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CONDUCTI VE ADHESI VE S Field of the Invention The present invention rgfa&Eegyy
to ani sotropic conductive adhesives and net hods of maki ng ani sotropic

conductive adhesives. 10 Background i on Conductive adhesives o
ften provi deVQ %8%2ni ent and usef ul~ m m“ mummm and el ectri CEYSOU8MEBCt
&l I

el ectrode pads on separate circuits or b n layers of a multiple |ayer
circuit. Wien nmany independent el ectrode pads exist in a relatively snall
area) it is _ 15 useful to enploy an anisotropi c conductive adhesive, also
known as a z-axis conductive adltcsivc. nn tlnisotropic condcictivc

| cdhcsive itllclws ccl nduction between opposing el ectrodes through the
adhesive) but does not allow cc~nductiot~ in the plane of the adhesive.
'thus, adjacent el ectFINE PITCH ANISOTROPIGLCONDUCEPEBAMMESIVEN r emai n
electrgcally isolated fromeach other while being bonded and el ectrically
connected to 20 partner electrodes on opposing circuits or circuit |ayers.
.Onc net hod of nmaking a conductive adhesive involves di spersing conductive
pani cl es randomy in an adhesive | apgid ofTihe Iadkigivnve so fornmed is pl aced
between circuit layers that are then properly aligned. Wen the circuit

| ayers are pressedne pigsanhinventipe relaiasivanispopis cendycsiye gdhsiyseendyaethedof he
pai rs of opposkn% electhodeﬁingke ontact with 2~ the el ectrode pads.

Si ngl e parti FPEVEARIFONMRE SRBIUYSEY R e SPper and 1 ower el ectrode, or contact
may bgonmade through a series of particles creating a vertically conductive
pat hway through the adhesive |layer. Additionally, the adhesive itself
mechani cal |y bonds the circuit | Bpskground of tbelnventionhe conducti ve
particles so that acent electrﬁdes do, not el ectrically shor xampl e

adj . An
of such an adhesi {anquetiye adhesivgg ofign proxide gonvagient and ysefdlayaysig m&,ﬂi‘f a et
ai.). Diffic L j L gher i . I 1 C
4 hor ons; HebbER Al BRCTol BB orRpRLE LI EAET IR 18 HaRNIRRNe

wel | as snal lagér @icaitt MWigd madsindépendbntelecrOde pads éxist n {3eRONEy\WRa( QA0 HGS
PCT/ US99/ 00460 ) ) )
15 uscful to employ an anisotropic conductive adhesive, also known as a z-axis conductive

2

adhesive. An anisotropic conductive adhesive allows conduction between oppoging

electrodes through the adhesive, but does not allow conduction in the plane of the

adhesive. Thus, adjacent electrode pads meant to conduct independently can remain

electrically isolated from each other while being bonded and electrically connected to
20 partner electrodes on opposing circuits or circuit layers.

One method of making a conductive adhesive involves dispersing conductive
particles randomly in an adhesive layer. The adhesive so formed is placed between circuit
layers that are then properly aligned. When the circuit layers are pressed together, the
conductive particles disposed between the pairs of opposing electrodes make contact with

25 the electrode pads. Single particles may contact both the upper and lower electrode, or
contact may be made through a series of particles creating a vertically conductive pathway
through the adhesive layer. Additionally, the adhesive itself mechanically bonds the
circuit layers and insulates the conductive particles so that adjacent electrodes do not
electrically short. An example of such an adhesive is disclosed in U.S. Pat. No. 4,113,98]

30 (Fujita et al.).

Difficulties arise when higher density connections are desired. Higher density

connections involve smaller spacings between electrodes as well as smaller electrode pads.
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Usi ng .z-axi s conductive adhesives to connect such "fine pitch" cirgﬁ2®? ?@?
lead to electrical shorts between adjacent el ectrodes. As the dist C
bet ween adj acent el ectrodes approaches the average spaci ng between
conductive particles in the adhesive, isolated groups of contacting - )
conductive p@?éb&do@é& ('('aither “clusters” -- groups having a verl;ci.lﬁzgg /'30466'
di mension, or "strings" -- horizontal groups) can bridge the gap between
adj acent el ectrodes, thereby shorting the circuit. One solution to this
problemis tq .use a.lower Jo%ghg vol une of cgn uctjve particles in the

, y

adhesi ve. HoWEH&ZaX{sFoagucitye Yes o E9mngst suchy 1BF PEFEATHYS SHURAER | ons

may suffer d . j SIEE apti r L1.a0,
especially iégg%&égaeltgﬂ(\?\nhs:%gé&%/er y %c%%ﬁ %1 e gg?régg@pcggtg %rbee‘f\gé;éeh?ﬁﬁa‘ggf\}}eerleci?des
conductive paprdachesthabhe@agawpacingbstvidea cosductivapagichts if e aihegdud, tisolated
connection and decreases its current carrying capacity. In addition, (
reduci ng t hegrpps 9foatactagiconguoypasticleeSithen  teigiF et &qupsdariag 4 vercal
probl em of shorti.ng due. to,parti.cl roupi ng. .. One technjque to..conbat
Shortihg i s SR Sings s hpkigoriar3u B e GE B belRen iGRRRY" oo

conductive pﬁéé&dﬁ%@%hé_&@éﬁsﬂéh%ﬂ@@ir&ﬁit hOge maﬁ@@mﬂa&tﬂrmeﬂaﬁf tPadel A19wand
n

di spersed in an adhesive. | is way, particle strings w not form
conducti ve plaadingyslumenaftcondyctivh @anicleg ip thetddbesise.t Hawewvidr| in sociothg; thear e
t hose parti cl bet ween o ' el ectrodes vvhi{;{; are pressed

?s ,gan Wi, che %o&

t oget her wi t1EaBIBQH clesirode Fonnertions mayesuften du Futhe X 5Ienes at TeHGT PEHAES PEY ve
particles h j i ‘hyg?n- i t ere 20
one | ayer C%O?g?éﬁgﬁbgs?? %%{s}p{gﬁ% ée}eg'? er %lg%ligétr(?%%? (?éeé%él? ycfialre({q’ég?es. Thi s
met hotlowas desduétbedaktivlernlsy intehses e Néisanedef e cirtuit eotinetticarhndAltbasdsdpi C
Conductive Adhesive Filns for Flip-Chip Interconnection,” Proceedings of
the 9" | nt eFUsEEnt SATRIING FapRelY.- cliradditionsredneing thepasti¢ly deading vddwey dogspatng

circuit laye NG, 1 iL.Cl J ele odes .are sandw ched by
t he el ect rodgeosn?l:9 a%hga%%ﬁ??ﬁlﬁ%g{;@g rO?‘éég?ﬁ%%ﬁ‘?gé? !’aﬁ%{el%o‘?%%é'excess adhesi ve
25 fromthe partiohetdchfiqusRcansbatshetny & did¥eediis US!IFReNQ B 180838 bet ween
the el ectrodes and acts to clear particles out of the areas where shorts

may occur. HSngiyema).phrthatelase, sondustjse pamicles iwere prowvided withha someerdadtivie t o
the rapdom part.icle,dispersion in the first adhesive layer. and thus shorts
can SEI | oogtatng b isP B Chen el ok il BRDet U EHaR forl odteige
particle strijigfaRavgstbRetheRPHLHISRS Bfdt Wl B&MRIct MR Yose PARicIB%andwikRed
separate randonly di spersed particles. This may be done nechanically or
magnet i cal | ybetweern brposiAgtelectiodesSyitidid areqregs&hidpether sithahoygh for@ t3 céack tie 2002
WO 00/ 00563 PCT/ li1§99/' 0046Q -a- conductive particles are randomy dispersed{
on a stret chAYIrEPYFRY P8UNGyer and the adhesive is biaxially stretched to
separate each par bhh@uld AiRibles bR AR subBidd 54 (RBliay MadndiveR st APubele
et al.), magneti céplgétilcfgs lare randon y élllé%ér sleé1 in % aglﬁeéi vés%ayer SO
t hat, 20pon ap lagatconnimfpagiciesgmdithacotherelagerfie free ofpartitlas. Thistniethadieasi ve

| ayer, the 5 particles repel each other. Each of .these nethods serve to

reduce the rfeskribgd ianaregleby Watanase 6t alnentitled “Anisoiepiceondygiveghastigd ¢ o

electrical SEALL for FULhNciRnROkiof EThAN L 1P RAPShRldioka) MG diEdHGRY
risk of electrical 'shortrng, however,

particl e dengbhférenbap, 1986). Durhgircalt fayeabbhdihg3hé partibles Bétmeer St
arrays of parti crlegs.grg)rdered 10 arrayccén uctive gdhegi \/leé3 fefll into tv‘\:/é

cat egori es: ategendwickedlyy the plectrpddsethys makingesleciricnl contactewhie thetexeess adhesive

o P o R Bbleh DREIUE S A BRI Se R 8
opposing e ekt RARe PRicEAMNAEH the BRI WHRR WBREMAYLek WREwSleL HaRICIALs

Cl uster adhesives ar axi s conductive adhesives that contal epar at
clusters of cangillcfornién fids miethodsiue ibtheraiedoad patioly! dispessidn ol the fickadhespe may
be formed by nechanically ordering the
layer, and thus shorts can still occur.
The problems associated with electrical shorting due to particle strings have been
30 addressed in other ways. One way is to separate randomly dispersed particles. This may

be done mechanically or magnetically. In U.S. Pat. No. 5,240,761 (Calhoun et al.),



conductive particles or by magnetically ordering the conductive parzi cl es,
U S Pat. No. 5,300,340 (Cal houn et al.) discloses nechanically ord /] 1002
conductive particles onto an adhesive |ayer. The process includes rotating
a drumcovered with a periodic array of rubber dots through a fluidized- bed
of electricd/?§0R6ducti ve spherical particles about the 20 $ICZTAH5P0P44R
rubber dots. The particles adhere to the "Pubber dots and any excess’
particles on the drumare suctioned off. This |eaves conductive c{)arti cles
only on t hecqndnctindi partiglessare cdndomtbp dispersedson T btgetplableatibesisie taygr arid thar t i ¢l es

is ultimatel y transferred onto the adhesive si.de_.of a pressur sitive
adhesi ve ta?fﬁ‘.es'?‘ﬁés Ripeally stretehisd 1o APALUR S H%gﬁgpfq‘éﬁ'geége@roésmg E@ﬁual to
or somewhat thi : i L 1S
an 25 adnesor Syt B &4 HERephrielesa TaRR0IAR el QU T an AN LR Irs
order ed ar r sythaf, uporogppicatisttiofd mugnepiarfield p@penditiffar tbalie adiesivd ldykf 1RO 6
(Sakatsu et al.) also discloses the nmechanical orderjng of single, |layer

parti él e ar pagsigles rapel ¢fich ofencBach ofdhesg Jnetborstsarysi tp seducs the risds of Particds ™ of

