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MATERI ALS AND AP iy LD OF THE | NVENTI ON The present invention

rel ates to novel intetiedfthecti on materials for form ng el egt /e
connecti ons between el ectroconductive nenbers, and to the MW%UZ
produci ng such ﬂwmmWMmmﬂmmgttlve connections. In addition, this invention
addr esses envir fe materials and processes) which can be an
alternative to | ead«code3) - cont ai ni ng sol der connection technol ogy.
BACKGROUND Mbst electrlcal conductors used in electronic devices are nmade
of netal &L RISA K UGT hMI PASTE MATERIA LS AND AP PEACAINONS

nol ybdenum and ot hers. Sol der connecti on technol ogy using | ead/tin all oys
plays a key role in various |levels of electronic packaging) such as
flip-chip connection (or C4), solder-ball connection in ball-grid-arrays
(B&), |IC package assenbly to a printed circuit board (PCB). Solder joints
producefIPLAMeOF EEHBNINVENIES Nerve critically as electrical
interconnections as well as mechanical / physical connections. Wen either of
these functions fails, the solder joint is considered to have failed, which
can of t dmetifeEat énventimutelatsnno sovehintrsan eectioacnrisAiRls DY SEERNB! i p- chi p

connection is a nost effective chi erconpecti on thod currently. used
for ‘H gﬁ%‘éP?Wﬁ‘é’é caae&%tgq%gb%wﬁﬁwgeﬁ@ﬁen Wik ra%m St R tﬁbt% thod
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packageg v1§orﬂﬂeﬁ9§?? F@Eha% to]%nfdl vacEfyeP whie %E'&%WFH%@WW% £ ther

slngIeC|p or |pm) es are connected to a ynmeri¢ PCB by using
a grid gpysombinisg §edeptsieicchiohl eclhdogpl der 1 4 |v| AY 2002 2

BACKGROUND

Most electrical conductors used in electronic devices are made of metals, such as copper,
aluminum, gold, silver, lead/tin (solder), molybdenum and others. Solder conncction
technology using lead/tin alloys plays a key role in various Icvels of electronic packaging,
such as flip-chip connection (or C4), solder-ball connection in ball-grid-arrays (BGA),
IC package assembly to a printed circuit board (PCB). Solder joints produced in the
electronic packages scrve critically as clcc}rical intcrconnections as well as

mechanical/physical connections. When cither of thesc functions fails, the solder joint

o

is considered to have failed, which can often threalen a shut-down of the whole

clectronic system.

Flip-chip conneclion is a most elfective chip inlerconnection method currently uscd
for hugh performance packaging applications, such as multichip modulcs, where lcad

(Pb)-rich solder bumps connect high performance chips directly to a ceramic substrate.

Solder-ball conncction in ball-grid array (BGA) packages is an extension of the
flip~chip connection method, where either single-chip or multichip modules are

connected to a polymeric PCB by using a grid array of large solder balls The solder



balls currently in use have the conposition of a high tin content, such as
. Pb-10%8n or Pb-20%Bn, in order to act as a non-nelting stand-off when these
nodul es are attached to the PCB substrate using | ower neltin?1£$4ng'2ﬂp2n
eutechi c sol der. When mcroel ectroni c packages are assenbl ed't r d
circuit board, the lead-tin eutectic solder, 63%5n-37%b, having the | owest
melting point (183 C) anong Pb-Sn alloys, is nost wdely used. In these
applications, there are two sol der copnnection technol ogi es enpl oyed for
mass production: plated-through-hole (PTH) and surface nount technology (S

MT | dering. The. basi,c diff . .t he. hnal ogi igi

o ot T v SRR OLARS TR i b 0 88 Bl e
PTH SOl 88509080 SRIGHAE LA & ATRATRLRiMYsthild? Wign diEsinBlf st Quanbal oS
on a PCB. "For exanple, 1n wave soldering, nolten solder is directly applied

to the @rge mEBLNEsEItE ik icwdifehely f6iAWPL-On RUtRhEARIddary force to fill
the gap between the 1/0 pin and the wall of the plated-through hole. -In SMI

b A O L AELGELEADRE RARKARCR-ALSAIAPId ¥ (AldiBE RESulthoals, G | 20° Of

a PCB A mgj or advant age packagl ng ‘density, mg1c is realized

by el i nba@kinneitPR{ sordér, 83945 1-B9A KRB ReviNEtic Rvedl meltid going (¥ TCumloages
of the PCB to acconmpdat e conponents. In addition, SMI packages have a
finer |p@adnpiliogh, i8mntbsa widelyl wedpdakaese spplicacionfatinde afe twashideocsinecHbh
packages. Hence, SMI has contributed significantly in reducing the size of
el ect r anclenqlagiknemploayed fohenadsyprodection:upiated- th i ghvieolal(PTd)strehsutfaceSMT
sol dering, solder pate is applied to a PCB by screen printing. Solder paste
consi strsowfit fechrolopy 8M Dosdderingx T hgrkpsis ditarencechitvees thotive terhniedogies | ow
‘process) . sol der. partic|es ale,ng{tgﬁ%ﬁflux i s act,ivated, solveﬂt materi al s
are evdliiaties froam g AAreasfeblbieF i {BRTsBRddls intpapeanaction sgnyrge.
eventual |y solidifed In contrast) in the wave _sol dering process, a PCB is
first fluxée PArd selWepsgesnideniaintsoirsteadohRy jutilizngethe plated-tgough-dedas en wave

f I I . Th | deri i l]y.. | d 1 ~r MA
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vat er - sl 4 eew ol oAPRCHRAN - thbugBR&Ei al s. Recent advances in
m croel ectroni c devices demand a very fine pitch connection between

el ectronic <RI : } : f

undr ed i OF Suat o sy ion friEijelicEthetc patldeonaRt Bicllly bR LT B UR A BE R G
can not, harl @ i MR tddNer BMThs hr%m_e;smagﬁfgtwﬁn Uhich fsh‘éa]?‘fi&dd@%! ng
defects such as bridging or solder balling. Another fechnical Iimtation of
usi ng tdiieniRbtiSp neast ECLH 6 i alhdef CBs ak tvaelihasgiy neilizony b@hperiicey ef the PCB to
approximately 215 C. This tenperature is already higher than the gl ass

t ransi t4dconmergrde aompenefist Ha epoxipnr €M h naskdedsrhavssa fipot ieadmichprideed
gircuit board materials. Thermal exposur&jat this ref|l ow tenperature

pr oduce¥n & e mack esmeize FEPRArCG Y HRAL NS Toi infckaess: ridanse. SOAT d1ast t er

sol deri ng, .especi.al. i.n the direction_ pe ndi cul ar . to the surface of a
pen, widnyr RERE Ay ILredls B M= ST BRECRAY Mrkaretg it PehELa
ther mal, S8 LRI S hk BvARIASSEFD! ed PCB woul d adversely affect the reliability
of an electronic system A nore serious concern regarding the usage of |ead
(Pb) - containi sol ders is .an _envi.ronnental i .. Which we. hav
experience&”gﬁggéﬁk(?WgoﬁﬂgFrPﬁ§ﬁ§§ngEm%§’gﬂﬁigﬁgﬁqﬁﬁmQﬂﬂP %1§%@5%8??%e,
pai nt s, ' | der the . o ] .Cil r

G 1 er Sp oo e T L SE i e AL T DR RO ke
possi biddider piriitRRLAC Bl NAURNs GenV Al AOvar! daler 8fd &la$orfeal 168 sol der
al l oys, and electrically conductive pastes (ECP). The present invention

di scusssimsulthacaeVe e noldndappticatd anevofiudinesdletéd. ¢alcbyraonduehé ve
paste materials An electrically conductive paste (or adhesive) is nmade of
el ect riwayd soldonagiotimss, fa- PER sriipafivixed esd| watechdnts & reemoat tedxomofit. & hen
polymer, nmaterial Silver-particle filled epoxy 2 is the m st comopn exanple
of the EITBYPFLAVEY 2GRt NPEePpaPEIST sifetd¢ieas pyocskoimtsuallFcannletethe
silver particles 4, usually in the shape of flakes) provide el ectrical 1
4 M AY 2002 4 conduction by percol ation nmechanism while the epoxy matrix 6
provi des adhesi ve bond between the conponents 8 and a substrate 10. This
silver-filled epoxy material has been long used in the electronic
applications as a die-bonding material, where its good thernmal conduction
rat her than el ectrical conduction property is utilized. However, this

mat eri al has not been accepted for the applications requiring high

el ectroconduction and fine pitch connection. The silver-filled epoxy

e o o e, .



