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Dl | -CH P ATTACH FOR LOW ALPHA EM SSI ON . — ﬂ'{)‘bg%@
| NTERCONNECT SYSTEM Field of the Invention The prf\ .AL.S,
generally related to an el ectrical and nechani cal connécfﬁ§r$ﬁ"éﬂw6\®g YA
integrated circuit device and a substrlate and a net hod kfi"r:ngf’axuph ,”
connection, and nore particularly, is related to an el ectrica !
mechani cal  connect i oprREMECANPATIACEORGRID W ALHIA EMIThaaoNIbSt rat e by
using an interconnectéd naterr; ﬂ:ﬂéo T Q¥seknna particle em ssion and
a met hod of maki ng such connect aCKgT o]t t he I nvention In

the recent devel opnent of CMOS technol ogy for designing | ow power
consurrpt ion and high functionality chips, the problemof soft error

generation has frequently been ergggn%&rﬁd.e gloLt error generation is the
random gener ati on of al pha parti 16e0 =cont ai ni ng i nterconnects
whi ch produces an elgctrical naise tha ar apl

signal in the chips. 8&oresent @§?§’P?“ 18 BAETS t“ﬁt’éﬁ?‘g?’% E"F |af‘gﬁ’ﬁa'§m°‘ﬂ§§’?“§°“°n

Si gnlflcant 50ft error rate (SER). One obvious solution for the soft error

gener ati on ﬂfﬁ‘iewfb‘ﬁﬁcg@teﬂ iscuitdevies andeassubgigteraad aimegiod of making sugh congection, and

acceptably | ow al pha em ssi on.
‘Hidre particularly, is related to an electrical and mechanical connection between an integrated circuit

“$ii% Substrate by using an interconnect material that has low alpha particle emission and a method

£35 AT R . i
i midking such connection.

Backeround of the Invention

In the recent development of CMOS technology for designing low power consumption
g high functionality chips, the problem of soft error generation has frequently been encountered.
“$of error generation is the random generation of alpha particles from lead-containing interconnects
'ﬁﬁiﬁh'produces an electrical noise that is comparable to the low power signal in the chips. Asa
‘result, the integrated circuit chip has a significant soft error rate (SER). Oné obvious solution for the
$0ft error generation problem is the use of lead-containing solder that has acceptably low alpha
erission. However, this type of lead-containing solder is significantly more expensive and therefore
‘presenting a limiting factor for the further development of present C4 (controlled coflapse chip
connectio't-l) technology. The C4 technology is a lead-rich lead/tin alloy used to .interconnect chips

directly to circuit boards which is widely used in the semiconductor industry.
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Howevér, this type of |ead-containing solder is significantly nore
expensive and therefore presenting a limting factor for the further

devel opnent
t echnol ogy.
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of present C4 (controlled collapse chlp CANaeet 9N BEEN
The C4 technology is a Iead rich Iead/tl n akkpysysed to

i nterconnect chips directly to circuit 2boards whi cri§~1~:s~zw:deﬁ9t::use:d::::n t he

or i ndust e alpha-inducdd GErdls Bﬁ@en'bﬁ}@%‘}ﬁ&e&é%f kalidEAWSmPYritlel 1 the C4

radi oacti ve |rrpur|t|es in theC4 lead. In contrast to cosmc
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é‘P m?e i 180ycgd B} Quas eﬂassr%d&cft Jhg a%llesfe%mscﬁeﬁﬁmﬂ%@ve
nal q@m; of 20 fC. Therefore, C4 al pha-induced SER can no

sk

accentuated due to the direct scaling or

'CMOS 6's dynamic logic circuits in high-end products have been identified as having nominal Q ;s

6F20 £C, Therefore, C4 alpha-induced SER can no longer be ignored in the design of a CMOS logic
¢ireuitry. The alpha SER concem is accentuated due to the direct scaling or migration of these

diréiits into CMOS 7's which decreases Q. by as much as 2 x (10 fC Qs will yield SER of

‘#pproximately 100 ppm/k~ckt/khr = 1 fail/M-ckt/yr). It is therefore necessary to consider the effect

of SER along with the density/performance/power/reliability trade-offs that are usually encountered |

in thodern chip design.

It is therefore an object of the present invention to provide an interconnect system that

“his fow alpha particle emission characteristics that does not have the drawbacks or shortcomings of

conventional lead-based interconnect systems.

It is another object of the present invention to provide in interconnect system that has
low alpha particle emission characteristics for use in an electronic device that utilizes lead-free

conductive bumps positioned on the surface of a semiconductor chip.
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mgration of these circuits into CMOS 7's which decreases Qrit by as nuch
as* 2 x (10 fCc err] will yield SER of approximtely 100 ppni k-ckt/khr=1
fail/Mckt/yr). It is therefore necessary to consider the effeect of
SER al ong with the density/.performance/ pomr/rmgaﬁﬁqxfs
that are usually encountered in nodern chip desi gn.‘;i THIS Sﬁi&fﬂ;ﬁw{f eretore
an object of the present invention to prgvide an i ntier confeET""gyg

=t hat
has | ow al pha particle enm ssion characteristics that ST fot have the

e

drawbacks er shortcom ngs of conventional |ead-based interconnect systens.

It is another object of the present invention to provide in interconnect
system that has | owlsisplfatipabbieelofthe Piesait BRergibAtogeb@dd atinesohmict syS@emithatan
el ectronic device that utilizes |ead-free conductive bunps positioned on

t he surf acenffiovalfiRPafiold dtisdict chefitbristic for use th b sénficohdhicisr AR byQkiligieg catfduétie
present invention to provide an interconnect systemthat has |ow al pha

particle e%ﬁﬁﬂs@&tﬁ%&%%b&k&@dé&?&deyéﬁrﬁé@alﬁarﬁ&é@.Cond!JCtO_r chip by
utilizing conductive bunps that are fornmed of polyneric binder and netal
particles. It is still another object of the present invention to

provide an interconnect system that has |ow al pha particle em ssion
characteristics such,t.h t sof ror _generation can_ .be mnpim zed.

01 o anot her -t ur t ne iiiebsteritis offht MR iR iR rbe
mer connee e e L AR PRk Bl Soff B Heo a6 oA

It is another further object of the present invention to provide an interconnect system
that has low alpha particle emission characteristics for use in a semiconductor device wherein
conductive bumps formed of thermoplastic polymeric binder and metal flakes of a nobel metal are

utilized. ;

It is yet another object of the present invention to provide an interconnect system that
has low alpha particle emission characteristics for use in a semiconductor device including an IC chip
that has conductive bumps built on the surface by composite material formed from a polymer and

metal particles and a substrate that has conductive regions thereon bonded to the conductive bumps.

