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PRI NTED CI RCU T MJULTI LAYER ASSEMBLY AND METHOD OF MANUFACTURE THEREFOR
Fiel'd of the Invention The invention relates to printed circuit assenblies
“and met hods @ ¢9pegdkacture therefor. Mire particularly, thePCTUSIMTS
relates to printed circuit assenblies and nethods of nmanufacture thereof
havi ng control |l ed separations between conbruct i ve | ayers, and to printed
circuit assenblies and net hods of nmanufacture thereof in which multiple
over | appi ng conductive |ayers are electrically interconnected. Background
of the Invention As the conplexity and data processing speeds of electronic
products continue to increase, the properties of the interconnecting
circuitry which connects conplex and high speed integrated circuit devices
become nore pronounced and nust be carefully analyzed to ensure reliable
circuit performance. Oten, it is the increases in conplexity and data
processi ng speeds of integrated circuit devices that dictate perfornance

i mprovenents in the interconnecting circuitry to which the devices are

nmount ed. For | exl ' [ | Vi nd in
particul ar t h@@ﬁﬁ?“@ﬁéﬁﬁ@é@%ﬁ%@%ﬁg{%@ggﬁ '@ﬁ@%"tﬂ@i Jﬁﬁisq@at er
densities of signal traces be packed into snaller packages to reduce costs
and inprove reliability. Signal trace w dths and spaci ng has decreased to

acconmodat e hi gher densities. Mire ,.greater densities may be obtained
wi th doubl e-sided and nul til ayer pgﬁﬁéggﬂ%ﬁﬂﬁﬁgmboards having nul tiple
conductive layers that are typically electrically connected via conductive
t hr ough hol es. The invention relates to printed circuit assemblies and methods of

manufacture therefor. More particularly, the invention relates to printed circuit

assemblies and methods of manufacture thereof having controlled separations

between conductive layers, and to printed circuit assemblies and methods of

manufacture thereof in which multiple overlapping conductive layers are electrically

interconnected.

Background of the Invention
As the complexity and data processing speeds of electronic products
continue to increase, the properties of the interconnecting circuitry which connects
complex and high speed integrated circuit devices become more pronounced and
must be carefully analyzed to ensure reliable circuit performance. Often, it is the
increases in complexity and data processing speeds of integrated circuit devices that

dictate performance improverments in the interconnecting circuitry to which the
devices are mounted.

For example, the complexity of integrated circuit devices, and in particular
the advent of surface mount technologies, dictate that greater densities of signal
traces be packed into smaller packages to reduce costs and improve reliability.
Signal trace widths and spacing has decreased to accommodate higher densities.
Moreover, greater densities may be obtained with double-sided and multilayer
printed wiring boards having multiple conductive layers that are typically
electrically connected via conductive through holes.

Signal trace width and spacing, as well as through hole width and spacing,
significantly impact the packaging density obtainable with interconnecting circuitry,



Signal trace width and spacing, as well as through hole wi dth and spaci ng,
significantly inpact the packagi ng density obtai nable with interconnecting
circuitry, WO 97/ 25844
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to i nt er conYR¥Z8H technol ogi es that decrease these m ninu Fmenstons to
permt greater packaging densities without conpromising reliability or
performance. Sone of these devel opnent efforts are related to the

i nterlayer interconnection of overlapping conductive | ayers across
dielectric |ayers, mhere it Is desirable to decrease the size of the
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assenbl y thi clcopsestions. However, dnlled through holes occupy significant space on a printed
circuit board, bath becaunse the through holes are formed through the entire board,
regardless of which layers need be interconnected, and because most mechanical
drilling processes are typically limited to holes with about 100 micron minimum
diameters. Anisotropic adhesives are another altemative for forming interlayer
connections; however, some anisotropic adhesives do not form pure metallurgical
joints, and thus may suffer from a reliability standpoint. Further, they often require
coverlayers to insulate non-connected but overlapping conductive areas, thus
increasing overall assembly thicknesses.

Therefore, a significant need continues to exist for a reliable interlayer
interconnection technology which is compatible with the continuing drive to
increase packaging densities in interconnecting circuitry.

As was also noted above, the data processing speeds obtainable with
advanced high speed integrated circuit devices also dictate the required
characteristics of the interconnecting circuitry used to connect such devices.
Currently, integrated circuit devices may operate with a throughput in gigabits per
second, resulting in pulse durations of less than a nanosecond and rise times in the
picosecond range. Under these conditions, the conductors connecting these
devices become active components in the circuits, both in terms of affecting

propagation delays and impedance matching.

Propagation delays are affected by interconnecting circuitry such as printed
circuit boards and assemblies principally as a result of the dielectric constant of the
materials used in the circuitry. In particular, materials having low dielectric
constants are desirable to use for minimizing any propagation delays, and thereby
increasing the range of obtainable signal speeds within a circuit.



Therefore, a significant need continues to exist for a reliable interlayer

I nt erconnection technology which is conpatible with the continuing drive to
i ncrease packagi ng densities in interconnecting circuitry. As was al so

‘not ed above, wh9ysk8ie processing speeds obtainable with advaegasehears speed
integrated circuit devices also dictate the required characteristics of the
i nterconnecting circuitry used to connect3such devices. Currently,
integrated circuit devices may operate with a throughput in gigabits pert
second, resulting in pulse durations of |ess than a nanosecond and rise
times in the picosecond range. Under these conditions, the conductors
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| npedance, as it de end%hxgﬁ'ﬁ%l; encles,slgnalsmaygetreﬂectedwhenxmpedance

mismatches are present in a circuit. Such mismatches distort signals, increase rise
times, and otherwise generate etrors in data transmission. Consequently,
impedance matching is often necessary to provide maximum power transfer
between the connected electronic components and systems and to prevent signal
reflections from forming along the signal paths.

As noted above, impedance in a printed circuit is directly related to the
separation between signal traces separated by an insulating layer, as well as to the
dielectric constant of the material in the insulating layer. One controlled impedance
design is the surface microstrip configuration, where a signal trace opposes a
ground plane, with no other overlapping conductive layers. Another is the stripline
configuration, where a signal trace is sandwiched between a pair of ground planes.

Controlled impedance requires that both the dielectric constant of the
insulating layer, and the separation between the signal traces, to be carefally
controlled. For many conventional double-sided printed circuit assemblies, this
may not be a significant problem because insulating substrates such as polymer
fitms and hardboards can usually be manufactured with carefully controlled
thicknesses and dielectric constants,

However, for many multilayer printed circuit assembilies (i.c., those with
three or more conductive layers), impedance control is more difficult, typically
because of the adhesives commonly used in the interlayer interconnection
technologies that bond individual single- or double-sided boards together when
forming such assemblies. A similar problem may also exist for some two layer
boards, e.g., those with opposing single sided boards connected through
adhesives.



characteristics of the materials used and their spatial relationship.
Factors such as the dielectric constants of circuitry materials and | engths
and wi dt hs of conductive signal traces primarily affect the characteristic
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i mportant for ensuring signal integritygin a circuit. This is because, at
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assenbl i es (i .assemblyave substantinily planar. This may be important, for example, when
populating an assembly with integrated circuit and other electronic devices, since
connecting pads on the assembly for mounting these devices should have similar
elevations to ensure reliable connections therebetween. However, given the more
compactible nature of insulating substrates and adhesives as compared to
conductive material, lamination of such assemblies may induce non-planarity.
Further, the effects are camnulative with the number of layers, and consequently, the
effects may be more pronounced in thicker multilayer assemblies.

One type of interlayer interconnection technology used to bond together
opposing conductive layers is the aforementioned anisotropic adhesive, which
typically contains conductive particles disposed in 2 non-conductive adhesive. An
anisotropic adhesive, when layered between opposing conductive layers, is
designed to conduct only across its thickness and not between different points
within the layer. The anisotropic nature of the adhesive permits it to be layered
throughout overlapping portions of conductive layers to both bond the layers
together and electrically connect any opposing contact pads formed in the
conductive layers.

Some anisotropic adhesives utilize conductive particles such as metal-coated
polymeric or glass spheres, and some may further include additional
non-conductive particles that prevent excess deformation of the conductive particles
during lamination. Also, some of these particles are intended to be disposed in a
single layer such that opposing contact pads connected by the particles are separated
by a distance equal to the diameters of the particles.



three or nore conductive | ayers), inpedance control is nore difficult,
typically because of the adhesives commonly used in the interlayer

i nt erconnection technol ogi es that bond individual single- or double-sided
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an assenbly with 1 nt ]gagrate Cl rcwt and, ot e? ag ectronl c a%ss Si nce
recessed, such that the conductive particles are not capable o:
both conductive layers directly. Otherwise, undesired electrical connections would
be formed in those overlapping areas.

Also, since interlayer electrical connections between opposing conductive
layers generally take up a relatively small area of a printed circuit assembly, the
conductive particles in anisotropic adhesives are not suitable for controlling the
separation between conductive layers in most of an assembly. Furthermore, when
dealing with a signal layer opposing one or more ground planes, as is found in
many controlled impedance applications, the electrical connections between the
signal layer and the ground planes may be quite sparse and widely separated,
further minimizing the ability of such adhesives to effectively control layer
separation throughout relatively jarge areas of the printed circuit assembly.

Therefore, a substantial need has also existed for a manner of bonding
printed circuit layers to one another with a highly controllable separation throughout
opposing portions thereof. Moreover, a substantial need has arisen for a manner of
bonding printed circuit layers with controlled separation which do not rely solely on
the interlayer electrical connection points between opposing layers to control layer
separation.

