%&%1%' ih 23 t BelelleterniiddEs RAMILI Qi CUI t
traces 24, my be arranged on surface of the substrate 28 in a

subst an‘t"P’aD‘P?th?’@e‘t’lth SWW%@OME‘%GW GHEEOMGSSs 308N her et of or e
hass beesog, po8sibl e.cltimypadiviees asdhetr PERAAr NEDICE,could ed@ of 30

R e T T
Accor di ngtessaiy cexacthosattities) gumong cum&pubs pDBV|deGOBn Boisch i rcui t
that T HCPoRBisEedt | e totthd Simblehe B, bk By ThetRMIRE | POG, 0,
t her ebycehhautisng Qthk' peaﬂér,rra‘mﬁe of ifh&heinec ushowddr de i@ slighitch t he
C'i&“'tviff§€§oﬁff&éﬁ“%ﬂé“&éﬂf%&d pAtRObe BAtYine of the cut-outs,
this variation is carried through and is present in all of
the cut-outs of the stacked plates. As illustrated in Fig.
9B, the EDM wire is utilized to simultaneously form the
cut-outs 308'', 308 and 308' in the respective elementse
15 302, 304, 312. With respect to making of the punch
elements 300, they are formed separately from the making of
the cut-outs for the punch holder 302, pressure plate 304
and the die plate 312. With reference to Fig. 9D, a punch
element 300 is made separately to match or mate with cut-
20 outs that the particular punch element 300 is to be used
with by means of the EDM wire cutting the punch element 300
from a hardened steel plate. Additionally, it is important
to note that the upper surface of the die plate 312 is made
to include a baked-~on permanent mold release coating 316
25 such as "“"TEFLON".

In operation, once the pressure plate 304, its mating
punch elements 300 joined to the punch holder 302, and the
matching die plate 312 of a lattice creation set are
aligned within a press (not shown), a sheet of circuit

30 trace material 326 (e.g., a copper foil laminated to a
layer of thermoplastic having a pressure sensitive adhesive
coating on its bottommost surface) is positioned between
the pressure plate 304 and the die plate 312 so that it is
parallel to the planes of the adjacent surfaces of the

35 pressure and die plates 304, 312. Subsequently, the
pressure and die plates 304, 312 are brought together
thereby fixing the circuit trace material 320 so that it
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i ntersecti opo/RABhes 32 may have circuit traces that | NtpRASERh 1683 ANY
angle and in fact, since circuit traces 24 may in sone circunstances
be substantially co-linear, the i nt ersectiion regions 32 nmay cover a

non-trivial Fempinsf PEECislyr PRSttionedit trAeeerdingl¥urtanee i the

shoul d be nokg&cuit ithalcd NnRt¥RGHEI0N 3200i @Ra 32nhar esliBbti-hfkt edst Oai-Qe

i ntersection of OA%%SWD CérCUIt traces 24. Rathg trac S 24 be
st acked uponP otffer REHEAFEFRECT VS, POSITiRRS, the | priess aﬂ"? ly

appl yi ng | at shoam)36i s oae:tsmtédcsolﬁhauf thiee psunlahi reﬂtemé&ﬁ:svvrmmcelprbﬁléeﬁ or
nore cirguit e ffe gn attl s 36 intersec

i ntersec |ont51 rdd ez’éb% kéat%éﬁ VI Taees é\?l n& %E‘ e RESS e tl?t\%%% 394
stacked on tepdothvnugan&hheclrffmrs trace matsarial Bahtdrgh subseqhénbby f or
the design ofnglr Cthb AR dSutberigh £achsifoe Cighlll LuklaGR 243hh3VeLSes

the surface of the circuit board substrate between the tra

termninating pag8tigayj tp the chggoptsyP8eutihes cdossetmiananor l?ﬁtmll!

trace. In ththe cut-GASSs S0EH Fos atahaemaékpaﬁcﬁam@&mrs Bodeifiised | ke
bstract. "we of circuit, races 24. 20 However,

regardljeéls of FﬁﬁtﬁPg:/ﬁgt Ehgaf’t"EFHgﬁr Sregedmgherial 320 dnte,@ RAthewrn
substrat e 28cohdiormiiraf i cieal mmﬁveyha;jme,of thd hipinoai t @lensdittd o0,

2 ASCRrRIRRINES kW SRR RELBhR! o' B Chind "
referred to @tements 300 enters the cut-outs 308', a corresponding
punch element shaped pattern of circuit trace material is

15 moved vertically down through the cut-outs 308' and
ultimately is deposited as a lattice 36 on the substrate 28
as illustrated in Fig. 10. Subsequently, the punch press
causes punch elements 300 to recede from the cut-outs 308!,
leaving the punch element pattern of the circuit trace

20 material on the uppermost surface of the substrate 28.
Accordingly, once the bottom surface of each of the punch
elements 300 has receded into the pressure plate 304, the
pressure and die plates 304, 312 move away from one another
thereby releasing the circuit trace material 320 so that it

25 may be moved. Additionally, the substrate 28 may be moved
so that, for example, the next copy of the pattern
corresponding to the punch elements 300 may be provided
onto either another substrate 28 area for the same circuit
board or an area for a different circuit board.

30 A variation of the embodiment of Fig. 10 is
illustrated in Fig. 19. As shown in Fig. 19, this
embodiment includes an additional unit, namely, a spacer
member 340 that is positioned between the bottom of the die
Plate 312 and the upper surface of the substrate 28 during

35 the stamping or forming process to provide circuit traces
320 on the substrate 28. The spacer member 340 has a
number of spacer member cutouts 344. Each of the spacer
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25 a lattice 36. To better provide an understanding as to how't he
circuit traces 24 may overlap one another in intersection regi ons 32

wi t hoMO ¥158t8ri cal interference such as crosst al k BRETREEH19783i vi dual
traces 24, reference is made 30 to Fig. 2A. As seen, a cross-section of

an 1 Nt Gieifdd Yhroutd OH AN S%R a i dhndnt SwithUehbabhfich e tBheiean! ¥ 1O
circuit traces 24 overlap one anather. Referrin ITst to the
cross- stk | BA2bf arge cAUSSY ttQ rBe¥e 2BRrougl ﬁ?@gxbsftf the| pyepsyret race 24a

is an elrotdigal, cambicddis AdateSual andStheCeRiRier MEhSWEtHls_ conductor
44a and_|am.nated tq.it is %p I nsul at or 48a whi ch Eerves as a

di el ect pcpzitﬁnt’ﬁé"pga%eerﬁldt Ok MRARTESE Se | XY S oRT FBe| BRBFEE| de of the
i n&ul atmniSa cutouts 344 are greater than9-the width¥O 8¥/50148
PCT/ US ' t By ' adhesi ve 52a for adhesively
bindinéZEAQx%%ﬁ§<§%E§ﬁq? ?Fagggzﬁgééggghgggur éggeo?r?ﬁﬁufﬁbgg?g?e 28 as
wel | as3tdo asch@08¢i eEuthe tdie aslate (312 suconselguentiycesnlike the

circuit traces that are caused to move through the cutouts
308’ of the die plate 312, greater clearance or tolerance
10 exists between such circuit traces 320 and the cutouts 344
of the spacer member 340. This arrangement and
configuration of the spacer member 340, with the larger
cutouts 344, facilitates the desired release between the
substrate 28, after the forming of the circuit traces 320
15 on its upper surface, and the combination of the spacer
member 340, die plate 312, pressure plate 304 and the punch
elements 300. Hence, any tendency for the circuit traces
320 provided on the substrate 28 to detach or move with the
spacer member 340 after the stamping process is eliminated
20 or essentially eliminated.