Tt is still another further object of the present invention to provide a method of making
an interconnect system that has low alpha particle emission characteristics for use in an electronic

device by bonding the conductive bumps formed of a polymer and metal particles to the conductive
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devi cé wherein conductive bunps fornmed of thernoplastic polyneric binder
and nmetal flakes of a noble netal are utilized. [t i w:§£££hﬁt:1
obj ect of the present invention to provide an interconn E%Héxﬁk%mya§gﬂam,s
| ow al pha particle em ssion characteristics for use in sem gepdustm ve H
device including an IC chip that has conductive bunps ki F&ce
by conposite 4 3 mat eri al
formed froma polymer and netal particles and a substrate that has
conductive - regions thereon bonded to the conductive bunps. It is
still another further object of the present invention to provide a nethod
of making asBignsoeEcHisHalét system that has | ow al pha particle enission
characteristics for use in an electronic device by bonding the conductive
bunmps forned of a polynmer and netal particles to the conductive regions on

a substrate. Summary of the Invention The present invention provides
an interconnect systemthat has | Swnalapgnef thafgventien eni ssion

characteristics for use in an el ectronic device which includes an
el ectronic device haphegesnt ipdntibn profidecsn inteccofpar getemhatthacloaciiphaciiriicje

resistive bunps having a resistivity -of less than 1000 [err]-cm follow ng
a fabricati QRisRbPARMBIteriRRS FruS T8 @n @Rctronic device which includes a semiconductor chip having
an upper surface and spaced apart conductive bumps positioned on conductive regions of the upper
surface, the conductive bumps are made of a composite material of a polymer and metal particles.

The polymer is advantageously a thermoplastic polymer and the metal particles can be particles of

gold, silver, palladium or platinum.

In a preferred embodiment, an interconnect system that has low alpha particle emiission
characteristics for use in a semiconductor device is provided which includes an integrated circuit chip
that has an upper surface and spaced apart electrically resistive bumps positioned 0;1 the conductive
regions of the upper surface, the electrically resistive bumps are formed of a composite material
consists of a polymer and metal particles, and a substrate that has conductive regions which are
bonded to the bumps on the chip. The electrically resistive bumps on the chip convert to electrically

conductive bumps after the bonding process.

The present invention is further directed to a method of making electrical
interconnections to an electronic device including the steps of first providing an electronic device that

has a plurality of conductive regions positioned on the device, then depositing a plurality of
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conduttive regions of the upper surface, the electrically resistive bunps
are nmade of- a conposite material of a polynmer and netal particles having a
resistivity of nore than 1000 [err]-cm before the fabrication process.
The polyner is advantageously a thernoplastic polyn§£=ﬁﬂd~}he—ﬁppﬂ+Mf?
particles can be particles of gold, silver, palIadiuﬁrnngpgathmsmmfm y
In a preferred embodi ment, an interconpect systemthat hasa #ﬁmﬂﬁlpha }

IS

particle em ssion characteristics for°use in a sen &
provided which includes an integrated circuit chip that has an upper
surface and spaced apart electically resistive bunps having a resistivity

of nmore thap, cl,@é;gye Ieg G- b‘&ﬂ?g??fé hdihes csagl‘)%@ ofi ARAEEIHEe re »%9* M2 éwalkgie

upper surface ectr resistiv are forne

t I t hat
AR TR A e regi%% ft irhiabge

| ect | t al | ti
bunps havi r%ma??r'éé ol o pirgiagped s %r&ﬁes%%é}é%%bwﬁnfy A
process. present .invention is further di rect ed to %rmst hod of

maki ng el ecdflit %ﬁubsvﬁ? Eectirhendel pRtedptgrminedressire apd eMRERFIUERTar AdeRgd Altimte
steps of first providing an electronic device that has a plurality of
conduct i ve seEifieohte gtablish dersirabepnnersionschatween theipads. The electrically resistive bumps
4 depositing a plurality of electrically resistive bunps of a polyneric
conposi t e axnvertdo conductive bumps during the bonding process. The substrate can be made of a material

of ceramic, epoxy, a semiconducting material or glass. The electrically resistive bumps can be made
of a composite material of thermoplastic polymeric binder and metal particles of gold, silver,
palladium or platinum. The predetermined pressure and temperature for bonding the com.posite
bumps aﬁd the conductive regions on the substrate are between about 15 psi and about 1500 psi, and
between about 150°C and about 250°C, resﬁectively. The length of time sufficient to establish

electrical connection is between about 2 and about 300 seconds.

Brief Description of the Drawings

These and other objects, features and advantages of the present invention will become

apparent from the following detailed description and the appended drawings in which:

Figures 1A~1C show enlarged, cross-sectional view of a chip (or a substrate) that has

composite bumps deposited on bonding pads.

Figures 2A~2C show enlarged, cross-sectional view of three different embodiments
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conduictive regions, said plurality of electrically resistive bunps having a
resistivity of nore than 1000 [err]-cm pr ovidipg-a-substrate—havi ng
a plurality of conductive regions on a top surface. taﬂdssHEET3mﬁé§§Nﬁ sai d
plurality of electrically resistive bunps agai nst sdid copgeictGiEie regi ons
on said substrate under a pressure and tenperature “?F#%ﬂﬁ?ﬁ:6¥Lr”nE
sufficient to establish an electrical g£onnection and an adhesive bond

bet ween el ectrically conductive bunps having a resistivity of |less than
1000 [err} @ cmwhich are converted fromsaid electrically resistive bunps
and the conductive regions on said substrate. The substrate can be nade of
a mat eri al fofatteehingrn dip tepEwssralg- seni conducting material or glass. The
electrically resistive bunps can be nade of a conposite nmaterial of

t her nopl astic polyneric binder and netal particles of gold, silver,

pal l adiumor_ platinum The predeterm ned pressure and tenperature for
bondi ng t he conposi tRigurdlizpserdangtd} dess-swtichabtiewas achig bonded tha substrate biswature.e
are between about 15.psi (approxi mately 100 kPa) and about -~1500 psi
(approximately 10 000 kPa), and between about 150[err]C and about
250[err]C, respectively. The length of time sufficient to establish

el ectrical connect i Qfgirss ReA WBSE AR SecorBNevAbTaLhip VA ER0 ANBstrateructire

Description of the Draw ngs These and ot her objections, features and

advant agesaﬁ{ a}‘@g B%ﬁ'ﬁql«gg rdchention will becone apparent fromthe
' es

fol |l ow ng cription and the appended draw ngs in

Figure 5 is a graph showing tensile stress/strain realtionship for a chip/substrate

bonded together by 121 interconnects.

Detailed Description of the Preferred and the Alternate Embodiments
In accordance with the present invention, an interconnect system that has low alpha :
particle emission characteristics for use in an electronic device is provided which includes a
semiconductor chip that has an upper surface and spaced apart electrically resistive bumps positioned
on conductive regions of the upper surface where the electrically resistive bumps are formed by a

composite material of a polymer and metal particles.