Summary of the Invention
The invention addresses these and other problems associated with the prior
art in providing a printed circnit assembly and method of making the same which in
one aspect utilizes an adhesive layer including a plurality of non-conductive “gange
particles” disposed within a non-conductive adhesive. When the adhesive layer is

interposed between opposing printed circuit layers, individual gauge particles are
interposed or sandwiched at various points between the printed circuit layers such



connecting pads on the assenbly for nmounting these devices should have
simlar elevations to ensure reliable connections therebetween. However,

gi ven the nore conpactible nature of insulating substrates and adhesi ves as
“conpared tQ caonductive material, |amnation of such asse | i nduce
non-planarWﬂ;’.’E ther, the effects are cunulative with Fﬁ%bﬁu er- of

| ayers, and consequently, the effects n@y be nore pronounced in thicker

mul til ayer assenblies. One type of interlayer interconnection technol ogy
used to bond together opposing conductive |ayers is the aforenentioned

ani sotropi ¢ adhesive, which typically contains conductive particles

f“ SpOSgdbl N athiadthe didnkiess of g . W@xmmﬁa%mm:gmﬂ@gsmﬁ I

ayered betwe g %gﬂ uctive layers, is designed to conduct only
across its th?@%%@@@ﬁgg between different points within the layer. The
ani sotropic nature_of the adhesive permts it to be |ayered throughout
over | appi ng port i oB¥ "Rrnted siguit layero whalis meantds sy laves withinapsintedigirewit t oget her
and el ect ri cahbisymblynwhetherzopductivecsindg-comiitbave aniFidsspeaive®tlits Mahrteof ONduct i ve
| ayers. Sone ggigﬁﬁ 'ﬁ QQFP ' L cCon tive.partjcles such as

met al -coated p yne#?gbgr g d%gﬁg%ﬁgbggj dg ! ﬁg?“ﬁ r?hg?yinclude
addi ti onal no#nclighgerduptive layers forned-ofmetals gsrcondnstive-polyoess, dlekiblerast i on of the
_co?dugtldvte pgh*gid@u_ Bstrathd] dove, myai_%;maisl 1aa-p:etemy,50ﬁ¢mafcikhﬁ§@emfmltbel tes age
intended to inNea sin ayer such. 0ppesi Ng cgnt act pads
connect ed by &%@%ﬁ%ﬂ@lﬁgﬁgﬁgﬁmp §%‘ﬁ'££’§ﬁ] W‘@“Pﬁe
di aneters of swhstaptigllydefosm the layer, but will instead control its relative position within

the assembly.

Moreover, it will be appreciated that using gange pasticles to control the
separation between circuit layers may also de facto control the separation between
other circuit layers in the assembly which do not abut the gauge particles, but which
are connected in some manner to the circuit layers which do abut the particles.
Thus, it will be appreciated that control of this separation may be obtained
consistent with the invention not only by interposing the gauge particles between
the conductive layers, but aiso between one conductive layer and another layer.to
which the other conductive layer is attached {e.g., an insulating substrate), as well
as between two such layers to which the conductive layers are attached (e.g.,
between two insulating substrates). Other combinations may also be used
consistent with the invention.

The particles in the adhesive layer are designated "gange" particles because
they determine or control the separation between opposing printed circuit layers in a
manufactured assembly. Furthermore, the particles are constructed to be
non-conductive, such that a particle may be oriented at practically any point
between opposing printed circuit layers irrespective of the materials used in the

opposing layers, and irrespective of whether an electrical connection bas or is to be
formed at this point.

The invention addresses additional problems associated with the prior art in
providing a printed circuit assembly and method of making the same which in
another aspect interconnects contact pads on an overlapping pair of conductive
layers through conductive posts formed on the contact pads on one layer and
bonded to the contact pads on the other layer. Fusible material may be incorporated
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t hr oughout insulating substrate; a diclectric layer disposed betweentheftstand

circuit boards; and a conductive post, formed on the first contact pad, the

conductive post extending across the dielectric layer and abutting the second contact

pad, thereby electrically connecting the first and second contact pads.

In accordance with another aspect of the invention, there is provided a
method of manufacturing a printed circuit assembly. The method includes the step
of forming a conductive post on a first printed circuit board, the printed circuit
board including an insulating substrate with a conductive layer disposed thereon,
wherein the conductive post is disposed on a first contact pad disposed in the
conductive layer of the first printed circuit board; placing a second printed circuit
board over the first printed circuit board with a second contact pad aligned with the
conductive post and with a dielectric layer disposed thercbetween, the second
printed circnit board including an insulating substrate with a conductive layer
disposed thereon, wherein the second contact pad is disposed in the conductive
layer of the second printed circuit board, and wherein at least one of the first and
second printed circuit boards includes a second conductive layer formed on the
opposite surface of the insulating substrate; and compressing the first and second
printed circuit boards together uatil the conductive post extends across the dielectric
layer and abuts the second contact pad, thereby electrically connecting the first and
second contact pads.

These and other advantages and features, which characterize the invention,
are set forth in the claims annexed hereto and forming a further part hereof.
However, for a better nnderstanding of the invention, and of the advantages and



opposi ng portions thereof. Mreover, a substantial need has arisen for a
manner of bonding printed circuit layers with controll ed separation which
do not rely solely on the interlayer electrical connection points between
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FIGURE 2 is an exploded cross-sectional view of a preferred printed circuit
assembly of Fig. 1.

FIGURE 3 is a cross-sectional view of a preferred printed circuit assembly,
taken through line 3-3 of Fig. 1.

FIGURE 4 is a cross-sectional view of an alternate preferred printed circuit
assembly to that of Figs. 1-3, where gauge particles are disposed between an
insulating substrate and a conductive layer.

FIGURE 35 is a cross-sectional view of an alternate preferred printed circuit
assembly to that of Figs. 1-3, where gauge particles are disposed between a pair of
conductive layers.

FIGURE 6 is an exploded cross-section view of another alternate printed
circuit assembly to that of Figs. 1-3, where a conductive plug is formed in the
adhesive layer to electrically connect opposing contact pads.

FIGURE 7 is a cross-section view of the alternate printed circuit assembly
of Fig. 6.

FIGURE 8 is an exploded cross-section view of another alternate printed
circuit assembly to that of Figs. 1-3, where a conductive post projects through the
adhesive layer to electrically connect opposing contact pads.

FIGURE 9 is a cross-section view of the alternate printed circuit assembly
of Fig. 8.
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Controlled Separation
Turning to the Drawings, wherein like numbers denote like parts throughout
the several views, Fig. 1 shows a preferred printed circuit assembly 10 consistent

with the principles of the present invention. Assembly 10 generally includes a pair
of double-sided printed circuit boards 20, 30 joined by an adhesive layer 40.

One principle benefit of the invention is the ability to reliably control circuit
layer separations through the use of an adhesive layer having gauge particles
dispersed therein. Controlled layer separation may be beneficial for controlling
impedance, as well as to ensure planarity throughout an assembly.

In general, preferred embodiments of the invention operate by interposing
controlled diameter gauge particles between opposing or overlapping portions of
printed circuit Jayers and compressing the circuit layers such that the particles abut
both opposing layers and thereby define the separation therebetween. Moreover,
considering the stability and non-deformability of many printed circuit materials,
controlling the separation between printed circuit layets also controls the separation
between other layers connected thereto. This also has the effect of minimizing any
additive planarity distortions in a multiple layer printed circuit assembly.

The gange particles may be interposed between any two opposing printed
circuit layers, which as discussed above may include numerous materials, including



bonded to the contact pads on the other |ayer. Fusible material nmay be

I ncor por at ed WO 97/ 25844

PCT/ US97/ 00175 -7- into the posts to formfused connections with the

- opposi ng cQnt ads. The posts may project through aper |
dielectricagﬁgékugeparating t he conductive | ayers, or a|t%¢ﬁ§§2#§?§the
posts may "pierce" through the diel ect4§@- | ayer during | am nation, thereby
el imnating a separate aperture- formation step. Therefore, in accordance
wi th one aspect of the invention, there is provided a printed circuit
assenbly, which includes first and second printed circuit bonds, each

printed circuéndastvedayeRFoknbd il nidiald Gt TuhdiictiViopolHhings, NekiBle\br liida conducti ve
| ayer di sposed,thereon. .the nduct i.ye l.ayer on the first inted circuit
board i ncl udi E‘S’SQ’E‘F‘T-F%‘{“‘&%%%= d%ﬁd@%ﬁg"ﬁl’?&%s‘{bﬁ‘m pad on the
conduct i ve | apen-deformabls sodkat they mill alme the particles buttydl nor, substentially defersx  one of
the first andop@smginsts Brthéf n&fﬁ&ﬁn&mﬁﬁ&"tﬂépﬁﬁ&é@ﬁ'tﬁ@e@@ﬁﬁ&%@@dumwe

| ayer formed on the apposite.surface of the insulating substrate; a
dielectric | alfPRayp en the first and second printed circuit
boards; and a conductive post, fornmed on the first contact pad, the
conductive post exkarnedimple.ae prfertedembodiment ofithe inveption, arintedibitauiti ng t he

sec;)ndt conéacaﬁssﬁgxy 101B6WRIA ;qgste%.tj, {,{aﬁﬁg gmﬁepﬁﬁ?u?giﬁ,]m_sfzgg %M{ld 1?ﬁcond_
o ovi ded a. mePPRBIRS AN AHEE PR, GV SanciER Vorem Sopepied e BFSHTe ot hod
i ncl udes the thesgpagition betwicemythe congductinetlayees ip alse cantrobled; which mayibet ed circuit
board, the prhﬂﬁ&ﬁn%fﬁiﬂc&memn&o!,asweﬂasfmmﬁnhﬁﬁngplmaﬁtymmughom
the assembly. Assembly 10 generally includes a pair of printed circuit boards 20,
30 joined by an adhesive layer 40. Also shown are a plurality of through holes 12
joining the opposing conductive layers on each circuit board, as well as an
integrated circuit chip 14, which is one of innumerable types of electronic devices
that may be populated on assembly 10.