Note that there are at least two methods for stamping
lattices 36 onto the circuit boards 206. In a first
method, a single press may be used wherein a first lattice
creation set is provided within the press (not shown) and

25 the press subsequently operates to stamp an identical first
lattice 36 on each of a plurality of substrate areas, each
area corresponding to a circuit board 206 to be formed.
That is, each circuit board substrate area is shifted
beneath the die plate 312 of the creation set and the first

30 lattice is stamped-onto the circuit board substrate area.
Subsequently, once the required number of circuit boards
have had the first lattice 36 corresponding to this first
lattice creation set applied to them, an operator removes
the first lattice creation set and replaces it with a

35 second lattice creation set so that a different lattice 36
may be stamped onto the circuit board substrate areas.
Thus, with the substrate 28 again aligned underneath the
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are provided on substrate 28 before trace 24a). Referring 5 nowto

circuit trq}gggg,gﬁ“gf Fig. 2A, it is seen that an i dent | pelrnus97/10783
cross-section is provided for this circuit trace. However, regardl ess
of whether the circuit traces 24a and 24b have, i denti cal

cross- sect i omewopadat ofi pliatesn of the HAFANICEAPAID dFet heePrseft the
i nvention that Ahg t10pdaraul atBkt#8tbe aFeasf Meimnt fabalietittdd o;m the

oy A S oaBo el e heaispePabt, T el s RERbEE],
that it is wehntaoithénstubeaski Idf dfhd hsubsiteatee28 (andacked waderilyingrt
to fabrigate sheat Zus %ﬁiié‘é Efggié t?@%%@ Tz:g. of i tfiféeefaﬁéléad

any assoti at 35 \f abrica exanp

present errbodlsmsnt |IIustrat ed in Fig. 2A, the |nsul ators 48 may
include a the %c%n%tg eV g lde %&:éxrwﬂdfsmarytacked
adhesi ve that has nec ssary adhesi ve propertles as 20 " wel

mai nt ai ni ng éé@ﬁlﬁﬁépéﬁtrl é¢ d&r esgentdala ma&ﬁ“&flc"e’ﬁ cRE%%su’é‘Eucharég

when heat angdopm8geyr BedhppdReli ¥llen providingd tar smdﬂcyim htradde2scope of

the present invention to pravide circuit es wi de vari et
of #Bt er £QPs. OForaRy YiNor frass- 4 % %‘éﬁf %38? i oFsure g

alternative cauized nehe adhegivei fdli of r &te avaerlgmg titderst 24t eto

Th t t S t [
el ow [ni o SBEEFR g6 fangre’ Lo AT Bnasrp iR ' Gecd, B4 T0H e NS

di el ectric. uBdemiytitg tralqesullat onog0 brokenoppdamzdrducdr .o Wisde
conductor 6443Q, i ARANRET i RhASLLE Q?eHﬁErééh&ﬁctnﬁﬂhﬁt@héﬁbveﬁﬁ&ﬂmgthe

dielectric 68 I S anot her “sect’ion 66 of magnetic nedi

15 trace 24. Together with suff1c1ent pressure being applied,
the press or punching assembly also has one or more stops
that are associated with movement of the punch elements
300. In that regard, the stops limit movement of the punch
elements 300 so that an overlying trace 24 cannot be caused

20 to move a distance that would detrimentally impact an
underlying trace 24 or the substrate 28. That is, the one
or more stops are operatively associated with the punch
elements 300 to prevent unwanted, too great movement in
moving the overlying circuit trace relative to the

25 underlying circuit trace.

The above procedure of replacing each lattice creation
set after the corresponding lattice 36 has been stamped
onto each circuit board substrate area may be repeated
until each such area includes all lattices 36 required. It

30 is important.to note that in many circuit board designs a
lattice 36 may also be repeatedly applied to the same
circuit board substrate area, wherein each application is
offset from other applications. Accordingly, a single
lattice creation set may be used repeatedly in fabricating

35 a single circuit board 206 by shifting the substrate 28
appropriately. For example, referring to Figs. 11A-11C,
these figures illustrate a single lattice creation set used
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Below this is another insulating plastic 70 wherein an adhesive thin

filmb52 is provided. As in Fig. 2A the thin fil madhesive 52 should be
capabl e ovolgv/seliadg to the 35 surface of the substrate 28 PETREIEW7Ehe
circuit trace 24 is to be applied as well as able to bind to the

UPPer DSt 0o 2HERRGE A1 ALNEL L UG hAATd War AR LRINGHS. Ml 5O
PCT/ US97/ 18883 the lattice Epreafiign st providesraapressurebaedicietite of

t he I e 200k S hhbustrat regn ' v
t he intersgg%F%hwgigfo%g%Szbggn?%g@§ﬁ§¥¥gﬁt§glP?ﬁéngP%ggg%éiﬁyﬁ&%ﬁfthe
circuit trREBSBABY |3nh BRI Bf ¢hecvikctiracepadédsonto aysubstratei@® on one

anot hes i ntanpettsehlhashianrighohas, twd RArduiits tilateKigittrdye¥dy/i ng
| attice arrange sed to provide ultr denae C|2§$|t traces

o] -
on a circuff® Sni|’3‘£’%{3a &léarPBB}gFtﬂ%ﬁ,ggﬁeﬁﬁﬁﬁﬁﬁﬁapﬂeﬁ t iDPsHIR® the

circuit trarea.24 Io IFégal iXrBd tise shabkstratiehi2s fhagirbedi shii€teidn a t he
width 72 rgiatﬁbglypiéﬁgii éﬁgﬁﬁf J?thiﬁ; the same circuit board
substrate area and the same punch elements 300 as were used
10 in Fig. 11A are again utilized so that a second offset pair
of circuit trace patterns 320 is applied to the circuit
board substrate area. Fellowing this application, in Fig.
11Cc, a further shifting of the substrate 28 has been
performed for applying yet another circuit trace pattern
15 320 to the circuit board substrate area.

Thus, as one skilled in the art will appreciate, since
the shifting of the substrate 28 can be controlled within
very fine tolerances, the presently disclosed circuit board
fabrication method and apparatus of the present invention

20 can provide ultrafine, closely spaced circuit traces as
shown in Fig. 12. Further, it is important to note that a
single lattice creation set may also be used for providing
circuit traces 24 in a stacked fashion as iliustrated in
Fig. 3. That is, once the .circuit traces 24 directly

25 attached to the surface of the substrate 28 have been
applied as, for example, using the method illustrated in
Figs. 11A-11C, the substrate 28 may be shifted in an
opposite direction for subsequent application of the second
level of circuit traces 24 in the offset fashion

30 illustrated in Fig. 3 using the same pressure and die
plates.

In a second embodiment for fabricating printed circuit
boards 206, instead of replacing a lattice creation set
when providing successive lattices 36, a sequence of

35 adjacently placed lattice creation sets are aligned, for
example, within a single press wherein each lattice
creation set is used for stamping its particular lattice 36
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approxiimately 8 ml| and the spacing 76 between the adjacent circuit
traces 24 ipogpeniexi mately 2 ml. Ther ef ore, appr oxi NnRCEIUFI 21083
distinct circuit traces 24 nay be provided in this manner within a
width (along the direction 15 of arrow 72) of  approxi mately one. jnch.
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cover 200 .al so 1 ncludes openi ngs 204 ta}at .br%%ﬁ%the cQver 0 .,so0
that when t RaEESer 2% R A%ifiRd BRFPofMaR b WY ¢ fRPOdimenty the o
28, the opentgeuz@4 tdlacen witidr ElismdP movehdetM@ereltnd rptates at an
conmmuni cati on an _be .provjided . beifween. th Lrcuit trace 4 and
el ect ritdl c%iﬁeﬂfssﬂav{‘ﬁg{:he Shf:gﬁnggﬂf%@%{i ooph(ta:%g'l (r\sclﬁlﬂsttrtaraczfc}saz'vi a
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al so be | r deher el el aw, Ni NYSrLPénkor 1% an 588! 35
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access. Thigs- i §3-26nce IphFicovkd, focsheat Lromy,fi i a¥ePPlgyi gnhed
upon substr aier£8onbelth pressur 6f aBbstrate 28 is illustrated wherein

15 the circuit traces 24 and their associated pads 40 have
been fabricated onto a circuit board substrate area for a
circuit board 206. Note that even in this simple example
of the circuitry for a circuit board 206, there are
numerous ‘intersection regions 32 which in prior art circuit

20 board fabrication technology would require a chemical
layering of the circuits and, potentially, various holes
within the substrate 28 for electrically connecting various
traces 24 and/or their associated pads 40.

In each of the Figs. 14-16, a single circuit board

25 lattice 36 is illustrated wherein each of these lattices is
a subset of the latticework 20 provided on circuit board
substrate area 400 (Fig. 13). Further, for each Fig. 14-
16, the corresponding lattices 36 may be stamped onto the
substrate 28 by the method and system of the present

30 invention. That is, for each Fig. 14-16, a corresponding
lattice creation set of a pressure plate 304, die plate 312
pair and mating punch elements 300 held by punch holder 302
is provided for punching or stamping out each of the
circuitry patterns for each of these figures successively

35 onto the surface of the substrate 28. Thus, the circuitry
420 of Fig. 14 may be applied as the first lattice 36 to be
stamped onto the circuit board substrate area 400.
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are appli be discussed in further detai
that the %\Pigﬁ%o beconmes sufficiently fl owabl e and a&-ﬁ-‘em ve@ﬁl ke
that it flows into crevices about the circuit traces 24 and adheres to

t he traces Siibséquentllpadthé) MMtebed Kadt icfe Pigr ehf enayapsel stamgednd
fixing the A;?éé'&%g Eméos'ug;e z%%%he'é‘éao%c?fm?&'mh}ghethe 1aglgErate

28 and t he cover erial and
react the Sdife afyFithenl§reay aksqige stampedt onkea ﬁbﬁl sehstrpte area|

Fig. 5 a pydies @cf:mﬁlétéc’éhé hoetdceRbrkabo 6%t @qg 13.according to the
present_ invention is i]llustrated wherein ortion. shows_the_cover

200 | ami nat ed orWrbeth%l°w°ha§Ebs‘?fr atliPg dd ﬂ?é’rv SenfBedBiAY t AEVELr cui t
traces 24 descrmmbﬁe dEVEhe2@ers AE6P! ttheg|ethed wntﬁmeﬁreaehhe 15

description for_Fi he o 204 provi ccess to e pads 40
such t hat d‘rée%ﬁtéhg?mes %1 r}%US PEFor fe étl??‘f)?ﬁ}é S r ?ﬁogﬁl ng
openi ng 204&iamndhpld barduebberhasiobeen designedie pmesshepf ispar ethliso
illustrates posiKNg 3 e | dtp.th

gégac PP §b é§¥§%?3%9d ”Eth f§€€¥g€§ 6 ?or

opposite si Sub&trate y enc gsul ating and I Xin
ci rcuit suqagssst VR4 appidcatieno ot Rachppéseed st%r@fsmh%tsabgtaaee

400. The determining of the lattices 36 in this step is
substantially straightforward, i.e., a number of different
and suitable layouts or designs can be used that can be
provided by one of ordinary skill in the art.