It has been found that alpha particle emission triggered by conventional lead-based
interconnect systems causes soft-error in low power CMOS integrated circuits. The present invention
offers a low-alpha emission interconnect system for attaching IC chips directly to substrates. The

interconnect system is a polymer/metal particle composite where the conductive phase is composed
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whi ch? Fi gures 1A~ 1C show enl arged, cross-sectional view of a chip
(or a substrate) that has conposite bunps deposited on bondi ng pads.

4a Fi gures 2A~2C show enl arged, cross-sectional view of three .
different enbodinments for attaching a chip to a substrate. W__P_,,»;:f;ﬁ'ﬁggggw?
is an enl arged, cross-sectional view of a chip bonded t '«”a@éﬁ@gxa&h/és \ii
structure. Figure 4 is an enl arged, cross-section%\ Wi e\/@é@ﬁ_é—‘@?@hi !
bonded to a substrate structure after ‘an encapsul ation fr —
Figure 5 is a graph showing tensile stress/strain relationship for a

chi p/ substrate bonded together by 121 interconnects. Detailed Description
of the Pr efo?ﬁ&b%ﬂn&ﬁgartﬁbl@s Ach & DR S ITBARUARr Platinum and the BEERTORMEMIYabR T he

present invention, an interconnect” systemthat has | ow al pha particle

em ssi on chafAct erh8 LhfiSoskOmatsif hilb@Be BLiRkA4E 2Ph&e HEMI BRpbRdRIr PYiyHehnithi ch

particles/solvent system by using established dispensing processes to achieve a suitable interconnect
. N
dimension. The thermoplasticity of the matrix binder allows easy and inexpensive reworkability of

the composite.

The present invention is also directed to a method of forming an electrical and
mechanical connection between a chip and a substrate (i.e., a circuit board) by using an interconnect
material which has low-alpha particle emission, The method forms an electrically conductivé bond
between the cotresponding I/0 pads on a chip and a substrate, and provides a lead-free to achieve

" the interconnection. In the present invention, a novel interconnect material and a bonding structure
for attaching an IC chip to a substrate by a flip-chip method with acceptable low levels of alpha-
particle generation are provided. The present invention also provides a lead-free interconnect
material and technology to replace currently popular C4 interconnect system for reducing alpha-

particle emission/generation.

Referring initially to Figures 1A~1C where enlarged, cross-sectional views of a chip
(or substrate) which has bonding pads and ‘composite bumps built thereon are shown. In Figure 1A,
an integrated circuit chip 12 (or the substrate of a circuit board) which has I/O terminals for making
electrical connections with a circuit board (or with a chip) is shown. The I/O terminals are sometimes

referred to as bonding pads are not shown in Figure 1A. A typical size of a bonding pad is between
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5 i ncl udes a semi conductor chip that has an upper surface and spacee
apart electrically resistive bunps positioned on conductive reglonwwljithe
upper surface where the electrically resistive bunps are for
conposite material of a polymer and netal particles. ===
found that al pha particle emssion triggered by conv hFﬂ ﬁﬁE;;
i nt erconnect systens causes soft-error én | ow power i Nheg)
circuits. The present invention offers a | ow al pha e on |nterconnect
system for attaching IC chips directly to substrates. The interconnect
systemis a polyner/metal particle conposite where the conductive phase is
conposed ofbouob ks At abbutplRrrilsc ITas cantseho-aent idisiaace, (ogthk gitch) el picatly langeo than

pl ati num and the binder is a thernoplastic polyner. The conposite nmaterial

can be depeshilsedThdthtkitask of kRS oneRERAEC e Feqred dy/m{hﬁﬂtlﬁhm A metallurgical
particles/solvent system by using established di spensing processes to

achi eve a gist-adiod orme%ﬁ&ﬁwaa& whidh BRI s@ftablyi3&d th ﬂﬁrﬂ?&@ﬁﬁﬁxfehﬁdnta\( tiRfpaliaR

matri x bi nder aI I ovvs easy and i nexpensive reworkability of the corrp05| te.

The presenid. élﬁd:é%%%la@luﬁx‘?‘rﬁél&f’ rlofeicEl ;ﬂ‘n& H)gq%@t ?fgc{?é H%t@ﬂlrégal Shelek | cal

and nechanlca t|o t ween chip an , clrcuit
board) by %%rggmﬂg referred to as the terminal metallurgy. The substrate, or the circuit board, can be made

* of ceramic or a suitable organic material such as a FR4. The substrate 10 (Figure 2A) can be a single
or a multi-chip module. The integrated circuit chip can be an individual chip or several chips mounted

on a wafer which will both be referred to as a chip.

For a typical metallurgical structure of the chip pad, the layers stacked sequentially
on the chip 12 can be an aluminum layer 14; a nicke! layer 16 and a gold layer 18. The metallurgical
structure can be constructed in the'following manner. The top surface of the aluminum layer 14 is
frequently modified by an exchange process of zincating to deposit nickel layer 16 on the aluminum.
The gold layer 18 is then deposited on the nickel layer 16 a gold-immersion process. The process for
depositing nickel and gold are self-selective methods which do not require expensive lithographic

processes.

A typical metallurgical structure for a substrate 10 (Figure 2A) (or a circuit board) can
be a copper layer (in place of the aluminum layer for the chip), a nickel layer and a gold layer on tof).
A nickel layer can be electrolessly plated on the copper circuit board I/O pads by using a standard

palladium-seeding process. The gold layer 18 can be plated on a nickel layer 16 by a gold immersion

e
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i ntertconnect material which has | ow al pha particle em ssion. The nethod
foerms @an electrically conductive bond between the corresponding I/ O pads
on a chip and a substrate, and provides a | ead-free to_achieve the
i nterconnection. In the present invention, a novel]L §Qﬂ£ﬁ rennal
and a bonding structure for attaching an IC chip tofa s §Lnak§£5§5a“ i
flip-chip nmethod with acceptable |ow | evel s of aIphalﬁﬂﬁh&&kggiﬁgﬁgLatnﬁn
are provided. The present invention alsb provides a | ead-free interconnect
material and technol ogy to replace currently popul ar C4 interconnect system
for reducing al pha-particle_em ssion/generation. Referring initially

to Figures Jifcessldmibh@tRat @135 B€dp. Sik&So HRChipIstiluisicaliepd] tha proskbis® us@l for
substrate) which has bondi ng pads and conposite bunps built thereon are

shown. 1In Hig §|fb9ra%e°(or fﬁ@cﬂ'cﬂft S PLRdlsE kélicslélet‘m\ﬁrihcpd(;-x?ot Q&{’blré B&x115 UBREABHi€ stefs. a
circuit board) which has I/O termnals for making electrical connhections
with a circuit board (or with a 6 chip) is showr. "The /O term nal s
are sonetines referred to as bonding pads are not shown in Figure 1A A
typical size of a bonding pad is between about 3 nils and about ™2 nils.
The center-to-center d| stance (or the pitch) is typically larger than 5
mils. The

After the metallurgxcal structure of aluminum/nickel/gold is built on an IC chip (or a
coppérlnickel/gold metallurgical structure is built on a substrate), a paste composed of a
thermoplastic polymer binder, solvent and conductive solid particles can be dispensed on the /O pads
of a chip, or a substrate or both. In the preferred embodiment, the composite bumps are built on the
IC chip only, which is shown in Figure 2A. In the alternate embodiments shown in Figures Zﬁ and
2C, the composite bumps are built on the substrate only and on both the chip and the substrate,

respectively.

