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M CRCELECTRONI C ASSEMBLI ES I NCLUDI NG Z- AXI S CONDUCTI VE FILMS This |
invention relates to the assenbly and packagi ng of mcro- electronic

devi ces, including sem conductor circuit chips, printed circuit boards,
thi.n-filmnetworks (TFEN s),- and nmulti- chip circuit nodul es; and nore
particularly to novel neans for interconnecting such devices and nodul es,
el ectrically wodsazssthermal | y. BACKGROUND The effort to provirdBAS86/16023
reliable, nore cost-effective nmeans for interconnecting mcroelectronic
devi ces has been underway for at least thirty years. The need for such

| nprovement has becone speebEKECIAIT ASSERBEEES f INCRUDING)- t er m tr end
toward greater circuit density, and_the cons eed to reduce the size
of bonding pads on a circuit cm'ﬁxgnﬁowwm spaci ng bet ween pads.
Virtually all semniconductor devices are assenbled with the use of wire
bondi ng to Qvi de b C | ctign n s Sl L CUi t
chi p. Curre%l"llys al\x}glggg%ﬁ% %ﬁ%%%%e%ggrgﬁiﬁl%tﬁg%f E%Q%ﬁn€so§3§:éﬁ% from
the, center cflestzopid @eviers.cdcdudingaPeRifRBIRtOFaFireHEE FRWPRati on has
bl ocked furifighte@dusié@De Bohddis thifi-eilm Mdtwdiks AMFN sindahd -

I ncreases in_circyit density. This _and other Jim tations_of wre bonding
have been kif&HR FbFCEéGéW§%ﬁE§Ea8€§;m8ﬁﬁ 9%5?1CJ?a£iy 26°ndvel héans ¥or

interconnecting such devices and modules, electrically and/or

thermally.

BACKGROUND

The effort to provide more reliable, more cost-effective means
for interconnecting microelectronic devices has been underway
for at least thirty years. The need for such improvement has
become steadily greater because of the long-term trend toward
greater circuit density, and the consequent need to reduce the
size of bonding pads on a circuit chip, and to narrow the

spacing between pads.

virtually all semiconductor devices are assembled with the use
of wire bonding to provide ohmic interconnections to the metal
pads on the circuit chip. Currently available wire bonders
require at least 6 mils spacing from the center of one pad to
the center of an adjacent pad. This limitation has blocked
further reductions in the size of a circuit chip, and further
increases in circuit density. This and other limitations of
wire bonding have been known for several decades; and yet,
there is no apparént hope for a break-through in wire bonding
that would accommodate dramatic reductions in the size and

spacing of bonding pads.

Efforts to replace wire bonding have included the use of *high
density interconnect® structures, using synthetic resin films



there is no apparent hope for a break-through in wire bonding that would
accommodate dramatic reductions in the size and spacing of bondi ng pads.
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I nterconnect” structures, using synthetic resin filns 1 WO 97/ 12397
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filmand extend through via holes in the resin filmfor nmaking ohmc
contact with WRe¥I28Mg pads on a circuit chip. See for exanp{:ﬁ @% ca et
al, U S 5, 161,093. Such prior configurations do not address

develop packagi ng for chips having greater circuit density, nor the need
for intercohawdingngebal lpatternsr thatisexhend pdong enrl syypfecsgobnteach chip;
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known design, | BM and er; have fsed sol der bondj n nverted chips, as
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recently, el.3RbQURELE1 AN P hot! Lo Y IAQ HULL' P) G3evB8LR! packaging
for chips having greater circuit density, nor the need for
interconnecting with smaller pads and closer pa¢ spacing on-
each chip; but instead are directed to multichip

interconnections, using chips of known design.

IBM and others have used solder bonding of inverted chips, as
an alternative to wire bonding; but no such soldering
technique has permitted the use of smaller pads and closer

spacing between pads.

More recently, elastomeric polymer films having multiple,
metal-

filled apertures have been developed for electrical
connections, but the metal filling has consisted of eitﬁer
1) discrete particles (usually spherical) or 2) a single
sphere having a diameter slightly greater than the thickness
of the polymer film. such that the sphere is barely exposed at
both surfaces of the film. The particle-filled films have not
been satisfactory, because the particle-to-particle surface
contact area within the film is extremely limited, causing
excessive electrical and thermal resistance at each contact
point; and because the surface contact area between a particle
and a bonding pad is also very limited. The sum of all these
high-resistance contact points gives the interxconnection a

poor performance rating.

The single sphere approach is alsc unsatisfactory, because the
surface area of the contact point with the sphere, on each
side of the film, is too small; and because the f£ilm thickness



filled apertures have been devel oped for electrical connections, but the
metal filling has consisted of either 1) discrete particles (usually
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randonl y di st9¥e ﬂppﬁpntgprﬁiqﬁﬂggighe width of a single bonding pad,
which gave an unreliable result. Moreover, adjacent spheres

could not be kept apart, and there was no potential for
substantially reducing the space between bonding pads.

An elastomeric connector block comprising a plurality of
laminated silicone sheets, with parallel gold traces deposited
on the surface of each sheet, has provided electrical
connection between circuit boards having terminal pads with a
minimum width of 15 mils, which is far too large for
connecting pads on an integrated circuit chip.

No anisotropically conductive f£ilm has had the potential to .
replace wire bonding, and to replace other means for the
interconnection of electronic parts, until now.
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PCT/ US96/ 16023 SUMVARY OF THE | NVENTI ON One aspect of the invention is
enbodi ed i nORe aspectbiof dhet iovention cisriembodiedt innn gardmblywbér ewo

el ectrical gpdh0re WHRLEd-RYBREONISHLY OUHAPEIRCE1 SOE AR SrlayoBChi eved by

means of nultip screte, conductive nanoscopi C | S or tubules fixed
wi thin the BBFé%a%fi%ﬁPﬁq9§&P§FFﬁﬁ betvwgenriibe parts is achieved by means

of multiple, discrete, conductive nanoscopic fibrils or
tubules fixed within the pores of.an insulating £ilm. The
pores are usually perpendicular, or substantially
perpendicular to the plane of the film, and extend through the
~complete thickness of the film. Such a film is said to have
anisotropic electrical conductivity, i.e., Z-axis
conductivity, with little or no conductivity in the other

directions.