15 Following step 504, in step 508, the one or more
presses (which are herein collectively denoted as the
latticework applicator) are configured with one or more of
the lattice creation sets having a pressure plate 304 and
die plate pair 312 through which corresponding punch

20 elements 300 held to punch holder 302 are provided.
Subsequently, in step 512, a circuit board substrate 28 and
a lattice trace material 320 are provided to the circuit
trace applicator for fabricating the circuit board
circuitry upon the substrate. Thus, in step 516, each of

25 the lattices 36 for which the lattice applicator is
configured is sequentially stamped onto the circuit board
areas of the substrate 28. Note that this step may provide
only a single lattice 36 on each circuit board substrate
area or a potentially large plurality of lattices 36 may be

30 successively applied to each <circuit board area.
Subsequently, in step 520, a determination is made as to
whether there are additional lattices 36 to be stamped onto
each circuit board substrate area. For example, if five
such lattices 36 are to be stamped onto each circuit board

35 area and at most only two such lattices may be stamped in
a single performance of step 516, then steps 508 through

520 will be iteratively performed three times.
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28, wheh heated under pressure. Referring nowto Figs. 6 and 7, a
pl an vi ew 398 9350148 COr respondi ng cross-sectional view, respeetrivsetyorsedf 25
anot her portion of a circuit board 206 are illustrated, wherei n an

integrated circuit chig 212 i s package nounted through the circuit
board 206 so that If rEGPP t3%feswhicBnhmay Bgt Rerf@rmest FENChESRPUYELY 28

may be el ecf ¢iiqd |steps SOHNEREEAght 620t heirehiit bdhtxd coveérs paobdi Ravar,

Fig. 7 30 illuystrat a _crass-sectiaon taken al t axi s, 214 of

Fl o, 6 AccoPifar, veld BRAMLIN AL SERAVE S Fhat \hErd %iéldefernay
fromthe chi pcEsenterthat patihe40eplrevid@@donin thecibdigromsiale edch hwell
circuit ?oargo%OG via an open end into each of the wells 208. Further,
note that diSposed in each 35 of the wells 208 is a solder core 220
that may be s SubseguentlYhesbes fdld fliatitigFasheq afdstira slakticewonk

wel I's 208 ang ot hgrebYh&srt abbh s1ba0t8NeREAC el tCH¥MHd substrate area
ﬁé%}usg7/107gggoé¥¥58%ﬁguit board covers 200 have had their openings
204 removed, in step 528, the covers 200 are provided on
10 each circuit board substrate area and laminated to these
areas using both pressure and heat. Note that in one
embodiment of the lamination process, each covered circuit
board substrate area is encapsulated within a rubber mold
and heated to a temperature of 500° F at a pressure of 15
15 psi. During the lamination process, resin in the cover 200
flows into the crevices surrounding the circuit traces 24
and thereby encapsulates then. Further, the pressure
sensitive adhesive used in adhering the latticework 20 onto
the circuit board substrate area is a dielectric material

20 to avoid unwanted conducting among lattices 36.
With respect to the application of heat and pressure,
it is essential that the cover material be flowable in a
direction parallel or substantially parallel to the
thickness or cross-section of the resulting latticework 20.
25 No flow of the cover material, or substantially no flow
thereof, should occur in directions that are non-parallel,
such as in planes perpendicular to the plane of flow. If
the parallel or substantially parallel flow is defined as
being in a Z direction, then flow of such material is
30 constrained so that the material does not move or flow in
X and Y planes. Consequently, the flowable material does
not move outwardly along different sections of the

latticework. To achieve this, equal pressure is applied
throughout the cover and latticework, while cover material
35 flow 1is constrained in outward directions. In one

embodiment, the cover material is not only associated with
the cover 200 that is applied after all of the lattices 36
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between the | eads 216 and their correspondi ng pads 40 at t he base of

the wel | %&@ )M'n ch each | ead 216 enters. Fi g. lgtgf/h#d‘}%‘iﬁt es a
Cross- sectlon ofl an apparatus for providing a lattice Circuit
traces 24 and pads 40 on 5 a substrate 28. In particular, the apparatus
i ncl udes a are iplplatcef ybut thecuEtrate 283068 alboemade wifi ct'mear&ame
represent ed, a 3 t he
punch el emanﬂf- %‘g:glgir'gﬁ {)%gl%se)%’ f%g’%ggén%%egggl s %ﬁa d| e

pl ate 312 (makesiadur fclmmoneﬂt:grao agenofetl asin " Ifdtqlcba‘éié&@ilon o¥et").
Not e t hat tiﬁbé&ﬁﬁ%&ally BheaeNLS 3DPedtSofll $RRACH VA BRI RheUknddkhedd8 of a

pressure 304, wherein the punch el enents 300 are slidable
Wit hin 3 the?¥ ‘F’é%ﬁ%cﬁf-‘?éloeu?fo & lmwewméc 2@ -er ance bet ween t he

punﬁh el enents 39 mh;ilfmz CQbIé@%@Oﬂdl Iﬁoﬁdiitd;dlﬁl.n Othé 808deg fwm%rrel?)%B
tight. Bot punch el e t.S , and their, res tive cut S
provi de an %?J%| Phie €5, Tesu qi]:ﬂq i%caé“:'s‘?)aii?étmrgc‘f%tbgog? rx88 &8 E"I’T'g
substrate zenown imeltbwer tdaet pr edsyr ef pratescaxple,s hsditaqqdht eigl®.shat

i ncl udes oyt T h t tQer, with
t he punch ho éﬂgSég(,g a%é%?g"sgc? ggr p%ig%t rs%m%%e?&gr ufich ac ug?’gr (not
shown)10 THRreReRMN @nm‘m@neoobastlym idestRPOB3A tﬁéYCGKCGéFs sgdgerhat

each is aligngdiMihg on tREdektkeibhe it taEt Tl s dPbbNGHOPERAt Ny as
will be descri Qed,herei npe Wth reference to Figs. 9A-9C,

maki ng t he JAMERARBRgELTCult g@Erthésngg‘QUFg ‘plate 304 and the die plate
312 with cut- Aftewtsthe ddseuitedboards tZoH hager beexiit fabricaled ' are

al so creat eadcé:gr&ti-'ggpwgc Qh@quegwc%\%%'t er lpﬂfc hl’?,l engs.Sus electrical
15 components may be attached to the circuit boards. In
particular, Figs. 18A and 18B illustrate one embodiment of

how electrical components may be attached to the circuit
boards fabricated hereinabove. Accordingly, referring to

Fig. 18A, 1leads 604 from, for example, an integrated

20 circuit (not shown) may be positioned so that the free end
of each lead contacts the bottom of a circuit board well

208. Note that within wells 208 as per step 532 of Fig.

17, a reflowable conductive material such as soclder has

been deposited, the solder being stylistically depicted in

25 the wells of the present figure as the volumes labeled 608
and whose cross section is cross-hatched. Accordingly,

once the free ends of the leads 604 have been positioned,

the circuit board is heated so that the reflowable
conductive material 608 melts within the wells 208 and

30 subsequently flows about the free ends of the leads 604.
Accordingly, Fig. 18B illustrates the results of the
reflowable conductive material 608 contacting a lead 604.

That is, the reflowable material surrounds the free end of

the lead 604 and migrates some way up the lead. Thus, when

35 the circuit board 206 is cooled, the leads 608 are fixedly
attached in the wells 208 wherein the flowable material 608
provides conductivity between each lead 608 and the
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300 are fixedly disposed in the cut-outs 308 ' of the punch 30 hol der 302
by, for ex lo¢/sp1@gihesi ve bonding. Preferably, t he mat epcahssoniores at es
from whi ch the punch hol der 302 with resulting cut-outs 308 ', the
pressure plate 304 with resulting cut-outs 308 and the die plate, 312
with resulti ggrrespepding sPaBa40aridt sthek &PHte™ef r &Rea GYRFRORGLINT

achi eve 35 {hbej.exact matching of the cut-outs 308 ', 308, 308'.