According to one aspect of the present invention there is provided a
vstructure for form ng el ectroconductive connection between

el ectroconductive materials, conprising: a plurality of parf‘&l&&KXnBQGZed
within a cured thernnplastic polynmeric material, wherein said particles are
from30%to 90% by wei ght of said particles and said thernoplastic
polynmeric material, each of said plugality of particles having an
eIectricaIIy conductive coating, at | east sone of said particles being
fused t sai ticle |d electrlcall d t|ng
Accor di 33 EEHEF sﬁ@ﬁéé?‘"of t%gpc%f] e enetp ﬁ?&“’#&?ﬁ“?%ﬁf@ 'gl%urrba\e}l? ‘ded”
structurg efnqrrom CHQoRLEAST CFRRURI bite: RAMBEHRARORLHBEN. being

el ectroconductive materials, conprising: a plural |ty of particles disposed
in a thenmiph@atdne polacee ticeitmirera@t-solabledrtrvesiempllas material3d MAY 2002 5
polymeric material being selected fromthe group consisting of polyinmn de,

si | oxane, pﬁ yérmadﬁaﬁbésq%axﬂrtfoaaarasl@abﬂgachenmrwn@%@y i hfiéh el@rmeée@nf rom
lignin, cellulose, d oil and crop oil, wherein said particles are from
30% to HYUvesn M/ecttgdsmc (pﬁclswged apialr 4 ipeinesd dirditsigiadd e thoptdes of @ fpel lyunned ied
material; each of said plurality of particles having an electrically
conduct imigraroeter nichat Theawreniorpddesfpastsi technatagyaised v &MY comsedhandlsithisr
said particles throuph sai d electr|0ﬁ gé cond ctlve coatL 8 Accorging to
still arYGfihgﬂeé’étﬁBdﬂ egronmsetion dugdp t ﬂ?fi'% RS 8Ushs 2 PHOBIAB PTFOM i ct ur e

for f or {Esaqglggldg ﬁgcc ucl:c%a:l Ylml aﬁ“dhe&t hs‘%’.%?:thgeﬁb"-‘ﬁﬁ@ngéc?gtsél%%d&%' Y Seflow

materi a

L her mplt%?bfatﬁ’@ xggfdx?mmafmgl*’c S%Q t&rhséﬁaneassalrea@OMéﬁar {Han e 1h &
bei ng an uncured’thernopl astic adhesive, wherein said particles are from
30%to 9%sh)bm\mng’fﬁramfre séitie ppoky mdsesusaddn seisd pblyardropbrasted €irpoit yooard c
material; each of said plurality of Hartlcles havgy? an electrically
conductHvéﬁvéétfﬂyﬂﬂaﬁctﬁ@%vegbﬁvsdﬁ HilempRIAtUrE P ‘b@ﬁnaomﬁgﬁﬂ‘$éﬂﬁﬁher
said particles through.sai ctrlc conduc ive ting. Accor

t1 11 BT R ds BUBIES G P H i SRl SPHOERE PORFINENE P dspoinRpar LIt ur o
For o 01 Mot 8461 QERBRYE I NEGRINIFGLL NS RER YRR BELERCOIUED] Vihe

materials, conprising: a plurality of partlcles enbe
t her mp'r@ﬁ&ih&l tla@hﬁﬁrmra%m 8 iadbemBlat P G ebIRPAA&R ity RALMRE irglidwl 6 bal
being a cured thernoplastic adhesive, wherein said particles are from 30%
to 90% by eledtgitic ofstemi d particles and said thernoplastic polyneric
material, each of said plurality of particles having an electrically
conductive soabidighrioat cheash egaeiiod (saisdgpar tcad|(Bb)-beitathifigisadcdsas ahher
said particles through said electrically conductive coating. According to
still afovhermasfrédisuafwhicd we 8ssnexpaizesnd drcadidr @by ipdostiidedya structure
for form.ng elec conducti ve connect i n el ectroconductive

mat er i al émqﬁ }C§gr{§°”‘£aﬁ?\]é’?‘i*rd7ﬁl”a'§ti’%‘%‘b‘@ﬁ@%ﬁ st%gm"a c"@nbedded between
Z first and a second surfaces; and a plurality of particles disposed in

ai d t her mopt & lectpani %%HSéfyrrét*@rq HP'CHM@P@W SHleriparts brieg imrastisrism 30%
to 90% art s an

b neri.c materj al ch of
said pld CBr(egllle’"l”?}}}%f ?rbcaP?iqgﬁ R %a‘ﬁp i ecf‘?"ﬁ(a,‘é'ly‘]gyg ‘g‘?‘fd'ﬂé‘[cl”\?g gBa’f’lF“ng, at
| east sQERipl néfu nraaagéatﬁmﬁy paacngmmqe&@@ﬁh%hégr@kcpﬁmm f‘édmn%gh
said electrically conductive coating; and wherein said ernopl astic
pol yner itac ret&s pakn PEOY b @ pEcd (RIrBranBektireal Pebv@esivs giadtcl hkghagndasai d
second surfaces and provi des adhesive joining of said first and said second
sur f aceslectrically~cavdAvtiZOP2st6 (Acedhdiivy it wade bl beanothecombpeio fdfert he
present invention there is provided a structure for formn

eIectrodBﬁHEEfFV%médﬁn@%ﬂﬁﬁﬁxﬁgﬁMB%n”@FéBﬁ?%%oﬁﬂWEﬁP@@“ﬁhf@%laﬂ§y315the
t | i t
COITpI’I Slrﬂg? c%r&rng rér? a% (%fCLhB &”HHH%' {T»%ﬁ&n% Q;E,QeSCI Ca?‘caléy qh(?\?']éénlégs and

el ectrically con and a secon ctricalty condd

a pluralFty. of TRarsivel ;eﬁtmesmosj@daw,rsaudchhE@bnﬁpﬁ&S}*&w@@a}éﬂ?.fM materi al,
wherein said particles are from30%to 90% wei ght of said particles and
said thernopl astic polyneric material; each of said plurality of particles
havi ng an el ectrically conductive coating, at | east sone of said particles
being fused to other said particles through said electrically conductive
coating; and wherein said thernoplastic polynmeric material provides

i nterconnection between said first and said second surfaces, wherein said
first electrically conductive surface is a first electronic device contact
| ocati on and wherein said second electrically conductive surface is a
second el ectronic device contact |ocation. According to still another
aspect of the present invention there is provided a structure for form ng
electroconductlve connectlons betmeen electroconductlve naterlals having a

o, o o . o o o



for formng el ectroconductive connections between el ectroconductive

‘materi al s, 1 ~r MAY 2002 6a conprising the steps of: provi dhnmmf
of particles, each particle having an electrically conductiv

t her eon, enbedded within a thernoplastic polyneric material, said polyneric
material being selected fromthe group consisting of polyimde, siloxane,
pol yi m de sil oxane, and bi o-based polyneric resins derived fromlignin,

cel lul ose, wood oil and crop oil, vvhere|4n said particles are from30%to
90% by we‘inlH’t‘Ctéf“ Qupgrepltion @p@@alaﬁa ¥hilg tlﬂ%el?wpma@m @ DY Igsrerdhesiiaerd al ;

0 spost Nopcadéh ARSRRBENER T | LiRlra RO 1RRLAN- FhEC LIS AN EL Ve
surfaces I ng sal aste to a first tenperature sufficient use said
coating omngdusatenmemMCtmﬁlceq)phoatfommsa diebundikg ofatérivl ewhannscdoed thantal cl es
with spaces therebetween; and heati ng said paste to second tenperature
suf i ci enfondycteary glhestherh glegirisr! PONIUEHQR BIORERY Is reBesda ﬁaWﬂfﬁrsm MalisH her
aspect ofy ng
o1 bot r ocoluRt P 8T At 5D ol ORIcRs i R T RS GNEEHEE o PFind BIER
conpri si ng:nnpardnl cTlessibkr- ﬁdquepque:aaﬂerlplahemseiz@rahlaxwutmtgorm ewhtasrigw sddcaidak d
fromthe grou con5|st|ng of Sn and . In, ere zil articles, arefr m30%
to 90% by HIPHLfYeANEERsE Bt FmECh I Istaee) BrrRAl GEPaSe 19%r 19 eEngly

fused to ﬁtdaemg@hén RAfHduRY ¢ réwerRUeH @tﬁe@ el HE SRE-BNIRE rﬁ‘ﬁt&xhélrls

t her mopl asti ¢ pél yner precursor and a sol vent. According to yef anot her
aspect of elettecghesenductivg gnt #lbrihe Ieteetions, pi o icthseifiad mst higetréme” fim ratdotrg-

el ect rocond%cttl ve connections between el ectroconductive nmaterials,

conpri si n‘éo He gt eps of : providing a paste of particles, each particle

havi ng an el ecThéread hioth@NYAE boif CRcERALY @Qndtfdﬂ{'@@dihesﬁ/@‘q@ﬂﬂﬁﬁ) WiHidH pro@ides

t hermopl astic polyneric material, wherein said particles are from30%to
90% by weflgeitocondugsion palyt itclons diertioai d THerdles| abtthe mateyiaksr isc caades al -
dlsp05|ng“ st e r 0 ve
o 5002t 10 SRRt S RNECTnRy L B o ZhRERERY B BER BN SORERLYS,
coating oﬂe@tdpﬂgertbn@aitﬁvecﬂ)aeacleg 1f8o rrithén rtetp&ererD:f adhéseveC omnatd] ezh. pamThé cl es
with spaces therebetween; and heating said gaste to a second terrperature

suf fi ci entEITPif SoBAHIVEoRIRASIVE] AT SAMY Bpabeeomeanerngyetivg rpndy when ks
tenper at UE&nﬁ@&’seé%‘eﬂa ée%ct%dcénﬁ{mﬁ{g%édﬁemae{n% fg kAt RS ﬁ?g"[ﬁi%spr&ésé’
about 250 degrees C. According to yet another aspect of the present

i nvent i onneredly reguiprsdatiend presompoghe inoyorf zmphf:atrcm mfgthelaexsmrelmormdnmtthe

ti b en el ect duct t | f
RPNV e R S R e M P S AT
pol ymer i cTRBt&{dueling YHEEIRE ﬂre&@hﬂ])p@éf&ﬂx&ib@& s@dteasl JoR¥r BRI br BRI Da1BRBME] 90%

by wei ght of said conposition. 1 4 M AY 2002 6b Accor di ng to yet another
aspect of Withaigkebawhgold.nbabinder QII‘PélhéSIV%mmeﬂﬁléélépsﬁygtthﬁérﬁm?tén%mﬁm| sing a

plurality of particles of a{m{[ Wﬁ{ ald particles are from
30% to 90% by wei ght of salg ric ure eac sai pI urality of particles
has an el ectri ftaklay odbfuedut tHevigrenainvegtiaf toaarseloomd ot maede didadeintages of

di fferent than said first material and has a |lower nelting tenperature than
sai d firstheaoepital | said electrically conductive coating on at |east some
of said parti C'A%ém% n% fo! %das?bétecﬁt th¥ pPé% aﬂn@eﬁio‘?x%éx‘e% éJré{wﬁ&f‘Q‘éﬁEgl{% for
coating on others o sal ticles, d sai d particles are within
a ther m)pfc&sﬁmg:elpatwedmcmvmbmacabns Vmwemﬁd:lmgrdconwwanmttérexﬂs asrppn$1ngxf at he
present in tion there i royi ded a structure c S|n a ne of