As shown in Fig. 2, printed circuit board 20 includes an insulating substrate
22 with opposing conductive layers 24 and 26. Similarly, printed circuit board 30
includes an insulating substrate 32 with opposing conductive layers 34, 36.
Insulating substrates 22, 32 may be any type of flexible or rigid dielectric material
suitable for use as a substrate, including polyimide, polyester, PEN,
polyetherimide, epoxy, ceramic, impregnated woven or non-woven glass, among
others. Conductive layers 24, 26, 34, 36 are preferably deposited and patterned on
substrates 22 and 32 in any manner generally known in the art, including various
additive, semi-additive or subtractive techniques. Deposition of the conductive
layers may be performed via adhesiveless processes such as vacuum metallization,
sputtering, ion plating, chemical vapor deposition, electroplating, electroless
plating, etc., as well as through the use of adhesives. The conductive layers may
be formed of single metal layers or composite layers formed by different processes,
and may include metals such as copper, gold, chromium, aluminum, palladium,
tin, etc., as well as conductive polymers and the like.

In the preferred embodiment, substrates 22, 32 are formed of polyimide,
and conductive layers 24, 26, 34, 36 are formed via the NOVACLAD® process,
which is the subject matter of U.S. Patent Nos. 5,112,462, 5,137,791 and
5,364,707 to Swisher, and assigned to Sheldahl, Inc. This process generally



board including an insulating substrate with a conductive | ayer di sposed
t hereon, wherein the conductive post is disposed on a first contact pad
di sposed in the conductive layer of the first printed circuit board;

~placing a se'ggr;gin{y;i nted circuit board over the first printmergionoeirs board
with a second contact pad aligned with the conductive post and with a

dielectric |ayer disposed therebetween, -ile second printed circuit board

i ncluding-an insulating substrate with a conductive | ayer disposed thereon,
wherein the second contact pad is disposed in the conductive |ayer of the
second printed circuit board, and wherein at |east one of the first and
second printed n&ﬂxhﬂﬂwdmmsmﬂ@)h&nhgdmsmhmamxwﬂhhp&nnmmmumnpdfkmﬁndforned on
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However, for a met}crhedinystep inthe progesspradaeesiabpnding snfaceenithe filre whichdy ant ages
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PCT/ US97/ 00175 e t.t.ai ne ts use f ence sho be made
to the Draw ngs W@a ’g Mm{} @FPMm\lkﬁ? h there
are descri bed mmmmmsmsspmvimmﬂmss The board, thus

metallized, may be etched in a conventional manner to form the desired circuit

patterns in the conductive layers.

Through holes may be formed on printed circuit boards 20, 30 e.g., by
drilling vias in the substrate prior to metallization such that conductive material is
deposited thereon. In some applications the conductive material deposited on the
via walls may completely fill the vias, such that no aperture remains within the
through hole. Coverlayers may also be deposited over the patterned conductive
layers in some applications. Other variations, e.g., drilling after plating, will be
apparent to one of ordinary skill in the art.

As shown in Fig. 2, an adhesive layer 40 is preferably interposed between
boards 20, 30. Layer 40 preferably is a dried and cured B-stage layer formed of a
plurality of non-conductive gauge particles 44 interspersed in a non-conductive
adhesive 42. Alternatively, the layer may be deposited on one of the printed circuit
boards via screen printing, roll coating or another suitable process.

The adhesive 42 used in Jayer 40 is preferably a non-conductive
thermosetting adhesive such as polyimide, epoxy, butyr] phenolic, etc. and
combinations thereof. Other adhesives such as pressure sensitive and
thermoplastic adhesives may also be used in the alternative. The adhesive used
should have suitable adhesive and flow characteristics, and may also be selected
based upon concerns such as dielectric constant and temperature resistance. The
adhesive used in the preferred embodiment is a polyimide thermosetting adhesive,
which has a dielectric constant of about 4.4 (measured at 1 Mhz under 4.8.3.14.
of Mil-P-13949 Std.), and which is also high temperature resistant.



Brief Description of the Drawings FIGURE 1 is a perspective view of one
preferred printed circuit assenbly consistent with the principles of the
invention. FIGURE 2 is an expl oded cross-sectional view of a preferred
‘printed circuit assenbly of Fig. 1. FIGURE 3 is a cross-sectional view of a
preferred WOISHR®4circuit assenbly, taken through |ine 3-PETSPSSEMYTS 1

FIGURE 4 is a cross-sectional view of \%alternate preferred printed
circuit assenbly to that of Figs. 1-3, ere gauge particles are disposed
bet ween an insul ating substrate and a conductive layer. FIGURE 5 is a
cross-sectional vi ew of an alternate preferred printed circuit assenbly to

that of Figs. apﬁ&éﬁﬁ* SES’ 8ﬂ:§ @? Qﬁ a pair of

conductive | a ers IS a exp lggie Cross-s I'ontvi e\% of anot her
al ternate pr| ji@ estive ptesial suphyas glass,polymesysilica, conduct i ve
plug is formedermict&e 'mummaukeﬂmrthé partici@ahidy 2l Yeele@eWagéd woRAS NY

crout bosenthi W@é@ﬂﬁ?%@%&gﬂ%ﬁéﬁe&% Con Vi ew of
anot her alterﬂms@nbrln ﬁ%m%meﬁmcmhmsmtmmGB where a
CONGUC | Ve POGlerdll GBS cdbaa it o lfieshE/NRE iy beoionded bbb by | Y Connect

Bfrﬁfleggcffgb?&eiggg%& 5']”8?55?1&‘ | S ﬁs& os : ec; lon Vi ewmgf he .ah;t ernate
the preferred embodiment, the paxt:cles are hollow glass spheres. Using the
preferred size and distribution ranges for the particles, this results in an overall
dielectric constant for the adhesive layer of about 1.5 to 3 (measured at 1 Mhz
under 4.8.3.1.4. of Mil-P-13949 Std.).

The sizes of the particles are preferably controlled to be substantially the
same throughout the adhesive layer, with preferably at least 30 percent of the
particles being between about +/- 10 percent of a mean diameter. Moreover, the
loading or distribution of particles in the adhesive is preferably about 30 to 75
percent by volume, although other particle densities may be required in different
applications, particularly where the particles are used to define the separations
between other types of printed circuit layers. In addition, the final separation
distances, the layouts of the boards, and other considerations may also impact the
sizes and distributions of the particles in the adhesive.

In use, the particles are preferably dispersed uniformly throughout the
adhesive, then the adhesive is layered, dried and cured to form a B-stage adhesive
layer. The layer is then interposed between the printed circuit boards, and the
entire assembly is laminated under heat and pressure to compress the boards
together, as shown in Fig. 3. Under lamination, the gauge particles are trapped
between the circuit boards to abut the opposing insulating layers at areas where
there are no conductive layers. In areas where one or more conductive layers are
present, the particles are typically displaced to areas having no conductive layers
(i.e., "exposed areas” of the insulating substrates). In addition, the adhesive flows
into the recesses between the boards, and any excess adhesive is squeezed out of
the sides of the assembly. The extent to which the boards are compressed together
during lamination is determined by the diameters of the gauge particles, as these
particles abut opposing printed circuit layers to define the final layer separations for
the assembly.



WO 97/ 25844 PCT/ US97/ 00175
FIGURE 10 is a cross-section view of another alternate printed circuit
assenbly to that of Figs. 8-9, whereby an alternate dielectric |ayer is

‘di sposed bet g@@ osing printed circuit boards. Detailed Ppeggishioian of
the Preferre odiments The invention incorporates two prinary aspects.

The first deals with controlling the sepalt3ti on between opposing printed
circuit layers in a printed circuit assenbly. The second deals with form ng
i nterlayer interconnections between opposing conductive layers in a printed
circuit assenbly. Wile both aspects of the invention are useful when used
in conjunction with mamm;memmn&mmmmabmmmﬁs nei t her

ggﬁterct)l lsgguggpg atron aniﬁ@%“mwgm&#ﬁ"ﬁe nunlgsge?ss' denot e

li ke parts throdigh %1831'*%@39“&( 16§ | nt ed
circuit assenbl yhi ﬁl&autd\bdnkromec@mwedmmeafbetmenm

t As ded ted
e o A SO ke AR o 1 LS,
of the .nvent.omwfemmvsmm%mwmm@mww se

separations t hr Qags diddindifedtlP bontidlsihe \d@istance y/betien R \CoitficEvaligRers28, B6.C| es
di spersed therein. Controlled | ayer separation nay be beneficial for

assenti y. In' general 0 BANARIAIpk e G Tl b BT
i nt er posi ng elyoonstantseparanons nductive layers in each layer of a

multilayer assembly. For example, for prmted circuit assembly 10, it may be

desirable to set the distance y between conductive layers across the adhesive layer

to equal the distance z between conductive Jayers across the insulating substrates.

For a typical assembly, e.g., including S0 micron polyimide substrates patterned

with 15 micron copper layers, the mean diameter of the gauge particles would need

to be 80 microns to provide a S0 micron separation between conductive layers

across the adhesive layer. It may also be desirable to match the dielectric constant

of the adhesive layer with that of the insulating substrates.

As stated above, however, the gange particles are not limited to abutting
opposing insulating substrates. For example, Fig. 4 illustrates an assembly 50
having an adhesive layer 80 (having gauge particles 84 disposed in an adhesive 82)
for bonding together a pair of printed circuit boards 60, 70, with insulating
substrates 62, 72 and conductive layers 64, 66, 74. In this embodiment, the
plurality of gauge particies 84 abut, on printed circuit board 60, the insulating
substrate 62; and on printed circuit board 70, the conductive layer 74. Again, the
diameters d of the particles are controlled to indirectly set the distance y between
the conductive layers 66, 74, as well as the distance x between the insulating -
substrates 62, 72. During lamination, the particles are displaced from any areas
having two layers of overlapping conductive matetial. The configuration shown in
Fig. 4 may be useful in applications having ground, power or shicld planes where
conductive material fully covers a surface of at least one printed circuit board.