Preferably, the cut-outs 308 '. 308, 308 . ar rod d ..the s
e ueing el ect L€ GLEChPRRr BRI Hiy noEEae  LhE" Elreuie! EodAlE
-13- fabWfi8yted1néreinabove are substantially more resistant to

PCT/ US97y 1074g ghra{mysitan\quw gi£g iestﬂé'fddgi Sl 9gsf T

wire of ﬁg Eﬁ}fl%‘grdware is applited to the. stqc%(e pl at es 582 304,
312 to erodeexampi¢al FRé standard epeiedlasmainonit boagsig.undihadh &t h
si.nul t aneoust ie f Of PERHL { BSardd - AUHS HAEd herRinadle miYB'be explddd®o
devices other than  EDM coul d be enpl %eg such as | aser or water
jet. Accordrfgpgrathres as,ddgh,af ALRF ¥t hPH% SARhECELRT o falagsy: |
308, 308' i swhereincagfuildsihedrR4 Biecudt hsosidsl mageaiist ferralhnggel dthese

10 135°F.

It is also important to note that by modifying the
shape of the pressure and die plates, the present invention
may be utilized for placing circuit board traces on a wide
variety of objects heretofore not contemplated. That is,

15 for example, by.configuring the pressure and die plates so
that instead of being flat, they have mating cylindrical
shapes with the die plate 312 also having a correspondingly
cylindrically shaped underside for mating with some portion
of a cylindrical substrate, then a circuit board lattice 36

20 may be stamped onto such a cylindrical substrate. In
particular, a lattice 36 may be stamped onto a cylindrical
electromechanical actuator. Of course, other shapes and

contours are alsoc within the scope of the present
invention, such as, for example, the interior contours of

25 an auto body panel.
Another embodiment for providing overlying circuit
traces on a substrate is illustrated in Figs. 20 and 21.
Instead of using punch elements 300 or the 1like, a
controlled explosive force is utilized to cut or otherwise
30 separate circuit traces from a sheet of circuit trace
material and subsequently locate the circuit traces on the
substrate. In particular, as seen in Fig. 20, a pressure
vessel 600 1is diagrammatically illustrated. A plenun
chamber 604 is defined within the pressure vessel 600. The
35 pressure vessel 600 and the plenum chamber 604 are
configured to operate with apparatus that controllably
generates an explosive force of predetermined or desired
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cut-outs 308 ', 308, 308, if there should be a slight 10 variati
the desired path or outllne of the cut-outs, this variation is
t hr ougW QP4 present in all of the cut-outs of th&HEOVLSH
illustrated in Fig. 9B, the EDMwre is utilized to sinultaneo

t he

304, 312.

it ot t§e§08' 'mné@%@ndtﬁ%p%eau}nh%hra%&ctsyecsﬁﬁﬁﬁm&atéé
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nea®s ofalsm E.I]\Ilu/smmnt ing Fige. p@och x| sheett 3@f) cirdwidm tirheedened
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mol d r elabenabPhg SPLethat l§uéﬁ FNbTEy e . the rESUIQQ1Q$e hei on, once

the presdfe-dl pée a%ﬂ.olstl%n”a“@ﬂnllar PHECRne! s %oa%aﬁésto the
punch holder 302, and the mat chi n d|e plate 312 of a lattice’

set ar e

e shegheBtuFiRrHiL frace 8 pugrkbtesran PREer

creation
30

trace newetfiade 320 a @ig plateoppet foThe difénpﬂmm 612 chas a haybérof

{her Mol gstig DL RIc 36D eaRA de Y LadiRNal e enE0BILNG 00

bot t ormmD:

Sufface) I's positione pﬁessure €

its
304 and

t he di e §iléadefine gomepms endi 8 passageway |y wivichecrawtt bta@he adj acent
sur f acegf s%%ﬁz%ie@rﬁ%wrﬁxé%ég@ cgér B He¥ tra"é@ mateFPILALER

pressure and

15

20

25

30

35

| at es_ 304, 312 are ought toget her
to be p051tloned on and affixed to a substrate 620.

With reference to Fig. 21, a diagrammatic illustration
is provided of a number of circuit traces 624 that are
caused to be held to the upper surface of the substrate 620
using a controlled explosion. More specifically, with the
sheet of circuit trace material 608 properly positioned
relative to the plenum chamber 604 and with the die plate
612 and the substrate 620 properly positioned in
combination with the sheet of circuit trace material 608,
a force or pressure can then be generated to cut, sever or
otherwise separate, circuit traces 624 from remaining
portions of the sheet of circuit trace material 608. In
that regard, the apparatus for generating the explosive
force or shock wave is initiated or triggered. Such an
apparatus, including the composition or material that is
caused to explode, is configqured to generate a
predetermined forcé or pressure, which properly results in
the circuit traces 624 being severed and being caused to
move under this force or pressure through the cut-outs 616
of the die plate 612 until they come in contact with the
substrate 620. As can be appreciated, the explosive shock
wave that is generated is of a magnitude and sufficiently
uniform application to cause circuit traces 624 to be
formed that have straight or essentially straight edges and
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thereby fixing the circuit trace material 320 so that it

-14- WO 97/549487/ 50148 . o PCT/US97/10783
PCT/ US97/ 10783 remai ns precisely positioned. Accordingly, once
t he circuit trace material 320 and the substrate 28 are provided in

their respecti¥BoPdsi13RAFLING her pPEhermwise JeoRFRRFING Adeuakntragnitnat
the punch el sfanuse3Wnusy ant tie FdéE@LEIngheibetit eMedicerUlsd 3% ofnd he
pressure plat eb3 4 & %nd through the circuit trace material 320 and
subsequent | y"UPSTTRNE0 0208 cut-outs 308'.  Since the cut-outs 308 are
i dentical to the althowgh 368e tbrefépsedt otebadteehtt wefn the present

cut - out s¢ 308; . p elyearnt; 0 .i.nd S utting .qQf the
circui tSE'E raclenﬁggte:rj%gﬂd ?PZ&% i lr%’%%lﬁa Lil%t t _erlz)e:g) lngolr{f?lor mjc(r%’d‘tta%&l heOfI;ha‘:B%e of
the punch el &¥pmicaoon of a agrondtpgily, shhuikdt be boderstood tiaftadtheof

the punch  pregbR¥ERNYedA RN LY udd¥aCUn 0§t§a§9§£§ chg%ﬁ%%‘ig}%.
punch el enment shaped pattern of circuit trace material 1s moved
vertically HOWRTORNCESIPT MFecasfasHhergopver yidng or gtackede ljines

deposited asoft hatidr L€l 3or&npkbeidedst £8é CagBaratus and methodology of
10 the present invention can be incorporated. Relatedly, the
stacked lines or traces need not be conductive.

The foregoing discussion of the invention has been
presented for purposes of illustration and description.
Further, the description is not intended to 1limit the

15 invention to the form disclosed herein. Consequently,
variation and modification commensurate with the above
teachings, within the skill and knowledge of the relevant
art, are within the scope of the present invention. The
embodiment described hereinabove is further intended to

20 explain the best mode presently known of practicing the
invention and to enable others skilled in the art to
utilize the invention as such, or in other embodiments, and
with the various modifications required by their particular
application or uses of the invention. It is intended that

25 the appended claims be construed to include alternative
embodiments to the extent permitted by prior art.
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as illustrated in Fig. 10. Subsequently, the punch press causes ﬁunch'

el ement s_30 ecede fromthe cut-outs 308", | eavi h
el enent H§¥§¥$ﬁkiﬁ the circuit trace 20 material on the ﬁggggﬁggyﬁgurface
of the substrate 28. Accordi ngly, once the bottom surface of each of

t he punchwhat id erbime®@O0fshas receded into the_pressure plate 304, the
pressure and dige plate 4 y no . .+ f.hereby
rel easi ng the éf?cui @?gg%dngéér$§¥§§§8@s%gﬁﬁgkgpgr%5 E%%%rﬁgln jed.

Addi tional |y, tpesituboningea2gubstratejoend so that, for exanple, the

next copy of the DAMESHE a plGPAREEROTGE Nd k@ ildae PYRCH i§l&dTeRLFi A0 May.

be provi ded onto efther another substrate 28 area for the sanme circuit
boar d Sor HEREtE R S2HE fF@PERYakercuit board. 30 A variation of
the enbodi nentz, of A Fhgthod) asSclaimed! fdstnatimadi,i wheirgin:19. As

shown in Fig. _19, this enbodi_nent incl.udes an addi tiopal untt,
nanely, a space‘srald pﬁ@‘?ﬂllejrtlémﬁ’r?hgtaﬁs“ﬁ?si ﬁngﬁ‘él(ﬁ‘aeﬁet \%eeﬂu'?‘ﬁﬁrbo? om of
the die condictingl2tradesheanppea smmfiber obft hpadsbséleter?8allyi ng 35
t he stanpgﬁiﬁgbgﬁgrgémkéggqgﬁgdﬁgggéavtggcgg[CU|t traces 320 on the

) e nenber has™a

substrate spacer nunber of spacer nenber
cut odls 344. BEach & mekhepaces claimed in Claim 2, wherein: -15-

said providing step includes overlying a portion of a
first conducting trace of a first lattice with a portion of
a first conducting trace of a second lattice.