" The insulating film of the assembly is selected from various
materials, including synthetic resin films, also known as
polymeric membranes. In addition to thermal and electrical
connection, such films are also capable of providing
structural connection between parts, for example., by
adhesively bonding the parts together, and thereby permanently
fixing the tips of the metal fibrils in contact with the
parts. Alternatively, the parts may be held together with a
non-bonding Z-axis film in between, by pressure alone, using
any suitable clamping mechanism. Such an alternative allows
the parts to be readily separated, for the purpose of

replacement or repair, etc.

A single integrated circuit chip having more than one thousand
bonding pads, for example, is now readily packaged, using the
interconnection system of the invention. Also, two or more
such circuit chips are readily interconnected with each other
in accordance with the invention. Or, one or more circuit
chips comprising active components may be mounted upon and
interconnected with ohmic contacts on a passive substrate.



pores are usually perpendicul ar, or substantially perpendicular to the
plane of the film and extend throuah the conplete thickness of the film
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directions. The insulating filmof the assenbly is selected from various
materials, including synthetic resin filns, also known as polyneric
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chips are re&é|F99|nmE¢@©Hnected wi th each other in accordance with the

I nventi on. , one or nore circuit chips conprising active conponents may

be nount ed ugon and interconnected with ohmc contacts_on a passive

substrate. ne example of a suitable Z-axis conductive film useful in
accordance with the invention is a synthetic resin membrane

having nanometer-sized pores extending through the film, from

one membrane surface to the other surface, and having at least
some of its pores filled with a conductive material or
composition, such as gold or other metals, or with one or more
nonmetallic conductive materials. The thickness of the film
is within the range of about five microns, - up to about 10 .
mils. The dimensions of the film and the metal fibrils ensure
good performance at 50 GHz and higher frequencies.

The nanoscopic pore diameter in such a membrane is much
smaller than the smallest spacing between contact pads on a
circuit chip; and therefore no electrical shorting between
adjacent contacts can be caused by such metal-filled pores,
regardless of chip orientation or alignment. For purposes of
this disclosure, the terms "nanoscopic®, "nanoporous® and
"nanometer-sized" include diameters within the range of about
1 nanometer, up to about 10,000 nanometers (10 microns), and
preferably from 10 nanometers to 1,000 nanometers (1 micron).
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I nstead of a passive substrate, one or nore circuit chips my be nounted
upon and interconnected with ohm c contact pads on a printed circuit board,
or a mcrostrip line, or TFN, or a package base. Such pernutations and
conbinations are virtually .endl ess, all of which are included within the
scope of the invention. One exanple of a suitable Z-axis conductive film
‘useful in accgphdahsfyWth the invention is a synthetic resi nedwisdsasns
havi ng nanoneter-sized pores extending through the film from one nenbrane
surface to the other surface, and having at |east sone of its pores filled

W th a condughbVgxdRbes| adn & &espwiﬁf%né'eﬁts];gén@r;&g@m%&c%&é, tals, or

with one or nore nonnetaﬁ?lc conductive materi a t hi ckhess of the
filmis wthPHIERBIRFRRCIRT BSSHESR | RAA (Fenters, ig AR tafodt ™b T s. The
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o mich smal FP PR TREL RFr ot R B Rort S e Bt on a o rourt
chi p; and t hneadépetencdidmateri cavesh @ iapptBetaceomlvdj/dgsAth cofhttdet s can be
caused by sughsfghéd -bédvedth PA4CSenters. For pads having a width of 0.2

mil, and a center-to-center spacing of 0.3 mil, the space

between edges of adjacent pads is 0.1 mil, or 2,500

nanometers. Such a metal fibril tip would contact only

1/250th of the space between pad edges. A 100-nanometer

fibril tip would span only 1/25th of the space between pads.

A distinguishing feature of the preferred nanoporous films
used in accordance with the invention is the aspect ratio of
the pores. That is. for a one-mil-thick film, each pore
length is one mil, or about 25,000 nanometers; and thus, .for a
pore diameter of 10 nanometers, the aspect ratio is 2500:1.
The range of suitable aspect ratios for use in the invention
is from about

10:1 up to about 20,000:1, and preferably from about 100:1 to
about 1,000:1. |

A further advantage of the invention lies in the fact

that precisé alignment of the intérqonnect film with other
parts is not required, in order to achieve a desired ohmic
interconnection. Acceptable alignment is achieved when some
portion of each pad on a chip is aligned with some portion of
its counterpart on a substrate or other part to which bonding
is desired, provided no overlap with an adjacent pad is

allowed.



regardl ess of chip orientation or alignment. For purposes of this

di sclosure, the terns "nanoscopic", "nanoporous" and "nanoneter-sized"

i nclude dianeters within the range of about 1 nanometer, up to about 10, 000
nanoneters (10 mcrons), and preferably from 10 nanoneters to 1,000
nanonmeters (1 mcron). WO 97/ 12397
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m crons, which equals 12,500 nanoneters. Thus, the tip of a netal fibri
fixed within a pore having a 10- nanoneter dianeter covers or contacts only
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nanoneters; and thus, for a pore, di anet of 10 na one ers ect
ratio is 25oge{centage of thepmembrane vo ume consgsg he EJ%ié%Sp

pores. For example, a membrane consisting of 20% gold by
volume has a Z-axis conductivity approaching 60 W/M degree C.,
whereas a commercial adhesive, designed for heat dissipation,

has a thermal conductivity of
only 5 W/M degree C.

If electrical connection is not desired, in addition to heat
dissipation, the material in the pores_is selected from
electrically nonconductive materials'having a high thermal
conductivity, such as diamond, carbon, or boron nitride, for

example.

.Nanoporous films of the type used in practicing the invention
are commercially available for use as nanofiltration
membranes. They are made, for example, by exposing a
nonporous resin film to accelerated nuclear particles having
sufficient energy to pass through the entire thickness of the
film, followed by selective chemical etching to remove the
particle-damaged tracks, and thereby create nanopores through
the complete thickness of the film. The etching step may also
remove small amounts of the surrounding undamaged film.