As another example, Fig. S illustrates an assembly 100 having an adhesive
layer 130 (having gauge particles 134 disposed in an adhesive 132) for bonding
together a pair of printed circuit boards 110, 120, with insulating substrates 112,
122 and conductive layers 114, 116, 124. In this configuration, the diameters d of



controll ed di aneter gauge particles between opposing or overl apping
portions of printed circuit |layers and conpressing the circuit layers such
t hat- the particles abut both opposing |ayers and thereby define the
-separation therebetween. Mreover, considering the stabil it

non- def or nB¥R ¥¥25%4of many printed circuit materials, cont ?f#’ﬁ’g%%"f%e
separation between printed circuit |ayefg_also controls the separation

bet ween ot her | ayers connected thereto. This also has the effect of

m nimzing any additive planarity distortions in a nmultiple layer printed
circuit assenbly. The gauge particles may be interposed between any two

opposi ng print W%d@%ﬂ%%?%%@§%&@e@@ﬂ¥m&knd ude

nunmer ous mater, a

PCT/ US97/ 0017§a¥°§?01 cﬂmm%wwmyfsem@smcm@w mt i ve

pol ymers, flemuhﬂuatesnlz |1@2dAﬁ3u disposaiin ateagwithcut ahy ovedlappihe. These

| ayers are pr wi || abut
d p not su tant |“E@Plytg§ orr#&d%gté&ﬁ&lsﬁgy

t he partlcles ut WI or co t their point

of abutment wisEPRRLGE C‘F‘f%mﬁ‘%?fr“'?%l?sv@%éﬁar ations
in the assenblmadﬁduﬁ%ﬁﬂlh@adlﬁiﬁelmméaﬁémdnﬂamm&edml nvention,

printed circui g rticles
whi ch are si zéf@%qg@ta&g;&)’% Sing. 1nsu a‘?ﬁﬁ'ﬁﬁﬁbmﬁw @(ﬁ%uct ive
| ayers nount edonteplled mechapicel sepasationtis providestbesveen conductinsdayersmithovh duct i ve
layers is al smmmmmwammﬁm&ew control, as

wel | as form naLif9h0 5%nRh A M dulrld, ety FoRiding mamufacturing costs and

complexities, as well as overall assembly thicknesses.

Other printed circuit layers may abut the gauge particles, including any
coverlayers formed over the conductive layers on a circuit board. Additional
printed circnit boards may also be bonded together using additional adhesive layers,
¢.g., to produce multilayer assemblies having five or more conductive layers. In
addition, a dielectric material may be "filled in" between circuit traces to provide a
more planar surface for the printed circuit boards, whereby the gauge particles
would abut two types of layers on the same printed circuit board.

Further, it may be desirable to utilize otherwise open areas of the insulating
substrates ("non-signal transmitting areas" -~ that is, those areas where conductive
material would otherwise not be nsed) to pattern conductive material which assists
in controlling separation in these areas. The conductive material in these non-signal
transmitting areas may serve no other purpose than controlling separation, or it may
be used as shielding or other purposes, for example.

Moreover, different particle sizes may be used in different areas of an
assembly, e.g., if a ground or shield plane is only provided in one area of an
assembly, and the particles and/or adhesive may be used in only some overlapping
portions of the circuit boards. In addition, other manners of depositing an adhesive
layer and compressing the assembly may also be used. Other modifications will be
apparent to one skilled in the art.

The preferred adhesive layers may also include pad interconnecting means
for electrically connecting any contact pads on the printed circuit boards at discrete



the assenbly. Assenbly 10 generally includes a pair of printed circuit
boards 20, 30 joined by an adhesive | ayer 40. Also shown are a plurality of
t hrough holes 12 joining the opposing conductive | ayers on each circuit
- board, as V\%{, n integrated circuit chip 14, which i s eoem86700175

I nnunmer abl e Types of electronic devices that may be popul ated on assenbly
10. As shown in Fig. 2, printed circuit~bBard 20 i ncludes an insul ating
substrate-22 with opposi ng conductive layers 24 and 26. Simlarly, printed
circuit board 30 includes an insulating substrate 32 with opposing
conductive layers 34, 36. Insulating substrates 22, 32 may be any type of
f1exible or ridbechtidnsderss theadinmive ldyeis. fmy hmiaber of munnesemay beused trsformt e,
i ncl udi ng pol yi o} f\eive FbasSidol hmfﬁh‘esl Rahypt herinm de, epoxy, ceranic,

ass

| mpregnat ed woven or non-wove ng others. Conductive |ayers
24, 26, 34, 36 are preferabl eposi t.ed and on .substrates 22 and 32
in any manner generé?‘\emf%ﬁg' Hﬂt‘ﬁ@fa??d&?mﬁ@‘ﬂﬂ'@ﬁgﬁ(ﬁ UCRNF i ve,
sem -additive d\plmfbhmaadhesnelayafpnoq&ﬂmrﬁﬁqmsﬂotémpﬁn‘,pnﬂteiummiuct ive
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adhesi ves. The 17dinacidhestveé m¢mmmcbmmmmm él‘hmémlndgayers or

conposite Iayerfﬁl,& I@Bﬂ ) de netal s such
as copper, gol ?gom um aHJm ng’% E@H gqﬁ I n 1@3’[ cdow'gd’sﬂ wel | as
conducti ve pol ysebsteates 192, ke aPﬁ’R@‘d“F'h"etlﬂ@fsp}%f a6k, d6OWithihe | substrat es
22, 32 are for roofidudtivematerial 176 in et lmﬁﬂmﬁwiﬁobpos&rg@aaﬂlSﬁSg foimed6 are

f or med V|athe W@E@H. ‘9@9@ W !ﬁimig tter of U S
Pat ent Nos. % g?)%&i % 1& W S e?is B3y a55|gned to
Shel dahl , Inc Wﬁ?@e@g%llgémfmlymswxﬂlpadsﬁ? 167 to form a reliab

interconnection therebetween concurrent with the placement of particles 174

between substrates 152, 162.

Apertures 175 in layer 170 may be formed by drilling, punching, stamping,
laser ablation, etc. Conductive material 176 may be deposited in the apertures by a
number of processes, including electroplating, screen printing, ink jet printing, etc.
The conductive material may be a metal such as copper, or may be a conductive ink
(cured or uncured) or a fusible material such as solder particles. Two preferred
manners include screen printing a fusible conductive ink, and ink jet printing fine
solder patticies.

Other manners of forming interlayer interconnections, e.g., drilling and
plating through holes after lamination, may also be used without departing from the
spirit and scope of the invention.

Therefore, it may be seen that the preferred embodiments of the invention
realize controlled separation between printed circuit layers, be they insulating
substrates, conductive layers, other layers, or combinations thereof. The controlled
separation benefits circuit design in controlled impedance applications, since the
impedances across the adhesive layers may be reliably determined. Moreover, the
planarity of the resulting assemblies is improved, which is particularly important as
the number of layers in an assembly increases since planarity errors are additive as
the number of layers increases. This has the added advantage of maintaining
relatively constant elevations of mounting pads on external surfaces of an assembly
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-1 1- includes the steps of (1) treating the substrate with a plasma nmade
up -of ionized oxygen produced froma netallic electrode to forma

nmetal /oxide treated filmand (2) formng netallized inte .gn | ayers
on the tr¥AYTESH¥ m preferably either by vacuum netalli Eﬁ)’ﬂgﬁx‘h 7grret al, or
by conbination of vacuum netal l'izationygf nmetal and an additional step of

el ectroplating nmetal on top of the vacuum deposited netal. The first step
in the process produces a bonding surface on the filmwhich is capabl e of
securing netal interconnection |ayers which, unlike adhesive-based

substrates, hg %ﬁ@&eﬁ&k@ﬁ% itHC SrackealP Sflleg! | Y When exposed
to heat, chem cgl treatnent ani c siress. or environnental stress. The
board, thus n"Bg“FQ“QW Emmm%mmm@&ﬁ?@ formthe

desired ci rcwespﬁﬁmdmebﬂt&baenﬁmductlve | ayers. Through hol es may be
formed on printed circuit boards 20, 30 e.qg., by drilling vias in the
substrate prior to netallization such that conductive material is deposited.
thereon. In sone application the onductive nmaterial deposited on the via
wal s may conpletely fill theddilge iy e IMERoIeEIO]rerture remains within
the through hol e. Coverl ayers may aI so be deposited over the patterned
conducti ve | ayer s Asmotedrmbowppsacomdt aspers of the inventioniis ditected so foemimg andri | | i ng
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emb ,mpam %y ngcon ductive "posts” or sifnilar structures on one

of the printed circuit boards which are bonded with a pad on the other printed

circuit board. This second aspect of the invention is particularly suitable for use in

conjunction with providing controlled separation using an adhesive layer in the

manner disclosed herein. However, it will be appreciated that this interlayer

interconnection process may also be used across other dielectric layers, as will be

set forth below.

For example, printed circuit assembly 180 of Figs. 8 and 9 illustrates a
manner of forming interlayer pad connections whereby a first printed circuit board
200, with a pair of conductive layers 204, 206 formed on an insulating substrate
202, has a conductive post formed on a contact pad 207. The post is comprised of
a copper layer 208 coated by a fusible material 209 such as tin. The copper and tin
are preferably deposited by electroplating using a semi-additive process, although
other processes, including subtractive and additive metal deposition processes,
screen printing processes, stencil printing processes (e.g., stenciling conductive
ink coupled with subsequent curing/sintering of the ink), etc. may also be used.
Other conductive materials such as any number of binary and tertiary metals,
fusible materials, and combinations thereof may be used for layer 208.