4. A method, as claimed in Claim 3, wherein:

15 said second lattice includes a first insulator joined
to said first conducting trace of said second lattice and
wherein said portion of said first conducting trace of said
second lattice is insulated from said portion of said first
conducting trace of said first lattice using said first

20 insulator.

5. A method, as claimed in Claim 3, wherein:

said providing step includes overlying said portion of
said first conducting trace of said first lattice with a
portion of a first conducting trace of a third lattice.

25 6. A method, as claimed in Claim 1, wherein:

said providing step includes causing a number of punch
elements to move through a pressure plate and engage a
material from which a first lattice is to be provided on
said substrate.

30 7. -\ method, as claimed in Claim 6, wherein:

said providing step includes using a die plate through
which said first lattice moves before said first lattice
contacts said substrate. .

8. A method, as claimed in Claim 1, wherein:

35 said providing step includes forming a first lattice
on said substrate using a first set of punch elements,
moving said substrate relative to said first set of punch

-26—
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WD- 97/ 50148 PCT/ US97/ 10783 menber

cutouts 344, 1 S/ lignment with the punch ele t 300

7550148 1 9 p ment s PCTAISIHI (83
caused to §¥b§ ?ﬁhough each of the pressure plate 304, the die plate
312 and the spacer nmenber 340. -Inportantly, the width or transverse

extents of tekespater afd mesinrg acusegpnd 3Eet e PYRsh: cPlePgBRS tHR

w dths —or i RANSY QSR X IeAlS & dhes£1d uiiss8P$tef the pressure plate
304 and 308'p6?v?ﬁe gieeblate 312. Consequently,_ unlike t circuit

he .
traces that are cBused?: SR+ ROGEHRIMRE AR detaim 1, wherein:; o gje
plate 312, great egaglepranglliolg tstas ainelides Exiratingbat vdemsts uAtticeui t

traces 320 and the cutquts 344 . of _the C er hi s
arrangengnt ©Bn§aid S"g’&ﬁ‘ia}ﬁ 59 of Fﬁ’ésgpgggr %%eﬁ)%g‘;&lif&e%%q}%s t%neér

I a[)gter t 28§ubamﬁaeihﬁ:é];,;f fasplatibhgs sialiedl desrstdset] cafepbbrheanlangnts
substrate .after the rng I rqul arcirgdS S5yei | 4.Ss er
surface, andwilﬁ% &o ?%%?‘?on@egf 9 eﬁlgl’g%lgefﬁléhten%%e er g@%ﬂ‘ giselglgl agtazl%,gg,
pressure pl asec8od smet tof puneh elemeatsmiiet SLQOV. a HERERNdaAR ST R for

the circuit Lragesuypstratel Provided on the substrate 28 to detach or nove

with the spacer nenber 340 after. the stanping, process is.elimnated 20
or esseM@ially el ARirnafe@ethod, as clgjmed it qerg’rng 2r IETE AL two

][T?t hods for stanpsadd provedihgestd¥p opholiudes ciprawiidimmar ds 2ffluctdm a
clr (ra; i on se?ﬁégg%iﬁgi %’é@g%\ﬁt ﬁ%’%aiﬁgg\ﬁlr b&g%ﬁ%ﬁ@%%& gcrﬁ{ilsrasltd llaaqérceof
conducting material and then forming one lattice having a
number of conducting traces with each of said conducting
15 traces overlying an insulator.
11. A method, as claimed in Claim 2, wherein:
said providing step includes exposing said pads while
covering said conducting traces.
12. A method, as claimed in Claim 1, further
20 comprising:
applying heat and pressure to said plurality of
lattices after a cover is joined to said plurality of

lattices.
13. A method, as claimed in Claim 12, wherein:
25 said applying step includes causing said cover

material to flow and surround substantial portions of said

lattices.
14. A method, as claimed in Claim 13, wherein:

said applying step includes providing substantially
30 equal pressufe in a direction along the thicknesses of said
lattices while said flowable cover material is
substantially constrained from movement in directions away
from the thicknesses of said lattices.
15. A method, as claimed in Claim 1, wherein:
35 said providing step includes locating a pressure plate
having a first set of cut-outs and a die plate having a
second set of cut-outs relative to said substrate, moving
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25 the press subsequently operates to stanp an identical first

|attice 3 of a plurality of substrate areas, each
correspongﬁcﬁ%@gﬂ; circuit board 206 to be forned. Th I{CT/US9§[1§‘&P|

circuit board substrate area is shifted beneath the die plate 312 of
the creati gpuseh elhzhnénmes fthsough saidt firsti sest afipedtepuast Iaadc'rtheni t

board SUbStyQl e, 1 edror 1 SHPEEOUSH! L ¥neQNERy bllgn' EOYHT 8 AUADEL 0L

circuit boards e fIirs coriesponding

first ¢uttrputscofatsagd stie iAtedand inewpich spidafdrsteseteof

the first |aitiogesr eahaONsS6d abkkbsSR! ass ids W&Q-%xf‘é apecopd halti ce
creatlon set so that a_different Iattlce 36 be stanped onto the

ci rcui t2 bodtHPSERREIAL &Y apEathe samerfime Hetfl?rtehéasl@oéﬂcét e ER StfR n
al i gned underneaié. t hBn apparatus including a plurality ofl@attices of WO

97/ 50148 PCT/ US97/ 10783 new pair
of plates oJT“?%s ré%%%)ﬂﬁ ?:FBEFPBn ESP‘PréE&H%f t he circuit board
substrate areas desugstrabtegated on the substrate 28 can now have this

different latticg sfampefheeice HiAnd'd $4uERG9t9% okNEs RURSLERESEnGANT
any under|ying .
10 salid substrate; and

a second lattice having a plurality of lines and in
which a portion of a first line of said second lattice
contacts a portion of a first line of said first lattice
and other portions of said first line of said second

15 lattice contact said substrate.

17. An apparatus, as claimed in Claim 16, wherein:

all of said lines of all of said lattices are
contained in substantially the same plane except where said
lines contact other lines.

20 18. An apparatus, as claimed in Claim 16, wherein:
said substrate has an outer surface and at least
portions of said lengths of all of said lines of all of
said lattices are in contact with said outer surface of
said substrate.
25 19. An apparatus, as claimed in Claim 16, wherein:
said first lattice includes a number of pads with each
of said pads contacting said substrate and in which a cover
member is used to cover said lines while exposing said
pads.
30 20. An apparatus, as claimed in Claim 16, wherein:

each of said lines of said second lattice includes a
conductor, an insulator joined to said conductor and an
adhesive joined to said .insulator and in which a portion of
one of said insulators overlies a portion of one of said

35 conductors of said first lattice.
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5 -previously applied circuit traces 24 of the first lattice 36) .

Wth respegholo9sifag Providing of overlying or stacked | 3blhds g?j,w\%ﬁ

is essenti al that sufficient pressure, and no nore, be appli
provi ding an overlying trace 24 on 10 top of an underlying-trace. Such
sufficient pressurkd.- An appaAtye, abcclyiméd| inoflatm d6er whemeinrace 24

to properly adhena8 drd thheondesidi Noi Ad£CR 245894t héécBH& lattice
underlying trace is not broken, danmaged or otherw se . detrinent aﬁ:

i npact ed by FREtRGH éétldmﬁ’tlhsf—ﬁ%t%v%‘ﬂ?‘y tRAY R SR3GS b defippd H%?t‘m%h
sufficient psasaumajbeting 8ppkaed, lines dhasii®Eed@nd Ut it aasenddygal so

has one or Le sto hat, are .associated with novenent of the punch
el-enent sg g 1366, < s(aH'aﬁ gt"‘l,!gifrgl eft Y Q1 ops linit nmovement of the punch
el ements 300 so tlzat aRrmo\apdaratms,r ace A imsehain trew:nmswl 2@het@1ﬁ0ve a
distance that woukdefetdt TEAUA! IohddPREL 38incaiWAGCT AN D00 3662 B L0

substrate 28. Th are opera irvel
wi th the puneartions| Ofe FONATBE ing ;irlé\&mtanﬂnmn%d padm®. great novenent in

moving the overlybBg CiakCWipalda@Gl | lAld el e ARaidinder g ghE CUi t
trace. The .aboye proceduré of replacing each Tattice creatlon

set aft¥? the corFé%BoﬁélFﬁ rattiee Sﬁcﬁﬁgeﬁeénnﬂ“&ﬁﬁeef padspang eadh
circuit boardfsuiﬁtd al Ené& eafMexKibe frisRaatath secofqlcmt hhtedelss Uet1/1dRas

i ncl udes all é £es 3 re gigg : élﬁ. 3% < i.g |rTR§ rit t&é_note that In
many circuit ‘5’6 124 Hha patt PEeS389nEYNAPSSIRE h&dl i ed
to the sane extendi rini contact swbshr shddarsabs et ei nreanhenpj)él Qfdheﬁﬂ S
conducting traces that contact said substrate.
15 24. A method, as claimed in Claim 1, wherein:
said providing step includes developing pressure in a
chamber to separate at least one of said plurality of
lattices of lines from a sheet of material.
25." A method, as claimed in Claim 1, wherein:
20 said providing step includes separating at least a
first of said plurality of lattices of lines from a sheet
of material using an explosive shock wave.