The range of suitable aspect ratios for use in the invention is from about
10:1 up to about 20,000:1, and preferably from about 100:1 to about

1,000: 1. A further advantage of the invention lies in the fact that precise
alignment of the interconnect filmwth other parts is not required, in
order to achieve a desired-ohm c interconnection. Acceptable alignnment is

achi eved wh 171350 ortion of each pad on a chip is aligne W
portion of ﬁg cour??erpart on a substrate or other part toq’ I C ondi ng s
desired, provided no overlap with an adjacent pad is allowed. 6 WO
97/ 12397 PCT/ US96/ 16023 For the

di ssi pation_of., he t hermal__i npt er ection between parts-.is_achieved in
the same mahat “%?%La‘eiglc}ﬁfbe&rggg %&%amglié%‘f’r’ﬁgcgf’r?%t rc’B‘ﬁﬁ T OW, except
that the nampmetersrinfdiametey tand Doxecdentitigsi sppvaghingeldaio
conduct i Vi t ¥he HintRChoweN pIre8 pbP SHuAE ééntiRtER! aRNdidatbindte the
nunber and/ or, Si ée ogthees[norgs LS, hcrease so _t hat %é.hl h%'E)ercent age of
the menbran®®AUVESESHISE 5F1PR SF PP EHhPREe BRICIRISABIANS A%%enbr ane
consi sti ng afaid@lgofrom\Nuclepore, Inc., and from Poretics Corp. One

example is the polycarbonate screen membrane from Poretics,

Catalog No. 19368PCTE.

Other methods for producing such nanoporous films include the.

use of lasers, x-rays, gamma rays, or electron béams to burn

nanoscopic damage tracks and/or holes through a resin film.
Selective chemical etching is then used to create nanoscopic

pores, or to enlarge the holes in the film. The pores are

then filled with a metal or other conductor by electroplating,
electroless plating. or vapor deposition. Excess metal

formed on the membrane surface or surfaces is then removed,

whereby the only remaining metal is located in the pores.

If desired, the membrane is then exposed to an etchant thac'
does not attack the metal, so that a small amount of the
membrane surface surrounding the tips of the metal fibrils is
removed, thereby providing tips that extend slightly above the
remaining membrane surface. The exposed tips may then be
tinned wizh solder, to achieve solder contact with the pads of
a circuit chip or subsctrate., etc., if desired. It has been
demonstrated, however, that reliable electrical
interconnection is achieved by contact alone, without solder
bonding or any other form of fixed attachment to the tips of
the metal nanofibrils used in accordance with the invention.

Methods for plating and f£illing the inside of such nanopores
have been developed by Dr. Charles R. Martin et al, as
reported in the following articles:



vol unme has a Z-axis conductivity approaching 60 WM degree C., whereas a
commerci-al adhesive, designed for heat dissipation has a thernmal
conductivity of onfly 5 WMdegree C. If electrical connection is not
desired, in addition to heat dissipation, the material in the pores is
selected fromelectrically-nonconductive materials having a high thernal

. conductivity, such as dianond, carbon, or boron nitride, for exanple.
Nanopor ous fiWwgeypiet he type used in practicing the inventi dPCEUS96/16023
comercially available for use as nanofiltrati on nmenbranes. They are nade,
for exanple, by exposing a nonporous resin filmto accel erated nucl ear
particles having suffi'dlanomasgzgialst A plerbrapesBased fynthetie thi ckness of
the film fohbpwsabﬁwnselectlve chemical etching to- reane the
particl e-danmaged trac ere create p r,Qugh_the conpl ete
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nanoneters in diameter, .and, pore densities aE proachi n
dtlllZlng Chemical, Electrochemica and Vacuum

Deposition Techniques," J. Mater. Res., Vol 9,
No. 5, Pages 1174-83, May 1994

*"Fabrication and Evaluation of Nanoelectrode

Ensembles"”
Analytical Chemistry, April 15, 1995

“Metal Nanotubule Membranes With Electrochemically
Switchable Ion-Transport Selectivity", Science,
Vol 268, May 5, 1995

"Preparation and Electrochemical Characterization of
Ultramicroelectrode Ensembles,” Analytical

Chemistry,
Vol 59, No. 21, Pages 2625-30, Nov 1, 1987

Each of the above-cited articles is incorporated herein by
reference. A copy of each article is included herewith.

The use of single nuclear particle guns, lasers, x-rays or
electron beams to generate the damage tracks or holes allows
convenient patterning of the pore locations. For example, the
pores may be arranged in a rectangular or triangular pattern;
and moreover, selected surface areas without porés may be
provided, so that conductive thin film patterns may be
fabricated on such surface areas of the membrane, for current
propagation in x-y directions, combined with z-axis conduction
in other areas of the same membrane. The same result can be
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desired, the nenpbrane is then exposed to an etchant that
the netal, &5°PHEF 9 PAAYiNGpunt of the nmenbrane surface surrounding the
tips of the nmetal fibrils is renoved, thereby providing tips that extend
slightly ab he. renmai.ni ng _nenbrane surface. The exposed tips nmay then be-
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thermoplastic membrane, the softening of the plastic causes an
adhesive bonding of the device to the membrane, thereby
holding the tips of the metal fibrils in contact with the
device. '

A thermosetting polymeric membrane having metal-£filled pores
is also useful for the same purpose, except that the heating
step causes a permanent hardening (cure} of the film, thereby
bonding the devices to the surface of the membrane, and
holding the fibril tips in place.

For certain applications, an elastomeric film composition is
preferred. The surface of such a film will conform completely
with the microscopic irregularities of a circuit surface., and
thereby permit maximum contact area between each film surface
and each circuit or substrate surface. Such a film interface
also causes virtually all the metal fibril tips to make good
contact with the circuit surface, including each bonding pad,
on both sides of the film. The net result is a very low

resistance interconnection.

For example, in a membrane having a high pore density, the
filled pores represent more than 20% of the composite film
volume. Thus, at least 20% of each bonding pad area is
contacted with metal, which ensures a very low resistance

connection.
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Met hods for plating and filling the inside of such nanopores have been

devel oped by Dr. Charles R Martin et al, as reported in the follow ng

articles: WO 97/ 12397

PCT/ US96/ 16023 "Nanonaterials: A Menbrane-Based Synthetic Approach,”

Science, Vol 266, pages 1961-6, Dec. 23, 1994 "Tenplate Synthesis of Metal

M crotubul e Ensenbles Utilizing Chem cal, Electrochem cal, and Vacuum

Deposition Tagboysases, " J. Mater. Res., Vol 9, No. 5, PCT/US96/16623g €S

1174-83, May 1994 "Fabrication and Eval uati on of Nanoel ectrode Ensenbl es”

Anal ytical Chem stry, April 15, 1995 "Metal Nanotubul e Menbranes Wth

El ectrochemnical |y Switchabl e | on-Transport Sel ectivity", Science, Vol

268, May 5, ADES, "Pmeeaensdtﬁkeadrmslm sarf@hmarat de pzepanediby

U tram croel t e ry., Pages
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her'ei n by membrane with a tacsz;er, such as silicone polymer. Such a
tacky surface holds circuit chips in place on the surface of

the membrane.