Pt or connBlEaty pheetissereniey Ml Rttt GG e FHaR Rk ercin

pol yneri csatRridds hikefsheioneean. 90‘9’6‘%" OB gﬁ@bfﬂ sﬂ@rﬁdrﬁél&s aﬁ%%alﬁrt@%ﬁﬁ%sh@ 90%
by wei ght of said structure; each sal particles has a coating thereon
of a fusi bblymestenitatial, saghdof ueldmlerah&t eflparlt1016§ ldivirfee pre stectrivaly sahdudtive st
material an

d f |
T acent batnga s FeanC¥Ehe BF shil SR e ited I Bugfiste pdifiah RGlif saia

fusi bl e nBfegfrically csiucti&O@ating. on one of said adjacent particles being
directly fused to said coating on another of said adjacent particles.
According to yéiccadingiernefipeaspediofthreproseat mvention/bare ip aravitade styiciroiprded
a sol der p?or%nngg eétr Sondi &Q%%Pﬁﬁ%oﬁssbet\%eerr (?[%ol%ggﬁh?cfuw%g %gm%rlpl § st g of

partlcles 6} II’S eria avli g an con IVG
plurality of partlcles disposed in a thermoplastic polymeric material, said thermoplastic



coati,ng of a second material thereon enbedded within a thernoplastic

‘pol yneric material, said second material is different than said first
material and has a | ower nelting tenperature than said first rial
wherein said particles are from30%to 90% by wei ght of said f‘MA%sZDﬂ?d
said thernopl astic polyneric material; disposing said. paste between a first
and second electrically conductive surface; heating said paste to a first

t t fficient to di |y f i d ti, .of. . sai.
par i ci esPUSTERF dRRGA RY™BriSheoth SO To RIS AroPTh SPETLTES Of JOTUPHIS FEEMS K of
inter CO“nﬁf’lkﬁﬂd@@irlé)éaﬁb,%d‘ﬂi&-ﬁas%ﬁ%%ﬁnérﬁ%ﬁﬁﬂlé’%ﬂ-fro‘h@ﬁgﬁi@li, Bl GeyRbo@HR her

aspect of e present invention there is provided a structure conprising:
14 MAY 200=l eoppal thetees safl peopmbesrarhdiom 0% oUtdadbe, weiglt sfiudasd amtickss and

portion of .which has .a cqgntinuous el.ectrically,cqnductiwe coati sel ected
PP om the PbuBEmATRGE: fiMr G ERGe Tob i e TR Y aREet APt B 5006
to 90% byecMgtighty edndwdiite SbAtinGt Uf RasiSinte PAkAIHGlaeSclay Beif@Tudddn@dothed i a

t her nopl astic pol ymer precursor and a solvent. According to yet another
aspect of parHelepHeerght sajdwlesttirdly qondndiviegoplingsi ded a stricture conprising: a

wiha Payer ofcuffer oS JERneR BYR irkiedelRt haph MAICH bRRERLT,

consi sti ngrn@kurSor Feimif eleSRocnduadrionatdtions belvaeadfledioseeiuotiVé naatdrlalxi ng
agent, when mxed with a thernpplastic polyneric material in a 30%to 90%
ratio by ¢RngRting: aplyalityjof pariactep gpbeddpevREihiprghmmmplaskic gelymeriHpaoRalW NGS

Cur et RISk DRBHLL R RA PAYON AR AR TR DAL ey,

of the i nyadtpadgitieshan fiead0% tc GLAIbgtwephwwi baitl hartibleswamy sdid ghemsoplasiici n

whi ch: polymeric material; each of said plurality of particles having an electrically conductive
coating, at least some of said particles being fused to other said particles through said
electrically conductive coating.

According to still another aspect of the present invention there is provided a
structure for forming electroconductive connections between electroconductive materials,
comprising: a plurality of particles embedded within a thermoplastic polymeric material,
said thermoplastic polymeric material being a cured thermoplastic adhesive, wherein said
particles are from 30% to 90% by weight of said particles and said thermoplastic polymeric
material, each of said plurality of particles having an electrically conductive coating, at
least some of said particles being fused to other said particles through said electrically
conductive coating.

According to still another aspect of the present invention there is provided a
structure for forming electroconductive connections between electroconductive materials,
comprising: a thermoplastic polymeric material embedded between a first and a second
surfaces; and a plurality of particles disposed in said thermoplastic polymeric material,
wherein said particles are from 30% to 90% by weight of said particles and said polymeric
material; each of said plurality of particles having an electrically conductive coating, at
least some of said particles being fused to other said particles through said electrically
conductive coating, and wherein said thermoplastic polymeric material provides
interconnection between said first and said second surfaces and provides adhesive joining

of said first and said second surfaces.



FIG 1 is a schematic illustration of an electrically conductive paste
sconprising silver flake particles as a filler in the matrix af em zmn
The conductive paste is classified as isotropic in electroco d{hc .

(prior art) FIG 2Ais a schematic illustration of an electrically
conducti ve adhesive which becones el ectrically conductive only in the one
di rection when the adhesive filmis conpressed between two contact or bond
pads as shown in F.G 2B.. The conductive adhesive (or . filmis classified as
ani sot ropi c. (ﬁﬁcpﬁi‘n&’a_ﬁ? St gother; SpgCise él?“Fanfe‘H_r’é\S(F tProfhese d%ﬂ‘é‘”a‘ﬁé‘iér di ng
to the prsﬁﬁ@tﬂfe FVBRhIn@NeledttdCondhictive %oﬁﬁé&ﬁﬁﬁi}!eﬁvéénl USLHFRLhAROE Adlerials,

el ectrically conductive paste material according to the present 1 nvention,
conpri si rgmpeisingc| esthéimdpéadtic rpol hreerimahrateriabfenteddatbpttssen ca fiodt yetentricatlyi n.
The particles are coated wth | ow nelting point) non-toxic tal.s which

wer e fusé&n’f‘lf“éiﬁ_rﬁ“élv% Sﬁﬁ‘?‘ﬁ F{]?Fﬁlicé ‘38851}&1%91?{8 erfddf éﬂgﬁﬂg’pﬁf tﬁaﬁilcé?, and
bet ween teoRpaf il GlEheARNGhIAAR MhAK makihAGRRrdiR3hidH8idIQ HEGrdis B0, fohe
Paste. FIG 5 is a schematic cross-section illustration representing a
surface rPObnbyiwdighyreft el panticles tang seidaherncapiastic tppdyrmericameiariali aachedrsdidoy an

electrically.conductiye Paste accordi to the invention FI Cis.a.
schenat | PUSHBESOE BEUR TS g8t Taerenor Eibdis RHE i T neg b Py ¢
chip diregftlcYesHelRCfubsd toQtier Bhid aftRMEIthaoupl Al efecfriedily c&ﬂﬂ&:ﬂv@&oa‘ﬁﬁ%@ld’f he
el ectrically conductive paste according to the present invention. FIG 7 is
a schematwheréih |saistthemapesst palymerici thafpesl wevides mtgopyrcederebelivepn shg first

conductive pate structure matching t. h bu structure on a sild con
waf er The@nﬂuslaf(flsggp i‘g?aﬁﬁ?’cwgﬂﬁg’t F%&eérggre%gwg{swaco\lllg‘éﬁfvleesqrgarceV\Elfaerflrgtcal e
burn-in andiehicRielRs bf@et locatibn ahd MhiR 08& sécoREERE LRI PESARL Y ffak@isone
particul ar enbodi nent, we disclose a new electrically conductive paste

mat eri al acep@idstleqipnist davigsconteedlacevPper powder, pol yi ni de- si | oxane,

sol vent (N rmethyl r.ol J.gh r ) i i t :

j oi ni ng oper at}ibéolcrcl)rcgpa{l% tgegtglerggcg}rlér%e%&!ﬁ%gapf g %%B%Fﬁ ﬁlg:‘]/% gﬂé‘?{n? ﬁ%{? qgn& %&8&8
wher e a matetutafagi foahingosiettrogowfuctne conrfentions Snwben Alacirescoaduaivel mstasalsat
the particle-to-particle as well 'aélbh(gn rti.cle-to-substrate pad. interfaces.