A composite bump 22 which is composed of a paste, sometimes referred to as a “wet
bump”, is shown in Figure 1B. It is seen that wet bump 22 is deposited on integrated circuit chip (or
a substrate) 12 on the bonding pads (not shown) with a terminal metaliurgy 18 on the top surface of

the pad. - The terminal metallurgy 18 is gold for either an IC chip or a substrate.

The paste that constitutes the wet bump consists of a thermoplastic polymer binder,
a solvent and conductive solid particles. The thermoplastic polymer binder can be either a single
component made of a homopolymer or a segmented copolymer, or a blend of more than one

homopolymer or copolymer. The length of the segments of the copolymer may be any number of
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t hi cknesses of the bonding pads are frequently less than 10 [err]m A

ret al | urgi cal construction of the bonding pads which can be suitably used
in the present invention at the pad/air interface éﬁﬁ?““h@;:ﬁﬁ££gngn]

pal | adi unf ni ckel or nickel. The top layer of the metal" $HEETalasHIMETUr €
is sonetinmes referred to as the terninal netallurgyi.The "iEubstrate, gr the
circuit board, can be nmade of ceranic or a0suitable orgaiic atestalk.!'such
as a FR4. The substrate 10 (Figure 2A) can be a single or a nmulti-chip
nodul e. The integrated circuit chip can be an individual chip or several
chi ps nounted on a wafer which will both be referred to as. cpi A

For a typi capeapnstunits larggh than oag rThetrencatingrunith gongisi §f DRFANS 198 “11@3}‘8 ‘?“)"%‘E"é‘&Wd
sequentially on the chip 12 can be an alum num | ayer 14, a nickel | ayer 16
and a gol d silayame, 48/or Timgetiesreentditing gilfon(sugh Fsueifance BHRT BOICEBTEFAIETY P81t he
foll ow ng manner. The top surface of _the alum numlayer 14 is frequently
modi fi ed byswh aexniieshge process of zincating to deposit nickel [ayer 16 on
the alum num The gold layer 18 is then deposited on the nickel layer 16 a
gol d-i mrersi on process. The process for depositing nickel and gold are

sel f-sel ective nmethods which do not require expensive |ithographic.
processes. A YR SRlent ke heed RitleFasts Ednsists of e boOor ofgiaRkisomerms Selbcted
(Figure 2A) (or a circuit board) can be a copper layer (in place of the

alum num | S ek Bloub 8 somhﬂ?ug%@rr%@tp € lestbr@ViidedNHctdhes @k Shed, 3WifInes) Andabinatid

ni ckel | ayer can ectro ated on the copper circuit board 1/0

pads by usiyig 2, $ha 4 iikd Beknipil: SRAAL NemBRAGSEninddE (HPHPY, dighhRé, gy

be pl ated

xylene, amyl acetate, and acetophenone.

The conductive solid particles utilized in the paste can be nobel metal particles such
as gold, silver, palladium, or composite particles that has inorganic or metallic core coated with a
nobel metal. The inner core can be metal or semiconducting oxides such as silicon oxide, aluminum
oxides, or metals such as copper, nickel or tin. The size of the metal particles are less than 5 pm to
achieve fine pitch dispensability required for the interconnection. The shape of the particles can be
flakes with some spheres. The relative amount of spherical particles can vary between about 1% and

about 50%.

The resultant mixed paste contains about 10 ~ 20% solvent, 7 ~ 13% polymer binder
and 69 ~ 78% conductive filler by weight. The resultant paste has zero shear viscosity in the range
between about 10® and about 10° poise. At a shear rate (f) in the range of between about 10 and

about 10%/sec, the viscosity (1) should increase nonimally by following the equation:
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on a hickel layer 16 by a gold inmersion process sinmlar to that used on a
chip. Simlar to the chip nmetallurgical steps, the processes used for the
substrate (or the circuit board) are also self-selectjve and do not
require costly lithographic steps. After the rretﬁlg;#ég‘hg@m [T ICT J'&e
of alumi num nickel/gold is built on an IC chip (or a j opper;{é’r}g”glgﬁﬁ“'ﬁﬁf“dgi

metal | urgical structure is built on a substrate), a paste-coRPOSEl “iafw._.al,!

t her mopl astic pol yner binder, solvent and conductive solid particles can be
di spensed : 7 onthe l/O
pads of a chip, or a substrate or both. In the preferred enbodi nent, the
conposite bunps are built on the IC chi meKty, which is shown if Figure 2A
In the alternate enbodi nents shown in Figures 2B and 2C, the conposite
bunps are built on the substrate only and on both the chip and the
substrate, respectively. A conposite bunmp 22 which is conposed of a
paste, sonetimes ref ernnesheh@hidsingindex WahoulWaRss thin®. STBOHEpresentTh@Htiéh shRemlahd i S
seen that wet bunp 22 is deposited on integrated circuit chip (or a
substrate) 12.RpbkNRsRAHDH9 pads (not shown) with a termnal netallurgy
18 on the top surface of the pad. The termnal netallurgy 18 is gold for
either an 1C chip or a substrate.

The mixed paste can be dispensed by stencil screening through an appropriate mask
to form features smaller than 150um at a pitch of larger than 200um without any smudges or
shorting. For instance, an interconnect system having a 47 by 47 array of 75pm bumps can be
deposited at a pitch of 200um. The paste dot features can be screened through a 45pm stencii. The
stencil can be constructed of a metal such as molybdenum, stainless steel, nickel, etc. The stencil may

‘o * also be constructed of an organic resist film such as that described in U.S. Patent No. 5,314,709.
Other conventional methods, such as silk screening, syringe dispensing, or extrusion screening may
also be used in the present invention method. It has been discovered that the dispensing resolution
is limited by the process desired. For instance, an increasing thickness of the stencil decreases the
resolution of the screenability. For a dispensing process, the smallest feature size can be limited by

the size of the syringe which typically sets the limit at 150pm.