With one preferred process, a layer of dry film photoresist is applied over a
copper foil printed circuit board, then the photoresist is imaged with the desired
circuit pattern and developed, and copper is electroplated through the resulting
mask to form the desired circuit pattern. Next, a second layer of photoresist is
applied over the first layer and is exposed and developed with the pattern of the
conductive posts to be formed on the printed circuit. The posts are electroplated to
thickness with copper, then capped by an electrodeposited layer of tin. The
photoresist is stripped ofT and the excess copper is etched away.



boards 20, 30. Layer 40 preferably is a dried and cured B-stage | ayer
formed of a plurality of non-conductive gauge particles 44 interspersed in
a non-conductive adhesive 42. A ternatively, the layer may be deposited on
- one of the C|rcuit boards via screen printing, rolbcﬁagbhmgsor

anot her SUIta e process. The adhesive 42 used in layer 40 is preferably a
non- conductive thernosetting adhesi ve sUdhr as pol yi m de, epoxy, butyrl
phenolic, etc. and conbinations thereof. O her adhesives such as pressure
sensitive and thernopl asti c adhesives nmay al so be used in the alternative.
The adhesive used shoul d have suitabl e adhesive and fl ow characteristics,
and may al so be sel Fhe thitkhess ewhiplvcopperiayer 208 snieabh pest ibi phdtextis primarilgnst ant
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t he about 8 to 50 microinches.

The posts can also have different profiles, e.g., circular, rectangular, etc.
Moreover, the maximum width or diameter of the posts may be selected depending
upon resistance requirements, current handling capability, and contact pad size,
typically in the range of about 50 to 100 microns. The posts, however, typically
do not require any additional surface area on a board beyond the contact pads to
which they are mounted, and they are preferably about 1/2 the diameter of the
contact pads to allow for some misalignment. Accordingly, in preferred
embodiments, the posts generally do not significantly impact the overall pitch (i.e.,
the minimum combined signal trace spacing and width) of the board.

Printed circuit board 200 is preferably interconnected via lamination to a
second board 190 (with conductive layers 194, 196 formed on a substrate 192)
across an adhesive layer 210 (with gauge particles 214 in an adhesive 212). Prior
to lamination, it may be desirable to deposit, e.g., by immersion, electroless or
electroplating, an adhesion promoting layer 199 over the contact pads, e.g., pad
197. Layer 199 may be, for example, about 8 to 50 microinches in thickness, and
formed of gold or a similar material that promotes adhesion with a fusible metal
such as tin layer 209. The adhesion promoting layer may also not be necessary in
some applications.

During lamination (Fig. 9), the post formed of layers 208, 209 may
“pierce” through layer 210 and contact pad 197 (shown at through hole 198)
formed on board 190. Fusible layer 209 preferably reflows and fuses to the gold
layer 199 over pad 197 to form a reliable electrical interconnect with pad 207. Due
to the high unit load of the posts, they will generally displace the adhesive to permit
the fusible layers to fully contact the opposing pads and form the fused connections



adhesive itself The particles may al so have different geonetries than

spherical. In the preferred enbodi nent, the particles are holl ow gl ass

spheres. Using the preferred size and distribution ranges for the
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and distri but the gartlcf:%s I'n e a Q@élngg le n use, ethépartlcles

are preferabl unlforrﬂy throughout the adhesive, then the
adhesive is Iayered dr| ed and cured to forma B-stage adhesive |ayer. The

Iaye:m: S theln i nt wmwmmmmmmmmﬁwmmy ge entire
assenmbly is |gadiRheFs alagég %Qf ‘p,g?r s
RaBE1opHEe vg gfm natlon g% uge part es are

t oget her, as shown |n El
t rapped bet welhPPposediq %P? M@?W%M opp05| ng insul ating |ayers

at areas where there are no condgctlve | ayers. In areas where one or nore
conduct i ve | ayers Aswaspnentionad previenslyathe post éserdayer intgreounection di spl aced to

areas havi ngt@éhn% disklo¥ed HeRiPingy ﬂm&m%ﬂﬁ%&fnﬁ&m@&r&s@wsul ating
substrates). e@}?ﬁ&gl on the a he5|ve Ll ows mi) ﬁses b?tween t he

boards, and & example, as shown p,
pnntedcxrcmtboatds230and240maybemterconnecwdacrossadxelectnc layer

250 with a post having copper layer 244 and fusible material 246, formed on board
240, and fused to board 230. Dielectric layer 250 preferably includes an aligned
aperture 256 through which the post may project.

Numerous dielectric layer constructions may be used to bond boards 230
and 240 together. For example, as shown in Fig. 10, dielectric lJayer 250 may
include a base dielectric film 252 coated on both sides with an adhesive 254,
Alternatively, the dielectric film may be a prepreg composition of woven glass
impregnated with adhesives. Other dielectric layers, such as non-woven glass and
film tapes, etc., or any other form of diclectric layer suitable for bonding opposing
boards to one another may also be used.

It is also possible to utilize a dielecric layer having a base film or sheet with
a predetermined grid or pattern of apertures at known locations. Through proper
circuit design, posts may be located fo be aligned with apertures, thereby
eliminating the need to specially drill a dielectric layer.

It is believed that the use of interconnecting posts in the manner disclosed
berein provides reliable interlayer intezconnects in a simple, reliable and cost
effective manner. Moreover, the posts may be constructed with fine dimensions
and spacing, thezeby increasing the obtainable packaging density for a printed
circuit assembly. In addition, the posts are capable of forming intermetallic joints,
which are typically much more reliable than adhesive joints due to the metallurgical



the sides of the assenbly. The extent to which the boards are conpressed
together during lamnation is determ ned by the dianeters of the gauge
particles, as these particles abut opposing printed circuit |ayers to

- define the f'@gl,,igggyer separations for the assenbly. WO gtyotofidnirs
PCT/ US97/ 00175 -13- As noted above, the nean dianeter for the popul ati on of

particles is preferably selected to provi#8e controlled separati on between
printed circuit |ayers. For exanple, for the enbodi nent shown in Figs.-1-3,
the dianmeter of the particles d is preferably selected to control the
connected distance [err] between insulating substrates 22 and 32 (best seen
in Fig. 3). By imierdction off suthjpims it tsﬂlswavamheﬁtmﬂbémgdmifeﬂuﬁh

substrates 22, ﬁmd B,EEQ ?glnﬂ pﬁ:lg| g% gﬁ Pﬁéyﬁ eh t*]gﬁﬁ al so
indirectly cont g ance y o2 onductive ﬁa@%’?s 26, 36. In
many control | e W&@“&@ﬁl@ &%WW gostrcherauspdliscrets | ncl ude

rel atively conmmemmmmwmmmdnamﬂﬁmach | ayer
of a multil ayerg Eﬂyp\é§ 5’% é‘?‘["&{ @’Iﬂ?é%g %8 U@F wenbly 10, it
may be desirable *Set % '?'Tn PES Y P ngers acr oss
t he adhesive | sgpapected, WﬂWﬁ%W@MMMMS acr oss

the insul ating omestichefitewill Fsupprciatéd by ohe ABRATINE ate 9. . i ncl uding 50
m cron pol yi m de substrates patterned with 15 mcron copper | ayers, the

nmean di ameter of theygad nﬁtdgft crons to provide
a 50 micron separatjon bet\ﬁeen con uciﬁlivgng’ya g;ﬁg@%&&:@@éﬁ

embodiments without departing from the spirit and scope of the invention.,
Therefore, the invention lies in the claims hereinafter appended.



across the adhesive |ayer. t nay also be desirable to match the dielectric
constant of the adhesive F==- the insulating substrates. As
stated above, however, t i 3 Are not limted to abutting
opposi ng i nsul ati ng subs. ef Fig. 4illu assenbl y
50 havi ngW@P238Mési ve | ayer Favirg=gauge particles 8%&%&%%%2@% in an
adhesi ve 82) for bondi ng together a[ng of printed circuit boards 60, 70,
with insulating substrates 62, 72 and conductive | ayers 64, 66 74. In this

enbodi ment, the plurality of gauge particles 84 abut, éﬂeet mwt

t he
oIIed

board 60, the I nsul ating substrate 62; and on print ed CI

conducti ve I M@. the di aneters d of the part
to indirectly sets I'st ance bet ween the conductive

well as the dista cex bet enthe | uIatln substrates 62 72 Duri ng
| amination, the phrtich é‘ﬁ‘ﬁ’g ny areas having two layers of
over | appi ng conductive materl al. The configuration shown in Fig. 4 may be

useful in applicati oniahaviﬁ@mmmmdtwwm&mﬁere

conducti ve 54 ikluding an)insuR¥iRg SubStratéHvith @ Sortfuctie Ih ted circuit
board. As anqt her exvgrtéle Ei 5 IH’ ust r at es aﬁ é ﬁ% 100 having an
adhesi ve | ay 5&85@'@ P dhesi ve 132)

f or bondi ng bpgnhhmnﬂmmmﬁadnnﬂtenﬁdmﬁvehymmm 2rcuitd t h

i nsul ati ng Sw&&rﬁh‘iﬁeﬂslgne W%MWWIM& 124. In this

confi gurati on, |ane ers
PCT/ u%97/ 001?@01: QP ve layer the opposite surface of the insulating substrate;

(b)  adiclectric layer disposed between the first and second
printed circnit boards; and

{c)  aconductive post, formed on the first contact pad, the
conductive post extending across the dielectric layer and abutting the second contact
pad, thereby electrically connecting the first and second contact pads.

2. The printed circuit assembly of claim 1, wherein the dielectric layer
comprises an adhesive for bonding the first and second printed circuit boards to
one another.

3. The printed circuit assembly of claim 2, wherein the dielectric layer
further includes a dielectric film coated on both sides with the adhesive and
including an aperture through which extends the conductive post.

4, The printed circuit assembly of claim 2, wherein the dielectric layer
further includes a prepreg sheet filled with the adhesive and including an aperture
through which extends the conductive post.

5. The printed circuit assembly of claim 2, wherein the dielectric layer
includes a grid of apertures, and wherein the conductive post is aligned with one of
the apertures in the grid of apertures.