The | oi nilRYingr bdikesandap spePng; ¢lpgtric Y syfaces GOMBLSHL; d° Yo The

pol ymer  Glridig dMIRRIASS iiCAPoIDR eSO AR S3vides blielh RERIrACARASHEREMH NI
on the paste fornul ation. Because of the netallurgical bonding, a higher

el ect ri callectrivadly condidtiyeissrfaoepeehedinsatdpartiee afenfrem Piife tooP0%Hy wWeighpelst e
material than with those of the silver-epox it erial.. .Th tald urgical
bonds. al SergsUr e i ST dmbeEr o eaRR e TR geb P il Mgt gusd oo
ther mal axPRFULE cRBEICENE cbidictilé cb&indl 20 IQ¥PaFhe df kidhgareclas Bei@gBefisddoiont
stfength fromthe conbi ned effect of the netallurgical and adhesive bonds.

Dependi ngteH eiepdpples dhrengihsad wkpstripaly jcopducsive copfing; jwhesgnrsayl gecteieatly

conpositi DR fd I i f fi -
mat eri al C%g(rilﬁ) tlé'tegzgfﬁ[g% )ég&% i nclseé ﬁn@ﬁ%&é@éﬁ@@%%&ég&%ﬂ as ge’l élsrldpﬁh?ﬁg{lrnl |y
'based on dneefs®Etdiritundisaidlsedvmdddectridaly conduictiat swddcasris of sobdst isanfacef t he

filler material required, to achieve acceptable ', conductivity |evels js
mich | ess. ¢ han Eane EBH Nt f raﬂg@%ffﬁtﬁﬁpﬁé%ténvqwoaﬁeﬁfﬁ&p@wﬂsﬂﬁHﬁﬁfeqd we

propose tdei sOhe BRpY BB plobRiiflSa gﬁ&@@f 5&kib O BaE R PENRR! BaViESAHEIERRcAly

bi o- based terirals arter appropriate functionalization to achieve the
desi r abl econtiestivel caatidg ttherebmgémbdddpd opighini & shermeplastor pelyargpiceinatehiel, aaaal

t NSF t 85-12<36 by WG T. G VG-ard. Ligni
(b r ~<iXeg PO palsEr T TRt Ge ER) P EEe b aR, 2Bt Sty e "
pot ent i alpae@dled HakR 80% tb DS, PrBRAEof ddrpAicled asPidBlcBhbAhSic folymeric
environrenlal ly preferabl e because they arc derived fnmm natural "and

r cncu~ab(mategslo dispesngsadd pagie beswges pdissdndfa seeomsl dlecid¢ally condediesndasss; t he
useful Tije.of Lhe ol echronic sssemPlynllrl S h AR biahl A dsabhe Arklie
to form a network of interconnected particles with spaces therebetween; and heating said
paste to a second temperature sufficient to cure said polymer in said spaces.
According to still another aspect of the present invention there is provided a method

for forming electroconductive connections between electroconductive materials,



use of the Cu-Sn powder elimnates the use of |ead (Pb) containing sol ders
and the resulting paste formulation is non-toxic and easy to q@ﬁﬁgﬁ?' -

FIG 3 illustrates new electrically conductive paste (ECP) 2992
according to the present invention, conprising particles 32 having an
electrically conducting coating 34, as conducting filler materials, and a
polymer matrix 36. The particles 32 are preferably Cu particles. The
particles 32 may be Ni, Au, Ag, A, Pd %nhd Pt. The coating 34 may be Sn,

Zn, In, RempBisiigrthestepThE proaidingya paste of parsieles.casrly peitisle havinamm elaﬁacally
blsnuth a y t X ef.erably
o thor m)pqo?th dRe co%ttpgque&? %@Q@dd&&%ﬁﬁ% dgﬁ‘egmlBgiag{;g [}B&thc {llilélﬁe{LIngnJa\?él |
be descr lﬂlﬂ-’ﬂn&@d Qiéterialt BEIAE s&fectehefrbﬁﬁft}&f pashpe ohatkting ndf) pblyimide, isHoxuwmie,
limted thereto. The first step of tin-plating, on copﬁer pomder |s cle n|ng

of fine dwpyerd plrene.iand hiothasad solymerigresinsdsriyed figet Bgnipatellplose
h I
whieh wac S8y SAG PR g BatichR ot Bobl Mok!8200% b o detd &t tt{ﬂtl@s?m "

pl ati ng isidtehnoptasicopolieric |nw¢‘r1260mptmsxrﬁg3mi@lpasta banveem“aaﬁmt and tai secphdat i ng
solution, TINPOSIT LT- 34, fromShlp Newt on opt i mthlnltﬁness
of tin iscleptacally epnduiiive yplagesy ﬁqﬂneﬁagbwéer to %ﬁfsérteIPP‘?téﬁ“F@S IFENY Ponfl8F at ed
COpper POMEIEL,akifio oA c@ﬁtﬁJaynatt Foith ableevdte o if@ofnddted ;tha@s%tht KRB

Qual i tek Tnternationa | son, . This prevents tin-plated copper
powder frthanebatmbaml aml Unedting istidi saspr tme\ss,@dndi rewperatwe dutfidiem foastre. safthe
tinpl atedoﬁﬁ,rg F owder is formulated into a conducting paste by m xing

wi th pol yif IZiSPISCRAES: NMP sol vent, butyric acid and et hyl ene glycol . The
rel ative amounicQfidihi! doEt1PQWERE %’}%ct tJFethQOAr?éiéﬁf ifenkibaX th&evﬁr bt%dldfeﬂoam 30
to 90 %in weight, depending on the applications. In general, for the

i sotropi cstoiohde dor fomming hlcgmdondmcéwemngmlopebe@wn|eéectre@pndmetnve wigmbersa | ow

filler wei ercen S Ji€ ui red ani sotropic a icatio

nsure urd POV o pevsleS, gPbbie igpariB TR 68 SRR RISl i 1 o
t hree-r ol donsiReAE ofrishl andThle wues&@t‘sbtdyparﬁclaé s Gomt 30k 1tedoby badieight Gsdide
vol ume fraction of the filler powder in the paste. Wien the filler weight
per cent i STUCBUE; Ftdeassxams| &, saBbpagicles heingnfusedis ethgentidrayicies Prepedssad f or
~ 4 MAY 2 g]g% t the viscosity
of the pacs[,gt%én% %fé‘g‘gg‘l@%é‘hg‘?%gﬂt%mggggsttceé Gg#‘t a&ggej(gia?cel %gﬁl print. In
order to charaAterding td lyet ®lotick nspeat ofithd pmeﬂrtani/exmlonphe:rpeg priogsled jaanethold
sanpl es H%de of the tin-pl a(i ed copper-f.ill eg conduc %%te are .

manuf act ui%ed TBYMINg i Fleqasgnqupgve | ConRRsEans < BPREFD c & HH% V9 afmeifaPiSon i s
per f or WEdccﬁﬁd)rﬁtﬁgama%’E&E Wire ?A\h(ﬂhél ?a@t@%‘f%aﬁﬁf‘esn@ich'ﬁﬁﬁlo@@haﬂtm@ﬁn MRectricAfly
exanpl e C) at a pressure of psi. I'n ordez to conpare t

conduct i v¢ctn¢uvta~tetmtmetthrmoq, @mbedid@lambﬂuw themnepllastic frabymar it wateriakl eévherdie

ot o a1 anaicroh SRR Th 0B b deR 4 RE oAl SRRl feiEoliRlc

present lwwbtlenmateﬂmpddtsmlﬂg)mt peéteCttdtwsei o gedtShadce seadnde eleb@ically
exanpl e, 2.6x10-5 ohm for Sn-plated Cu paste, 4.7x10-5 ohm for Sn/Pb sol der

past e) anePTRUGKECUBageRnheengmibpasie tofaHrsh tepanpraiate safficiensfto aﬁlb?@tﬁeldoccesegu nch
by 0.050 c C t e ra o] r

Chvent tong Liashf feERIE ARCER 4 PR, SEEAEAREC phAEIRT SR paces
attri but etﬂteted)ett\xtbendlaﬁcﬂ efeating skid pinge holl K sém)Iﬂdutetnp‘etalureSsu(ﬁﬁmempmebul\besaﬁdls

Sn/ Pb sol der . Measurenents of the j éjnt strength has_ al so ,denonstrated
that the P9 e | BRgcRy AnhavisEan eid (e emRYaiee fiesgt scand GPRASHITEGR® has
a hi gher fg NS ot { ek B g(?a& & ¢t he Ag-epoxy paste. The ECP made
of Sn-pl atre Cﬁ powde (fn(r?% ﬁtbylﬁlttn% gr | oxane resin is a good candi date for
t he hi gh t enpeAatardmgstl ger ap@thmt sssut lof abe Qreswnt 15‘0dntien thadel 1sc provededi an
(Sf30 toaceramc sultt)strate I’IC Printed circuit

for the
board apPrTRB B fF nfaie PleCRypnasyacel SRR IPpay eR nducie
tenper at Up GG &1%%) Epiusallly 6P phthigRe  eakh b@t‘ﬁcfchﬁv Seléc'tﬁélr?]'ytc'oﬁd{hcttve
t enperature of th ol yneric resin, for exanple) A candi date for this
Pur p~sc i soating 5CH opalyineriematerdil, Lwrhqtitlatsetﬂi }@mthicﬂ/\@telfmﬁmabmlt d0%dtovabont 90%
polyim'dc-silo?n sin.  The rcflow tenperature of the Indiumplated Cu
powder pagt"%'e}gi’ aﬁtﬁh‘fc%&o%lo%l ch is even | ower than the refl ow
tenperature of the Pb/Sn eutectic solcJer, 215 C. Referring to F1G 4) tf~e~
paste i s disposed between 1 ~ MAY 2002 surface 40 and 42 and heated to
the refl ow tenperature, which causes the conductive coating 34 of a
particle 32 to fuse to the conductive coating 34 of an adjacent particle to
forma bond 44 therebetween. Additionally, netallurgical bonds 4G are al so
formed bet ween the cont act surfaces 42 and the part| cl es adj acent to these