parti ol o5 SRe e p Rt B Ay e O FBhurit chBEE buf DS aoTdR ElfinalEipe
The di anet epo@fbilithe TRakdduetE sk 6f AQRMéal Shattihh KIWRSES cones ﬂ&h@’é}‘éﬂ%nséﬂﬂaE fé
~ 0

speci fied nunber of particles fits into each hole. Rermoval of 2
2002 wo oo/ boebparti¢leRIENSiYSO9/ 004b0 t he mask exposes the transfer surface

havi ng an ordereq single |ayer of conductivye particgles. wever, fthjs
ordered | ayer of SW?WP%EO egam?tpaf'r"gﬁss’lsé?}I(EHPWHFISﬁ&Ha%Me?a@ red,
formyg z- axhsacondigive: h@ﬁ@@'n to FRb BREgorfesS SRAEAS Sndtd BERIckSadhBYGES dridl
for ms]g on eacﬂp&ﬁectr&fg pa ??Ygi?:i rcuiatg(]) aﬁer. Tﬁfe %@r ?ui tc Iayerl |£Ss t hen
br ought dowsrderedtchestar adhiesives v 8irfglgparticie ladlseshwes ateat-ada condudties adkesivay drat of
each el ectrode contacts a portion of the conductive particles. Partjcles

adhere tv es@itainp single lyeraafinpeiclenserthat castiparHele cppagting PERRsing destendapady pe
el ectri cal | %ﬁ&{?@@fi@ gﬁ’e éq%egaéﬁ.gxﬁ%f’eﬁb&&dé' pad. %ﬁﬁ%{s}}%péé?%s@ég-ﬁag{éfc%né?@%ﬁ%% -

thin as the parti hod™1"s” not* airena 0 very particles,

especi al |y hdiesivestiat tditaih Beparatet alustef} ol cOhduttidle parBitRE. A mask that thin
cannot be expected to have the mechanical 10 properties required to keep

the pdrticles i nOpfesedsingle partioka adhrgivesmayp be formed By sagchamisallygrdering thsses

ti der f duct | ticleas. K  ani i ti
Ranos vo. © FFiduRRy tari RS i B BRCAN biRE OO SR R B ek LS SRt o
is forned 08 3903ubstaiabeh &nd) HREloSdseH@BINasicallLordedRE Edrit@tiv icle@oftorgl e

| ayer of ferronagnetic conductive particles is adhered to the ferronmagnetic
15 el enent sadhesive feyret.i Theprotens sndludenrotating gldaurh agearedawithy psfiodic daray ¢f
particles deposited. onl er.e e . ferromagpetic elenents are .positioned.
Rext | “an: adAREERASH yreh LGS R PEEAEEABLRHF SPRET BELEH SPHGIEE
partixy e | ayse of dReuRRE ibs! §he ?Qﬁi%fe% aliRerk BeRINGS: ¥1s!aRY Ghy E&e@@?éﬁi@ﬁs on
ordered single particle conductive adhesive. This nmethod 1is Iimted to
magnet i ¢ patie drimsare suctiaget ¢ff oThistiéeves corslustivd particles ey oh the patadigamayr ¢fi cl e

strings in the adhesjve, 20 especially when smaller particles or snpalle
particle sp&&%ﬁggot&r Eheiperjqdiciarray of e lgrds ltimately|tpas Fred, GRiabg pdhesive side
adhesi ves ar f ' r, Of: ' i [ t he
conductive ¢ ﬁgfe gg‘srplxer{l sﬁﬁ@g@%@ﬂg&ﬁ%ﬁ%ﬁ éxgﬁ%@%&%’ﬁ%ﬂtﬂE%veﬁéaﬁéglg?é@% :g&g‘n
adhesi ve | aygial tdorSsontsihat Meger thadGie dicknesdfithe adiekivallayer.dThetessless dmki ng a
flexible earner filmhaving a pre-fabricated pattern of pockets and filling
t he pi¥cket s adhesivedayer ondlecking thaadhesivedayernmbpddediveithean ordgted arrap o sipglen

t he pockets ancg'(gpot in the areas between the pockets. The particles in the
pockets may “SPUGUKRPHYEY t ogether with a binder material . An adhesive
ayer 1s then fonfBtRNg.es Gddd @hkdth DY fiso UikeIoRaY the SleRhadit drRPRig i S-
The adhesive may then be adhefed Yo one surface of a circuit [ayer. The
carrier fil gingk lapepartibeoateaysahtltdpropgsssd mgsictomainihg lagyeandicarmal iof egualiynd
applied on top of 30 the first circuit_ |ayer, adhesive, and conductive
particle cl §edhales wnlaredpatapisensiarspeace 1 isneconduetive naaticles all hayipg about

partigyes ang LALGER, b RePraig RORSH P lhbiefbARE phifles IOMAT the S

thickness of the mask, and a specified number of particles fits into each hole. Removal of



2.7 D.E C 2002 WD 00/ 00563 -5 PCT/ US99/ 00460 made wi th opposi ng el ectrodes
on both circuits. The application of pressure may also work to "fl af )il 2007
the particle cluster so that the conductive pat hway between opposing

el ectrodes is through a group of adjacent particles in a single |ayer.
However, condyghbig@epat hways may also be through nultiple partiGl &9obilest
vertical grouping. US. Pat. No. 5,637,1764Glleo et al.) discloses a

nmet hod of making an ordered z axis conductive sheet material. The

conducti ve sgle?et includes, a dielectric carrier shge.t G ving.a seri.es or
array of ¢ hr BGTAHGNRESES AhF UpRSIRaTpRrch B AR GresTg Self deter Y6 Comaietive es
di sposed in bmcﬁearﬂuci)av&@hg§ord?;&% 19&?@@9&&%&@%%&&%, oﬂt@éﬂ%@h&%efléfft

form ng separated col ums of conductive particle-contalning adhesive a
t hen for m ngteafodnelzmtis candi@tife hdheaiveu Ratheha sepdrateragdhesitetleyandd formey on ek

ducti heet be f b king.a dielectri heet havyi .
ER e U W T ST TN U - T
parti ckes : nf)tﬂ‘ti&l@?s@&:a?éac?lfadhgﬁvéjla?’.ﬂe&{cra& el§&?o%e€g§&§tg %%E)idtkén'r g?&%ﬁ@tﬁ\;&ve

sheet s not"an anlsotroplc conductive adhesive ather a sSeries
or array of paitleopParticlesduhidre veemlvf she/athesiePRyaiseshdile dirdlittlhpstis feady id M
matrix. 15 As the el ectrode pattern pitch on circuits becones finer and
finer, the cbheleetngalbyeonneriedto h sedond sisewis Beoausscthe alagk musidesasdhia as the
particle strings, or, clusters in the.copductive adhesive be S greater.
The pi t oh of PRI ARE rIRS Brieb ameati BOtEn el RECEs, SestAmBox e gphan
bet ween el ecg gees unt inUi4h8r. | AGnaik3Rat Winchtnot b kSRR 10 AR the meBfdrica) VNEN
using a z-axi s conductive adhesive, the size of the conductive particles,

t he pd8si bi | ptopewies eequened ¢alk&p thaparticles isplacsags or clusters, and the
density of particles in the adhesjye all e Jimts on the fineness of
the el ectrode pat L'efr? a{xi}%‘(’:ﬁ.’ﬁ}aﬁ?e( é"r‘i“f‘%ﬂé’ggbﬁﬁ S%%P@S’@Y‘%O?FFIP&QEC%‘?HCUVC

clusters pl aﬁﬁii@{eg ALK %ﬂl}hﬁis&%ﬁib90@%?@@%@9&v9%i¥$§1@%‘r$%ma?%gn Zly

while the dehsity of conductive partic aces a si ze
of the el ect isothe:difadsmaghaicadlements & foareld exi sitstraie ahd) eheasldménds aré nsdgnetizd.
particle |ayer z-axis conductive adhesive that ensures no 25 extended |
particle strNgysa siagledaxenofdememagyetis ganductivparticies is aghered &9 the fersomagnetic
provi des maxiyum particle. loadin s ired particle.spacin I n
addi _t?gn to l%%\sc rélgd @Sﬁglﬁ %%ﬁﬂ%soﬁém g‘esruiéjiglc?ggfsarfal%rﬁftoééelr%ﬁ%andﬁ% (%e °?‘§er3‘e°"é?f
particle t hawheRnhdfertorfhneiic tlomeaRREISIsitiReddNRRY, Y8 adiRYivaSer Afdrewdht Ilie
reliability of the electrical connection. For exanple, when ferromagnetic
particl es areomagwithedie ordesedhyinglepauiticlpygrarlive phuislesadhare td the mdhesive layer to

particles. Selid nmetal .ferromagnetic rticles are. har . W |l not deform
under pressu oA ‘H’s%rgerlgg S}"ﬂﬁﬂ ecglop%"ﬁl?lf' © palrarE: ?ﬁﬁ&?@?ﬁ%&edﬂg n}qu%}ct ant
2 7 D E. C 20B2i¥¥6 OfH AR, Pkt HSIY DOAG crburing pamR stidgstif eeadhbdvany
variations in size anong the particles, the larger particles that first

make @Ont act espetiabywhan seiatlenparatlesor smbdler patticlorspacings aseddsired. parti cl es
from maki ng cont act beivvee.n ot her (lps)gi rs. of el ectrode i

s, However, if
def or mabl e netal pAferPe paticleslusier qroductivgadiesivss dgnadedy) ﬁ?eﬁamg&h&éﬁr% PEl es

coated with [ N _

ciroutt 1 ayer2cfie FRUCHRE pia3he ik eSpllcRae el Hidn drddted A8 BhCadpling e
contact, theckibyrsablaawdhesieitayérerU.SaPiti NbeS084% Ealivaket siodistdsesitalling a
ensuring the reliability of all the connections across the circuit. Sumary

of the I nvenflesflei@misidilanhaying ppicciabisatedrattom efdosksty andofilling gheppaskess with

i nventyon ad h le specially for fine pitch circuits
(thos@Senp! oft Ry Tkl ke ThCeRTEts ERRRGOREN hoberauksb b rhth feréitne
neasured in BeeRdR ficksisC ms?wc&s% tHe§Rehets A alRb ®E BBtind 1OYERES With a

provi des an ani sotropi c conductive adhesive having a predeterm ned pattern

of conducti véindar mateties An adhssivedhyerlisithen forffied opltaremsertfilof ovieh thepartide| es
ist 5 nechanically constrajned so that no extended particle strings_can
form Thus, ?‘Illnl@g%é@ﬁﬂg k!?é’caqkéﬁﬁc may dhrnbeadbered tpyere ssace ol G levse Ihee of
the particl es,ii . i | ! . . i

arranged in g%ﬂngf gg‘r?ésgﬂgg? ‘Jtﬁé(?vne d a@ﬁggg)gbﬁ?@ %Qggtﬁ?e? ;IISI Jrhgr”}g?%ﬁsd %"g‘%‘i gﬁ\gofg%f to