6. The printed circuit assembly of claim 1, wherein the conductive post
has a width which is smaller than the widths of the first and second contact pads.

7. The printed circuit assembly of claim 1, wherein the conductive post
comprises a first metal Jayer formed on the first contact pad and a second metal

A



the particles are cont %gHtaQBQhR J_.dy set the distance y between the
conductive | ayers 114, ctIy set the distance x
between the insul ating ﬂnmﬂj art i cl es di sposed in areas
w t hout anyﬁgﬂ SBRP1 NY to "fl oat popykétigarishe

adhesi ve an control Iayer separatlon n. In addition, due to the

non- conductive nature of the particles,-2hey do not conduct across the
adhesi ve |1 ayer and cause any potential undesired short circuits in the-
assenbly. Consequently, a significant advantage is attained, in that
controll ed mechani cal separation is provided between conductive | ayers

wi t hout i nt r odugienformediasihe Gt rmmaﬁ&m:hh&we&nﬁrtsﬁlg&dhﬁmbve | ayer.
Mor eover , cove&%@%aglsw%%g%% r . t hereby reduci ng

manuf act ur i ng as overall assenbly

t hi cknesses. Ot her printed circuit | ayers may abut the gauge part i cl es,

i ncl udi ng any covel yers“@mmﬂsﬁmbﬁéw? firstometal layer cui t

board. Additi orainpiises 6ber fidithe Sebordandtslfayerosmptises iRe bonded toget her using

addi ti onal adhesive | ayers, e.g., to produce nultilayer assenbl i es havi ng

five or nore conducgive md %@Mm ”%h%' rray be
"filled in" between E:i,rct?ét/ traces to pro 188{(1% a fore p anar surtace for the

printed circui tPafEomRrises Fadhesion promoting Javer theo types of
| ayers on the secondmetablayer onitheeontiudive post. Further it rray be desr rable to
utilize otherw se open areas of the I nsul at i ng substrat es (" non-si gnal
transmtting areas" Mf glg\cﬂ%é erial would
ot herwi se not be used at,ter ndyctlve térla I ch assists in
control Iing se®waey "‘g‘ﬂg’é%‘ &osm;ﬁ fn the repgeRfiahputi8io hese
non- si gnal trariﬁnntﬂnmyeaar eas may serve no ot her purpose than controlling
separation, or it may be used as shielding or other purposes, for exanple.

11. A method of manufacturing a printed circuit assembly, comprising
the steps of:

(a)  forming a conductive post on a first printed circuit board, the
printed circuit board including an insulating substrate with a conductive layer
disposed thereon, wherein the conductive post is disposed on a first contact pad
disposed in the conductive layer of the first printed circuit board; '

(b)  placing a second printed circuit board over the first printed
circuit board with a second contact pad aligned with the conductive post and with a
dielectric layer disposed therebetween, the second printed circuit board including an
insulating substrate with a conductive layer disposed thereon, wherein the second
contact pad is disposed in the conductive layer of the second printed circuit board,
and wherein at least one of the first and second printed circuit boards inciudes a

second conductive layer formed on the opposite surface of the insulating substrate;
and

{c)  compressing the first and second printed circuit boards
together until the conductive post extends across the dielectric layer and abuts the
second contact pad, thereby electrically connecting the first and second contact
pads.

12,  The method of claim 11, wherein the dielectric layer comprises an
adhesive, and wherein the compressing step includes the step of mechanically

I



Moreover, different particle sizes may be used in different areas of an

assenbly, e.g., if a ground fFr=sih wet-ch-nl, ane 1.5 only provided in one area of

an assenbly, and t he particl sT!ﬂ&MET@fQ@ﬁ@Eéf?”ay be used in only sone

- overl apping portions of the §gircuiREfigarmts. | njjadditi on, other nanners of
deposi t i ngW@P788Mesi ve | ayer —ai SFessErg=tHe assenbl YPORUSIHMUIS he ysed.

QG her nodifications will be apparent t?&pne skilled in the art. The

preferred adhesive layers may al so inclUde pad interconnecting neans for

el ectrically connecting any contact pads on the printed circuit boards at

di screte WO 97/ 25844

PCT/ US97/ 00175 -,15-.10cati.ons acr.oss .t he adhesive ers ny nunber of

nmenners may bg‘”m&h‘fﬁ ﬁ%&m rbgﬁlg ‘ﬁﬁ“&éﬁéswe | ayer. One

preferred manadhesive to form deformabl e and/ or fusible conductive "plugs" in

an adhesive layer prior to | amnation. For exanple, printed circuit

assenbly 140 of Figs. mmﬁdl&uﬁlmﬂﬁmﬁmemaaﬁé fuNicFinthdend

connecti ons @WEI 17 f 170 .
(havi ng gaug\éggi;eﬁ?%gl%gg s’i‘ﬁﬁé@l ﬁ%ﬁe%ﬁwwéh%%Wconduct ive
mat eri al 176. wm@qugslhamumelmterposed between a pair of printed
circuit boards 150, 160 (with substrates 152, 162 and conductive | ayers

154, 156, 164, 166)4. W'THe nkéiid P Eldine 12, \iheiSit (86 itlectlié faybr Tulti ficlulidd) al i gned
with opposi ngfggsgﬁ%ﬁ@e&%&eg@%av@wm%gg&h pea.nsu&é.?gh W4 167 Vhen

t he assenbly
extends the conductxve post.

15.  The method of claim 12, wherein the dielectric Jayer includes a grid
of apertures, and wherein the conductive post is aligned with one of the apertures
in the grid of apertures.

16. The method of claim 11, wherein the conductive post has a width which
is smaller than the widths of the first and second contact pads.

17.  The method of claim 11, wherein the forming step includes the steps
of depositing a first metal layer on the first contact pad, and depositing a second,
fusible metal layer over the first metal layer, and wherein the compressing step
includes the step of applying heat to fuse the second metal layer to the second
contact pad.

18.  The method of claim 17, wherein the forming step includes the step
of photoimaging a resist mask, and wherein the first and second metal layers are
deposited via electroplating through the resist mask.

19.  The method of claim 17, further comprising the step of depositing
an adhesion promoting layer on the second contact pad, and wherein the
compressing step fuses the adhesion promoting layer with the second metal layer
on the conductive post.

eet Has Been Re(laced
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conductive material 176 preferably fuses with pads 157, 167 to forma
reliable interconnection therebetween concurrent with the placenent of
particles 174 between substrates 152, 162. Apertures 175 in layer 170 may

" be f or med by%éﬂgﬁﬂg’ punchi ng, stanping, |aser ab_l ations sfffmsm%‘:“ ve
material 176 nmay be deposited in the apertures by a nunmber Of processes,

i ncluding electroplating, screen printing, ink jet printing, etc. The
conductive material may be a netal suqbksas copper, or may be a conductive
ink (cured or uncured) or a fusible material such as solder particles. Two
preferred manners include screen printing a fugigbl e conductive ink, and ink
jet printing fine solder particles. Other mannfrs of forming interlayer

i nterconnections, ¥g., drillfng B —athg pugh hol es after

| ami nation, may al soN\ge used/ w thout departing ffomthe [rit agfy scope of
the invention. Therefore, i be seen that e prefe enb nts of

the invention realize contfol | £ een pringed ci | ayers,
be they insulating substrate o Kt her l'ayer
conbi nati ons therdof. The caqfisc , on benefigs cir design in
controll ed i npgglance applicati ons, since the inpedan acr he esive
| ayers may be i abl y determ . Moreover, t | anarity he r I ting
assenblies is/inprovgd, which particularly inportant nu r of
| ayers in an asse I NCreases sl nce plana errors Itrve as the
nunber of |ayers ipcreases. This has the ad advant a mai nt ai ni ng
relatively %anta t elevations of nounting pads on ext surfaces of an
assenbly
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WO 97/ 25844

PCT/ US97/ 00175 -16- to which el ectronic devices such as integrated circuits
are attached. Qther nodifications nay be made to these preferred

enbodi nents without departing fromthe spirit and scope ®CTUS87TRMEent i on.

Al t er nat e WROERI4Yer | nterconnection As noted above, a second aspect of the
invention is directed to form ng an igyser| ayer interconnection between
opposi ng conductive layers in a printed circuit assenbly, in particular by
form ng conductive "posts” or simlar structures on one of the printed
circuit boards which are bonded 'érla.pad on the other printed circuit
board. Thi s'@econd aspect of the\% ention is particularly suitable for use
in conjunctionaw th providing controN ed separation using an adhesive | ayer

in the manner di scl ler ei n. HowevEew, ill be appreciated that this

i nterlayer intercpnmectTomprocess ey arsuv— o 2%i el ectric
| ayers, as mygl'igset forth bel ow. For exanple, printed clfcuit assenbly
180 of Figsep® and 9 1JTusirptes a jhmnnerj ol 1or ayer pad
connections whereby a TTTSt print It boar . With g pai r of
conductive | ayers 204, 206 for@8d on an {nsul ating substratg 502, has a
conductive post feed-on-a—-conti.a I he 00 i sdoprised of a
copper |ayer 208 D e { S a(t §fn. The copper
and tin are prefeyably S g a\g§em -additive
process, although Acty ve apd additive netal
deposi ti on procesges, i, WN_grifnting processes
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i nk coupled with subsequent curing/sintering of the ink), etc. may al so be
used. O her conductive materials such as any nunber of binary and tertiary
nmetals, fusible materials, and conbinations thereof may be used for |ayer
208. Wth one $)7 referred process, a layer of dry film photopegussrmesrsapplied
over a coppHOY&¥4printed circuit board, then the photoresist is inaged
wth the desired circuit pattern and developed and copper is electroplated
through the resulting mask to formtfgsdesired circuit pattern. Next, a
second | ayer of photoresist is applled over the first layer and is exposed
and devel oped with the pattern of the conductive posts to be fornmed on the
printed circuit. The posts are electroplated to thickness with copper, then
capped by an e] ectrodeposited |ayer of tin. The photor%glst is stipped off
and the exces¥lp per is etched away. 4 WO 97/ 25844