Y Y b1 e I T



1 4 MAY 2002 12 thernopl astic copolyner, this joint can be reworked by
heating to about 200 Cin the presence of NWMP as a solvent. In case of
direct chip attachment using C4 sol der bunps, an encapsul ati hS
enpl oyed to obtain a desired thermal fatigue resistance of tﬁg‘ Miﬁﬁoz
joints. In the present application) the polynmer matri x serves as a flexible
phase that all ows acconmodati on of the thernmal m smatch strains between the
substrate and the conponents. Additi onafl y) one can encapsul ate the spaces
bet ween t he padtw@rgiagso wittanodesespericl piad prasant inyentim theve 18 arryidad & fidictier mal
fatigue resistance if desired. F1G 7 shows an application for wafer-scale
burn-i n of°"EASEH ps. The conductive paste material 70 is dispensed on a

mul tilayer ceraglgalgyRFtyatti@es/ef Miedenipadall GOk Biid Phrtidedeclhiad 39% o t he
silicon wafer pad footprint 7G on which are di sposed C4 sol der nounds 78 to
be testeop%@ymnightﬂifﬁaldmctmec substrate provides interconnects required
to po~i~er the c durin rnlnadt L. L/ in
grid array 80. eafEe 02(1)1?1i lul ﬁ{y 0%6) Cleso}hasta Fleg rgcaﬁ ?at% {el&l%éwce:ﬁ?aty%&gg% né

Sn- coat edmprfiki whieh lsaalefeiamdﬁ.d salathﬁatemudmdthhe a(éwer madlting eentpdratnse thedi or e
the burn-in step. The burn-in gperation is performed typically at. i 50 C, G
hr. AftersaisLifiFst prateriohsaid dleqtiienlly qogdudtiyscariéne o1 gineash éo%Péﬁaldé’rﬁﬁlcé"érﬁ%e

used agaify by gﬁé&{y @?sa?d"@%g@l@%q cfwfﬂ/e §%tﬂgro t{)tﬁ&% ngrugf@st Ny Sd

bunmps during e Vi ng s 1n re-screening
t he past epatlﬁclf:@airmenﬁredqhaﬂ\snhﬁﬁh&hmopla@ﬁc pal@mehbmmalremmmiirrg noto haweet
changed shape or co&pgm tion due to the limted netallurgical contact area

and pr essHOEBaEReSEA PRBIGIER dRVeRHAN theke sPrefdded At YREOTRENIE be able to
clean tl~e good chipg dﬂ"m?er@dﬁn’é?t@cli ‘Iia?tﬂsllé’seﬁ‘f a(fde Hla@élali‘"ﬁavgnp ) a%ﬂ%?%z%ggl e

Them on substrates as per nornma ocess W thout any prohl e~~s

re(l ow stpggmesanpleesl dferabetWeeneWh@tm edl partidendedtany 80petotS® Yoray eright of
according tp th resent invention to be used for the applications

of ~surfacsé'“£r§ﬂ}’r‘"r§ g’ackage assenbly to a printed circuit board) direct chip

attachment to gchisesdi tfahtidey Has @%aﬁﬁ?ﬁﬁém&@@'f@a Bukible i Maefial Isafd Glkis) in
several types of fornulations aie as ~+ MAY 2002 13 - copper

powder coapistalvstdifferenhiban saigdirsionatese) a8l hasriglopsr meltingotempssatere tharpsaid
such as Spsthgen%l) Sb, and their alloys) mxed with an
envi ronrren'i -sdfe fluxing agent, such as no-clean or water-soluble flux.

- tin-coated cagmht panicies i m diiXedwotl dre poheredriogethst ihmaghesmd\ﬂvabmhmnm), and
butyric acid and et hyl ene 8 ycol or no-clean flux. - tin-coated coppe
powder , L APEIT A AhaY adispensipartishs damgslispruY fysed fsaid coating on dnother

of said adjacent particles.

According to yet another aspect of the present invention there is provided a solder-
particle-free method comprising the steps of:

providing a paste of particles of a first material having an electrically conductive
coating of a second material thereon embedded within a thermoplastic polymeric material,
said second material is different than said first material and has a lower melting temperature
than said first material wherein said particles are from 30% to 90% by weight of said
particles and said thermoplastic polymeric material;

disposing said paste between a first and second electrically conductive surface;

heating said paste to a first temperature sufficient to directly fuse said coating on
one of said particles to said coating on another of said particles to form a network of
interconnected particles with spaces therebetween.

According to yet another aspect of the present invention there is provided a structure

comprising;:



sui tabl e solvent, and butyric acid and ethyl ene glycol or no-clean flux. -
'I ndi um coat ed copper powder, m xed with polyimdc siloxane, NWP solv rniooz

and butyric acid and ethyl ene glycol or no-clean flux. - indiu
copper powder, m xed with renewabl e or bio-based pol ymer resin, SU|tabIe
sol vent, and butyric acid and ethylene glycol or no-clean flux. - an

optim zed fornulation for the surface ngunt appllcatlon) conpri si ng
i ndi um coat ed copper powder of 30 to 90°%in pol yi m de S|onane

NVP sol vent, aitfdiges Wii Paes dayng %tSHny%eaI@ 9@@? jal rRBrtlﬂneaﬁ wiigh has an
opt I m Ze%o%agms%éc%all ohBifiith 58@%@4&%&@%@1&%@&%% difthg GUPLISINY
i ndi um coat ed copper powder of . in weight, polyimdc Siloxane,
NMP sol vewhereiarsdidnitryelecaradioth 208d te by tfyrwelghlyctfcshldmtruntwre cl ean f | ux. - an
optim zed forrn(lallon for Ihc ur -in aggllcatlo ri sing.tin-coated

copper po~der B4 RYltlEs 3§ copjarned wi @mth 8PSt gy KeHHeor QbERGenl )
and butyl is &&c,%r@l'ﬂg t@&gyangﬂ%r Hp¥Gr 1R proQné [fRfkidd tl}%re JE d%'adauﬁﬁl'ct(
pastes according to Present 1nvention can be used onducting |1 nes)
ground pSangsisirgnef via f|IIs in the conventi onal prlnted circuit hoards by

repIaC|ng elther | hc ad |vc err ubtractive Cu tcch . This .w |
o Pt et het EpRA RaDish e f oueiate. sl gy Popish aoyaich it comBuaiihg
cost and g o@@l’éotrﬁ:aﬂ%Bﬁ(ﬁlcub@%@‘énaﬁﬁ&%cﬁfr&q tMé ERUPChAiQfh ol fTIru| m H0g% d
manuf act uri ng ~ ~ (=~ 02 14 While the present Invention has been

descri bedand annble@tmttll@rQOme@r vl cefibodi meent, Whenumsedygtnadhdrimoatasons)
changes, rovenent s cur Fo th?Ee skilled in the art w thout

PR ik TS AR (RS L SN P
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1 4 MAY 2002 15 CLAIMS: 1. A structure for form ng electroconductive
corninecti ons between el ectroconductive naterials, conprising: a plurali of
particles enbedded within a cured thernoplastic polyneric na i Qﬂbéei n
said particles are from30%to 90% by wei ght of said particles and said

t her mopl astic polymeric material; each of said plurality of particles

havi ng an el ectrically conductive codt i ng, at |east sone of. said particles

bei ng fused to other said f& t él es _through said electrically conductive
coat i ng. BRIBF sDILSQIR &P b Oy EgTHEcD&bAMdMGS/e connecti ons between

el ectroconductive materials, conprising: a plurality of particles disposed

[ th | ast.i I ' ial. id _th | i€ '

3 TR A5l RRLMTRY LRy TRLEEBLoo 53 DR IRRLASE 1) RRLOHTPLbBaren .
pol yi m g, fid GRMRratoP iR RABRE PAEMIRI U&GcFiBRLADS U inveskidd @MehirgRiNn
cellul ose, wood oil and crop oil, wherein said particles are from30%to