The Z-axis conductive films .of the invention have the
additional advantage of enabling a reliable interconnection of
parts that are not perfectly planar. That is, all the contact
pads on a device surface are normally designed to lie in
precisely the same plane. But if one or more of the pads
deviate from the plane, defective or unreliable bonding can
result. Now, such nonplanar pads can be reliably bonded,
since the films of the invention exhibit a sufficient plastic
*flow" to engage all such pads.

When the film is thus deformed, some deformation of the metal
fibrils also occurs. Because of the high aspect ratio of the
metal fibrils, such deformation introduces no adverse effect.

In order to further enhance membrane flow, a large number of
pores may be kept open, i.e., unfilled. This allows the film
to exhibit compressibility, which is not characteristic of a

normal polymeric £ilm.

Still further, by careful selection of the composition of the
polymer, the x-y and/or z coefficient of thermal expansion
(CTE) for the membrane can be approximately matched with the
CTE of the parts bonded thereto. More specifically, the CTE
can be matched with that of silicon, metals and ceramics, such
as used in the fabrication of microelectronic semiconductor
devices, to provide improved reliability. Liquid crystal
polymers and rigid rod polymers are particularly suited for
this purpose, including Vectra from Hoechst, xyDAR from AMOCO,
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conbined with z-axis conduction in other areas of the same nenbrane. The
same result can be 9 WO 97/ 12397

PCT/ US96/ 16@33y 2% hi£3if d1axb Sairihi pEBov fdtone Doandand dissttaibuppivimidesores, by
selectively nm qug'bﬁFfions of the menbrane .surface duri-ng-etching or

pl ating. PofEyARrPEPPRNbr anes used in accordance with the invention include
both thernoplastic and thernosetting polyner filnms. For exanple, upon
heating the conbination of an electronic-device in contact wwth a

nmetal -filled, nanoporous thernoplastic nmenbrane, the softening of the

pl asti c causes an adhesi ve bonding of the device to the nenbrane, thereby
hol ding the tips of the nmetal fibrils in contact with the

12



device. A thernosetting polynmeric nenbrane having netal -filled pores is

al so useful for the sane purpose, except that the heating step _causes a
permanent hardening (cure) of the film thereby bonding the devices to the
surface of the nenbrane, and holding the fibril tips in place. For certain
applications, an elastoneri.c filmconposition is preferred. The surface of
such a filmy Eﬁgforn1conpletely.mﬁth the m croscopic ir rerdisdshédass Of
a circuit surracé, and thereby permt naxi mum contact area between each
~filmsurface and each circuit or substrate surface. Such a filminterface
al so causes virtually all the netal fibril tips to make good contact with
the circuit surface, including each bonding pad, on both sides of the film

The net u thm,blfgrfﬁxagpl e, in a
marrbrane'lg§ Euﬁ"fﬁ %nizowﬁjiwﬁ P%ﬁ‘gd pores represent nore than
20% of the conposite f|In1vo unme. Thus, at |east 20% of each bondi ng pad

area is contacted with netal, which ensures a very | ow resistance
connect.i S

JEmevAsri rTe yonoRTTIcomEeTs S—
PCT/ USO At o —Tiers 3850 T 002 |02 Proauction PWB

X100-30 ' . — and bond £ilm
-5olzgnenviene Maxdem 1580 Sto <& .205 .25 Pilot Plant
DuPont LCP 200 Pilot Plant
Foster M

XYDAR_LCP_{AMOCO? 250 (5 to4d 1320 . —
Polycarponate 150 67 160 Q06 .35 .| Presenc Film
{ {GE. Mobavi

Polysulfone (AMOCO) 150 .CC4

"Thermaiux* £ilm
extruded by Westlake

PEEK (ICI) led i 334 Veryv srystailine
| Polvescer PET 13¢ 130 L .08 :

Polvester PET LI . ! .

PEI Ultem 1000 (GE) <00 34 250 N3l +a3

extruded bv Westlake
folyacrv.ate Hoecnst
| PEK (2CT
PERK [DuPont!

[ PES_(BASF . AMOCO!
Polyketone 220 . Veryuow | Sheii.Mod
Plas, Mar
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Silicone pressure 260
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Specialcy Tapes CW-14HT
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THERMOSET BOARDS AND BOND FILMS

Plastic 'L‘g CTE | Tm Loss 1 %E,0 Conmants
| R04000 BDN STYRENE 280 13 { .002 .06 gws

Rogers & TI Bond fiim to Film

| be available soon
Polvimide DuPont PII610D 400 Span on

PIBO (Dow) >400 Film., spin
Speeapoard Adhesives CTStaqed Adhesive
(Goxre) Film

ARIEF DESCRIPTION OF THE DRAWINGS

1) [
Q)
[«]
N
-

Figure 1 is a greatly enlarged cross-sectional view of a prior
anisotropically conductive microelectronic connection, using
a polymeric adhesive film having 40-micron metal spheres

distributed therein.
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Al so, a pressure-sensitive adhesive surface can be prepared by using a
pressure-sensitive adhesive film or by coating the nenbrane with a
tackifier, such as silicone polyner. Such a tacky surface holds circuit
chips in place on the surface of the menbrane. The Z-axis conductive filns
of the invention have the additional advantage of enabling a reliable