—-29~-
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of fset from other applications. Accordingly, a single | attice
creation sg&ogrﬁ%% e used repeatedly in fabricating 35 a SdI#®75d7ssUIt
shi

board 206 by i ng the substrate 28 appropriately. For exanple,
referring to Figs. 11A-11C these figures illustrate a single lattice
creation set used 1/20 - 17- )

97/ 50148 ) PCT/ US97/ 10783 repeat edly
on the same circuit board substrate area. That is, the lattice
creation set provides a pressure and die plate pair 304, 312 and a
pair of punch el enents 300 for inchjng g pair.of circuit traces 24
onto a substrate 28. 5 In particL a I njlF glit 113, Ywo circuit trace
patterns 320w are shown bejingl| Hed he jrouit board substrate

1B, the subst ellp8IHas peenll

area. In Fi @
in the sanemi hoar i~ substxate area and the sane

smal | amount 4w t

punch el emen Fip| 1MA are ag utilized so that
a second of fset\p [ racg| pafft erns 328 applied to the
circuit hoaX g . 1§ |ne? flhi o appl i cathomw_i n Fig.
o <
- 1 ol

40a 40c 40b 40a 40c 40b 40a 40

40b

40c

¢

Fig. 1

36¢C
24¢)
24¢ -

Troip/a
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11C, a further shifting of the substrate 28 has been performed for
applying yg§oap@ler circuit trace pattern 15 320 to the ckcrawstyioeerd
substrate area. Thus, as one skilled in the art will appreciate,

si nce the shifting of the substrate 28 can be controlled within

very fine tolerances, the presently dis2f2€ed circuit board fabrication
nmet hod and apparatus of the present invention 20 can provide ultrafine,

cl osely spaced circuit traces as shown in Fig. 12. Further, it is
inmportant to note that a single lattice creation set may al so be used
for providing circuit traces 24 in a stacked fashion as illustrated in
Fig. 3. That is, once the circuit traces 24 directly 25 attached to the
surface of the substrate 28 have been applied as, for exanple, using
the nmethod illustrated in Figs. 11A-11C, theg4gubstrate 28 may be
shifted in an BBposite direction for4dhbséquent application of the
second | evel of ci ItNgtraces 24{in the/offset fashion 30 il]ustrated

in Fig. 3 using the same press tes. B{I’n%tbecond
enbodi ment for fabricating py gcitTcuit = , i @stead of
replacing a lattic i ge /——-\A@en—-pmwbﬁxg\ f atti cespr36,
a sequence of 35 padj y _plgt¢ed—tartice crgation sets_are aMN4Qned, for
exanple, within a ¥ i

et is

used for stanping Nts particular/lattifce 36
44a
28 48a

vy K\\ \
o
n
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WD 97/ 50148 PCT/ US97/ 10783 ont o

each ci rcwv# %r‘gs substrate area. Accordingly, dur i megrrbspraerset hod
and systemtor ricating circuit boards 206, the substrate materi al
28 noves bel ow a series of pressure and die plate pairs of each
lattice creation 5 set, wherein each 3ppegessive lattice 36 of circuit
traces is applied to the circuit board substrate areas as they
successi vel y nove bel ow each of the pressure and die plate pairs. As
an aside, note that in this enbodi nent, the circuit trace material may
nove between the plates at an 10 angle of 90[err] to the shift perfornmed
on the substrate 28. To further illustrate the circuit board
fabrication process of the present invention, referen \i\s/}rqde to
Figs. 13-16. In Fig. 13, a sheet from for exanple, a portjon of a
roll of substrate 28 is |Ilustrated V\/nereln 15 the circuyt |traces| 24 and
their associ ated pads 40 ; . ‘ it poard
substrate area for a is sinple
exanpl e of the cir
numer ous i ntersection S ar d
fabrication technol ogy W } chem cal ring of the
circuits and, potenti al i wi thin thej|sulstrate} 28 for
el ectrically connectip§ vd~_ous 8‘
&
o
™
ey
BN
A
\§

Con

)
4

7

(
24

X
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traces 24 and/or their associ ated pads 40. In each of the Figs.
14- 16, a siwagb®soiig cuit board 25 lattice 36 is illustratedcnugprionseach

of these lattices is a subset of the latticework 20 provided on
circuit board substrate area 400 (Fig. 13). Further, for each Fig. 14-
16, the corresponding lattices 36 may b4/2Canped onto the substrate 28
by the nethod and system of the present 30 I nvention. That is, for each
Fig. 14-16, a corresponding | attice creation set of a pressure plate
304, die plate 312 pair and mating punch el enents 300 held by punch

hol der 302 I's provided for punching or stanping out each of the
circuitry pat ns for each of these fkg;;gs\ggﬁ;gsskye$y“35 onto t he
surface of . hu heNe1T cui 42( Bhvlig. T KP
appl i ed as (t hec¥ N ch{f qui f~koard
substrate aNea«4

97/ 50148 3 3
Subsequent | F//
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onto the sane substrate area 400 and finally, the lattice 440 of Fig.
16 may al sgv(g%@#&':rrped onto the substrate area 400 t o wEfpsoli6rss he

| atti ceworK 0 ig. 13. 5 The flowchart of Fig. 17 provides
a high |evel description of the steps for the nmethod of the present

i nvention. Accordingly, once a |latti @Ok 20 for a circuit board
206 has been designed, in step 504 this | atticework 20 i s deconposed
into lattices 36 for 10 successive application to each circuit board
substrate area 400. The determ ning of the lattices 36 in this step
IS substantially straightforward, i.e., a nunber of different and
suitabl e | ayouts or designs can be used that can be provi ded by one of
ordinary skill in the art. 15 Fol l owi ng step 504, in step 508, the
one or nore . presses (which are herein coldectively denoted as the

latticework app a(e configured with g@le or nore of the lattice
¥y _a predsure plate 3:jﬂgﬁd die plate pair 312

creation sets~havi
t hrough whi €h correspoxdi ng pwach 20 elepents 300 held to punch hol der

302 are proyided. AHSeqh i ®step 512, a circuit board
substrate 28\and alattice o'l a 320 are provided to the
circuit race applicator for ab ating e circpgnt board

circuitry upon\the substrate. Thus, in step 516, ¢agH Jof{ 25 the lattices
36 for which the |affice applicator is confijgured is sequentially
stanped onto th¢g circy peqr d areas of the suybdtriate 28. Note that
this step may pryvide “\\4~u a single lattice 3¢ agn gach circuit board

substrate area or t ﬁ?‘ally | arge pluralify|off [jattices 36 may be

PIITE
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30 successively applied to each circuit board area.

Subsequent I‘;é 91,F0 13¢ €p 520, a determination is made as to PCTMISR1/10383 t her e
are additional Tattices 36 to be stanped onto each circuit board
substrate area. For exanple, if five such lattices 36 are to be

st anped onto each circuit board 35 ard/20d at nost only two such lattices
may be stanped in a single performance of step 516, then steps 508

t hr ough 520 will be iteratively perfornmed three tines.