accomppdat e vigy firsSeiRiult 18y @ Ciddhesioe idd Tonduttion fartis ReMisters. MW itArtRS S5plichibaedtt | on
provi des an ani sotropi ¢ adhesive nade up of an 20 adhesive | ayer having a

subst ant i al | praseire.cherconduskine partigled are fofogd shirpugh e adlmsivecmntil/electrical contact is




particles. The conductive particles have sizes that are at |east sonewhat
smal ler than the thickness of the adhesive |ayer. The particles areldatdt 2002
adhered to the adhesive layer, and are arranged in a periodic array of
particle sites. A substantial proportion of the particle sites has no nore
t han a pre- d¥O0®HDF6Ed nmaxi mum nunber of particles, the parti cPEE/US/ME0 25
particular particle site being arranged in3close proximty. Preferably, a
substantial proportion of the particle sites also contain at |east a
pre-det er m pegieriifth OpPYsHEEMrodEs BiRbbthGiRits. VPctappliedtenadt! pressareshdisdignt i al
proportion of the particle sites contain the sane pre-determ ned nunber .of
particles. Iwrhm@t‘gﬁtenz’iﬁlpﬁe;miclt lebuster 6o &t thernpadudtive pathovaydetween appdsiog r opi ¢
conductive 30 adhesive tape incluyding a release |iner, conductive P rticles
and an adheSHAEONSy s Hroyglbs iDL 8Pl PAFIELeSd A SINELE (oSl ddgvirveb Gahdipiiye

plurality of_dj ' ' 2 T WO 00l 00563
PCT/ US99/ Oofggi“brg&%a?Z?eaﬁﬁ%&eﬂ}%ﬁﬂ@awgﬁ%{%lesdﬁé Y gb%lllgot%ﬁg%dept h of each
di npl & bei ng aboul.St R&:. Nan,63 71126 ¢Gilldoet aVadigiddses & neshados akihgan brletbidp| es

in a single layer, and the areas of the release |iner between the dinples
are subst antaxisqopdugtive sheet enpterial: iThe cordustive sheetringludgne dielastiiegastierishedn t he

side of the,rel ease .liner hawi t i e . contact uctive
ar 11 ol e 5 HegEAEren B eed af b Rl AR 87 rdRE R SPR AR flRuERRdMpo
layer. Wen difiRs@rinasé HRodghyifled. STHeIDRWMBEL VelsBERt nkk§ BeSfoRASEDY KR Forniifig
carries with it the conductive particles. The present invention also covers
a met hod of sepdrated cohennsof sonduspive partinltaesmitaining dibesi weand ftherfermpingsedielectric
invention. The firsf step is tq provide a toql havjng a | ow adhesion,

sur Ak Chard it gRa; it el it coprueive Shest rhvii el phgiine o

| ength, a w : 1 ' ] dally the
sane dept h. %ﬁt@ﬁ%ﬁ%ﬁ%ﬂ%ﬁ{%})%ﬂ%é@ @egﬁeﬁﬁégﬁﬁgﬁ%ﬁﬁiéﬁy@ggabI e of
bei ng r e- usednductive partizlesdnioi thé ho lee o fithe eliélvtria sheat. BleddengtineadductiVeesheet is

conductive particles are placed in the dinples in such a way that the
conducti ve [HRf &R ARSALreRic pendustiygyadhesiys BT $on butyathgr apgries or ARGy ebSOHRRIF ve

particles r%%gﬁﬁag,e%g?ésmstsg&r?%gRg(rﬁ%iée%ﬁgm,gr)ﬁl*g)g di npl es are renoved.

Finally, an adhesive layer 1S ow ‘adhesi on di npl ed surface

of thes tool such Adge etdt@odOpalteeh bitch PRtireuiisdsciriest fivier dhdnfines tiroacans everhe
adhesi ve layer. The adhesive |ayer is capable of being renmpved fromthe
t ool , carryiekstigal Bhorts hefucanoenivodes dugiernartigle siringpern duaersyn therrandustizgi ve

Th ani Sot r GAPES e frsbetr pivefi dbr PuORit Al RO RN el A6 o5 Rel g
conveni ent UREgaShétReBNtle@fslied dediARATR  sizBUT tY &8tRideipad€ bt bR, AW kdh EMed S

a nmethod for making an el ectrical connection between separate circuit

| ayer s usi ng-ahiecemiustve adhiesive,ahel size pf theaghdusitive parttictdscthp pessabitityl ofiestendesh.
First, two circyit |layers are proyided.havi ng. correspondi.n | ectr.ode

pat t e¥he . TiRRariady Stk Kb e b aarisl b PufaptavepLoBe: RS ane i on
s adher ed e fiéndll of 1€ oFedur6U fitldm bAVE! BargblBiticlcl By BAHERANTISSGHE biuk@Her
is aligned and positi oneg in cohtact wth tﬁe conguctlve adhesive on the
first circuipladeslewer Bimitedn the sppaeatsonr tetweenagigdtiodd pads, while che dansity bhiyers to
push the conductive particles through {he adhesive | ayer unal gon act is
made bet weerfORARCIBIEARItGRsPIaRgs adover lynHonthesigopldbe elegEodmpads  Taerelre.ane

AL 2P AR A et Sy SO LG ey
view 9§ the exidrried paRicte Eomyalléwethadlhe st shalDEorddneti v e:#€¢lks, and provides
maximum particle loading for the desired particle spacing.

In addition to these dimensional considerations, limitations on the type of particle
than can be used in the conductive adhesive may also affect the reliability of the electrical
connection. For example, when ferromagnetic particles are required, the preferred

30 particles are solid metal particles. Solid metal ferromagnetic particles are hard and will

not deform under pressures used to laminate circuit layers together. This is important



invention. Fig. 1 (b) is a cross-sectional view of the conductive af“?%%t\ﬂﬁll

showmn in Fig. 1 (a) Staken along line 1 b. Figs. 2(a) and (b) are

cross-sectional views of anisotropic conductive adhesive tapes according to

the present invention. Fig. 3(a) is a schematic representati on of one

enbodi nent of | sotropi c conductive adhesive of the present invention.
QB0 5

10 Fig. 3(b) W ss-sectional view of _%_he conductive adhe AISHOR0 i 1y
Fig. 3(a) taken along line 3b. Fig. 4 is a schematic representation of a
process of naking the anisotropjc conductive adhesive according to the

present i nveheqayse, ifithers areany) varghiengn sizeameng thepastieles. ¢ha lapges pamicles it Sirg

the steps of nokeEhibidbhiechd SHNSAL B MR, GELGY b IRHTASdaldod O The

present | nvelrro )" Uhrou ni"ciographs of” various
particle arr giifirBBiveedGar fhitdof QedtiBed eGSR er, iNNEBihabe ndetd] hktRIks can be
Description 20 A Anisotropi c Conductive Adhesive First Enbodiment Fig. 1
(a) shows a usd, o1 dafomiabbmpolminic partinkes ofatechwith aingasalrcapibe usesh thecpressere used

adhesi ye of the present .invention. Anjsofropi onductiye adhesive | O
et ucibe an SIRERIE e T e SR G e arperacicles Bians fsboontact,
adhesi ve | ay : ggn[g%- : | icRakd hiSd Bsicd Eﬁ{ﬁ?’g j it

sites 14. As%traéo%r%lmé %%F?&éﬁ Sga'?tu? c?ega&?org% ggdlive g‘ éllrmnrleggtlgls1 }%ieall
subst ant i al | thefdoageddions asrdssahe vgcuint eri al . Each particle site 14 contains
zero or nore particles. When nore than one particle resides in a particle
site, the particles reside in close proximty to other particles,

preferably touching other particles, ti | 14 are arranged in a
periodic array across F 30 adhesi \gsz'g%rdf%sl@n&?ﬁg case of Fig. 1 (a),

partigpe sites l4Taaahis6Rdpiatondudvestingsiends Bapidsehteiventiod allesRatHeks! €

sites a.re arranged in a hexagonal array. The use of two particles 27D

E C 2002 WO poybixmss 8siRCiRlly) BOpigh cirguips(thgse emiplayéings¢leatrogetshadings apdr t i cl e
e

it ' dy h I : I iJlystrati
pur pose. and. BBEEOIRadE P e R ared kB BBt FRe et oh ksp) oS, 10 '

recited clai erﬁ%\%é-nﬁbﬁ} Pﬁivtlcfe'% aABYis6REHi8 tohdRBH v ARRS Ve ]Béviﬂ-% 2 pr&defermined

particles. Preferably pafticle 5 sites contain ten or we
preferably fpaternof tewnctipapdriicksen a sioglelayer. Hielplg@ntent bfths iphalaséed not
contaip the sane nunber of particles. Rather, .the desired nunjher of )
particPes pefeshanisallycoastiaingdsso ﬁﬁ%ﬁxﬁdﬁfmﬂﬁﬁm‘ﬁﬁﬁ% % t‘gE FRASI
particle sit . i I I Sl atns the
i mim nurb e P SaeuPSRlast P Abbloath A R RIpaHIE B ERIEAN T, |
contai n one addition), Heodussthecyartioley @re parafidedlie sn videtidrpaftérn, tie pastioieldersits .
Preferably 80% or nore of the particle sites contain the pre-determ ned

maxi mum nunb&Mmyns pigheneyghdto secqramadate very sl glecodepadsef er abl e to choose a
o b ¢ ) o . | . Cal
ot opor 11 on of ' t he TE8h bR R Hhese hln Bhivides ' o it e AUPRIAF dn®

m ni mam numbadhéitvelaydrihaliag a sEbRarRiaflh uyifS@Yehdcknesy d af pltifatityoef dongh@ivei t es
contain the m ni mum nunber of particles, if a mninumis 15 specified. In

addi tion, it pagigldse Thesordustive pasticlge bavesizen thax aretat nastsomeythapsmalies than ther
particle site.. Wen ch.js.the ca t occasi,onal rticle site m
contain mor e%?@eémftﬂﬁﬁﬁﬁqsbweg?eﬁh iﬁé pﬂﬂ&&%gﬁeregﬁ\ ﬁcﬁ’r‘?ﬁ%rat.o df&r %ﬁ’@?‘ﬁﬁf@y,‘ar’éﬂd
substanti al RFEORAIMEEPTh Pherfddf Aty diTaftich diRS. AbRhktidl ?Fopféﬁ?drf SAheyatitle
nunber of particles. Mdrre preferably, at least 75% of the particle sites
contai n the died haschoanare thammprerdeimped maxiresm nuirder afparticles, theipdracles m any
speci fi ed. . . . . . . .

25 particular particle site being arranged in close proximity. Preferably, a substantial
proportion of the particle sites also contain at least a pre-determined minimum number of
particles. More preferably, a substantial proportion of the particle sites contain the same
pre-determined number of particles.