I nterconnection of parts that are not perfectly planar. That is, all the

contact pads woomievi ce surface are normal |y designed to | iperhudegidees sel y
the sane plane. But if one or nore of the pads deviate fromthe plane,

defective or unreliable bonding can result. Now, such nonplanar pads can be
reliably borrigmhiresi2nde &hgréatlys enflarged i encmsi-isentbotmbiview odf &i ci ent

plastic "fl Gcd 2AERPFLALL UHHRCRAGR - 1a¥ieikaldee th! ddRditaalatS i hOLREY.
sone deformation of the netal tibrils al'so occurs. Because of "the high
aspect rati drentiongeuaing j»micyopgrens RIOMeFAroA-aFks SPRdustiveadver se

effect. In aride na@ihygr & eImteanatanidy A d IEe¥riP £ DI wikRDA! eQén POT €S
may be kepti? en, i.e., unfilled. This allows the filmto exhibit

conpr essi bi | ‘&'f‘ PREBech is not characteristic of a normal polyneric film
Still further, by careful selection of the conposition of the polyner, the

x-y and/or Zn%%%fef'cgsns %fe HY' QRhafFeRBideR-6edBl od O ilk& BENRrane can be

approxi mately matched wth the CITE of the parts bonded thereto, Mre

speci fi cal | yiicgRe e}gctronic connection interface in accordance with the-
invention, using a nanoporous polymeric Z-axis conductive film
having a 0.375-micron diameter gold fibril fixed within each

film pore.

Figure 4 is a greatly enlarged cross-sectional view of a
micro-

electronic connection interface in accordance with the
invention, using a nanoporous polymeric z-axis_film having a
25-nanometer diameter gdld fibril fixed within each pore.:

Figure 5 is a greatly enlarged cross-sectional view of plﬁral
microelectronic interconnections in accordance with the
present invention, using a nanoporous polymeric Z-axis film
having a 25-nanometer gold fibril wi;hin each pore.

Figure 6 is a cross-sectional view of a nanoporous resin film

having some orthogonal pores filled with gold fibrils.

Figure 7 is a cross-sectional view of a nanoporous resin film
having oblique and orthogonal pores filled with gold fibrils.

Figure 8 is a cross-sectional view of a nanoporous resin film

having selected pores filled with gold, and other pores filled
with a thermally-conductive dielectric material.

14



can be matched with that of silicon, metals and ceram cs, such as used in
the fabrication of mcroel ectronic sem conductor devices, to provide
inproved reltabiltrty. Ciquid crystal polymers and rigid rod polyners are
particularly suited for this purpose, including Vectra from Hoechst, xyDAR
from AMOCO, WO 97/ 12397 .

PCT/ US96/ 16023 Poly X from Max Dern, PIBO from Dow, and certain polyim des

from DuPont . e 992380 97/ 12397 PCT/US96/16023

PCT/ US96/ 16023 The fol |l ow ng pol yner conpositions are anong those suitable
for use in accordance with the invention: Plastic Tg
CTE i%ure 9 1s 2 to v:.ew of a package SQ.BH'E&K& aVEGIdt&gh‘EEeHbecnSt
FA- 160 gzth Lé% i Qn PV\Q X100- 30
and bond {1 | FEERIBEHA dife BRaBuRLed themsin’ accgrding (5 the' Shventigay

.25 Pilot plant DuPont LCP 200

Pill'Ot Plant Fosifé 18 XPARLGEs( AV AnaAView 8£t Bwd4kircuiOchips,
' inter-

connected with each other in accordance with the invention.

Figure 11 is a cross-sectional expanded view of an assembly
comprising a plurality of printed circuit boards '
interconnected with the Z-axis film of the invention.

Figure 12 is a perspective view of a Z-axis conductive film,
used _
to form interconnections in accordance with the invention.

Figure 13 is a perspective view of a conceptual composite of a

Z-axis conductive film, useful in accordance with the
invention, showing numerous pore variations and combinations.
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Pol ycar bonat e : 150 67 160 . 006 .35

Present Film (GE. Mobay) Pol ysul fone (AMOCO 150

. 004 "Thermal ux" filmextruded by Westlake PEEK (1Cl) 144
334 Pol yester PET 130 30 . OB

Pol yester PET .80 PET Utem 1000 (GE) 200 54

250 . 002 extruded bv Westl| ake PEKK (DuPont) 156 305 PES
( BASF. AMOCO) wo 97712397 220 60 383 Pol yket one PCT/US96/16023

220 Very Low Shell.Md Plas. Mar PEEKK (Hoecnst) 162
373 . 003 1. E PAEK (AMOCO) PEKEKK ( BASF) 173 1371
PPSU ( AMOCO) 220 Silicone pressure 260 sensitive
Film Speci IETATLEpcBESORIMMONMT CW 1050 THERMOSET BOARDS AND BOND FI'LMB

Pl astic Tg CTE Tm Loss %Uferr]O

Comment s R0O4000 BDN STYRENE 280 13 . 002 .06
PW\B As shown in Figure 1, the prior use of 40-micron metal spheres

11 within a polymeric adhesive film is unsatisfactory, because
the sphere provides a very small surface contact area with
bonding pads 12 and 13. Although the pads have polished
surfaces, nanoscopic irregularities remain, making it more
difficult for spheres 11 to achieve good contact. Because the
contact area is very small, low-resistance contact is '
impossible. Even the use of three or more spheres per pad
will not correct this problem. A contact pad is not large
enough to permit contact with more than three or four such
spheres. Moreover, the spheres do not enable adequate
tolerance or adjustment to the bonding of nonplanar surfaces.

As shown in Figure 2, one embodiment of the present invention
includes the use of 5-micron diameter metai fibrils 15-within-
each pore of film 16, such that multiple fibril tips make
contact with pad 17. Although a single fibril tip may not
provide substantially more surface contact area with the pad
than sphere 11, the key difference is that 230 fibril tips
will fit within_the same pad area that accommodates only three
of the spheres. Thus. the total resistance of the contact in
Figure 2 is substantially less than the total resistance of
the contact in Figure 1; and may be only 1/50th or 1/100th as
great. '

As shown in Figure 3, another embodiment of the invention
includes the use of 0.375-micron diameter metal fibrils 21
within the pores of £film 22, for making electrical contact
with pad 23. Even though each fibril may contact only a single
point on pad 23, the number of fibril tips that contact a
single pad exceeds 40,000. Thus, the total resistance of the
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Rogers & Tl Bond filmto Film
be_avail abl e soon Polyinm de DuPont Pl 2610D 400 3