- 20- WD 97/ 50148

PCT/ US97/ 10783 In step 524, which nmay be perforned
asynchronously wth steps 504 through 520, circuit board covers 200
have sol der well openings 204 renoved so that there is external
access to the pads 40 provided in the bottom of each well 5 208.
Subsequently, when all lattices 36 of the 20 have been

applied to each circuit—k : rate area opgnd all ¢
covers 200 have-head t heir openlngs aned step 528, the
covers 200 arelprovided of [I I N 0_0_f_ n ﬂn Nign ﬂnﬂ
208
206 d b [
W\ = h 208
—
: 2l
= 212 40
=3 =40
g
= 214 P~ 208 7
7 D
S IO (S - ¥t &
—= —
S~ =
—~] E—
. 0= 206
—a —
I ==
—9 ==
d )
E D

il Q”_U;ottl: i

Fig. 6
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10 each circuit board substrate area and |am nated to these ar eas
enbodi nent of the

usi ng bot h ¥Pa&¥EAUre and heat . Note that in one
| am nati on process, each covered circuit boar d subst r aP€T/HFEA 0783
encapsul ated within a rubber nold and heated to a tenperature of

500[err] F at a pressure of 15 15 psi7/2@ring the | am nation process,
resin in the cover 200 flows into the crevices surrounding the circuit

traces 24 and t hereby encapsul ates them Further, the pressure
t he

sensitive adhesive used in adhering the latticework 20 onto
20 to avoid unwanted

circuit board substrate area is a dielectric materi al
conducting anong | attices 36. Wth respect to the application of

heat and pressure, it is essential that the cover naterial be flowable
in a direction parallel or substantially parallel to the

t hi ckness or cross-section of the resulting latticework 20. 25 No fl ow of

material, or substantially no flow t hereof, should occur in

t he cover

directions that are non-parallel, such as in planes perpendicular to

the plane of flow |If the parallel or substantially parallel flowis

defined as being in a Z direction, then flow of such material is 30
does not nove or flowin X and Y

constrained so that the materi al
pl anes. Consequently, the flo iald gﬁo not nove outwardly
| att) rKk. e this, equal

along different sections of tfhe
pressure is applied t u t the Ve tt1c rk, while cover
material 35 flow is onsfral ned rd } OBS. In one

j socr a L h t he cover

enbodi ment, the cover nly
200 that is applied afftgr all I tes 36

o .

304 316

308’ 28
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-21- : WD 97/ 50148 PCT/ US97/ 10783
are in pl acasﬁgugst he substrate 28 is al so nade of the sanmepcrTuso7o0783i M | ar

mat eri al over material so that substrate material flow occurs
as well in the parallel or substantially parallel direction relative
to the thickness 5 or cross-section gf2ihe |atticework 20. I n
step 532, solder is provided in the solder wells 208 of each resulting
| am nated circuit board, as is well known in the art. As, for
exanple, is taught in U S Patent No. 4,985,601 by the sane inventor
as for the 10 present invention. Lastly, in step 536, any excess sol der
remai ning on the exterior of the covers 200 of the now | am nat ed
circuit boards is renoved. After the circuit boards 206 have been
fabricated according to the flowhart of Fig. 17, various electrical
15 conponents may be attached to the circuit boards. In particul ar,

Fiigs. 18A and 18B illustrate one enbodi nent of

312

Fig. 9A

302
304 |
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how el ectrical conmponents may be attached to the circuit boar ds

fabri cat ed‘ggyﬁbﬂgbove. Accordingly, referring to Fi 9. pdBiisolwagss 604
from for npl'e, an integrated 20 circuit (not shown) nay be positioned
so that the free end of each |l ead contacts the bottomof a circuit
board wel | 208. Note that within wl2@ 208 as per step 532 of Fig.

17, a reflowabl e conductive material such as sol der has been deposited,
the sol der being stylistically depicted in 25 the wells of the present
figure as the volunes | abel ed 608 and whose cross section is

cr oss- hat ched. Accordi ngly, once the free ends of the | eads 604 have
been positioned, the circuit board is heated so that the refl owabl e
conductive material 608 nelts within the wells 208 and 30 subsequently

fl ows about the free ends of the | eads 604. Accordingly, Fig. 18B
illustrates the results of the refl owabl e conductive nmaterial 608
contacting a | ead 604. That is, the reflowable material surrounds the
free end of the |l ead 604 and m grates sone way up the |ead. Thus, when
35 the circuit board 206 is cooled, the |l eads 608 are fixedly attached
in the wells 208 wherein the flowable material 608 oes S
conductivity between each | ead 608 and the
-22-
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WD.97/ 50148 PCT/ US97/ 10783
corresponq&ﬁgwgﬁg840 in the bottom of the correspondi ng PCTAISP7/10783

It is inpo nt"to note that the circuit boards fabri cated herei nabove
are substantially nore resistant to 5 heat danage than standard circuit
boards such as, for exanpl e, FR4 ®@f20dard epoxy glass circuit boards.
That is, the circuit boards fabri'cated herei nabove may be exposed to
tenperatures as high as 400[err]F w thout suffering danage wherein
typical FR4 circuit boards may suffer damage at 10 135[err]F. It
is also inportant to note that by nodifying the shape of the pressure
and die plates, the present invention may be utilized for placing
circuit board traces on a w de vari ety of objects heretofore not
contenpl ated. That is, 15 for exanple, by configuring the pressure and die
pl ates so that instead of being flat, they have mating cylindrical
shapes with the die plate 312 al so having a correspondi ngly

cylindrically shaped underside for mating with sone portion of a
cylindrical substrate, then a circuit board lattice 36 20 may be stanped
onto such a cylindrical substrate. In particular, a lattice 36 may
be stanped onto a cylindrical el ectronmechani cal actuator. O course,
ot her shapes and contours are also within the scope of the present

Fig. 9D
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i nvention, such as, for exanple, the interior contours of 25 an auto body -

panel . 75A ot her enbodi nent for providing overlyi ng ggdrnGdshhorss
traces on ¥¥UH%ate is illustrated in Figs. 20 and 21. | nst ead of
usi ng punch elenents 300 or the like, a control |l ed expl osive force is
utilized to cut or otherwise 30 separpgjg¢2¢ rcuit traces froma sheet of
circuit trace mat eri al and subsequently |l ocate the circuit traces on
t he substrate. In particular, as seen in Fig. 20, a pressure vessel
600 is diagrammatically illustrated. A plenum chanber 604 is defined
within the pressure vessel 600. The 35 pressure vessel 600 and the
pl enum chanber 604 are configured to operate with apparatus that
control |l ably generates an explosive force of predeterm ned or desired
- 23- WD 97/ 50148
PCT/ US97/ 10783 magni tudes. That is, the plenum chanber 64
conmuni cat es operatively with the apparatus for generating the
expl osi ve
302
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force in that the resulting explosive shock wave is experienced in or
recei ved byfdigerdsenum chanber 604. As 5 also illustrat #FTYSRIYSI 20, a

sheet of circuit trace material 608 is so positioned relative to the
pl enum chanmber 604 so that it is suﬁé ct to the results of the
controll ed explosion. Simlar to t he b2 enbodi nent s, t he sheet of

circuit trace material 608 overlies an outer 10 surface of a die plate
612. The die plate 612 has a nunber of cut-outs 616. As with other
enbodi nents, the cut-outs 616 define a neans and a passageway by which
circuit traces are separated fromthe sheet of circuit trace materi al
608 to be positioned on and affixed to a substrate 620. 15 Wth
reference to Fig. 21, a diaggrammatic illustration is provided of a
nunber of circuitedtraces 628 thgt ar caused to be held to the upper
surface of the s@strate 62U dling a control |l ed explosion. Mre
specifically, wt circuit trace material 608 properly
positioned 20 n.chanber 604 and with the die plate
612 and the pg;jtioned in conbi nati on
wi th the sheet al 688/ a force or pressure can
t hen be generat ot f&Twi se separate, circuit traces
sheat=of circuit trace material 608.

624 fromremain

In that reg dtl_denerati ng the expl osive force or
shock wave is ihi © Sucgman appar atus, including
the conposition ®ca d to expl ode, i's
configured to ;Qﬁer d force or pressure, which
properly result L o
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the circuit traces 624 being severed and being caused to nove under
this for r_ pressure through the cut-outs 616 of t he i e 612
unti | th‘g'g) %éﬁ’rgmi n contact with the substrate 620. As car?gg§7§§
appreci ated, the explosive shock 35 wave that is generated is of a
magni tude and sufficiently’ unifo[ﬁyggplication to cause circuit traces
624 to be formed that have straig or essentially straight edges and
- 24- WD 97/ 50148
PCT/ US97/ 10783 wi t hout damagi ng or ot herw se jeopardi zing the
integrity and useful ness of the resulting circuit traces 624 on the
substrate 620. Al t hough the preferred enbodi nent of the present
5 invention has been described in the context of the
fabrication of a circuit, it should be understood that the pr esent
I nvention is useful in a variety of applications. I n products or
processes where overlying or stacked |ines of material are provided,
t he apparatus and rgt hodol ogy of

o

Fig. 13
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10  tthe "present invention can be incorporated. Relatedly, the stacked
i nes or tmesessmeed not be conductive. The for egBFRHYSYYHEdIssi on
of the invention has been presented for purposes of illustration and
descri ption. Further, the description is not intended to limt the 15
invention to the form disclosed hereinl4/28nsequently, variation and
nodi fi cati on conmensurate wth the above teachings, within the skil
and know edge of the rel evant art, are within the scope of the present
i nvention. The enbodi nent descri bed hereinabove is further intended
to 20 explain the best node presently known of practicing the