In the next step of fabricating the present invention composite bumps, the wet bump
22 shown in Figure 1B is dried at a temperature between about 20°C and about 120°C either with
or without vacuum to evaporate the solvent to form a “dry bump” 26, as shown in Figure 1C. The

dry bump 26 consists essentially of the thermoplastic polymer binder, the conductive metal particles
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The ph"aste that constitutes the wet bunp consists of a thernoplastic polyner

bk nder,
pol yrer

segnent ed copol ymer, or a blend of nore than one hon&p’éﬁ‘@r@r"“ﬁ%r“@
The length of the segnents of the copolymer nmay be arﬁig‘ nunﬁgt};f‘;%*

repeatin
(such as

sol vents
am des,
typi cal
xyl ene,

a solvent and conductive solid particles. The thernoplastic
bi nder can be either a single conponent nade sef=a~HEHOPT :yg‘"g{%

Skt

Vi

g units larger than one. The repgating units '€ornsrst of benzene
rings wwth |inkages nade of siloxane, and/or noieties containing sulfur
sul fones) and/or noieties containing nitrogen (such as imdes).
The sol vent systemused in the paste consists of one or nore organic
sl pesdtdctrace amounhef the salyEnof A sotitaendry bursp ol ¢lgp et heubstrateis shavan in

| act ones, ketones, sulfones, and aronmatic hydrocarbons. Sone

a

exFigitk 86 ateraltypital dévingetify betwednyabowa 1i add aiwne 1q NuBes. Hihgd beer distaviegh y e,

anyl acetate, and acetophenone. The conductive solid

particles i dtiided ténipetad@e @Sl Gt Beldv BECNAL B ingRkdesspidy thle Chréisd utdbr a [88gegol d,

silver,

core coat gohowiofdnedi 1R

sem conduct 1 ng oxi des suc
such as co

pal | adi um or conposite particles that has inorganjc or netal

as si

iC

}g' gesals da-rq" eBds e\ th@@n@ﬁm@ﬁ&_ict}ﬁtd?@_&ﬁhe Pdlymer binder,
I con oxide, alummium oxides, or netals

eve pensability Tequire

ine p

i nt erconnecticé%n. The shape of the particles can be flakes with sone
spheres. THEFel ati ve amount of spherical particles can vary between about
1 % and about 50%

Referring now to Figures 2A ~ 2C where three possible embodiments of the present
invention bonding method are shown. In this processing step, the chip 12 and the substrate .IO are
bonded together. Based on the thermoplastic nature of the polymer binder in the dry bump 22
(Figure 1B), the time lapse between the initiation of the bonding step and the completion of the.
bumping step can be indefinite. However, it is desirable that the bumped electronic devices be stored

in a dry environment.

Figures 2A~2C illustrates three different bonding configurations that are made possible
by the present invention method. First, Figure 2A shows an IC chip 12 which is dry bumped with
bump 26 and a substrate 10 which is a bare pad having a terminal metallurgy 18 qf gold. Figure 2B
illustrates ; configuration where the substrate 10 is dry bumped with a bump 26 and the IC chip is
a bare pad having a terminal metallurgy 18 of gold. Figure 2C illustrates a configuration wherein both
the IC chip 12 and the substrate 10 are dry bumped with bumps 26 and 36, respectively. In this

configuration, the process for bumping the chip 12 and the substrate 10 are identical as illustrated in
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8 " The resultant mxed paste contains about 10~20% solvent, 7 13 %
pel ymer bi nder and 69~78% conductive filler by weight. The resultant paste
has zero shear viscosity in the range between about 10[err] and 1QLeLr]

poi se. At a shear rate ([err]) in the range of bet %“E about
10[err]/sec, the viscosity ([err]) should increase bﬂHﬂB$ﬂ@E% ﬁS 8 1

t he equati on: 13 [ er FfEPL, hear
thinning index n should be less than 0.5 for the pre ~“PHV€MTIOH systen1
and preferably, less and 0. 2. The m xed paste can be dlspensed by

: LSE‘;EEOSFE FEie'th - E&"?*%E%f‘drhea&% BBl bR SR or ‘%%PF‘J;] bR bl £ §btesf”%m1a ione
F 47
s AN L ggg&g & Shesfebal Fitkaay brechong i Yot SR

dot features can be screened throu a 45 Eerr m stencil. The stencil can
be const r ucteB@egturgussd fogbuildingpumps 2 €€ nl ess steel, nickel,
etc. The stencil may al so be construct ed of an organic resist filmsuch as
that described in U S. Patent No. 5,314,709. Oher conventional nethods,
such as silk screening, syringe dispensing, or extrusion screening.

The bonding process between the dry bumps can be accomplished by first aligning the

dry bumps 26 to the bonding pads that has terminal metallurgy 18 (see Figures 2A or 2B) in the first
two configurations, respectively; or by aligning the dry bumps 26 and 36 as in the third configuration.
The dry bump bonding pad or the dry bump/dry bump are then held under pressure at a bonding
temperature above the softening temperature of the polymeric binder. Typically, the banding
temperature is in a range about 150°C and about 250°C at a bonding pressure of between about 15
psi and about 1500 psi. During the bonding process, it is preferred that the final bonding pressure
is achieved before the final bonding temperature is reached. It has been discovered that a suitable |
bonding time after the final pressure and temperature are reached is between about 2 and about 120
seconds. Figure 3 illustrates a structure of chip 12 and substrate 10 bonded together by interconnect

34.

The bonded structure of the IC 6hip and the substrate may optionally be filled with an
encapsulént 42. This is shown in Figure 4. The encapsulant 42 can be typicaliy an epoxy resin
containing low alpha particle fillers for providing mechanical strength to the structure and improved
thermal conduction of the heat generated during the electrical operation of the chip/substrate

assembly.

e
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may al so be used in the present invention nmethod. It has been discovered

t Hat the dlspenS| ng resolution is limted by the process desired. FEor.
instance, an increasing thickness of the stencil demea*sgS wg}mr\uglon
of the screenability. For a dispensing process, the*s f fure gize
can be limted by the size of the syringe which typigally “Sets _;2:& i t
at 150 [err]m I'n the next step of fahricating the present invention
conposite bunps, the wet bunp 22 shown in“Figure 1B is dried at a

t enperature between about 20[err] C and about 120[err]C either vvith or

W t hout vacuumto evaporate the solvent to forma "dr%/ " as shown
in Figure 1C. The dry Itshesid benoted il the encansyletien ripgogs fof thefan é%bqea%whenal
pol ymer binder, the conductive netal particles and possibly trace anount of
the sol vent .andamayaotbe rgaviredrifjthp berplingrpads artlapgeand are sedsenaplyispacied apsnto afthi phip
Figure 1C after a typical drying tinme between about 1 and about 10