. 6 Spin _on PIBO (Dow) >400
Fil m spi n Speedboard Adhesi ves

C- St aged Adhesive (Core)
Fi | m BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 is a greatly enlarged

cross-secti OG@) o7iksyy Oof a prior anisotropically conductive reGI/USHSReRS oni C
connection, using a polyneric adhesive filmhaving 40-m cron netal spheres

distributed therein. 13 WO 97/ 12397
PCT/ US96/ 16023 Figure 2.is a greatl enI ar ed cross-sectional view of a

mcro- el ectfRACTL FAnELOHER # niy &z oF it dhsyitoradhEeFRFERRG DN,

usi ng a m craip heEl oty e Lh CF Ygure Ss.conduct ive filmhaving a 5-m craon
dianmeter gold fibril fixed within each filmpore. Figure 3 is a greatly
enlarged cross-sectional view of a micro- electronic connection interface

" in accor dand® hown jg Fagere 4n nanaseppicnanedbribirids ghewithimaxi s
- conducti ve Tgd1PmieaVisainaz . Hefire ' WidhetiedBE Con Pl H! ranineb ekl X Cdudh ! hi n

each that the tips are readily capable of entering each of valleys
27 in the surface of pad 28. This intimate contact, in
combination with the
large number of fibrils that contact each pad, provides an
even lower resistance contact than the embodiment of Figure 3,
and is comparable with the resistance characteristic of an
alloyed wire bond. Still further, the dynamic thickness range
of the film is greater, due to the greater aspect ratio of the
film pores, and the greater degree of deformability of the
metal fibrils in the pores. Actual contéct resistance is a
function of a number of parameters, including fibril
deflection force, malleability of the metal, surface
roughness, planarity of the parts, and others.

As shown in Figure 5, the film used in accordance with the
invention is capable of deforming under pressure to £ill the
entire space between circuit parts. Consequently, nanoscopic
fibrils 31 readily deform, as a result of film compression
between pads 32 and 33. Similarly, £fibrils 34.readily deform,
as a result of film compression between pads 35 and 36. The
remaining fibrils 37 are not compressed, and they make no
electrical contact, but they do serve to conduct heat.

- As shown in Figure 6, an example of the interconnection means
of the invention comprises synthetic polycarbonate resin
membrane 41 having a thickness of 1 mil. and up to one miilion
or more parallel nanoscopic pores 42, each pore having a
diameter of about 30 nm, at least some of which are filled
with gold nanofibrils 43. Many other membrane compositions

17



filmpore.
el ectronic

fixed wthi

Figure 4 is a greatly enlarged cross-sectional view of a mcro-
connection interface in accordance with the invention, using a
nanopor ous polyneric Z-axis filmhaving a 25-nanoneter dianmeter gold fibri

n each pore. Figure 5 is a greatly enlarged cross-sectional

Vi ew

of plural mcroelectronic interconnections in accordance with the present

dielectric

ﬁa{lg\aggpnt_m, the‘/\gogﬁ/mg?e replaced with another metal or

_invention, using a nanoporous polyneric Z-axis film having a 25-nanoneter
gold fibril woleRhssepach pore. Figure 6 is a cross-sectional PoREsysaéo2n
nanoporous resin filmhaving sone orthogonal pores filled wth gold
fibrils. Figure 7 is a cross-sectional view of a nanoporous resin film
havi ng obl i qure aadfultimgmmlrdpnceswitlhlm unvengbdnl, fasomelld. afimanye 8 is a
cross-secti Vv a fi ected pores
filled mnth880%5 4 él Q ?gé??é?$£§?§1 LF[n:.h%ﬁe/rrna %ShCOHdUCtIVE

PCT/ US96/ 1688Ref| euﬁ&;&mﬁe m&amuﬁvuﬁlxmmgckaﬁeeﬁaq:aawﬁuﬁn mmlear at ed

circuit chi

a Cross-sec

nanoflbrlls for some appllcatlons, including polyacetylene,
polypyrrole, polythiophene, and polyaniline, for example.

Polysilicone membranes are particularly useful in that they
have

a low elastic modulus which allows the f11m to accommodate the
deflections or deformations associated with the bonding of
contact peds on nonplanar surfaces; and alsc allows greater .
tolerance to the interconnection of parts ha#ing different

coefficients of thermal expansion.

As shown in Figure 7, another example of the interconnection
means of the invention comprises synthetic polyester membrane
44 having a thickness of 1 mil, a first multiplicity of -
parallel nanoscopic pores 45 orthogonal to the membrane
surface, a

second multiplicity of parallel nanoscopic pores 46 sloped at
a substantial angle with respect to pores 45, and preferably
a third multiplicity of nanoscopic pores 47, sloped at a
substantial angle with respect to both pores 45 and 46. Pores
15 are filled with gold, for example, for the purpose of
electrical conduction, while the other pores are filled with a
material having greeter thermal conductivity than gold, but
electrically nonconductive, such as diamond, for example, so
that greater heat dissipation is achieved, especially in the
x-y directions, compared with the example of Figure 1.

As shown in Figure 8, another variation of the interconnection
membrane comprises synthetic resin film 48 having pores 49
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I nter- connected with each other in accordance with the invention. Figure
11 is a cross-sectional expanded view of an assenbly conprising a plurality
of printed circuit boards Tniterconnected Wi thne Z-axis fil mof—the
invention. Figure 12 is a perspective view of a Z-axis conductive film
.used to forminterconnections in accordance with the invention. Figure 13
'is a perspective view of a conceptual conposite of a Z-axis conductive
film useful wyp@H@e¢dance with the invention, show ng nunero
vari ations and conbi nations. 15 WO 97/ 12397 PeTARSG 6023
PCT/ US96/ 16023 DETAILED DESCRI PTI ON As shown in Figure 1, the prior use of
40 meron TeHel1 PN gbtalt bbds B PYAMTR GiBANEShaE ﬁu
ecause es

unsatisfactory, ere provi a very ace Icont act
area with bmafgarpmmlaﬁan@sctW#%w Helﬂad%nﬁeﬁﬁérﬁﬁolﬁls Aeftsur f aces,

nanoscopi ¢ ispeégul sy tﬁlﬁspﬁ%asé o TRl 1k inlyg %ﬁéemdmlf:fan‘é”ﬁo feemiwheres 11
to dchi eve od coné%Fh] g b.#he cont act greagls ver t
| owr esi stan é“‘%f‘etﬁs 1§y| B8 sT pt VO EFERARE LRV Ve & &s r’rﬁf'gyspher es

per , pad than is characterlstic of a nonporous membrane having the same

composition.