In another aspect, the present invention provides an anisotropic conductive
30 adhesive tape including a release liner, conductive particles and an adhesive layer. The

release liner has surface characterized by a plurality of dimples, each dimple having a

articles, nore

{



20 Preferably, the desired nunber of particles per particle site is gDIEEe
t han one particle. Miultiple particles provide redundancy as i nsur ané C 2002
agai nst the occasionally mssing or abnormally small particles that may
lead to the risk of an unreliable electrode connection. However, because
the pitch of WOHB/08363ct r ode patterns on the circuits to be conP@Ebus/odei9ends
on the size and nunber of particles in the/-particle sites, the desired 25
nunber of particles per site is preferably less than ten, nore preferably

| ess than fipwietetmthedrtithp et e, ahd depthsthe tikah of Bachalimplecheiray dboat the sithes may
be arranged in any ordered two-di nmensional pattern, The (garti cle sites are
preferably érhp&ﬁg%&nmp@mpl@gmsede invibe dinplessn arsinglalayery angthe\grgag Bf the release
rect angul ar,. squar e nd. hexagonal are cial cases. The. ticle.sites in
an array neé‘&e%@%{?ﬁn %8(3{%%8 u f’t?ét.la”s'ﬁ?e&oﬁ&?n%ﬁ&%, _a'PeI%Eg@éeﬁé’&SlmF%g?
of particl eg BeheRfleldfthereflal@lifEhaVBiphhé SiiPIey dnd coRtadlsitie céﬁﬁﬁ&iv’%‘éiﬁhidlés the
case, the desired nunber of particles varies from 2 7 DE C 2002 WO

00l 00563 - 160 BGET tHeGHet D401 viduadlytadhark te theradbesiver ldpere Whensthe adhesivelayer is
exanple, the particle sites be arranged in a yare array where the
desi red nunB@Rod fﬁHFﬂhW@?S%EFYerp'éF?‘F’GF (‘é’? '“t‘be&‘% H¥¢ B&tglEtween two and
four on adj acentp.si : j i I i L
depend on { ho. ol AUEPEaE SAPLERARR ERAH At ol AR A kOt hihucink
in fine pitabhaprl dfekd presemnt inveatiomaThafirsbsitpzas ppavide £icdl Ravigga toay adiesion
the range of less than 5 p,mto nore than 50 pmw th particle sizes of |ess
than 1 ~. m sefegscharastezed by a phurafiitnof ineplpa eaqhcdimplg havingynlengtly, 2 widthignd ed
only -hy the el ectrode pattern,. . the sitred nunber ,of, particles r,sit

and” Ut averByS: pAFERRE SRR nedtCaaTY Y ERE gcpin PP S gt Habype
adhered to GheleadNaR} Whichay 8ipabR 6ffl|%‘ingt Ra1s6d dlrehhidifg WRthehd AMBsiVO8s a

conductive particle in any given colunmn perpendicular to the adhesive

| ayer. Thi s becisng.eNexthtoe condictivepduicids\ace platedviayhedimpdesrin sichcaiway thattder odes
is through a single particle, as |s discyssed jn Section C bel aw As. shown
1 the o 0s CORMERNERRBFICRIRTE 4 SPBIE 1ay9ian e SmBles o Ad seReHpbve BREFEs EidE | '
at |east so § ihbleS i . is FOi
provi des ex'?;?l %%oggﬁéééﬁvbggﬁbgé&épggﬁr%@h éﬁ?ﬁ%\{%ﬁhgs@g@, ﬁ%‘ﬂfggﬁﬂl 5 lts-hfgh\?%dl ds
bet waén el eohrthelksy ahesing dirpldi Bgrfadeld thdtwalndualy dlsat die cvindediivapartdtesdn theed
below in Section C_ Particle size is ta%pi éhal l'y measured by dianeter, in the
case of sph&implg adhare fothe adhesivedyesy ding gdhegiva e s cappble REbEIRG eempyved

irregul arly- arti 1 Pref . : o] hn.e i & i bout
the same s, JSHLARIoBEERRAAE St e BoRctive BAGDICDPHGLIN “uRAbi I tndybd IO
range 20 dep&hihiard t68 badlén@Afhihaainigariow bakésitt suifate SOat the aalsb@spit he
spaci ng between el ectrodes on the circuits to be bonded and the desired

nmaxi num nunsepdustivp adhasivieasayples hassliad qr|relleg ynsfor eppvenisat ugeshipmentand si ze
can b%) det er O'rned. For exanple, if a 50 p,melectrode pitch is used, and
each Parti cl’®®¥%e has two particles, the desired average particle size my
be anywhere in a ThRE&ehT @NeAtRISalid @ Vel aiethed PR mRakihdh difctitdNcodiRtion nber
of particles per 25 particle site nultiplied by the average size of the
particl es slthstiwetniseparate icrauit layersewsireg the esisotrapancaniducteyseadhesivered the present

el ectrodes an the c'%rcui ts.. The conducti v, rticles may,.be rragﬁsof any

conduct i ve rRYSHPR) FEst BYO SRMIGIaY e Al PrRYGFhRAVING STSsE elgriERde priems.

coating. De i i i ; : ; {]
ot or mabl o it BBl ARBLLEE ddeeive PRE BROMIANAIBAIS RS T e
partizd e coafireditldyehs. Nexothe geooud carowidlages iv eligredtand gositioneliarconiact witinthe 2

7 D E C 2002 WO 00/ 00563 -11 o ] . Lo
conductive adhesive on the first circuit layer. Finally, pressure is applied to the circuit

layers to push the conductive particles through the adhesive layer until contact is made
between the electrode pairs through the conductive particles of the anisotropic conductive
adhesive.

30



PCT/ US99100460 applications, hard non-deformable particles, such 257% @@
Ni -coated netal particles for exanple, nmay be desired. Adhesive |2

any adhesive that nmay be formed into a film Preferably, the adhesive |ayer
is either softer than the conductive particles at roomtenperature or
becones softer than the conductive particles upon the application of -
pressure and/¥PMWE%63 1 n this way, the adhssi ve may be at | eastCTEBIRRPYO
def ormabl e or flowabl e upon the applicatiofi” of pressure, heat, or both. For
exanpl e, the adhesive may be an epoxy-based heat curable adhesive. The
adhesi ve may al so be a t her nopl Buief Bessniptian of tee; Dvawingper eas t he adhesi ve
chosen wi || depend.on, the part.icul.ar a ication, propertie hat y 10 be
taken into consid }ga?ﬁ%s? aﬂaﬁqﬂgﬁ%’ B’ICICPPQI’JC&?‘??ﬁléesggﬁgéél%%reﬁgn t he
application gfyehggt and/or pressure, the creep resistance of the adhesive,
and the high tenperature properties of the adhesive. Useful adhesive
conposi tions i ncl Fie 1(t)as e cosssedtional view Of the cBaductiMe adhesjveABo#85n FRUjIE) et
al.), 5,330,684 (Enorj et al.), 5,362,421 (ICropp et al.), and 5,457, 149
(Hal | &t 15 &kepalprgdidedhients describe adhesive conpositions fornulated to
be one-par, curab | 0 bl.&;: el e £l I r no
t acki ness before lcl;fﬁsg?(ta Xﬁﬂbﬁéjeré?&?%g%%d&ggﬁg}ss io{?gh 1? ?tFér#égg%l{s@\é{slgﬁgaﬁ%l éYP’ gt eto
hi gh gl ass t t#eshédofding &BE pRdskritcifivéntiBh. i N the range of about 100 to 140 C.
These adhesives al so possess relatively high peel and shear strengths on a
wi de range of subg&ig dfa4s a whematic rgpresepgtion ohens nabpdimentnfshesgrpsateapia o one
20 substrate usi nds exgosure to heat and pressure, and then a

nﬁ a c;ew see A ( .
second subst FSPEC %e%\‘}eafﬁaa Gorﬁpg neet lé)&al nst the first substrate and the

adhesijge is cured F&gﬂ.@g@ 108 fosaRELRNBISE 8 thEXBhaRHive HaleshRHbivh M Fid. O(a)
t hese adhesives are 1 to 200 Cfor 5 to 20 seconds. Preferred film

adhesi ve conpakentlongdineddl ude t her noset -t her nopl asti c bl ends. 25 Ther npbset
resins useful in such blends include epoxi es and cyanate-esters, as well as
acryl ates and met ﬁﬁ: Pag ,m%‘tcéfll’ff?%‘ ?1058F9piﬁ°a§sﬂ,¥i’lr%a%mb t%&ﬁlé‘Pbs?&l?B‘@f ul -
er nopl ast i ; | : : ny utyral, polysulfone,
pol ycar bonat ggrzladnl%ﬁo%%g‘reg{ g%ger%?lgg?y&ﬁ]ée%g lBf)en\enl 2 include a curative or
catal yst for the Figt 6@ diroughsicharelsplemaic remryseneaations efitheistepe of vletthicaliy nes,

i m dazol es or organonetallic salts. Simlar organonetallic 30 salts have
al S0 Been usSAMMEEHNE UMeirQiitday s agqordipg 10488 PiseRtapYedtolsef ul adhesive 2.

R

hot - nel t systeti. présenoatémioal backing fil mmay be added to the anisotropic
conductive adhesive of the present invention for convenient handling and {
storage. Fig. 2(a) shows backing film5 18 lam nated to the non-particle

si de of adhesive |ayer 12. Converselqééaitfe@ﬁbéngwal |m18 may be lam nated to

the particle side of adhesive |ayer "' Fi g. 2(b), lamnating a

backi mgy fil mA.OAhilggtr@5tioﬁh&tﬁiggt@jhgﬁvé he adhesive | ayer tends to enbed
conductive particles I'n adhesive layer 12. The optional backing filmcan
be any backi rfgrsf Einbpdimene| ease |iner suitable for laninating to the chosen
adhesive | ayer ang,. 10 capabl e of bei rempved fromthe adhesive | ayer at
Some | ater 11 me iR HPES BN ChEMBASEL PLL BRRTO CEo s BT or abl .
the optional RACKSYE the hiabdhRhvantiYY Anisotropic conductive adhesive 10 includes an
adhesive layer 12 and conductive particles 16 adhered to adhesive layer 12. Conductive
25 particles 16 are arranged in particle sites 14. Aside from conductive particles 16, adhesive
layer 12 is substantially free of conductive material.
Each particle site 14 contains zero or more particles. When more than one particle
resides in a particle site, the particles reside in close proximity to other particles,
preferably touching other particles. Particle sites 14 are arranged in a periodic array across
30 adhesive layer 12. In the case of Fig. 1(a), particle sites 14 each contain two adjacent

particles, and the particle sites are arranged in a hexagonal array. The use of two particles



adhesi-on surface on both faces so that, once lamnated to the adhezbvqu&
| ayer, the backing filmand adhesive |ayer can be rolled up togeth 2302
form convenient for handling, storage, and | ater use. 15 Second Enbodi nent
I n anot her enbodi nent, the anisotropic conductive adhesive of the present

i nvention i P aM¥S6R structured rel ease liner. Figs. 3(a) anoPQ’WSng?SWO
conductive adhesive construction 20 incl udr ng optional release liner 28 as
wel | as conductive particles 16 and 20 adhesive |ayer 12. optional release
| i ner 28 i spea phiticha $ivivitly thee peetidle sitasfarrdngesl ins gohembly degagonakarraptrerymsocess
for formng di leii 24 into |liner §8 wi | l. he describ g bel ow.i n SectioF_-B.
Whi | e Fi gs. mefels) ansiikySicavedtionese aad dngios it th6is8epeel s Breaentanvnan ob gt &S
rectangul ar .agrpy.an the rel ease liner, the dinples may be any desired
shape and arranged I'n any desired pattern. 25 The shapes and patterns of
di npl es shown anPartieleGitededy aomaitingInymibet ofdisatieartidies. dreferdblypartiale neant
tolimt the scope of the present invention or of the recited clains.
However, f otites confainden Rafewen apiticlsecaais riefsrmblipBvear fomer particlepo Hosvever, RHt
the di npl es_have substantially the s epth. The release liner . itself 4s
or of er abl y PHORF STe 2o doihfonin VR TRRRE bE parlifes) Kot ot 0¥k et o
layer. To ghatfclbdFerRHEAS Sitd isRREseh a8 a MOI@RES Mt OPBAiCRS pefpartiCidsite ! Re
face of the release’liner containing the dinples is a | ow adhesi on surface,
and pr ef er apibytaisial ipréportden of the ipertictd sites eontaime theamexinowm avinber afipastini¢saares.