m nutes. |t dpplicatiencis unties @ dipeoreernietia envirbnhenteThe method used for encapsulation can be any
9 tenperatures, e.g., at bel ow 40[err] G, the drying process may be
carried out dfglie dnventigel methedsivhithtilizes bapillaty. flow ofdle haBGRIAR thid-sthall gyss. beRaged
on the thernoplastic nature of the,

the chxp and the substrate. The encapsulant that are typically used in the industry underﬁllmg may

be utilized in the present invention applications. For instance, in a typical encapsulation application,
the encapsulant is flown into the gap by capillary action at approximately 80°C when the pads are
150pum spaced apart at a 200um pitch. In one example, only the chip side is dry bumped and the
bonding is performed at about 220°C under a load of 1000 psi for 3 minutes. The nomiﬂal gap
between the chip and the substrate is about 40um. It has been demonstrated that the bump height
A for the C4 size feature is adequate to create enough clearance for the encapsulant to penetrate into
the gap. It should also be noted that encapsulation ephances the adhesion strength of the interconnect |

system such that an effective adhesion of larger than 30 MPa can be achieved.

It has been discovered that the actual compositions of the paste material can be
broader than those previously illustrated as long as the structures shown in Figures 3 and 4 satisfy
several of the important properties. First, the interconnect material should have a high bulk
conduéﬁvity that is comparable to that of lead/tin solder. Secondly, the cor;tact resistance to the
terminal metallurgy on top of the bonding pads should be comprarable to that of solder, i.e., smaller
than 1uQ-om * for either a chip or a substrate application. Thirdly, in order to achieve a mechanically,

chemically and thermally reliable structure, the clearance between the ;:hip and the substrate should
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pol yner binder, the wet bunp can be stored for a prolonged period of time
in adry environnment before the drying process. Referring now to
Figures 2A ~ 2C where three possible enbodi nents of the present invention
bondi ng nethod are shown. In this processing step, %W:&szﬁﬁﬁe
substrate 10 are bonded together. Based on the ther m;fopgl%;@sgﬂsm?makﬁjﬁfe‘f%f“ t he
pol ymer binder in the dry bunp 22 (Figure 1B, the“ti me hRapseCHet weern' t he
initiation of the bonding step and the conpl eti on of=the=BaAPTrNy STEP can
be indefinite. However, it is desirable that the bunped el ectronic devices
can be stored in a _dry enyironment. .. Figures 2A~-2C il lustrates three
di f f erent bBﬁHPﬁiﬁjﬁ%n‘f"%ﬁY“é‘f plphsPartply epissdonRRGPSUIBEU S ¢ B 8T B CERBIGIOXE fpe-
invention nmethod. First, Figure 2A shows an IC chip 12 which  is dry bunped
with bunp 280wyt shwdd bapessibly tardispnse onzansies 06&50%@?%@ # bitglt pf 20um in
metal lurgy 18 of gold. Figure 2B illustrates a configuration where the
substrat e 1@pplicationlfyr GMES shipsniltabtlyathe height 26tha nderednacadt shoghd e adequatetsu¢hethatoad
having a termnal netallurgy 18 of gold. Figure 2Cillustrates a

confi gur at i edtapdubment canlbetuled th@ndedilbwitipa thermeah condbeivity ofisigeathan 4.0 VMK dr y
bunped with bunps 26 and 36, respectively. In this configuration, the
process for bunping the chip 12 and the substrate 10 are identical as
illustrated in Figures A~ 1C It should be noted that the conditions for
di spensing, drying and paste fornulati@amMded ch are utlized may be
different. For exanple, the stencil thickness, the drying tinme and the

drying tenperature uspd;dQfichi kgl a PRSconbin il wiith § 88mfed of 30% by weight

| of polyimide siloxane in a solvent of acetophenone, and 88% by weight (relative to the polymer) silver
particles. The average size of the silver flakes is about Sym. An 11x11 array of 150um featt;res is

screened at 200pm pitch by a molybdenum stencil having a thickness of 225um. A final bump height

was obtained at about 65um. The bulk resistivity of the interconnect obtained is about 22u€)-cm,

while the resulting contact resistance to gold metallurgy is measured at between 0.6 ~ 0.7uQ-cm’.

Figure 5 shows a graph illustrating the stress-strain behavior of the interconnect system as a chip is

pulled away from a substrate under a tensile force. The speed of separation was 2.5mm/sec. The

adhesion strength measured is about 11.5 MPa for the interconnect structure without encapsulation.

The adhesive strength achieved is typical and can be significantly improved by an encapsulation

process to larger than 30 MPa.

While the present invention has been described in an illustrative manner, it should be
understood that the terminology used is intended to be in a nature of words of description rather than

of limitation.

—_—_—
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different. The bondi ng process between the dry bunps can be
acconpl i shed by first aligning the dry bunps 26 to the bonding pads that
has term nal netallurgy 18 (see Figures 2A or 2B) in the first two
configurations, respectively; or by aligning the dry hbunps.26-and-36=—as in
the third configuration. The dry bunp bondi ng pad or“t“luq$x£buﬂmggwa\bunp
are then held under pressure at a bondi ngg tenperatuﬁe aboxepthesisof t eni ng
tenperature of the polyneric binder. Typically, theﬁmmmﬁqﬁ}44ﬂﬁﬂﬁ1ﬁTWe is
in a range about 150[err] C and

10 about 250[err]C at a bondlnq g@essure of . between abqut 15 psi_ and about
1500 psi. During theFWBBRIRe Wl thepseseqtinvertioghas beep descrleddn terps ¢fjapapferred
bondi ng pressure is achieved before the final bonding tenperature is
reached. |t embedimens andiiveciipepiegmbpdiments.dUB taltsl appiseiigd figt thpsreskillad inghe arhwill
final pressure and tenperature are reached is between about 2 and about 120
seconds. Fi geaddy @plylthess taachtings taother possitle garpfionstuf theid®ventinsh. substrate 10
bonded together by interconnect 34. The bonded structure of the IC
chip and the substrate nay optionally be filled with an encapsul ant 42.
This is shown in Figure 4. The encgapsul ant 42 can be typically an

The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:
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epoxj’ resin containing |low al pha particle fillers for providi ng nechani cal
strength to the structure and inproved thermal conduction of the heaLm,M.

g

generat ed during—the-et-eet+i-eal operation of the chi p/‘sﬂia%f%fe‘?}%s%m

It shoul d besngiatigifi capsul ation process for thé-BoHded, Lucture
is optional gL, 8 | m mng red if the bonding pads gfe RE “‘j‘,@gﬁl:xard
reasonabl y spat:e apant sor=the chip dgplication is und& a dry or

hermetic environment. The nethod used for encapsul ation can be any of the
conventi onal nethods which utilizes capillary flow of the materials in the
smal |- gaps between the chip and the substrate. The encapsul ant that are
typically used in the industry underfil|QClaisgg may be utilized in the present
invention applications. For instance, in a typical encapsul ation
application, the encapsulant is flown into the gap by capillary action at
approximately 80[err] C when the pads are 150[err]m spaced apart at a