As shown in Figure 9, a single circuit chip 52 is inverted
within package base 53 such that contact pads on the face of
the chip are electrically interconnected with pads 54 of base
53, by means of membrane 41, separately illustrated in Figure
1. No alignment of membrane 41 is required, except to cover
all of pads 54, since all portions thereof include gold-filled
pores. Approximate alignment of the chip is required, only to
ensure that some portion of each contact pad is vertically - -
oriented over some portion of the corresponding pad on base
53. The chip is held in place by the top of the package, (not
shown) which is designed to apply pressure to the chip, when
the package is fully assembled. Or, membrane 41 is selected to
function as an adhesive by itself, with or without first
applying heat to soften the membrane surface, so that a
permanent chemical bonding of the membrane to both the chip

and the package base occurs.

As shown in Figure 10, two circuit chips 61 and 62 are readily
interconnected by means of nanoporous anisotropically
conductive membrane 63 having at least some of its pores
filled with gold or other conductor. The chips are
interconnected with substrate 64 by means of nanoporous
anisotropically conductive membrane 65.

As shown in Figure 11, a plurality of circuit boards 71 having
contact pads 72 are readily interconnected by means of Z-axis
conductive films 73 and 74, respectively.
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will not correct this problem A contact pad is not |arge enough to permt
contact with nore than three or four such spheres. Miyreover, the spheres do
not enabl e adequate tol erance or adjustnment to the bondi ng of nonpl anar
surfaces. As shown in Figure 2, one enbodi ment of the present invention

i ncludes the use of 5-mcron dianeter netal fibrils 15 within each pore of
film16, such that multiple fibril tips make contact with pad 17. Although
~a single fibidosp7may not provide substantially nore surfpCcPrusmns®st area
with the pad than sphere 11, the key difference is that 230 fibril tips
will fit within the sane pad area that accommodates only three of the
spheres. Thus, the total resistance of the contact in Figure 2 is

substantial ly_| t han oj al .St f t in Eioure 1;
and may be oXn!f ysey%%’g’o[l% gsgﬁf%o%?h iégﬂd‘rgeg?.fﬁA@' S g\%ﬁalgﬁ ‘i%icfg‘g”h‘l%e 3 bt her
enbodi ment o$f tealmidAdiednpores (BPas at harge cuupibed. 8¥5unfikled dioxest 83, net al
fibrils 21 widdid SerRAEES1 Mrdd |90 ¢4 ehbRE pBEEsNdatheetdd AR} na@Rlagt W th

pad 23. Even though each fibril may contact only a single point on pad 23,
the nunber ofP% iae® duFpBIt FRR RAFR-ZOF™ANG | PRASEINEE - exceeds 40, 000. Thus,
the total resistance of the 16

As shown in Figure 13, Z-axis conductive film 91 includes a
variety of pore configurations, and a variety of pore
contents.

Specifically, f£ilm 91 includes an area of random pore _
distribution, a rectangular grid array of metal-filled pores,
a triangular grid array of metal-filled pores, a sguare
pattern of semiconductor-filled pores, a number of unfilled
pores, and a number of partially-filled pores, illustrating
conceptually that a multiplicity of combinations and
permutations are within the scope. of the invention.
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PCT, WO 97/ 12397 contact in Figure 2 is nuch greater that the
t ot H IH the contact in Figure 3. As shown in Figure 4,
nan rrfs 26 WTnrm.polyner 111 m2/7 have a di ameter of ony

25 nanoneters, such that the tips are readily capable of entering each of
val l eys 27 in the surface of pad 28. This intimte contact, in conbination

wifh the large nunber of fibrils that contact each pad, proggﬂﬁ ven

|l ower resi stﬂﬂ?f@"@%t act than the enbodi ment of Figure 3, an |§”§g°n2%ar abl e
with the resistance characteristic of an alloyed wire bond. Still further,

- the dynam c WHNIC ZScCSATMEDCI®Y the filmis greater, due to the greater
aspect ratio of the filmpores, and the greater degree of deformability of
the netal fibrils in the pores. Actual contact resistance is a function:of
a nunber of lpar afdrstsand ngecanicheliectronidepaxts i interooopeched/ byl ity of

the netal, %Easaueewamp&aw&wﬁ Osaiﬁeﬁﬁm v dmewfrfnf%qsho‘m

in Figure 5 the filmused accor dance W t i nvenfion 1s capable of
def orm ng uP&é’FspF§§§ﬁﬁi’e”$ oﬂﬁqqght Fheckhirkness Qf fdafdhmei Fuchithatts.
Consequent | yachan@ssapd cdévivedd Ss3toneadiby Bhefttienmeralaineat! leode film

conpr essi ong ﬁgﬁ?n?gggg 32 and 33. Simlarly, fibrils 34 readily deform
as aresult o |

conpreSS|on bet ween pads 35 and 36. The

2. An assembly of parfs comprising a nanoporous film having
selected pores filled with metal; a first electronic part
having first ohmic contacts touching said metal at one surface
of the film, and a second electronic part having second ohmic
contacts touching said metal at the opposite surface of said
£ilm.

3. First and second electronic devices interconnected by a
nonconductive nanoporous f£ilm, said film having metal-£filled
pores extending through the thickness of the f£ilm, such that
each of said devices is contacted by the metal in at least
several pores,'said film having other pores that remain
unfilled, in order to enhance the compressibility of the film.

4. First and second electronic parts interconnected by a
nonconductive nanoporous film having first and second parallel
surfaces, said film having metal-filled pores extending
through the thickness of the film, such that each of said
parts is contacted by the metal in at least several pores, a
number of said pores being perpendicular to the surfaces of
the film, and other pores being oblique to the surfaces of
the film, whereby thermal dissipation is enhanced in the plane
of the film.

5. First and second electronic devices interconnected by a
nonconductive nanoporous film, said f£ilm having metal-filled .
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I’EITB.I 37 are not conpressed, and they make no el ectri cal
conta ! rve to conduct heat. As shown in Figure 6, an
exanpl e o nect i on nmeans of the invention conprises synthetic

pol ycar bonat e reS| n rrerrbrane 41 having a thickness of 1 ml, and up to one
mllion or nore parallel nanoscopic pores 42, each pore havi ng a dianmeter .
of about 30 nm at |east sone of which are filled with gold nanofibrils 43.