2 7 DE C 200z 00/ 00563 PCTNS99100Q460 -.13 Conductive particles 16 are
posi ti oned iNeti HeFastonglly gy paspele st} egniaia one op &yo morRLogARREelRS WHain
faceqgf the i Fnles; r 5 pally
froo'St coriibyaafes, Mefertf) WAL iy Of i SRR Bl ShALARC prolREkRRLL D) 2
reside in thexighumphasberofopastiolel & fewsrerlt mRy afsertelyryferablectoshaesetd midigum

particles is about the sane as the 5 depth of the dinples sqg that the,
di mpl es can™¥nbsy of pasticlasggr partiple gite Hgtush casesra gibstagtialipsprastion of the particle

adnes ve i SRS RS CTARR &1t oo RN loki B, b RIS, PRARPHIITRL

pads, ever yocas@uFihy sarfdleRiteycdagdinveRminhBumatsnbed of patiolh Sf & ediditsirh Ve
particle, although multiple si ngl e particle pathways exist for each

el ectlfode censpidiedi bmaddition, it mey be desingbletosproifyoan exontnumbes of partislss per per
at hway t hat increase the resjistance of the tal conductive pathway.

ooy qucpaY s WS bR shERis B HoaBiont ! Harils S S87 S5 RaBRr Ry

exi st that gificigd Qﬁhftlixé:@é&'irkcynhrﬁb&@@r&f@%ll)?taf}ﬁ[)st%[él ifpgdp%ﬁioﬁcrﬁh@pmcfe%es

possibility that the larger particles Hi prevent the smaller particles
f rom maki ngcaitan the desired extchoumbertdf paoickese Meremoelesbiy, ableast| 7684 obitie ppricic.

The conducti.ve particles .may be nade of any conductive material or,.may 15
1o mde. of SIESPAs PR GETIB SXAG ATURHG PRLCF. OGRSV ITPeh SOBRHARE: | ve
mat enpal . Opti onpldeyap bﬁ)e%@ﬂ%‘iﬂn’ﬁﬁr BP{aﬁr’tiEl'e?%g 186 s is! EaRmatPsRhat
def ormabl e under presstre and; or heat. Defornmable particles allow greater
t ol erance f partislez Muidplegiartiviss frevide selunb@cylaainsueancp agdinst ltiksocvakiondllyr st

contact between el ectrodes, the particles y be compressed under pressure
or heat to BNSBW cgr@p%malbaﬁmqﬂdqaé%clwﬁaq rgaynﬁﬁaﬁéo %ﬁ[@&f awum?@gkwlectrode

el ectrodes 20 in.an [ [ : i r I.S,..f . p of
o ety o el bS5l Ea e AT A AU ol S04 i b2
conductive perretted @spdnddioHitiliisizd ahdatieiee of partibRs adhRParizld el the dedifedt when
t he adhesive layer is renmoved fromthe rel ease liner, the conductive

parti28l es rewmber ofipatticl¢scpen diteisipyefetablydess then tenomere preferapdy le3s thandivg, ans |
The adhesive | a}gre{? ?bgygeréef era}glg has a substantially uniformthickness. The
adhesi ve | a{f@' BRisH SHEnIgEt sonewhat flowable, or at |east softer
t han the conducti ¥ i ' | bwd-& i

gﬁ% 8%‘3“;‘"’ Gle€ ﬁraé $8 ahiRded iRy %Heﬁééﬂmavci )e‘r%ﬁog%l?a&@ﬁﬁ Sh

together with th ucti1 ve adhesi ve between t con tive
particl es wphiticleaitpsialegefelubbDugtangbdincdiegalay ewd-dyeensionalidrtayyef ehjchmake
contact with el ectrodes on both circuit |layers. The adhesive |ayer may or
may not reqtActaaguian sapargpdsidi hexeganal e specadl casesaddig pattislesiigs in amamrgieneed

adhesyve 104 RSNGL(aLL 80 0fn S SSRL1RL el Bubluet SPohhb r bt nd 5

vary from site to site. When such is the case, the desired number of particles varies from



WO 00/ 00563 -14 B. Method of Maki n~~~the Conductive Adhesive of th€7 IﬁrEﬁ@Et
I nvention PCTIUS99/ 00460 To nmake the ani sotropi c conductive adhesive 0 e
present invention, conductive particles are positioned in discrete nunbers
and placed in an ordered array. The particles are placed in an ordered
array by mechgy qabkes constraining themin an ordered array OfPéq‘/ﬁE%%ﬁ%(_)‘
having a chosen size. The first step is to_j.ovide a tool having a
plurality of such dinples arranged in a periodic array. The dinples in the
tool wulti rratelb_\%tde i ne th?1 R rt'bcl e._sites Olf he&ﬁgol}ld ctive,adhesi ve. The
di npl es are &'t "ABEUYT PHECEERE2 AP H. O RAFER CpEPETE R?%W?‘B%B’Hﬁ%%edt‘%athe
average size sfiarkRfraf WHEHCTHe \RsIRRI hine® Df PR1iERS beORHricIONR: al@rafsHetwen two
particles can reside in any given dinple. The wdt’h and | ength of the

di npl es i s demdfourmdadyscenhsitesi Jbe désitedesppeng bethveen particle bitesrwikiodapend on the
desired particles per particle site. The di npl.ed surface_of the tgol, is
preferably a qlxsiiodh REeTER OB herciizats me%%rg%ntoroﬁ@w wfinsRitafy applieations.the
step iscto fi . i i1 b [ me
5 emave t hogesihe GoiePR paticlt lds 9 3h hTahEl bt Ecsifarlimih rdtE LR
than in the diippaticlelis of |5 1M tehBsUt Lot D@Emf. Ohe fplatticlé§ite! sp@cing is
di npl es and renoving the excess particles. Tool 38 having ordered array of
di npl es 44 i dinai r &y plasselegtzadei patterng thesieaised maabepiof patielaspryrsity, andpbsi t s
conductive particles 16 onto the dinpled surface of the tool. The

conducti ve pdl'Fia8F BEWE¥%Eh shoul d be about the same size as the depth of
the dinples. 20 ThighQRAadREN epARiclOR idididRhiMPhdhet@MS theddhBRVd IaGeSR thahdr ! |
each dinple. Preferably, the particles are substantially spherical to

provi d&) uni f ds nd tmore tithneome condudtiae ghiticte. inAsy giveowshet pemendicutando tharatdhesives

f bl tantially th ize.. Ho , the tol f i
Var 1 At 1o amdhsToa s EuES IR FRduIB FUPBTRB R P LU R & BEh HThe
tool may be asi%qérgﬁ.ﬁcgf asrfagﬁgu@eagrﬁgfa{ohaégagw@o a rotating belt or to the

surface 25 of tatihg drum so tha e process of advancing the tool i-s

conti nuous. Alternas sheddryin thberdsesdetionyf beg. a(B)] hixisizk of Eandattiveaiariidesid Rat
attached to a belt or a drum%d t hus reused) or supﬁ)lied froma roll so

that the fil nfast sgmmewhatsmaller ban thechiclkaessdt adhesivedayen 1. Hal prayidesiextad
furt he{s bel OV@dheé?\(?ﬁ fag&l mﬁtgngg&gzg&%ﬁgés pust 'e:d’ gﬂp TRVRE begxﬁeen%?e’lfrggéeé dffing,

(

particles 16 aré di spénse y COVer € sur
tool . Particlndibg, {helddvenhgestaTothidBare describat Below ia Sbetun, C.SPaEcRRideliS| €S
filling the dinples, sone particles residing in areas between the r 27

D E C 2002 Wiypigplhoseasurad by piamegyoinche eise of aplicsisal partilesoordymyerdge idiameter,
o000, 0ROl ey i B P Bl D AL, o
20 5! P B4 ot he ke ks Ul ok g o 100
arrows20 n Fi glepdndifigen theapiphication. Taking into consideration the spacing between electrodes

on the circuits to be bonded and the desired maximum number of particles per particle site,

the average particle size can be determined. For example, if a 50 um electrode pitch is

used, and each particle site has two particles, the desired average particle size may be

anywhere in a range from less than 1 pm to more than 10 pm. The number of particles per

25 particle site multiplied by the average size of the particles should be at least somewhat less
than the spacing between electrodes on the circuits.
The conductive particles may be made of any conductive material or of any
material having a contiguous conductive coating. Depending on the application, the

conductive particles may be deformable and made of either a deformable metal or of a

30 deformable core particle coated with a contiguous conductive coating. However, in some



5 and stiffness of brushes 34 are chosen depending on the size an&%ﬁggm{
conductive particles used. Snaller particles require smaller brus h

heavi er particles may require stiffer brushes. As tool 38 passes by brushes
34, the brushes sweep particles 16 into dinples 44, thereby filling the-

di npl es. TheVBPAK8¥E3 al so renpve the particles fromthe areasPEBEVSNOA460he
di npl es. Excess particles are either push‘éél' back onto the upswept 10
advancing portion of the tool or picked up by the brushes. Optional suction
devi ce 36 napplivatipmss haidaaddebmyabldpartivid?, such asNbyraNeaatsismprat partitlesfopi cked
up by the brushes. When the dinples of the tool have been filled with .
conductive ﬁ’éﬂmn’lé,l‘é%),’b%ﬁ%ﬁlr&ﬁy conductive particles residing in areas of the

t ool between the djnples,h be i [ ; e [

| over ey be appAiiavE Ty A hATAARLIS: AR b RhUR VRS s AIRE PERER he
of the tool adiRshieRsFea i diftlel YofEd \idn thh condvictiv@paticlehet ool tepipdrat@e 3fiher e to
the particles. Preferably, the adhesive |ayer has a substantially uniform