200[ err] m pi tch. | n bnanmesopes, sysiem Yatinplowlalpha pardde emisdon/chiatanesisticafidt us¢ he
bonding is performed at about 220[err]C under a l.oad of 1000 psi for 3

m nut es. Thgan dedionizldegdedcophivigen the chip and the substrate is about
40[err]m It has been denonst r at ed that the bunp height for the C4 size

feature is adequate ixPeIEc‘a%ﬁ:E%eﬁ&ﬂm g Gh Bpper Beiack o4d sphdA 2BAIE BBSHEA resisAve
penetrate into the gap. It should al so be noted that encapsul ation

enhances t ?ﬁﬁ*@g ?8&&&1@? %fx grﬁﬁtﬁkﬁke%%kéb P,\‘f%fde‘{é’g&n%gﬁa A A Eﬁeghﬁéf& '}e&ﬂﬂ@é bﬁlﬂgs

effecti ve er tha 1 eve

been di SCovgLeHd Bahmbdlie AT ForE TROR bl BSc Rhad s RAS frdRl e @l can be

2. The interconnect system of claim 1, wherein said binder is a thermoplastic polymer
material.
3. The interconnect system of claim 1, wherein said metal particles are selected from

the group consisting of gold, silver, palladium and platinum.

4. The interconnect system of claim 1, wherein said electrically resistive bumps have

an electrical resistivity larger than 1000 uQ-cm.

5. The interconnect system of claim 1, wherein said electronic device is a

semiconductor chip.

e
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broader .t han those previously illustrated as |ong as the structures shown
I m Figures 3- &nel—«-—w—«-m 11 4
satisfy sever a|gmfe i g]ﬁi] properties. First, the interconnectl

s!/, *

material  Shoul} bul k conductivity that is .compar Wi
G B N

of lead/tin solder: onar; contact resistance to | heud snmiah ‘
nmetal l urgy on top of the bondi ng pads shoutd be conpar atﬂ e tog-tawat’wép ,,_J_}.
solder, i.e., smaller than 1[err]-cnferr] for either a chi-p-ot=a=sGbStTate

appl i cat ion. Thirdly, in order to achieve a nechanically, chemcally and
thermally reliable structure, the clearance between the chip and the
substrate shoul d by underfi lled with a |low al pha particle em ssion

encapsul nent, e.g., the ceranicle Fourt hl. 0

possible to di spense Orf‘natﬂt fé?'t“&%'f‘ Weﬂgg’d%é ‘%l‘f%rl?haapcfné eemxééio Lara%{ '%B rrltsjam

i n applications O\/Eﬁ ps. Lastly, the height of the I nt er connect
shoul d be g’cfeﬁfﬂ‘gﬁoed‘?fﬂf e't"?Fahjt"m&ﬁS‘%capsul ment can be used to underfill wth
a thermal conductivity_ of Iarger than 0.7 Wm

Exanpl e I n thi ShEgert ramcéwamgeanuapepagfaecqné spagdapart dlecairallieastive s

conposed of 30% by weight of polyimde siloxane in a solvent of
acet ophenonburmpsppsisensdoon eandydttve regidngtof vaid upper surface, said electrically resistive bumps

comprise a composite material formed from a polymeric binder and metal particles, and
a substrate having conductive regions thereon bonded to said electrically resistive
bumps in a bonding process wherein said electrically resistive bumps convert to electrically

conductive bumps after said bonding process.

7. The interconnect system of claim 6, wherein said conductive bumps are bonded to

the conductive regions on said substrate by application of heat and pressure.

8. The interconnect system of claim 6, wherein said polymer is a thermoplastic

polymer material.

9. The interconnect system of claim 6, wherein said metal particles are selected from

the grcup-consis“t'ing of gold, silver, palladium and platinum.

10. The interconnect system of claim 6 further cotnprising an encapsulant injected

between said integrated circuit chip and said substrate for encapsulating said conductive bumps.
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to the pal ymer) silver particles. The average size of the silver flakes is
about S[err]m An 11x11 array of 150[err]mfeatures is screened at

200[ err] m pi tch by atmohybdenum.stencil having a thickness of 225[err]m A
final bunp hei g}

ol at about 65 [err]m The bul k resistivity-—af
t he i nterconneg ’m%nﬁmgmﬂout 22[err]-cm while thg ‘reggi'ﬁ—ﬁf'quﬁm{:t
resi stance to ge s neasufied at between 0.6 L ? !&ré"

Figure 5 shows a graph illustrating the stress-strain behav t he

i nterconnect systemas a chip is pulled away froma substrate under a
tensile force. The speed of separation was 2.5mm sec. The adhesion
strength neasured is about 11.5 MPa for the interconnect structure w thout
encapsul ation. The adhesive strength achieved is typical and can be
significantly inproveél Bieizercennetpsignf flam %wb@@géhetdfcv&fﬂ&erﬁsmwahuw haog,.
VWil e the present invention has been described in an illustrative nmanner,

it shoul d dxesistivite motretbeh 1M9QWQ-¢re t er mi nol ogy used is intended to be in a
nature of words of description rather than of limtation.

12 Furthernore, while the present invention has been described in
terms of a preferred enbodinent and two alternate enbodinents, it is to be

appreciated that thos® ¥l inleBdniedt sybte@ ofElhin¥'6, Whefeiittié tlyctagafly Yoriduewde bumps
teachings to other possible variations of the invention.

have a resistivity less than 1000pQ-cm.

13. The interconnect system of claim 6, wherein said substrate is made of a material

selected from the group consisting of ceramic, epoxy, a semiconducting material and glass.

14. A method of making electrical interconnections to an electronic device comprising
the steps of:

providing an electronic device having a plurality of conductive regions positioned on
the device,

depositing a plurality of electrically resistive bumps of a polymeric based composite
on said conductive regions,

providing a substrate having a plurality of conductive regions on a top surface, and

pressing said plurality of electrically resistive bumps against said .conductive regions
on said substrate under a predetermined pressure and temperature for a length of time sufficient to
establish electrical connections and adhesive bond between conductive bumps which are converted

from said electrically resistive bumps and the conductive regions on said substrate.