invention and to enable others skilled in the art to utilize the

i nvention as such, or in other enbodinents, and wi th the various

nodi fications required by their particular application or uses of the
invention. It is intended that 25 the appended cl ains be construed to
include alternative enbodi nents to the extent permitted by prior art.
WD 97/ 50148 % PCT/ US97/ 10783 What
is clained is: 1. A nmethod for making a latticework, conprising:

positioning a substratge; and

Fig. 14
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providing a plurality of lattices of lines having 5 lengths on said:

subst wad ex50148 2. A nethod, as clained in d ai npcpuswasssn:

said plurality of lattices includes a nunber of conducting traces and
a nunber of pads electrically connected to said conducting traces. 10 -
3. A nmethod, as clainmed in Cai m@gf2@herein: . said providing step *°
i ncl udes overlying a portion of a first conducting trace of a first

| attice with a portion of a first conducting trace of a second

| attice. 4. A nmethod, as clainmed in Claim3, wherein: 15

said second lattice includes a first insulator joined - to said first
conducting trace of said second lattice and wherein said portion of
said first conducting trace of said second lattice is insulated from
said portion of said first conducting trace of said first lattice
using said first 20 i nsul at or. 5. A nethod, as clained in
Claim3, wherein: said providing step includes overlying said
portion of osaid first conducting trace of said first lattice with a
portion of a firK¥t conducting trace of a third lattice. 25 6. A

nmet hod, as claimdd in Caim1l, wherein: said providing step
|ncludes causin a nunber of punch el enrents to nove through a pressure
pl ate and engag material fromwhich a first lattice is to be
prOV|ded on . sald substrate. 30 7. A method, as clainmed in

d ai i ja die plate

t hr ough

—— cm— e - —— —— = vmmn s e e e e smwme wmae e—

40
28—

Fig. 15
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which-said first lattice noves before said first lattice contacts said
substrate. wopowsozas 8- A nmethod, as clained in Caiml, whedrgbsyiems

said providing step includes formng a first lattice on said substrate
using a first set of punch el enents, novi ng said substrate relative to
said first set of punch 16/20 : - 26- WO
97/ 50148 : PCT/ US97/ 10783 el ement s
and using a second set of punch elenents to provi de a second lattice
on said substrate. 9. A nethod, as clained in Claim1, wherein:
said providing step includes formng a first lattice 5 on said substrate
using a first set of punch el enents and subsequently replacing said
first set of punch el enents with a second set of punch el enments and
t hen using said second set of punch elenments to forma second |attice
on said substrate. 10 10. A nethod, as clainmed in Caim 2,
wher ei n:
o]
Al
o
o o
o
e o)
]

Fig. 16
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said providing step includes providing a conductor material and an ° *°
I nsul at or nwioes7rsel4s] oi ned to said | ayer of conduct i ng necarusat/iems t hen
form ng one lattice having a nunber of conducting traces with each of
said conducting 15 traces overlying an insul ator. 11. A et hod,
as claimed in Oaim2, wherein: 17/2@i d providing step includes
exposi ng sai d pads mhile covering said conducting traces.

12. A method, as claimed in Claim1, further 20 conpri si ng:

appl yi ng heat and pressure to said plurality of | attices after a cover
is joined to said plurality of % | Ces, 13. A nethod, as
clainmed in Caggyll, wherein: 25 TARY d appryrng step T ncl udeﬂ
causing said cover material to nd surround substantial portions

Sheraid. ! j O PETERVINE THE ’ig}? fﬁZE* TR subst ant ai 1l 30

equal pressurelin a direction al es of said | at t}i ces
whi | e sai el-—-F-i—ewa-b-l—-e—eﬁvef-———ﬁa-t—eP‘al S subst ant |jr|—1508

constrai ned OTTTTOvVETTeTt T 1T dr Tect T ons awd Fromrtihe—thrckmepses of

said lattichy. CONFIGURE THE LAGTIRENORKABPLACATER WIHBME m 1, whel eifn: 35
said provid| hg step iGRMOBELATOHCROREATIONSEISsEACH PERUSED IN havi ng p flirst
set of cut-puts and a dFERMING & SPEGIFIGEONE OF THE4ADHOES@6 of cut-outp
relative to| gai d substrate, novhETERMINED IN STEP 504

Y

PROVIDE A SUBSTRATE 28, AND A CIRCUIT TRACE
MATERIAL 320 TO THE LATTICE APPLICATOR

512 — '

ITERATIVELY STAMP EACH LATTICE 36 FOR WHICH THE
LATTICE APPLICATOR IS CONFIGURED, ONTO EACH
CIRCUIT BOARD SUBSTRATE AREA 400 AND ANY
PREVIOUSLY STAMPED LATTICE(S) 36

k516

ARE THERE ADDITIONAL LATTICES 36 TO BE
STAMPED ONTO EACH CIRCUIT BOARD
SUBSTRATE AREA? I

REMOVE SOLDER WELL CUT QUTS 204
FOR EACH COVER TO BE APPLIED TO A
CIRCUIT BOARD SUBSTRATE AREA

1

520

-y

FOR EACH CIRCUIT BOARD SUBSTRATE AREA,

(A)  APPLY A COVER 200 TO ENCAPSULATE THE
LATTICE WORK 20 IN THE AREA;

(B) LAMINATE THE COVERS 200 TO THEIR CIRCUIT
BOARD SUBSTRATE AREAS.

!

SOLDER FILL THE SOLDER WELLS 208 OF EACH
RESULTING LAMINATED CIRCUIT BOARD \532

Y
REMOVE EXCESS SOLDER |
536

Fig. 17
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-27- ¢ WO 97/50148
PCT/USQ?/quggwﬂn48 punch el enments through said first set gicTasderostes and

t hen noving a first lattice of Iines through said second set of
cut-outs of said die plate and in which said first set of cut-outs and
said second set of cut-outs are fornmed]8/2Qsubstantially at the sane tine
before said | ocating step. 16. An apparatus including a plurality
of lattices of | i nes having | engths, conpri sing: a

substrat e; a first lattice having a plurality of lines contacting
10 said substrate; and a second lattice having a plurality of
lines and in which a portion of a first line of said second lattice
contacts a portion of a first line of said first lattice and ot her

i d second 15 | atti ce contact said
as clainmed in Caim16, wherein:
contained in

portions of said first ling
substrate. 17.
all of said lines of all
substantially the sanme pl
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| i nes contact other lines. 20 18. An apparatus, as clainmed in Clarm

16, wherei WO 97/50148 said substrate has an outer surface pogugérioeast
portions of saia l'engths of all of said lines of all of said lattices
are in contact with said outer surface of said substrate. 25
19. An apparatus, as clainmed in Cainf@2@®herein:. said first
| attice includes a nunber of pads w th each of said pads contacting
said substrate and in which a cover menber is used to cover said |ines
whi | e exposing said pads. 30 20. An apparatus, as clainmed in
Claim 16, wherein: each of said lines of said second |attice
includes a - conductor, an insulator joined to said conductor and an
adhesive joined to said insulator and in which a portion of one of said
insul ators overlies a portion of one of said 35, conductors of said first
| attice. - ¢8-
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21. An appaloakesas as clained in Caim16, wherein: PCTISHM Bt ity of
said lines of said second lattice contact said substrate such that a
space i s defined between sai d naboriaﬁ of said lines of said second
lattice and said 5 lines of said f2¥20Qattice. - 22. An
apparatus, as clained in Caim19, wherein: each of said pads are
mai nt ai ned free of overlying portions of conducting |lines and ot her
pads. 23. An apparatus, as clained in Caim16, wherein: 10

said first lattice includes a nunber of pads and each of said |lines of
said first and second |attices includes conducting traces and all of

sai d conductin races either extend in contac ith said substrate or
overlie other conducting traces that contact /Said substrate. /15
24. A nethod, as clained in |[Cdaim1, wherein: sai d provi di ng

step includep devel opi ng presjsure in a chanmber to separate at} | east
one of gaid bl ural ity of | attices of lines f[roma sheet of terial.
25. A mthod} as clained in aim1l, wherein: 20 sai d _proviljding step
i ncl udeg sepprating a first of said plurali pf ||l attices of
i nes frnogm aj sheet mat eri al using an expljosi ve ock{wHve.
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(57) Abstract

A circuit board fabrication method in which circuit boards are fabricated by adhesively applying circuit conductive traces (24) to a
circuit board substrate (28) and subsequently affixing the arrangement of the circuit traces (24) within a circuit board covering material that
becomes flowable and adhesive when subjected to heat and pressure. Circuit traces (24) are created and applied to circuit board substrate
(28) areas by a punch and die assembly. A sheet of circuit trace material is provided between plates of the apparatus wherein the plates
have matching circuit trace shaped cut-outs. Punch elements having a mating circuit trace shape are slidable within the cut-outs wherein a
circuit trace (24) is punched from the circuit trace material when the punch elements slide between the plates. After a circuit trace (24) is
punched, the punch elements then stamp the circuit trace (24) to the substrate (28).