‘thickhess. Wtnomedisefientban theaondugtiviegartigles updnishe applicatiomefimressnee andior heals
such as lamnatin adhesi ve |ayer, onto$ h articl es,

a of .the tqol gnd e
or by appl ytth lsawg%edﬁ% SIVEIRAY, bt least somp ‘Xﬂﬁtﬂefgﬁn“t‘ﬁ%of 38}”3 APRAHE; ¢l es

and curing . I t L |
2ppl i od, | {hePBiBOTBE R bR, bPRo, HREXRAL, Fe AGRRL Moy R ARbRLy blsed
when t he coRhehtchtabic athbsise.vEhe adhesiveneay dlsobe 4 therhopibsticthsed adibsivti ve

particles remain wth the adhesive |ayer. After, supplyi ng t he adhesive
| ayer, an op¢hesersitheadhesivg chosemwithdepand emihs pagtisulap applicabiopduepsrijes that may

o 0t ca 1 o PR Tk Salieyd! BHBBS el RRGLIE L UL BRiSRenof )

si de of thenhadhagioyprdsate the Thep kaetat of e daBediva)and tHerRigs teigetaaebl y a
| ow adhesi on surface so that the conductive adhesive can be easily renoved

for use at pmpertiestofthetddbesive.f t he backing fil m has | ow adhesi on surfaces

on both faces, t ngduct i ve adhesi ve e rolled, u i e J
filmin a form cgﬁ\?éﬁia_ wfe&on'g{o&ngagncg\ﬁéﬁﬁ%sﬁtd,es%ﬁad rxgpgtﬂ]&gﬁosgg%&w? )
Al ternati V,epyujoﬁét amrst,m:@&i& @R Eet A1HS5, 360421 6@8}5}5 et/HRY, 02 IBSIE1 4 (1Al et
flexible filmmateri'al having a | ow adhesi'on surface, "thus acting as a

rel edSe |i net) fHhrest patentsndsoribe\adhesi®e compstiofs AGOR1MNE @OOEeRr, curable

PCT/ US99/ 00460 -16_adhesi, ve. release Jiner material nmay be proyjded with
o or der ed EReAToforBNgES Rl THEZHEVing P iaf Y kBSOS red . ARG | m

or extrudi nahegegdﬁ@mqmngg)roésgk& &uh&afe%i%@sgr&aakmoh %@&Qﬁfesmﬁgﬁg a

master tool having an or ed array of b I's enployed. ~;~ unps

on the nast eingeadlbaitd 00hen40 Q) Thatecadihiesives dldvepdsiase reladvely highgrelaint BRearby
direct 5 enbossing or by hardeping of the liqujd resin material around the
bunps. WhenSEenghsena Wideyapes of swbsatss Trricaliyipsss adhessyes arqpreaprbied tpeoneayer

may st her V. i I S| e
ol el 1 naroRalP i 30050 SlEBERE  hefhnd berlie ARG UREAL RoRPoikife 1
rel ease | i naligidd shdafreRedagkhdghd fitstxfiBiratehad denduedive/s cacdiasidéeheal SndC.
Electrically %:onnecti ng CGrcuit Layers Once assenbl ed, the anisotropic
conducti ve aumsewieyd ypical ¢uze perdidons fonthent adhgsives grp 150 ¢ éontS 1030m f or
handling and use. In application, the anisotropic conductive adhesive of

t he present S¢ Btion is useful for electrically connecting two circuits or
circuit |ayers h%faﬁe@hharaaﬂesﬁf\bee@otns;szﬂﬁiq%sﬂcﬁrda%her%s&_tta@rm%@shctbh.»a_ey.9h (c)
show various steps 1n a nethod of el'ectrically connecting t circuit

| ayerX usi ndhetrosen resis usghut incsmehl bixndy enchdleepoxies arfd dylaaatpresteesn tis waltent i on.
Fig. 5(a) sho an ani sot roPi c conducti VF _a%esi ve according to the present
i nventi on hagThgerananehaclarsy wiethanes, palyiaines.<ad otheru ndssfvithemmeplasties whi ch

is |am nate opt | I I P 1} r i i ig.
5(a) is usegnggd%ﬁﬁ%n?%sp?ﬁ%%ﬁ%’g% &déh rﬂ%@tﬂb?@y%@@i&#f%ag?%rﬁ%%@ drtrge;fgal SO
be used, examadenslyQthe¥dbleRdsineludda\virative bt éﬁalﬁs}k fothe dettmdset Wi €EpdxiésSmay
convenient to use’a construction having a backing film it is not necessary

to use such be cucsistithac withamifdseinsidazaes arpirganvorethliie salts. Sihidar arganpimetdibic
present invention is then brought into contact with el ectrodes 52a and 52b
of citkuit I8 %ha@(ﬁ%?sbﬁﬂb‘ﬁﬁjo Foﬁ cpangte %‘(%)tr.lms'é@é\%e?}tbré ‘?S{ugéﬁlfﬁﬁ’f‘i ve
particles are evenly distributed across the conductive adhesive, there is
no need to align the adhesive with the electrodes of the circuit |ayer.
Pressure may be applied to the backing of the conductive adhesive. The
application of pressure tends to enbed the conductive particles resting on

the el ectrodes into the adhesive |layer so that the adhesive | ayer contacts
the el ectrode surfaces and confornms somewhat to the prof le of the circuit




30 layer and el ectrode pattern. The application of the conductive abdgﬁié KZE
creates voi d areas between the el ectrodes such as void 56. At thid P U,
the backing film if any, is renoved. 2 7 0 Ec Zoo2 WO 00/ U0563

PCT/ US99/ 00460 -17 After renoval of any optional backing film second .
circuit |ayer rng el ectrodes 62a and 62b is positioned w i o
el ectrode patvtvg(rag)aa ?gned with and facing _jhe el ectrode pattewné{(gvégtg{?(r)‘gﬁit
| ayer 50. Circuit layer 60 is then placed in contact with the exposed

adhesive |l ayer. Pressure nay then be lied to circuit layer, 60 to deform
the 5 adhesi 9%’“P%§}B?“%}H?1P¢°aé?re%‘tafl’&g"e9?%@%10@#8“%%& ?Fﬁ%éh%'lné‘{sﬁ‘l“éaﬁ“%ﬁf att
with the conguctil¥e . i that contact el ectrodes pairs 52a and 52b.
Optional |y, %ﬁlél@yﬁg{té%ﬁ ngéappl ied to help soften the adhesive |ayer so
that it deforns nmAncomiakl hacking €ilmpnsbalidded (e uaisoirepip@bhdwdties adivasiveeof

used that are at |east sonmewhat deformabl e under the _apgl ication of
pressure, al thedurgsensinventigndoreenvenignt bandlingiprdstorage.aliigr ¢ shewapacking &lm

Lo i e | |
Thon 31 or m bR tarbiERel oF e b ot S08 oP AR E RSP PE CohiRset, ok Rpg R
into contact myte mﬂmawaltsiﬂier;%ﬁae kide 3R a@leSivk 184L | PAAL sRéwWn ¢RPRPD@)0f bei ng

vertically conpressed until snmaller particles are al so capabl e of making

el ectrical ctamiaeting ¥backingfimemsbs partielersidei oflithd adhgsivé layketende taaghbed

el ectrical connect.ion hy ensuri .as. many. conductive path S as possible.
15 Because t fg" HH‘EIB‘[“'F‘%'@S béf“t? siye lgyer Y%nﬁ?q W‘WH@?‘?"EW&%% Wﬁ@@yof t he
adhesi ve | ay : i L i st be
pushed out | SR fRRT o icaly Rhor Bl aL e NSRRI B0 B0 R R PRl s ve
| ayer 10mt er i ahpadbénefbeireg feimobved framuvhe ddhesive ltayas atvsoitt 1a6r meskhithout aizoFi g.

5(c). The filling of the voids wth excess adhesive |ayer nmaterial pronotes
adhesi on by FHBevRg theFondective pariclesa Pesferghlypdis @ptignal backdng Slmhagalaw 20

it on, ol aisr edFb bt A RE PR Pabt oyt ot Ao AP R Spole 1

esi ve Tayer erial i nt o eac
both sides ofilinh@adwahséhivednyer eOMBe £licd tipRagditet s forRtahvesiehNfor Rendlipigd

bet ween el ectrodes tend to be pushed away fromthe el ectrodes, resulting in
a "washi ng askeyageetrdlateruggat reduces the possibility of particles or
particlle strings formng in the space between electrodes that can lead to
shorti r?g. 25 Because the conductive particles reside in a single |ayer on

t he adhesi ve skaMfif EmB&&imegonduct i ve pat hway between el ectrodes is through a
single particle. This mnimzes the nunber of contact surfaces that may

i ncrease the resi dnanatberafmbodenervthe ehisomopi¢ corslustivecadhasize ofrthietpresent

single-particle path for a given el ectraqode ir, thereby introducin
redundancy t P enBﬂ’&f%@&éaP@th fllr‘gF?F.e liggr. ﬁ?'ﬁ%@ﬁdﬁ@oﬁowﬁé}dﬁﬁ@@gﬁm €
PCTNS99/ 0046Q,5 : - Jhe: ; [ Ak jfic
rbodi ment s 8F TR e R A BN 2 el 5 SR Ve Bk 36 RY
scope 20f t he adhestvetlaper 1@t of the recited clains. 5 Each of Figs. 6(a)

through (e) are m crographs taken of dinpled tools qf the present .invention
subsequent to fil |ng>n?hrélea$erﬁmeé§8&aamngwagésquw?éaﬂa'aégwé ojg facec|1os

dieey = a : . Hone
foor havi'ng 2 TR dlife LR it BYRAN b desckET oGS AN ERGH BIWRUE
particles. TiRgsBEY addl (B)showiréavdblardivBples Zieanped ihe peticdit fecidnp@lar anidod te

particle type were varied. In each case, the 10 depth of the dinples is
such that t haelgasetlingt.dhe dimplasanayhbe any deisivgd $hepe andharzinggd én prjydasired pattern.

various. di npl.e patterns and icle es _and sjze distribuytions gave rise
o i ther ent om0 07 ppbired o dinples shiPe Ad seftbdfant reislitsphYs At fein
However, in L r : i ; areas of
he Tool bet reen e A Kb S e o e e 102
arranged in dowevearfgtiteasonatiaayhallltectme icleat Bdow i & iatpertgnt thacthadedples have

pol ynmeri c spheres having average dianeters of 4.9 pm The distribution of
particles si Zubstaptipllythe samerdepity ckhe rglegsn liner itselhisgretorably feribersp that fgs of

di mpl es acros ol. Ind t vast  mj,ori.t f di nt ai n
exact |y o RaPHIEPhEng pedER meraRet Aol B AR it o ac bR P By R

parti ci@s, anfoperfi@WalieAR RS20 18 NEchsO NRerRonAthiRAite dihBles id B ®ve Rdfesiod Of
the dinple pattern is about 25 pmin the 20 single particle direction 106a,
and about 15 sprfacé, and peeféraisly patht facdseofdhe eihseolmet @B owkidhesibl birfakeaws t ool
100b havi ng dinples 102b arranged in a rectangular array. Particles 104b
are gol d-coated pol yneric spheres having average dianeters of 4.9 Vim The
distribution of particles sizes was small in order to obtain a highly
uniformfilling of dinples across the tool. The dinples are sized to
contain four particles in a single row 25 The vast majority of the dinples

T ] . B S o o - Y o -




2 7 CEC 2~~Z WD 001 00563 PCT/ US99/ 00460 _19_ _ di npl es across th%i(ﬂgt 0
The dinples are sized-to contain one particle per particle site. ZQ

majority of the dinples contained exactly one particle, although a few

di npl es were _gbserved that had two particles or no particles. The spacing
of the dimpl ¥OMPP¥Pn is about 15 p.min both directions 106cPEHUSHH8I0 5
Fig. 6(d) shows tool 100d havi ng dinples -h2d arranged in a square array.