\\\
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The ‘enbodi nents of the invention in which an excl usive property or
privilege is_clained are defined as foll ows:

CLAI M5 1. Am%Jnterconnect system having | ow al pe=pasti-clg LSS (
characteristi cf 1 ”ummuel ectroni c device co’@ﬁHSSHQL: HAS W

el ectroni c devildk H er surface and spaced apaﬁﬁ“@k@;brlcalfy
resistive bunps haV|ng a resi'stivity ofo | ess than dmﬁrﬂigfomﬁng
a fabrication process. positioned on conductive regions of said upper
surface, and wherein said electrically resistive bunps conprise a

conposite material fqgneg @%g%&)?gg%ggﬁ{g § cE{@QEVW}t?eEQn %’@% BdndulielrbbbRSof@Mi Ng

a resistivity of nore than or’e rication process.
2. The i nterconngect SY of claim1l, vvherel n said binder is a

t her mopl ast FEC9BIC ?ea gnpéf1 Erial. The i nterconnect system of
claim1l1, wherein said netal particles are selected from the group

consisting of gold, silver, palladiumand platinum

16. The method according to claim 14, wherein said electronic device is an integrated

circuit chip.

17. The method according to claim 14, wherein the conductivity of said conductive

bumps after said bonding step is less than 1000 pQ-cm.

18. The method according to claim 14, wherein a bond formed between the electronic

device and the substrate is greater than 5 MPa,

—
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4.  'The.interconnect system of claim 1, wherein said el ectronic device
s a sem conduc chip. 5. An int erconnect system having | ow
al pha particle emssic¢ acteristics for use ;r“s‘e‘:— ~eonduet.or. devi ce

conpri si ng+= ted circuit chip havi ng »n‘fu‘éﬁhrﬁﬂur,ztcage;
spaced apariy} S\ *resi stive bunps havi ng a I“gSI stfr?wst;y‘m nor

t han 1000 [\ - mLposrtloned on conducti ve regions O  sard—upper. surface,
said electrically resistive bunps conprise a conposite material forned
froma polymeric binder and netal particles, and a substrate having

conductive regians th@r‘F%xu&ﬂ’&lp&gorﬁi‘ﬁgﬁ?‘élQmQHe@l‘ie?én@%d ibtesd Blnlav€ of PMBRSali N
a bondlng process wherein said electrically resistive bunps convert to

el ectr n bldbbdnt el £ ixian 1000
[er rj-cm afgf f&!ehﬁoﬁgﬂgg%g%&ﬁg&g%fgg?ﬁlc ongy a%éljmr?e d?(lntrér coenlrr?le%tgd ési)}gt em of
claimb5, wherein said conductive bunps are bonded to t he conductive

regions on said substrate by application of beat and pressure 7. The

| nterconnect system 28 f 'I‘Ig:el rgetﬁgd accor}/i\{rr]\g to clarmsl% \gheP Xal[?electncaﬁy %u&n R r:?g%[nls ¢

on said substrate comprise electrically resistive bumps made up of a polymeric composite.

21. The method 'according to claim 14, wherein said electrically conductive regions

on said substrate comprises bumps made of a thermoplastic polymer and metal particles.

22. The method according to claim 14 further comprising the step of encapsulating

said conductive bumps by injecting encapsulant between said electronic device and said substrate.

23. The method according to claim 14, wherein said predetermined pressure and
temperature are between about 15 psi and about 1,500 psi, and between about 150°C and about

250°C, respectively.

24. The method according to claim 14, wherein said length of time sufficient to

establish electrical connections is between about 2 and about 120 seconds.

25. The method according to claim 14, wherein said electrically resistive bumps are

converted to electrically conductive bumps after said pressing step.

——
———
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pol yirer materi al . 8. The interconnect systemof claim5, wherein said
netal particles are selected from the group consisting of gold, silver,

pal | adi um and pl ati num 9. The interconnect sysk -ofclaim5 further
conprising an encapsul ant injected between said i t‘@g@@};@@—@@d@fﬁ“%hi p
and said substrate for encapsul ating said conducti v!_‘ bungss,g;c;;afbt‘“‘%ﬁe

i nterconnect systemof claimb5, wherein_sgid subst r e of a |

mat eri al selected fromthe group consisting of ceramc, epoxy, a

sem conduct DIREORIGHIPBATTACH FORGEOW ALPHA BMISSION INPEROBNNECE Sy TEMA!

i nterconnections to an el ectronic device conprising the steps of:

provi di ng aABSTRAKYIbni ¢ device having a plurality of conductive regions

positioned on the device, depositing a plurality of electrically

resi stive bunps Af isteypohyecesystenb mehas loemipini faeticdeemdsidn charaetertistice foregi ons,

said plurality of electrically resistive bunps having a resistivity of

nmor e t han 1@e0npaekectronic device inchidsy a demigondustoy shipa(l2) thathasgnappensuaface y of

conductive regions on a_top surface, and 'gressing sai d pIuraIity of
81

el ectri cal |3ndrspaced: apget elpetrically gesistive byrips (20 Pasionedeon qopduative regiorsa(l8
substrate u&d tﬁcrt ugpé%rses acuer, %eaagct;ie yergs?itstlilvreebu];n%rs (516)I a%g gltage 8{' a E:(i)nrlrgos?tgf ficient
material of a polymer and metal particles, and a substrate (12) that has conductive
regions (18) bonded to the electrically resistive bumps (26) in a bonding process wherein
the electrically resistive bumps convert to electrically conductive bumps after the
bonding process.

Fig. 2A
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l5;§§' pressing said plurality of electrically resistive bunps agai nst
gai'd conductive regi ons on said substrate under a pressure and
tenperature for a length of tine sufficient to establish an electrical
connection and an adhesi ve bond bet ween el ectrically conductive bunps
having a resistivity of less than 1000 [err]-cm which are converted from
said electrically resistive bunps and the conductive regions on sai d

substrate. 12. The method as clained 342 claim 11, wherein an adhesive
bond f or ned bet ween the el ectronic device and the substrate is greater
than 5 MpPa. 13. The.method as claimed in claim11l, wherein said substrate

Is made of a mat eri al sel ected fromthe group consisting of ceramc,.
epoxy, a sem conducti ng material and gl ass..._14._ The nethod as clai ned

i'n claim1ll, wherein said electricallygcondu§tive regions on said 2
substrate conprise electrically resi ve bugps made up of a ric

conposite. - 15. ERRERnetlHEsEN as geehqai N claim
electrically UCTTVE 50 '
a thernopl astifyc pol ynmer and

FIGIA 4 }io
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neta® particl es. 16. The nmethod as clained in claim 11, further
conprising the step of encapsul ati ng said conductive bunps by injecting
encapsul ant between said el ectroni c device and said substrate. 17. The
method as clainmed in claim1l, wherein said pressure and tenperature are
bet ween about 15psi (approximately 100 kPa) and 1500psi (approxi mately 10
000 kPa) and between about 150[err]C and,pbout 250[err]C, respectively.

18. The nmethod as clained in claim 11, erein said length of tine
sufficient to establish electrical connections is between about 2 and

about 120 seconds.
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