Many ot her newblgggegonpositions 17 WO 97/ 12397 PCT/US96/16023
PCT/ US96/ 16023 are useful in accordance with the invention, as well as many
ot her di nensional specifications. For electrical conductivity, the gold

may be repl gssbsViditen@hPCEnIRGH thie -theknewcwtch\éefmeréxﬂéh dHa¢ udi ng

copper, platinym nickel . and silver ucti ve nmers are
al so useful T4 T°‘€S g BEYiceHet aﬁﬁﬁ%ﬁ%?%@ cf“gg\ag E a’gﬁ ene,
pol ypyrrol e sqxdzy!tlhmp‘benewhmrpda}dnfhlmeqomisasanpsé11Mg/$dlwme

menbranes are particularly useful in that they have a | ow el asti c nodul us
which allows_ the filmto _accompdate the deflections or deforpmations

associ at ed ith FHESEABRNTLARE SHESET OBAGPIFFHIMSPERIPNEHIHEB5 2 and al so

al | ows greatrnconductive nanoporous film, said film having metal-filled
pores extending through the thickness of the film, such that
each of said devices is contacted by the metal in at least
several pores, wherein said film comprises liquid crystal andg

rigid rod polymer films.

7. An assembly as in claim 1, wherein the spacing between
adjacent. ohmic contacts is much greater than the diameter of

the largest metal-filled pore.

An assembly as in claim 2, wherein the spacing between
adjacent ohmic contacts is much greater than the diameter of
the largest metal-filled pore.

9. An assembly as in claim 3, wherein the spacing between
adjacent ohmic contacts is much greater than the diameter of

the largest metal-filled pore.

10. An assembly as in claim 4, wherein the spacing between
adjacent ohmic contacts is much greater than the diameter of

the largest metal-filled pore.
11. An assembly as in claim 5, wherein the spacing between

adjacent ohmic contacts is much greater than the diameter of
the largest metal-filled pore.
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tolerance to the interconnection of parts having different coefficients of
t hermal expansion. As shown in Figure 7,” another exanple of the

i nferconneciton neans ol the Inventlon conprises synthetic polyester
menbrane 44 having a thickness of 1 ml, a first nultiplicity of parallel
nanoscopi ¢ pores 45 orthoganal to the nmenbrane surface, a second
multiplicity of parallel nanoscopic pores 46 sloped at a substantial angle
W th respect {wadasRs 45 and preferably a third nmultiplicitpcpsseisescopi C
" pores 47, sloped at a substantial angle with respect to both pores 45 and
46. Pores 15 are filled with gold, for e | e, for the purpose of

el ectrical conduction, while the other porés are filled with a materi al
havi ng—gréater thermal conductivity than gold, but electrically
nonconducti ve, such as dianond, for exanple, so that greater heat

di ssipation is aChiﬁﬁfd’ especrally 1n q- . lerectlons, corfpared with
the*exanpl e of Fi gufe D\lA aTalVVa N a N =0 o o S > ~att-at-Hon of the
i interconnection menfyrane *ﬂﬁﬁr ‘ \ i ng pores 49
|18 . WD 97/12397 = PEZT/ US96/ 16023
filled with gold, ppBes ' '
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greater thermal conductivity than gold, and pores 51 left open, for the

purpose of allow ng the nenbrane to exhibit conpressibility, and a | ower

ap

menbr ane having the same conposition. As shown in Figure 9, a single

circuit chip 52 is inverted within package base 53 such that contact pads

on'the face of the chip aré electrically interconnected with pads 54 of

base 53, by neans of nenbrane 41, separately illustrated in Fiqure 1. No

al i gnment of WRHH2Me 41 is required, except to cover all offCTAI$26/16823 5 nce

all portions thereof include gold-filled2gdres. Approximate alignnent of

the chip is required, only to ensure that e portion of each contact pad

is vertically oriented over sone“pﬁfttg//;
]9
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WB ction as an adhesi ve by
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assenbled. O, nenbrane 41 | sve to fu
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i nterconnected with substrate 64 by means of nanoporous anlsotroplcally
conductive nmenbrane 65. As shown in Figure 11, a plurality of circuit -,
boards /I having contact pads /2 are readily I nterconnected by neans of ~
Z-axis conductive films 73 and 74, respectively. 19 WO 97/ 12397

PCT/ US96/ 16023 As shown in Figure 12, Z-axis film81 includes a | arge
.nunber of netal-filled pores 82, a |arge nunber of unfilled pores 83, and a
substanti al ofw@Y7fidagdi t hout pores, achieved by masking the argeansissiéddst he
pore-form ng procedure. As shown in Figure 13, Z-axis conductive fi n191

I ncludes a variety of pore configurations, 3g@gd a variety of pore contents.
Specifically, film91l includes an area of random pore distribution, a
rectangular grid array of netal-filled pores, @ triangular grid array of
nmetal -filled pores, a square pattern of sem conductor-filled pores, a
nunber of unfilled pores, and a nunber of partially-filled pores,

il ltistrating conceptually that a nultiplicity of conbinations and
pernmutations are within the scope of the invention. 20
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PCT{ US96/ 16023 WHAT I S
el ectronic parts |nterconnected by a
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CLAI MED | 97 0
extendr ng through t he thickness of the fil m such t hat each of said devices
'is contacted by the netal 'ﬁaﬁ | east several pores. 2. An assenbly of
parts conprising a n§®p I 1 mhaving selected pores filled with netal;
a first electronic part havi ng fi rst ohm ¢ contacts touching said netal at
one surface of typebl dﬁb Napd q€ctronic ppy ‘ ' '
metal a

contacts touching sai t the opposrte surfaf ch{,s,gﬂsbg film 3.
First and second el ectronic devices interconnected] by a noncopductive
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An assenbl y; as in claim2, wherein the spacing between adj acen;,:fhmgccoﬁd’
contacts is nuch greater than the diameter of the [argest netal-filled

pore. 9. AN assenbly as Tn claim 3, wherein the spacing between adjacent
ohm c contacts is nmuch greater than the dianeter of the )éargest
nmetal -filled pore. 10. An assenbly as in cla%@g ér t he
bet ween adj acent ohmic cont acts |s rmch grea than the dia
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