Particles 104d are gol d-coated pol yneric spheres having average di aneters
of 4.9 p,m The @osdudtivaipaditlesf]opae positiaedsn dasplem24 sfeptionahretmaskelingr28.

obtain a highly uniformfilling of dinples across the tool., The dinples -are
si zed to coﬁ?‘ﬁ?ﬁ’a?%F edpcq ohsbe Fragase gn%&%wndé? firegles %‘Ftpé‘?fe“PHG wggigﬁla?ly
majority of i atiad i {1V j : ugh a
10 few i mpi 5o SRarSRLER SRAUE 100 Al hal e et dr T B A e
of the di npldénjiad ined dingis 1A UPreRalily the Bizbof the gartiztdsiio Blisoul Bteckafiachs 1R8d.

Fig. 6(e) shows tool 100e having di rrR’ges 102e arranged in a rectangul ar
arrayd Part deptbof thesbmples sp thayHoydi cpe anlyedilad vwoish @ siagledayes of pegtiglesr age

di anet ers of, .ahout al t.hough t he overal | rticle size distribut.ion

v qui e | 1i5a%ab(s (B By SRR 0P RSUEIER 1o yBP kb 18, BBF e IR on

can affect {idd ibhehkeleldctifatlsih® Betwdh bEpdsite dedtR)d8 Padd, @veryZefdiciiveont ai n

two 4.9 p.mdianeter particles, nany dinples contained noré than two

particl es i pathwsy bgtveeh theepadb écasisgle somduceve patitles blétwugb miwdtiple ssygbapariicie o
rticles alre

t he gaps between the |arge a in the di es during
filling. ThedpaaYs FEstSPS ‘E%‘/‘LGPCCFH%@ EANRRFLAD. ?ﬂﬁ% s e the w?ﬂ%wffemgwg#aces

partigl es. j @cao| W= j . in the short
G edfi on 1BEEPARGE, B8 fhy bifealt (8RB e Suf ilthod o gl 7 22 2002
-zo CLAIMS (a) affhadbehiciiee payieles afkdyrefomblyngboat tiskaianizeallf particles exisnthat'

ess, and (b) a plurality of conductive particles ) sizes at least so

1 6
mewhat smal ey SigMBeantlydargs BrmewsT particlge tearr {xthe aéﬁhilig/gtéﬁt thautarges particles
oo el L% PASEEE Subhs AR ook Blaiirh HOGHEN Do v BERlegfiRRElAREA 1P

particles conp perraodicarray € Si _ _
proportion Qfectrb® paf ITHe ®ndidtRe pPaRitldindibdMade iy ROAGEIRE MaGThl BRfaUM
number of residing particles, the par- . ticle siding at any particular

partilél e si the ninde n§sqissonthiodinadnsylatrigonatepalovatzd with agindoctivpinetedalnduct i ve
adhesi ve tape conprising: a.release |iner (.28 conductive particles (16),
2nd an adheSTryEeR) g Ry FpRETRraLaLa FRb ot R GhipralE Heid e e
conductive Radbt fdagSDeARPhablePRrRIRGHOW R rtANQbIctaéd f6rARADBiafbnsiREAGe MARRY ed
fromthe release liner (28), carrying wth it the conductive particles
(16), wher eilargermartadésanakeefidfstgoatact b@ween elestuinles ahe patticles imayedefoompressed
conductive materials other than said condyctive particles (16),

Char act er 1 2aads o o et o By Sl orbe R geTe bR Kbt eS| ng
a pl lity; I 4}, each dinple having a predeterm ned w dth,
Ieng?t’n and l@g%tgllﬁmvﬁz}agizn the di npl es have substantially the sane depth,
and Adhesive layer 12 is formed on top of optional release liner 28 and contacts

conductive particles 16. The conductive particles individually adhere to the adhesive layer
so that when the adhesive layer is removed from the release liner, the conductive particles
remain with the adhesive layer, as shown in Figs. 3(a) and (b). The adhesive layer

25 preferably has a substantially uniform thickness. The adhesive layer should be at least
somewhat flowable, or at least softer than the conductive particles, so that when circuit
layers are pressed together with the conductive adhesive between them, the conductive
particles will be pushed through the adhesive layer to ultimately make contact with
electrodes on both circuit layers. The adhesive layer may or may not require the

30 application of heat to adequately soften the adhesive for penetration of the conductive

particles during circuit layer bonding.



2 7, DE C 2002 -21 that the conductive particles reside in the ‘ﬂ nﬁmuz n
a single layer. .- -3. A nethod of making an ani sotropi c conducti r?
adhesi ve conprising-the steps of: providing a tool (38) having a Iow

adhesi on surface conprising a plurality of dinples (44), each dinple having

a length, a wWdldvesedd a depth, wherein the dinples have subst@exmgbg,ymgdm
same depth, placing conductive particles (j46} in the dinples such that the

conductive particles forma single layer in the dinples, substantially
removi ng any conductive particles ( 16) residing on the tool in ar eas

bet ween the dinples (44), and form ng an adhesive |layer (12) on the | ow

adhesi on SurEaneRid dfiakiae khd O8idieeb Adgive dTRne PRANGThYALBAT L C! es (15)

in the dinples I ndividualTy adhere to the adhesive Tayer (12), the
adhesi ve | ayer (1P9 nmhp&i@l@iwtroph:icrmdu@'rmméhbﬁ\remﬁthhpresmﬁn\(esﬁc)n, conducyivag ¢
with it the conductive . s ((16), .whereipn the adhesi elay

Subst ant | al |GARRS EGATE PO U TTOE RGBSt g a1 raRed 2T < ShRIDE RIS
artictes f | i ng
Phe stops of it piebed  AEhdoa oy B MUy i (EORTPEH bABReARRE oF) 1D,

of conduct i véimptes haging asdhbsen (22 &l st step 3\ Providesa et havdng i pmmlity béiyesh
(60) having a second plurality. of conductive contact sites (62a, 62b)
posi ti oni ng difplesiaranged IF@LFPGFIOFiH?y*’éTaY( S dgﬁaleg gb@ﬁdowﬂt@mt@lw define tl(ea@rn%l@

Dl utality of e aPidieBpioli® halRNGS bine i BRs i ko) skl WS DERRAT
contact si t epBidbly corredpdndd 1 the APae shR d@&}sa/do%ua@n@rpa&nulésogortﬁaldaly one

conductive adhesive conprising: (a) an adhesive layer (12} having a
subst &t i al | pyermifperticlasisan kesiesin aap @iven)dimplel dhalwitth and lengtid afthe demples is

ticl h I t mal the thick f
Phe. adhesi vetdeyated BB SG8 ofind e nyl oW b S aREr PR RS JONEE S8
layer, wher et dihfpl1ed éﬁ?ﬁbé &ﬁ’th@ftocﬁ%ﬁﬂé?érw? altel ta&lﬁés?&n SuPfad, 'tfﬁﬁ%as%npﬁfsh&‘!b&

array of particle'sites (14), a substantial proportion of particle
sites (14) halewg no rmre than a pre-determ ned maxi mum nunber of residing

articles (16), t he particles. resj.d rticular particle sjite
D es (16), . EL) ep 1s to t%ll the (‘Jl Etg Wl&'l con uc%ave partgzles ang at the same time
(14) being positi Xt it

15 remove those conductive particles residing on areas of the tcol other than in the dimples.
Fig. 4 shows a preferred method for filling the dimples and removing the excess particles.
Tool 38 having ordered array of dimples 44 is advanced past particle dispenser 30 which
randomly deposits conductive particles 16 onto the dimpled surface of the tool. The
conductive particles chosen should be about the same size as the depth of the dimples.

20 This ensures that only a single layer of particles can fill each dimple. Preferably, the
particles are substantially spherical to provide uniformity and easy of handling. As
discussed above, the particles are preferably substantially the same size. However, the
tolerance for size variation among particles increases when deformable particles are used.

The tool may be a series of rigid plates attached to a rotating belt or to the surface

25 of a rotating drum so that the process of advancing the tool is continuous. Alternatively,
the tool may be a flexible film that is either attached to a belt or a drum (and thus reused)
or supplied from a roll so that the film stays with the conductive adhesive as a liner
(discussed further below).

As tool 38 passes particle dispenser 30, conductive particles 16 are dispensed to

30 substantially cover the surface of the tool. Particles 16 fall onto tool 38 in a random

fashion, some particles filling the dimples, some particles residing in areas between the



chose-proximty, disposing the anisotropic conductive adhesive tag;a7 bet ween
the contact sites of the circuit layers (50,60}, and applying pre ub L 08
the circuit layers (50,60) until at |east a substantial nunmber of the
conductive contact site pairs formisolated electrical connec tions, each
connecti on WR0U056%:5st one conducti ve particle. 5. The ani s RRGTN98/00460
conductive adhesive of claim1, wherein a ssl]bst antial pro portion of the
particle sites has the same nunber of particles. 6) The anisotropic

conduct i ve ginrlss.adspme partipl¢s repidingeondap 96 ptheppasticlen dleal 33and pruisiesd6t ape

of claim 2, erein.the.pafticl.es are su tiall e sane size angd/ or
aubst ant | af P VARR LY Pl 32T DRiR o35 PuBpPHb PR Bkttt DA BRRT sl Btaft, 4
or the ani sggRYRigaseeN Ml 3LrAHEESIP6Sitd MRAdPAncEMmBBirctith8f BbI3 S, Mehe
particles are substantially smaller 'than the thickness of the adhesive

| ayer. 2 dirErtlon@f206ton 23 tife drush anfitbe soul autindipated by attaws invEigadhdbe leagihf
claim1 or th i sotropi ¢ conductive adhesive tape of claim 2, wherein the
adhesPve | aﬁ%f Sti?fgnf‘éaaéﬁwéhfeﬁ3‘gﬁﬁc peRglepensingpn thes1zg3pd BpsalsAGINE At or
pressure, ' : i o | i [ in
partic 3 Gs&! %g@%%g&tlﬁ%ﬂgg& & YfaiRARERWYE ah #RE VR g&h&'{%‘.@hﬁg@ﬁee

. it
the dinples are arrang nmensi onal perrodic arr

met hod of chuffen Hrushehe MsitBolB Y pa3gesttyebrasiep 3df thapalskiessivepp pasidles, 1 6dmaduct i ve
particles di sposed between contact site Eai rs are pushed through the
adhesi ve | afunplepdspthercby filling thaidimplsst hhe brisbestalsoiremeve the pagtistrsdeam et e

5ak§{y 3 ﬁ!?’ arAeXRgélvaé" < ié{‘%ég ﬁcﬁﬁ%ﬁﬁfé’fes’%re'\"eitféﬁ%hﬁx@d@'ﬁék BhiotRe Gl

Zd| wriggb] X] ﬁé\}éiﬁ]rfg]%&ﬁ&] 6£dhe ad sl pickk8 ap b9lteebedes 2 loptibaalsusd sirdsadealka] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] caU] ca! dgU_y5=m / M+{vqgl gb] X] ca] c

a] ca] ca] ca] baposijicndd atwjve slfwra324d ceaheve exapssaiacticlesalicded updlyahg baisbes} ca] ca] ca
LKk . : . :

| P hoih of SoEaasIhercihs dfmples of she tog) hays AL Alsd wish eadusiteaactislenapd apa) ca

L1 #o##! | $SE&ESE™
| cal cal cal cabesk ol 6o Rk ool sALER SPHERA BLARES kbR 6ol cal cal/ 1
ML203k334p44(57/5R5Vo77: : T, =@>77?1 ?