PCT/ US97/ 00175 - The thi whi ch_copper La,er 4@8% on each post is

plated is primarily iredic nceisEt ween

t he opposi ng pads, and when used i :o1junct|o W th uge
particle-filled adhesive, is dependent upof {hg¢ fli aneters of the particles.
For exanple, it maﬁg%__ggih;agte to prq¥%get:ownected' I stances between
pads in the range of“abou 4 mls oo nrcrons), wth the

t hi ckness of copper TﬁﬁTT'Tﬁ4§ S1 ) nge. Tin

layer 209 is,pgeferp gk)be or elec T 172 2
terial for

t hi ckness sefec s a fused
connection
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bet ween copper | ayer 208 and the opposing contact pad, preferably in the
range of about 8 to 50 m croinches. The posts can al so have different
profiles, e.g., circular, rectangular, etc. Mreover, the maxi numw dth or
di'anmeter of the posts nmay be sel ected dependi ng upon resi PCRNSeTO017S

requi r ementwQ9M28844ent handl i ng capability, and contact pad size, typically
in the range of about 50 to 100 m crons. The posts, however, typically do
not require any additional surface aQ?% on a board beyond the contact pads
to which they are nounted, and they aré preferably about 1/2 the dianeter
of the contact pads to allow for some msalignment. Accordingly, in
preferred embodi nents, the posts generggdy do not ¥8Bgnificantly inpact the
overall pitch (i180 j signal trace spagyng and wi dth)

of the board. Print circuit groere—79 pr-aet tgr connected vi a
| am nation to condp-eakd 00—t d i .

d—9Q ¥ tged on
a substrate 192) acruo®s an adhesive | ayer 214 in
an adhesive 212). Priotl_to lampnation | | 4t -

e.qg., by imersion,198 € 5SSt Pl i ronoting
| ayer 199 over the conga
exanpl e, about ]
simlar materi

| ayer 209. The adhesio g in some
applications. During | (Fi g i 08,
209 may "pierce" thrdgug 2y B—errecomta , 't f} ugh
hol e 198) formed &t board ég . Fusible layer 209 preferably208f| ows and
fuses to the gold layer 19 ver pad 197 to f] fabl e el ectrica
interconnect with pad 207. - 208
200 ' | \ i
"‘~§*{~‘ \\ 1202
N
L 207 i
204
Fig. 8
199
180 104 198

196 97 192
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to the high unit |oad of the posts, they will generally displace the
adhesive to permt the fusible layers to fully contact the opposing pads
and formthe fused connections WO 97/ 25844

PCT/ US97/ 00175 -18- therebetween. Al so due to their high wgriusened7s t he
posts aIso‘EPgﬁFﬁﬁk t he gauge particles during the |am nation process as
shown in Fig. 9. Wth further conpression, the gauge particles in the
adhesive | ayer begin to share a portion of the applied, resulting in both
controll ed separation and reliable igggrconnects in the finished assenbly.
Al ternatively, as above with other interlayer interconnections, apertures
may be drilled or forned in adhesive |layer 210 with the apertures aligned
with the posts, as opposed to the posts formng their own apertures. As was
menti oned previously, the post interlayer interconnection technol ogy

discl osed herein may al so be used to forminterconnections across ot her
dielectric layers. For exanple, as shown in the assenbly 220 of Fig. 10, a
pair of printed circuit boards 230 and 240 may be interconnected across a
dielectric layer_250 with a post having copper |ayer 244 and fusible

mat eri al 246, f f49fkd on board 240, and fused to board 230. Dielectric |ayer
250 preferably incl ses an aligned aperture 256 through which the post may
project Numerous dielectric |Ryer corjstructfions €jused to bond boards

ggg ?rgs 240 t@égﬁh&LNT—or exanpr e, as sno n|Fijg[TO0,~dretrectni c | ayer
250 — M — 3 o
252’{4—_[:__—7 IA\ f —1—254
240—> ] \
e e
244



i nclude a base dielectric film 252 coated on both sides with an adhesi ve

254. Alternatively, the dielectric film may beap?ﬁ 0 ift ¢
‘woven gl ass inpregnated with adhesives. O her -di el ﬁg@a@?fgﬂrrzi

non-woven glass and filmtapes, elg e 7., Ot her f ol f el ect I ayer
sui tabl e for bondi ng opposi reg=Hds) anpt her ni%/&be lﬁsgé
al so possible to utilize a : C&Yer b |ngabasefllmor sheet -‘

with a predetermined grid or
Through proper circuit desigi, posts may be | ocated to be aligned mnth
apertures, thereby elimnating the neeqﬁio specially drill a dielectric’
layer. It is believed that the use of THiferconnecting posts in the manner
di scl osed herein prOV|des reliable interlayer interconnects in a sinple,

reliable and c@ efFhs printednsinguit assemnbly of claimel pehereindhelrondontiveuct ed
with fine pdisﬂ&@ﬁipi{b%s aNfrst llh?;i‘érrfarmbﬁefrﬁmé firaé E@ﬁﬁb’ﬂﬂa& RdoPbéddiblager

packagi ng bl v t|o

are capabl e %atﬁhr n}?éeg&t%g&ﬁe%ﬂa%&%d y%?m" "fllsé?iéare ﬁ’ﬁl%rkiefvp%%hmm)re
reliabl e fusad wi qopidgontactepach t he nmetal | ur gi cal WD 97/ 25844

PCT/ US97/ 00175 - 19 |nteract|on of such joints. The posts al so have the
benefit of bei 23. de(idst printed aasemblynofacladim 26} evherkivgitephisibleanhterinles at

general | ycgg%am Rl osnef the overall circuit patterns, and they
al so reduce terial costs because discrete conductive interconnections nmay

be made only ab,desiped, | 3684 3 Haikl ltl,harl'{%?gﬁld&e forming step inciudes the
: steps of depositing a first layer on the first contact pad, and depositing a
second, fusible material over the first layer, and wherein the compressing step
includes the step of applying heat to fuse the second layer to the second
contact pad. |

23.  The method of claim 23, wherein in the step of depositing a
second, fugible material, the fusible material comprises a conductive ink.
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Further, the posts may be nmade snaller than the RERLACEMENISSHEETS cBG hey
are connected, thereby allow ng for sone m sal [idbserpiiad : pdzedpads ghgedng.

| ami nation.” Other benefits will be appreci at ¢dfti.ang) skipd-ed M ot fged3
Q her changes and nodifications may be made fopithgwupr gEer r-ed renbodisredt.s.
wi t hout departing fromthe spirit and sé®pe fgt‘hgstéag;‘\'/enﬂ;pﬂg__Ih@rpjggﬂg,"

t he i nvent |\8€ lies in the clains hereinafter |appended. 20 at_1s

clai med is:Whatisclamedis; i ed circuit assenbly, oMY 5 ﬁ}? ijmqwd
second printed ci.r cuiA prineaiciait assemblyomphisae: ¢ SHodvt b fad A A =Y

I nsul ating substrate wth conductive .l ayer disposed thereopn,_ the
conductive | ayer on t(\#e fif?sgtar@rf%?%dd pﬂrft?&cllﬂr‘f“'ﬂb%oz%l: " e ?ﬂ BB’?%%CB cgcufqi ?°§[d
cont act padnaiydjng i ingulating egtstrate witna eandugtivediayen dspased theron, thecendustiveriayenort he

second pri | i : ; '

i nted ci 1R el ghout 835 indl @ el KRt (M pfarlg o lop@OibaR SR A,
opposi t e sfPRdHsivedayer g thenzegprsk printed Liigtthogide and #)least ong of; the st and-sqoaRer
di sposed bejrinee Girdult Bodris iRéludiyth SRERNcbndlctive! I8fér foihéd brf th 9pddits suash dftte
conductive ,po &@ formed on the first contact pad, the conductive post
ext endi ng al'%l”% SUPRIrel el ectric | ayer and abutting the second contact pad,
thereby el ectrical |y (ppnnexéiclagrid lager dispased dedesrehe Micst and eodhd prirdel. cirduit

The print ecLogridg_%Hht assenbly of claim1, wherein the dielectric |ayer
conprises an

Q

{c) a conductive post, formed on the first contact pad, the conductive post
extending across the dielectric layer and abutting the second contact pad, thereby electrically
connecting the first and second contact pads.

2. The printed circuit assembly of claim 1, wherein the dielectric layer comprises an
adhesive for bonding the first and second printed circuit boards to one another.

3. The printed circuit assembly of claim 2, wherein the dielectric layer further
includes a dielectric film coated on both sides with the adhesive and including an aperture through
which extends the conductive post.

4. The printed circuit assembly of claim 2, wherein the dielectric layer further
includes a prepreg sheet filled with the adhesive and including an aperture through which extends
the conductive post.

5. The printed circuit assembly of claim 2, wherein the dielectric layer includes a grid
of apertures, and wherein the conductive post is aligned with one of the apertures in the grid
apertures.

6. The printed circuit assembly of claim 1, wherein the conductive post has a width
which is smaller than the widths of the first and second contact pads.