90% by wenptictiof with ehepdrawiap édganed Isaindwhisar nopl asti ¢ pol yneric naterial ;
each of said plurality of particles having an electrically conductive
coat i ng,Fl&. 1 éastschenetioiliustriagiopaaftancelessrieadiympndusiéve pastocemprisiagdilver
particles through said electricall, onductiyve coating. ;3. A structyre for
f orni ng Tlakedtar Belsh A% 211176 T8 S BTALT 95 CBRT RS- o W raslBHite BEte & Hapapral s,

conprising: ,a plurality of rtigles enbedded within a thernopl astic
poIrTErrer iaéqsr?éfoevr??m ?]Iegté%{%?"tdﬁlgﬁ%pfpé@triaéggpI yneric material bei ﬁg an uncur ed
t her moplgy i 6y ?sd;?@ atWB LS8 SRbHaRpafetirfch c@ﬁcﬁjcfﬁw%ﬁ&%fet@h@ﬂ%éagrﬁ&! ght

of said particles and said thernoplastic polyneric material; each of sai

pl ur al i teyecoficap@rdonauesveanlyrig tha oak eltictticaiwhyn epngdatedsivedilgoiicongpreskd| east
sone of said particles being fused to other said particles through said

el ect ri datwsencormewitereteorcoentd ngds as shpvet inuEtGr 2B Ghe tondrictiye adhesive (or

el ectroconducti ve_connecti ons, bet ween el ectroconductive materials,

conpr i sir o) ‘%Clﬁf%fr-‘%ﬂ Pt §niBPirpRIt i(BF‘QE_aE edded within a thernoplastic
PoLYer TS 1) e TP oLl SR BT Bhokfs ® v el
30%to 0% . hyisweidinaek iRaditaRAT bf £h eRcaiRE(l 3bkbIMNOE Fafk ARkt fia P B EC
to the present invention, comprising particles filled in the mgtrix of thermoplastic
polymer resin. The particles are coaled with low melting po'int. non-toxic metals which
were fused to achieve mclallurgical bonding between adjacent particles, and between the
particles and thc contact surfaces that are joined using the pastc.
FIG. 5 is a schematic cross-scclional illustration representing a surface mount integrated
( circuit package connccted to a cticuit board by an clectrically conductive paste
according to the invention
FIG, 6 is a schcmatic cross-scctional illustration representing an integrated circuit chip
directiy attached to a high dcnsity printed circuit board by using the clectrically
conductive pastc according to the present invention.
FIG. 7 is a schematic illustration of a mul(ilayer ceramic substiate with the conductive

paste structure matching to the C4 bump structuic on a silicon waler. The multilayer

ccramic substrate serves as a vehicle for waler-scale burn-in and chip testing.
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matgrial; each of said plurality of particles having an electrically
conductive coating, at |east sone of said particles being fused to other
said particles through said electrically conductive coati ng. ﬂl,ANﬂQ\YLQﬂm&e
for formng el ectroconductive connections between el ectroconductive
materials, conprising: a thernoplastgc polyneric material enbedded between
a first and a second surfaces and a plurality of particles disposed in

said the p al, wherein said particles are from 30%
to 90@6b§ﬂ§£?gﬁ$%39 gg?ﬁ%% egwénd sai d thernopl astic pol yneric
material; each of said plurallty of particles having an electrically

conduct i M\eomg.ixitmglar&tm6cﬁﬁﬁﬂens,o;medaleosah Gepadlédtit 85 dridaglitdpade toa@tfaer
said particles through said electrically conductive coating; and wherein
said thelmmistiagtominp(zmyﬂbmnpqmdeal p@lyiovideredoxant esatomt bt insth et ween sai d
first and said second surfaces and ovi des adhesive joining of said first
and sai dPyedishenaar PYEY. cagboxylig tsﬁrrr%"tf‘@)‘r f‘*dP‘rW'Fﬂgo%qféE?F &8Buct i ve

b I d
ner mopl BT egOr e B PPaN L asB adt Enotua S Ii B Ebafiinp of 1

conduct 18ifso. gqulsi}]?&xmg RLGRplikHal 4o Atyme Agd. kd’ﬁeﬁ}bﬁéé‘&%ellaagd a plurality

of parti | sposed I n sal her nopl as |c polyheric material, wherein
said parﬁdr@lh@&oadu%sﬁ‘rﬁw@a'io%téﬁa&@%ﬂw jomI@pr@fssmlndbdoamdrcsbﬂs-semé dyai d

t hernopl astic polyneric material;
liquid-solid reaction. The polymcr curing process can be combined with the joining
process depending on the paste formulation. Because of the metallurgical bonding, a
highcr electrical conductivity is expected with the joints made of the new paste material
than with those of the silver-epoxy material. The metallurgical bonds also provide stable
electrical conductivity of the new joints upon thermal exposure and cycling. [t is also
expected to have a higher joint strength from the combined effect of the metallurgical
and adhesive bonds. Depending on the applications, the particle size of tin-coated
powder, composition of the polymer maL'rix and volume fraction of the filler material can
be adjusted. Since the present conductive paste is primarily based on the mctallurgical

bonds, the critical volume fraction of the filler material required to achieve acceptable

canductivity levels is much less than the canventional Ag-epoxy paste.

In another embodiment, we prapose the use of polymer resins prepared {from
rcncwable resources or bio-bascd materials after appropriat.c functionalization Lo
achiceve the desirable thermal and rheological propertics, see for cxample, the final report
on NSF Grant # BCS 85-12636 by W.G. Glasser and T.C. Ward. Lignin (by product
from papcr manufacture), cellulose, wood or crop oils are potential candidates for this
purpose. Usc of these materials is environmentally prefcrable becausc they are derived
from natural and rcncwable resources and can be disposed of more readily at the end

of the useful life of the clectrontc assembly  This is particularly atlractive because the



each of said plurality of particles having an electrically conductive
coating, at |east sone of said particles being fused to other said
particles through said electrically conductive coating; and mﬂe eNHQédﬂNxZ
t her mopl astic polymeric materi al providgs i nt erconnecti on between said
first and said second surfaces, wherein”said first electrically conductive
surface is a first electronic deV|ce con wherein said

cation an
second el 884 P§ BgIGuySp BRYHET FHrRinass thrdise Og? dét@&?&“é‘f‘%f‘? gt @“gél\fi ce
contact | ossattimgrpaste forrdlatilyy i2ff2tokic and e@systtordjsptomr e according to claim®6,

wherein said fi g ¢h@eh LR EwlQYdGea Scoﬂd i rg&@ugéwm&éams%d sai d

second el ectronic device IS a pac agl su ructure for
form ng ePecdrdisg o discriesasnt @B’ﬁﬁ@@'@»lQ?H&’%’é‘&ﬂéé‘#?@l%dlaﬁ’ﬁtgm*&m% Ymat eri al s,
having a f:bﬂicﬁicuagldoam@emorad cBhd®rting Eidled maeﬁadu@m a/pol§m&f ARes SENMeei Ng: a

bt v ded BEEEAm 2t BrFRRD ChaaRd JIEHRRIAC Frbl KT Rbradeef ed o
sur f aces, anh@t.eiThe seitihgplt may lbeSnada, iy, dih BOos 6o Jhercbatingsd pistpreferaidy d

particl es ianghifigh add SR, aﬁmnsnfei Mmlhaldmw&é@l 1Ttﬁ%fyrﬁér ik lel ur a' ity
of particle§ hglv;arnﬁﬁan el ectrica

nducti.ve coatlng, | east s
sai d part Praferably rpoRlatfic, nast HF—?%“%@V& Sa)P‘F’I‘ Lox31igy ngg}tl@n will'be
el ectri caldkscribedtelo maennsdf thg ,prafeﬁecbemb&hmdnte betcﬂt s mﬁlhlrmtddahet‘eni.l ve

coating has a ”%E ifﬂ& s&e%%‘i@-bﬁ'ﬁiﬁg loﬁ%ﬁpﬂe? %Bwﬁ&aﬁ cleaning of fine copper
powder in a dilute sulfuric acid. The copper powder used is spherical in shape, having
a size distribution of 2 to 8 pm in diameter, which was obtained from Degussa
Corporation, South Plainfield, NJ. Tin plating is performed on the clean copper
powder in an immersion tin plating solution, TINPOSIT LT-34, from Shipley, Newton,
MA. The optimum thickness of tin is 0.3 to 0.5 pm on 5-7 pm Cu powder. After
rinsing, the tin-plated copper powder is immediately mixed with a no-clean flux,
FLUX305, from Qualitek International, Inc., Addison, IL. This prevents tin-plated
copper powder from oxidation until it is processed into a conductive paste. The tin-
plated copper powder is formulated into a conducting paste by mixing with polyimide
siloxane, NMP solvent, butyric acid and ethylene glycol. The relative amount of filler
powder over the polymer matrix is varied from 30 to 90% in weight, depending on the
applications. In general, for the isotropic conduction, a high filler weight percent is
required, while a low filler weight percent is required for the anisotropic applications.
To insure uniform dispersion of the ingredients, the mixture is processed in a three-roll
shear mill. The viscosity is also controlled by adjusting the volume fraction of the
filler powder in the paste. When the filler weight percent is low, for example, 30% in
weight, a solvent drying process, for



of said particle, and wherein one of said first and said second

electrical ly conductive surfaces is a solder surface. 9. A nefto@AY 2002
conprising the steps of: providing a E)aste of particles, each particle
having an el ectrically conductive coat?ng thereon, enbedded within a
thernopl astic polyneric material, said coating being selected fromthe
group cenaingts, 1§0SEC, SmouZris réquiregi to adigst She vispnsitiioh theapastplafeiecdispensing fr om
30% to 90% by weight of said particles and said thernoplastic polyneric

mat er i althe BRERGS R desigdd9st BBt ween a first and a second el ectrically
conductive surfaces; heating said paste to a first tenperature sufficient -
to fuse sailh ewiaritmghamcrdizadentiepatcal anésiecharier! prapyitendriRedsamples

i nterconnected particles with ﬁéaces t her ebet ween; and heati nP sai d paste

to a sedwiflf dlethsdimplated sqnper-dilleficonguetivedpasts e gotraiactured Wafamuptings. 10.

A nmet hod_accor,ding.to claim?9 rein said.particles are f he
ar oup. oSHE Lovirgegs b pUbdys. "REC Faina b iR afe8 3 ¥ GmipBfEfe g
f or m ng ,gheCtEORRNINGSdiNECORNBE ek aRnPIDebIREN L BRENEUTIYGs] Ven BRIGTIcA! S,
conprising the stepS of: providing a paste of particles, each particle

havi ng @bmplaectiid calduytidiondalues, weheopinedgatipdesenn alserfabrlckted whtitd thea

t hernopl astic polyneric material, said thernoplastic polynmeric materi al

bei ng selmitdreprotessbytyséngroumeridlsi sty ofd PaiPpiewitestic seidporastemagentislsm de
si | oxane, and boo- based gé)é?/msri c resins, derived fromlignin, cell BI ose,

wood oi IThe j9ingd plespads f HifaPEsH ACRHrFine Rt PFFSETiaveRion  SBPEEI4RE {1 om
30% 10 SNAPUMELAf P8 B! LT RNARA SO NSEIRRIASLE Bl ©

mat erialy " disposing sard pa bet ween _ secon rr'cal ly

conduct iqve 19U diag 8Ss SHBR oML rSisek, RAsI E3:410-5%Hnh T&t AL PBRY Al W @neadifdreh ent

to fuse said coating on adjacent particles to forma network of

i nt er confiabbed0Padtindl éy Wit irshacEbe tdssiaise bitianpasamedccording to the present
invention, is even lower than that of the Sn/Pb solder paste. This can be attributed to

the difference in the bulk conductivities of copper versus Sn/Pb solder.

i

Measurcrmcnts of the joint strength has also demonstrated that the joint made using
the paste according to the present invention has a higher joint strength than that made

of thc Ag-epoxy pastc.

The ECP madc of Sn-plated Cu powdcr and polyimide-siloxane rcsin is a good
candidale for the high tempcrature solder joints such as C4 and solder ball conncction

(SBQC) to a ceramic substrate. However, for the polymeric printed circuit board

e

applications, this ECP is not adecquate, because the refllow temperature such as 250 °C
is much higher than the glass transition temperaturc of the polymeric resin, for examplc,
FR-4. A candidalc {or this purposc is an ECP made of Indium-plated Cu powder
formulated with polyimidc-siloxane resin. The refllow temperature of the Indium-plated
Cu powder paste is about 180 °C, which is even lower than the reflow temperature of

the Pb/Sn eutectic solder, 215 °C. Recferring to FIG 4, the paste is disposed betwecn



heating said paste to a second tenperature sufficient to cure said pol yner
in said spaces. 12. A stnicture for formng el ectroconductive connections

bet ween el ectroconductive nmenbers, conprising: particles of ¢ e a
particle having a coating selected fromithe group consisting gquMéﬁdgpqz

at | east sonme of said particles being fused to other said particles through
said coati and e dd wi thjn a thernoplastic pql.ymer precursoy and a
sol vent, S\Wg:g‘?ﬁe a%‘glgg ab‘gﬂﬁa&(@g’ teereflPyne Bmt”%%ﬂl‘%‘ &‘b‘ﬁgf ﬁ&o%%{)’%i:ght
of said t : car.di cl ai: t j LNg
pr essi ngéésagl ﬁrgfs%jpgatr@%gt{?gg\%r s&§$0 ggéetg,c?néga gﬁk?j gciﬁnlgﬁgﬁén@#%@f or

form ng & REH Q®RREULL ihef b BRERC I ANGoRal\WaRAaI rBlhl BERIIAAE hieVBsdTReidAl S,
conprising the steps of: providing a paste of particles, each particle

havi ng abetslieentthe cahtiayt nofates 2 \aa dcihatpangclthadjecmt tentheddadantst hi n a
t her mopl astic polymeric material, wherein said particles are from30%to

90% by wei gith 1t 98itEe PRfifdreh@faPiRsudE Al erh REVIPHIly Al irésidPhubR Hiogn Mt eri al ;
di sposi ng said paste between a first and a second electrically conductive

sur f acesreng@ablenyy Haitdsphsyseernosect ay Sinctiemgleediignim, seifflowi awt woad bussosai d
coating on adjacent particles to forma network of interconnected particles
Wi th spaeidscamhie alsetusedn Thasrarcsastara diedegtpdshla or mgda fense saa-festfueht ur e
sufficient to curg aid golymar ]i.n 53idt§‘$ ces; .and V\/r]ﬁrei n éaid f{' r.st

t enper at PRV &AY2 RGO ¥ a! [Pl ire iy EeFronf 250 s g adgmansied ato
about 250 degr 8€§,eF ustRi 1#e.COMPosi tion for form ng el ectroconductive
connections between el ectroconductive materials, conprising a plurality of

icles, Jicle havi j ca duc i i.ng, and
Fher mopl ast Fchol g conlpiadly e PP pET iy d et 0 bl avout. 3%
to about fie-Ave \6’@&9chc&ﬁiirﬁgaéodth%g%%it%%ﬁom Hh MO %004 ﬁ&% 10scrébn

conposition according to claiml wherein said electrically conductive

coati ng pdsted areld ¢y dopppebaddiped|@sen bIPOB bhpradfces atith gardonobtiodad. A
conposi tion according to claim 16, wherein said polyneric material is a
cur abl e sdarRsteadiadcs nmpégaillyl has1BSn Aogngp b4 Thonage S6risidisgosed titwicen 58,

et er | a1 58 361 CATEBueE 60 GHRE EBEHISAYSB PRI SM G piskras hia PePe

T 148 ASHALONED PR BT RSB o B DS e,

mat er i al ThyRRire] theSfrlclc size of he tin-coaled powder should be in the range of 5 to 10
um. The joining opcration is combincd with the polymer curing process at the
temperaturce between 120 and 150 °C. This low temperaturc process would introduce a
much less amount of thermal distortion to thc PCB compaied to the soldering process.

( In addition, the joining process is frec of cxternal fluxes and no flux cleaning step is

required.

FIG. 6 depicts an [C chip 00 altached to a high-densily circuit catd 52 such as
sutface laminated circuits (SLC), where th conductive pasitc matcrial 64, according to
the present invention, is dispensed in a two-dimensional array matching the footprint
of the chip pads 66 The joining mctalluigy on the chip side is preferably Cr/Cu/Au,

and Au-to-Sn bond is expected to form at this interface. Since polyimide siloxanc is a



particles are from30%to 90% by wei ght of said stricture; each of said ~ .
“plurality of particles has an electrically conductive coating of ec ﬂ i
material which is different than said first material and has a1 IllomY ﬁﬁ 2
melting tenperature than said first material, said electrically conductive
coating on at |east sonme of said partixles are fused directly to said

el ectrically conductive coating on others of said particles, and said
particles ax nbedd it rmopl ast i I h ajf. . . A

ST uct dPe RS oty iyt i Jo e BRFHERBL ARt g R p oL 500 %6 inhe

t her moRaght€ o PRINM FBSsILoditeni! 1ARLES bfdirdavhipGittchRATEHIAE B1dQ| oURpd, C.

mat eri al therebetween, wherein said particles are from 30%to 90% by wei ght
of sai dnsdricapiuligon pawdesois esmpldygdhitd bblaésa klasiral theamahfatigheresisiante af '
fusible material, said fusable material is different than said first

mat er i dhe apldehipints. |lowbe prgsent Apptieativay teupdymaamasex gervey at 2 g al ;

dj t ticl [ i d net d d.t ther th h i.d
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parti clgs Hittaskdéctld pRTREE 8 rhaniéhtaRceliRctherRal faYig6ORAieddkar aeatddng of
a second material thereon enbedded within a thernoplastic polyneric

material, ??d}ng? S&Co%?%r{r:g‘éﬁﬁéaﬂoni f%ﬁ%gféﬁgcgﬁthrgﬁﬂ &%ﬂcﬁibgs&hm&)ﬁm@giv@nd

has a | ower ting ature than saird first materral, wherein said

par ti clsteah8tekfaPm 3OshenB38%rPY nvetightr edramad shiRaiatd 72 @hoddPad dddiprint
t hernopl astic polyneric material; disposing said paste between a first and

second 7dligetattical tvythabrdiicbhweafsuphddegtprinfid6 MAWIROD 2ré 8ispbeedt Chgosiar d

paste to a first tenperature sufficient to directly fuse said coating on
one of MHHIspHY (o ¢ testedaghpurioat i Hey MH-G@svbHeate proddesdnpaeennerss to form
a network .of jnterconnected q;))grtjc

l.es with spaces ther tween. 23. A
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por ti ony fy 3 ¢he R854 tive paste on the substrate is cured and the Sn-coated particles are
bonded together with the C4's on thc wafers before the burn-in step. The burn-in
opcration is performed typically at 150 C, 6 hr. After burn-in, the substrate is scparated
from the wafer, and can be used again by ctching away any residual solder transferred
from the C4 bumps during the test, or by dissolving the pads in NMP and rec-screcning
the pastle to form new pads. The chip C4 pads tl;emsclves would not have changed shape
ar composition due to the limited metalluugi.cal contact arca and pressurc between the

{ pastc and the solder. Thus one should be able to clean the good chips in a suitablc
solvent (such as NMP) and assemble them on substrates as per normal process without

any problems or added reflow steps

Examples of new electrically conductive pastc matcrials according to the present
invention to be used for the applications of surface mount package asscmbly to a printed
circuit board, direct chip attachment (o a [inc-pitch card, and wafer-scale burn-in of flip

~

chips, in several types of formulations are as follows:



. continuous electrically conductive coating selected fromthe group
‘consisting of Sn and In; said particles are contained within a

t her nopl astic pol ymer precursor and a solvent, wherein said paf]r ifl M B%
from30%to 90% by weight of said strygture. 24. A structure conpri si ngﬂ
copper powder having a surface, a substantial portion of whi ch is coated
with a layer of electrically conductive material selected fromthe group
consi sti ng- ofpr@n polder Bhatedpvisha t@@nﬁmapf s mehergeRAin frineadtoic metals,| uxi ng

agent, when mxed with a ther | ast i meric materi al 0% to 90%
ratio by WIS AL, o 5 4 W 55, PRl AR S g Rgntaly 3ai ki
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bim ol we e el celeale shsplcalasle shedl afh selsabseholentedl sl agl oo cal
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cajCajcCcajca]cC aJai K- #10
o n& () - 100 hé )TV By B R AR SR E O REF RIS, Do
& () Y > HUAUMRRAMMBL hot 3108 BB Do 2% WA pol AU oI NWC
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h& () -. i 18%dn& {nd HELOYM a8d @ndBthpl@hd OB 6! or no- clean Mux.
$10%WV\&' ()-%910% & ()-Y 10% & ()-#910% & ()-G 10 h 10 h 10 h7S#10% h&' () -
M1 - an optlimized formulation for the direct chip attach application, comprising

indium-coated copper powder of 30 to 90 % in weight, polyimidc siloxane, NMP

solvent, and butyric acid and cthylenc glycol or no-clcan [lux.