7. The printed circuit assembly of claim 1, wherein the conductive post comprises a
first metal layer formed on the first contact pad and a second metal layer formed on the fist metal
layer, the second metal layer comprising a fusible metal that is fused with the second contact pad.
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adhesive for bonding the first and second printed circuit boards to one
anot her. 3. The printed circuit assenbly of claim2, wherein the
dielectric layer further includes a dielectric filmcoated on both sides

wi th the adhesive and including an aperture through which extends the
conductive post. 4. The printed circgtt assenbly of claim2, wherein the

dielectric layer, further includes a prepre heet, filled.with the adhesive
and i ncl udi ng’ af apetr"?'ﬁ P@W‘ﬁ?‘ﬁﬂg%s%@% ﬂP%?’ﬂngEe'?'Héhec%ﬁdW'iﬁﬁ)@r hppisess
The pri nt ecopper aditiie sesordmiEtaiayef carbpsisemtia, wherein the dielectric |ayer

I ncludes a grid of apertures, and wherein the conductive post is aligned

with one of the apertures in the grid apertures. 6. The printed circuit
assenbly of clai®m 1, Tandwisted arguit assaribly taf \aleim ok twhesgin dhepsepond \oantadt pad

snmal | er t h@gmpridgs 34 éﬂhglﬁorp%r?%&ﬁg {ayérdopitel Berea shaG@Nal Mith tHeaESond fetal tayerNe

printed circyit assenbly claiml1, wherein the conductive post cohprises
a first nePBfecoRiUEtvegPHted on the first contact pad and a second et al
| ayer forned on the fist nmetal |ayer, the second netal |ayer conprising a

fusible netal that is, fused with the second contact pad. . 21 8. The
printed circuit q@sseﬁgﬂ? i gied W?Tb'%ﬁgga'r'n&t"&@mf"i ?‘gt"g’?ﬁ?i"ﬁlpr‘f'ﬁﬁq layer
conpri ses coppises guittdepbsited oadicknasstirathk sapge of@bog B itcsE0amitrioinches. The printed
circuit assenbly of claim?7, wherein the second contact pad conprises an

adhesi on pronoting | ayer deposited thereon and fused with the second netal
| ayer on the codduct ,I-\;getlrﬁggg manufacturing a printed circuit assembly, comprising:

(a) forming a conductive post on a first printed circuit board, the printed
circuit board including an insulating substrate with a conductive layer disposed thereon, wherein
the conductive post is disposed on a first contact pad disposed in the conductive layer of the first
printed circuit board;

(b) placing a second printed circuit board over the first printed circuit board
with a second contact pad aligned with the conductive post and with a dielectric layer disposed
there between, the second printed circuit board including an insulating substrate with a conductive
layer disposed thereon, wherein the second contact pad is disposed in the conductive layer of the
second printed circuit board, and wherein at least one of the first and second printed circuit boards
includes a second conductive layer formed on the opposite surface of the insulating substrate; and

{c) compressing the first and second printed circuit boards together until the
conductive post extends across the dielectric layer and abuts the second contact pad, thereby
electrically connecting the first and second contact pads.

12. The method of claim 11, wherein the dielectric layer comprises an adhesive, and
wherein compressing the first and second printed circuit boards includes mechanically bonding the
first and second printed circuit boards to one another with the adhesive.

13. The method of claim 12, wherein the dielectric layer further includes a dielectric
film coated on both sides with the adhesive and including an aperture through which extends the
conductive post.

14, The method of claim 12, wherein the dielectric layer further includes a prepreg
sheet filled with the adhesive and including an aperture through which extends the conductive
post.
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10. The printed circuit assenbly of claim9, wherein the adhesion
pronoting |.ayer conprises gold deposited to a thickness in the range of
about 8 to 50 microinches. 11. A nmet hod of manufacturing a printed
circuit assenbly, conprising: (a) form ng a conductive post on a first
printed circuit board, the printed circ#t board including an insul ating
substrate with conductiye layer di spos her eqn, erein the conductive
post is di sposed>on j‘H? f“?té?d 3%'53?“?5’ (s lngﬁ%%gg%@qﬁqr %ﬂ%"eé@rﬂ'i'ﬂé‘f FRPEUESyer  Of
the first pndwhesen tbe cowidtivipest id alighkg with onp lofthé syiridres Raise i jof apekt@®ls.Ci r cui t
board over the first printed circuit board with a second contact pad
aligned with the conductive post and with a dielectric |ayer disposed there
bet ween, the sed®nd phe metbed &fclainuil 1 whesein the icondudtive pest has d wigth which isgmalissst r at e
W th a condif thewhithsay B fifdt S1aQ8&#d boHRdcERAs, Wherein the second contact pad is
di sposed in the conductive |ayer of the second printed circuit board, and
wherein at | east one of the first and second printed circuit boards

i ncl udes a secomd comMbmbthatoficaer1, ivhersi Grarg hﬁ&d}?&ﬂ@ﬁb&ﬁciﬁ&ﬁs&%ﬁ%nﬁéat hed

i nsul ati ng I , C onpressing the first apd second printe

circuit bogéﬂgé%léagéf%etﬁgﬂrﬁt&? ﬁ)'ta'ft R@‘f’ gﬁ%@ ”’\9% $55Y0. {Bﬁﬁﬁ Hﬁ?%%‘?’&%‘g theficst

di el ect ri cmetalieyer,andwhérein sorniressing therficst eraideadrtd priated citchibicalys ireluaes dpplying | Y

connect i NOhdRR ride'sid s n?e?ﬁ%?&t&tﬂ@&ébﬁﬁd&ﬂg nad2- The nethod of claiml1l,
0

wherein the dielectric |ayer nprises an adhesi ve, and wherein conpressing
the first and second printed circuit boards includes nmechanically bonding

the first and sesondTiy intiRd f rd‘aiﬂvtﬂboﬁﬁé?éntii&rr]rﬁ%ﬁ 22 RBddEve Wb ihdifies

adhesive. 13.. The nethod of claim12, wherein the dielectric |ayer
further i néﬂ"ﬁ?ﬂf@%g'"g ?ifeéFQ@?ﬁki' 8"‘??"?%‘83?& frsf 20 9567 rasteldayers e deprsitetiviesi ve
and i ncl udelecyopiating tfeougt the rédist magh whi ch ext ends the conductive post. 14.
The nmethod of claim 12, wherein the dielectric |ayer further includes a
prepreg sheet filled with the adhesive and including an aperture through
whi ch ext ends tHe coRtumethedof claim 17, further comprising depositing an adhesion promoting

layer on the second contact pad, and wherein compressing the first and second printed circuit
boards fuses the adhesion promoting layer with the second metal layer on the conductive post.

20. The method of claim 11, wherein forming a conductive post includes depositing a
first iayer on the first contact pad, and depositing a second, fusible layer over the first layer, and
wherein compressing the first and second printed circuit boards includes applying heat to fuse the
second layer to the second contact pad.

21, The method of claim 20, wherein the second, fusible layer comprises a
conductive ink.

22, The method of claim 20, wherein the second fusible layer comprises a fusibie
material.

23. The method of claim 11, wherein forming the conductive post comprises forming
a conductive post that comprises a conductive ink.

24. The printed circuit assembly of claim 1, wherein the conductive post comprises a
first layer formed on the first contact pad and a second layer formed on the first layer, the second
layer comprising a fusible material that is fused with the second contact pad.
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pQst . 22 15. The nethod of claim 12, wherein the dielectric |ayer
includes a grid of apertures, and wherein the conductive post is aligned

with one of the apertures in the grid of apertures. 16. The net hod of
claim11l, wherein the conductive post has a wdth which is smaller than the
wi dths of the first and second contact 23ads. 17. The nethod of claim 11,

wherein form ng_a conductive post includes depositing a first netal |ayer
on the first cofitact Tixarintetassgmblyof claify 24, wherihée fuglle snateriak comprisesyar  over
the first condadtivdiayer, and wherein conpressing the first and second printed
circuit boards includes applying heat to fuse the second netal |ayer to the
second contact pad. 18. The nmethod of claim 17, wherein formng a
conducti ve post 26.ncl| Tike printduoassemblyiofi glain r1e shearkin nths lcondutive vdoetr esmiprisdseaf i r st
and secondmﬂﬁﬁgwe$ﬁyers are deposited via electroplating through the resi st
mar k. 19. e nmethod of claim 17, further conprising depositing an
adhesi on pronoting | ayer on the second contact pad, and wherein conpressing
the first and second printed circuit boards fuses the adhesi on pronoting

| ayer with the second netal |ayer on the conductive post. 20. The net hod
of claim1l, wherein form ng a conductive post includes depositing a first

| ayer on the first contact pad, and depositing a second, fusible |ayer over
the first layer, and wherein conpressing the first and second printed
circuit boards includes applying heat to fuse the second |ayer to the
second contact pad. 21. The net hod of claim20, wherein the second,
fusible | ayer conprises a
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conduct i've I nk. 22.
| ayer conprises a fusible material. rrglg\{lﬁyg
forning the conductive post conprises formng a conductive post a

conprises a conductive ink. 24. The printed circuit assenbl s

wherein the con
contact pad and

- »
23.

e post co
ond Iayg

e

rises a first

The nmet hod of claim?20, wherein the second fusible

The net hod of cl ai

Ef
1,

ia

| ayer forned onf 2
er, the %s®0Ond | ayer
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(57) Abstract

printed circuit layers (be they insulating substrates,
areas of

pads formed on opposing printed circuit boards and thereafter
material may be utilized in the conductive posts (208, 209) to

locations.
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A printed circuit assembly and method of making the same utilize in one embodiment an adhesive 1 including a plurality of
non-conductive "gauge particles” disposed within a non-conductive adhssive. “din - dntpind
conductive layers, or other layers), individual gauge particles (44, 174) are interposcd or
sandwiched at various points between the layers such that the diameters of the particles control ﬂng: layerpac:i)amufm thmu;hont overtapping
2 :hemof,t_herabype‘mmingcyraﬁxlmuolovcrhyerupamim.Apﬁnwdcimxitassemblymdmeﬂ:odofmaldngﬂnmuﬁliu
in another embodiment an interlayer interconnecting technology incorporating conductive posts that are deposited on one of a pair of contact
bonded to the other in the pair of contact pads during lamination. Fusible
. i facilitate mechanical bonding to a contact pad, and the posts praject through
a diclectric layer disposed between the printed circuit boards, thereby forming the electrical connections between the boards at discrets

When the adhesive layer is disposed between opposing