- an optimized formulation for the burn-in application, comprising tin-coated
f copper powder of 30 to 90 % in weight, polyimidc siloxanc, NMP solvent, and

butyric acid and ethylenc glycol or no-clean [lux.

The conductive pastes according to the present invention can be used as conducting
lincs, ground plancs, and via fills in the conventional printed circuit boards by replacing
cither the additive or subtractive Cu téchnology. This will facilitate the climination of
process steps and chemicals thus reducing cost and the environmental impact associated

with printed circuit board manufacturing
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electroconductive materials, comprising:

a plurality of particles embedded within a cured thermoplastic polymeric material,
wherein said particles are from 30% to 90% by weight of said particles and said
thermoplastic polymeric material;

each of said plurality of particles having an electrically conductive coating, at least
some of said particles being fused to other said particles through said electrically
conductive coating.

2. A structure for forming electroconductive connections between
electroconductive materials, comprising:

a plurality of particles disposed in a thermoplastic polymeric material, said
thermoplastic polymeric material being selected from the group consisting of polyimide,
siloxane, polyimide siloxane, and bio-based polymeric resins derived from lignin, cellulose,
wood oil and crop oil, wherein said particles are from 30% to 90% by weight of said
particles and said thermoplastic polymeric material;

each of said plurality of particles having an electrically conductive coating, at least
some of said particles being fused to other said particles through said electrically
conductive coating.

3. A structure for forming electroconductive connections between
electroconductive materials, comprising:

a plurality of particles embedded within a thermoplastic polymeric material, said
thermoplastic polymeric material being an uncured thermoplastic adhesive, wherein said
particles are from 30% to 90% by weight of said particles and said thermoplastic polymeric
material;

each of said plurality of particles having an electrically conductive coating, at least
some of said particles being fused to other said particles through said electrically
conductive coating.

4. A structure for forming electroconductive connections between
electroconductive materials, comprising:

a plurality of particles embedded within a thermoplastic polymeric material, said

thermoplastic polymeric material being a cured thermoplastic adhesive, wherein said
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material;

each of said plurality of particles having an electrically conductive coating, at least
some of said particles being fused to other said particles through said electrically
conductive coating.

5. A structure for forming electroconductive connections between
electroconductive materials, comprising:

a thermoplastic polymeric material embedded between a first and a second surfaces;
and

a plurality of particles disposed in said thermoplastic polymeric material, wherein
said particles are from 30% to 90% by weight of said particles and said thermoplastic
polymeric material,

each of said plurality of particles having an electrically conductive coating, at least
some of said particles being fused to other said particles through said electrically
conductive coating; and

wherein said thermoplastic polymeric material provides interconnection between
said first and said second surfaces and provides adhesive joining of said first and said
second surfaces.

6. A  structure for forming electroconductive connections between
electroconductive materials, comprising:

a thermoplastic polymeric material embedded between a first electrically conductive
and a second electrically conductive surface; and

a plurality of particles disposed in said thermoplastic polymeric material, wherein
said particles are from 30% to 90% by weight of said particles and said thermoplastic
polymeric material,

each of said plurality of particles having an electrically conductive coating, at least
some of said particles being fused to other said particles through said electrically
conductive coating; and

wherein said thermoplastic polymeric material provides interconnection between
said first and said second surfaces, wherein said first electrically conductive surface is a
first electronic device contact location and wherein said second electrically conductive

surface is a second electronic device contact location.
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electroconductive materials, having a first and a second electrically conductive surfaces
comprising:

a plurality of particles embedded in a thermoplastic polymeric material and
provided between said first and said second electrically conductive surfaces, wherein said
particles are from 30% to 90% by weight of said particles and said thermoplastic polymeric
material;

each of said plurality of particles having an electrically conductive coating, at least
some of said particles being fused to other said particles through said electrically
conductive coating;

wherein said electrically conductive coating has a melting temperature less than that
of said particle, and wherein one of said first and said second electrically conductive
surfaces is a solder surface.

9. A method comprising the steps of:

providing a paste of particles, each particle having an electrically conductive
coating thereon, embedded within a thermoplastic polymeric material, said coating being
selected from the group consisting of Sn, Zn, In, Bi, and Sb, wherein said particles are from
30% to 90% by weight of said particles and said thermoplastic polymeric material;

disposing said paste between a first and a second electrically conductive surfaces;

heating said paste to a first temperature sufficient to fuse said coating on adjacent
particles to form a network of interconnected particles with spaces therebetween; and
heating said paste to a second temperature sufficient to cure said polymer in said spaces.

10. A method according to claim 9, wherein said particles are formed from the
group consisting of Cu, Ni, Au, Ag, Al, Pd, and Pt.

11. A method for forming electroconductive connections between
electroconductive materials, comprising the steps of:

providing a paste of particles, each particle having an electrically conductive
coating thereon, embedded within a thermoplastic polymeric material, said thermoplastic
polymeric material being selected from the group consisting of polyimide, siloxane,

polyimide siloxane, and bio-based polymeric resins derived from lignin, cellulose, wood oil
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heating said paste to a second temperature sufficient to cure said polymer in said
spaces.

12. A structure for forming electroconductive connections between
electroconductive members, comprising:

particles of copper, each particle having a coating selected from the group
consisting of Sn and In;

at least some of said particles being fused to other said particles through said
coating and embedded within a thermoplastic polymer precursor and a solvent, wherein
said particles are from about 30% to about 90% by weight of said structure.

13. A method according to claim 9, further including pressing said first surface
towards said second surface.

14, A  method for forming electroconductive connections between
electroconductive materials, comprising the steps of:

providing a paste of particles, each particle having an electrically conductive
coating thereon, embedded within a thermoplastic polymeric material, wherein said
particles are from 30% to 90% by weight of said particles and said thermoplastic polymeric
material;

disposing said paste between a first and a second electrically conductive surfaces;

heating said paste to a first temperature sufficient to fuse said coating on adjacent
particles to form a network of interconnected particles with spaces therebetween; and

heating said paste to a second temperature sufficient to cure said polymer in said
spaces; and

wherein said first temperature and said second temperature are from about
150 degrees C to about 250 degrees C.

15. A composition for forming electroconductive connections between
electroconductive materials, comprising a plurality of particles, each particle having an
electrically conductive coating, and a thermoplastic polymeric material, wherein said

particles are from about 30% to about 90% by weight of said composition.
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17. A composition according to claim 16, wherein said polymeric material is a
curable thermoplastic material.

18. A composition according to claim 16, wherein said thermoplastic polymeric
material is a curable thermoplastic material.

19. A composition according to claim 15, wherein said particle has a size
distribution of 2 zan to 8 xm in diameter.

20. A structure comprising:

a plurality of particles of a first thermoplastic polymeric material, wherein said
particles are from 30% to 90% by weight of said structure;

each of said plurality of particles has an electrically conductive coating of a second
material which is different than said first material and has a lower melting temperature than
said first material, said electrically conductive coating on at least some of said particles are
fused directly to said electrically conductive coating on others of said particles, and said
particles are embedded within a thermoplastic polymeric material.

21. A structure comprising:

a network of interconnected particles of a thermoplastic polymeric first material
havilg a thermoplastic polymeric material therebetween, wherein said particles are from
30% to 90% by weight of said structure;

each of said particles has a coating thereon of a fusible material, said fusable
material is different than said first material and has a lower melting temperature than said
first material;

adjacent particles in said network are adhered together through said fusible material,
said coating on one of said adjacent particles being directly fused to said coating on another
of said adjacent particles.

22. A solder-particle-free method comprising the steps of:

providing a paste of particles of a first material having an electrically conductive
coating of a second material thereon embedded within a thermoplastic polymeric material,
said second material is different than said first material and has a lower melting temperature
than said first material, wherein said particles are from 30% to 90% by weight of said
particles and said thermoplastic polymeric material;

disposing said paste between a first and second electrically conductive surface;
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interconnected particles with spaces therebetween.

23. A structure comprising;:

particles of copper having a surface, and substantial portion of which has a
continuous electrically conductive coating selected from the group consisting of Sn and In;

said particles are contained within a thermoplastic polymer precursor and a solvent,
wherein said particles are from 30% to 90% by weight of said structure.

24. A structure comprising;:

a copper powder having a surface, a substantial portion of which is coated with a
layer of electrically conductive material selected from the group consisting of Sn, In, Bi, Sb
and combinations thereof mixed with a fluxing agent, when mixed with a thermoplastic

polymeric material in a 30% to 90% ratio by weight.