AAADBBDc D v guigstdnxiatip rerapeead, dee] aihpsied aprmpy athpmiedalbe hdisdsde|layer éedpptipd a] ca
] ca] caU] ca] ca] ca] ca] ca] cal.ca] caﬂaca] cal cal ca! cDEEFi F GG—IHHHH(?I . J~JJKKbKK1LL
LLLLUwNOOAPPRIg#Ite sidf oA thedpelipsibeianiiatly coxgrdag wFE af barteljand e aghes 0a) ca

: | 7 CAAN
e Canboce Haonhaat ey e AR A AL S R R Ik Tt el
ca] ca] ca] cahdhdstva]lepdrandyced aylied oy ahg @bnvdntioha avdthaiscadttshklamieipg AhhhKi i kgk
KII'jI1#nzn} nnnnnooopoqqrytoj e [V]ca]ca]ca]cal ca%bca] cal] ca] caU].ca] cal] ca] ca]

ca] ca] ca] capébgsive)laygrom tenpé tecapladdhs parickes by apelyinecan adhesive matpgial asa

t]ttukuu W%d on the tool and particles and curing the adhesive on the tool. However the adhesive

20 layer is applied, the particles individually adhere to the adhesive layer so that when the
conductive adhesive is removed from the tool, the conductive particles remain with the
adhesive layer.

After supplying the adhesive layer, an optional backing film may be laminated to
the conductive adhesive. As shown in Figs. 2(a) and (b), the backing film may be

25 laminated to the non-particle side of the adhesive layer or to the particle side of the
adhesive layer. The face of the backing film is preferably a low adhesion surface so that
the conductive adhesive can be easily removed for use at some later time. If the backing
film has low adhesion surfaces on both faces, the conductive adhesive may be rolled up
with the backing film in a form convenient for storage, shipment, and later use.

30 Alternatively, as mentioned above, the tool itself may be made of a flexible film

material having a low adhesion surface, thus acting as a release liner for the conductive
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adhesive of the present invention is useful for electrically connecting two circuits or circuit

lavers having aligned electrode patterns.
15 Figs. 5(a) through (¢) show various steps in a method of electrically connecting
two circuit layers using the anisotropic conductive adhesive of the present invention. Fig.
5(a) shows an anisotropic conductive adhesive according to the present invention having
conductive particles 16 adhered to adhesive layer 12 which is laminated to optional
backing film 18. The construction shown is Fig. 5(a) is used as an illustrative example.
20 Other configurations may also be used, examples of which are shown in Figs. 1 through 3.
While it is convenient to use a construction having a backing film, it is not necessary to
usc such a construction.
The anisotropic conductive adhesive of the present invention is then brought into
contact with electrodes 52a and 52b of circuit layer 50 as shown in Fig. 5(b). Because the
25 conductive particles are evenly distributed across the conductive adhesive, there is no need
to align the adhesive with the electrodes of the circuit layer. Pressure may be applied to
the backing of the conductive adhesive. The application of pressure tends to embed the
conductive particles resting on the electrodes into the adhesive layer so that the adhesive
layer contacts the electrode surfaces and conforms somewhat to the profile of the circuit
30 layer and electrode pattern. The application of the conductive adhesive creates void areas

between the electrodes such as void 56. At this point, the backing film, if any, is removed.
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application of pressure, although still harder than the adhesive layer material. This ensures

10 that small size variations among the particles are tolerated. When deformable particles are
employed, larger particles that first come into contact with both electrodes in an electrode
pair are capable of being vertically compressed until smaller particles are also capable of
making electrical contact. This increases the reliability of the overall electrical connection -
by ensuring as many conductive pathways as possible.

15 Because the conductive particles arz smaller than the thickness of the adhesive
layer, adhesive layer material between the electrode pairs must be pushed out into the void
areas between the electrodes. This excess adhesive layer material tends to fill the voids
such as void 56 as shown in Fig. 5(c). The filling of the voids with excess adhesive layer
material promotes adhesion by increasing the surface area of bonding. It also prevents

20 shorting by ensuring that the voids are filled with insulating material. In addition, because
adhesive layer material is pushed into each void from both sides of the void, any
conductive particles residing in the void between electrodes tend to be pushed away from
the electrodes, resulting in a “washing away” effect that reduces the possibility of particles
or particle strings forming in the space between electrodes that can lead to shorting.

25 Because the conductive particles reside in a single layer on the adhesive layer, each
conductive pathway between electrodes is through a single particle. This minimizes the
number of contact surfaces that may increase the resistance of the connection. It also
creates multiple single-particle pathways for a given electrode pair, thereby introducing
redundancy that increases reliability.

30
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5 Each of Figs. 6(a) through (¢) are micrographs taken of dimpled tools of the
present invention subsequent to filling the dimples of the tools with conductive particles
according to the method of the present invention. Each micrograph shows a tool having a
periodic rectangular array of dimples filled with conductive particles. The size of the
dimples, the size of the dimple array, and the particle type were varied. In each case, the

10 depth of the dimples is such that the particles reside in the dimples in a single layer. The
various dimple patterns and particle types and size distributions gave rise to different
numbers of particle per particle site for each pattern. However, in all cases, no particles
were observed to reside on the areas of the tool between the dimples.

Fig. 6(a) shows tool 100a having dimples 102a arranged in a rectangular array.

15 Particles 104a are gold-coated polymeric spheres having average diameters of 4.9 um.
The distribution of particles sizes was small in order to obtain a highly uniform filling of
dimples across the tool. Indeed, the vast majority of the dimples contain exactly two
particles, although the occasional dimple contained three particles, and a few dimples
contained one or no particles. The spacing of the dimple pattern is about 25 pm in the

20 single particle direction 106a, and about 15 pm in the two-particle direction 108a.

Fig. 6(b) shows tool 100b having dimples 102b arranged in a rectangular array.
Particles 104b are gold-coated polymeric spheres having average diameters of 4.9 pm.
The distribution of particles sizes was small in order to obtain a highly uniform filling of
dimples across the tool. The dimples are sized to contain four particles in a single row.

25 The vast majority of the dimples contained exactly four particles, although a few dimples
were observed that had two, three, or five particles. The spacing of the dimple pattern is
about 15 um in the single particle direction 106b, and about 35 um in the four-particle
direction 108b.

Fig. 6(c) shows tool 100c having dimples 102¢ arranged in a square array.
30 Particles 104c are gold-coated polymeric spheres having average diameters of 4.9 pm.

The distribution of particles sizes was small in order to obtain a highly uniform filling of
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STeotuvz Particles 104d are gold-coated polymeric spheres having average diameters of 4.9 um.
The distribution of particles sizes was small in order to obtain a highly uniform filling of
dimples across the tool. The dimples are sized to contain four or five particles per particie
site. The vast majority of the dimples contained either four or five particles, although a
10 few dimples were observed that had two or three particles. The spacing of the dimple
pattern is about 25 pm in both directions 106d and 108d. _
Fig. 6(e) shows tool 100e having dimples 102e arranged in a rectangular array.
Particles 104e are roughly spherical nickel particles having average diameters of about 4
um, although the overall particle size distribution was quite large. Fig. 6(¢) shows how a
15 large particle size distribution can affect filling of the dimples. While the dimples are
sized to contain two 4.9 um diameter particles, many dimples contained more than two
particles in a single layer because smaller particles could be swept into the gaps between
the larger particles already in the dimples during filling. The vast majority of the dimples

contained from two to seven particles. The spacing of the dimple pattern is about 15 um

20 in the short direction 106e and about 25 um in the long direction 108e.
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2. An anisotropic conductive adhesive tape comprising:

a release liner (28),

conductive particles (16), and

an adhesive layer (12) on the release liner (28) and contacting the conduc-
tive particles (16), the adhesive layer (12) capable of being removed from
the release liner (28), carrying with it the conductive particles (16), wherein
the adhesive layer (12 ) is substantially free from conductive materials other
than said conductive particles (16),

characterized in

that the release liner (28) has a major surface comprising a plurality of dim-
ples (24), each dimple having a predetermined width, length, and depth,
wherein the dimples have substantially the same depth, and
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-3.

A method of making'an anisotropic conducting adhesive comprising -the
steps of:

providing a tool (38) having a low adhesion surface comprising a plurality of
dimples (44), each dimple having a length, a width and a depth, wherein
the dimples have substantially the same depth,

placing conductive particles (16) in the dimples such that the conductive
particles form a single layer in the dimples,

substantially removing any conductive particles (16) residing on the tool in .
areas between the dimples (44), and

forming an adhesive layer (12) on the low adhesion surface of the tool (38)
such that the conductive particles (16) in the dimples (44) individually ad-
here to the adhesive layer (12), the adhesive layer (12) capable of being
removed from the tool (38), carrying with it the conductive particles (186),
wherein the adhesive layer (12) is substantially free from conductive mate-
rials other than said conductive particles (16).

A method for making an electrical connection comprising the steps of:

providing a first circuit layer (50) having a first plurality of conductive con-
tact sites (52a,52b),

providing a second circuit layer (60) having a second plurality: of conductive
contact sites (62a,62b),

positioning the first circuit tayer (50) and second circuit layer (60) to align
the first plurality of contact sites (52a,52b) with the second plurality of
contact sites (62a,62b), thereby forming a plurality of contact site pairs,
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(a) an adhesive layer (12) having a substantially uniform thickness, and

(b) a plurality of conductive particles (16) having sizes at least somewhat
smaller than the thickness of the adhesive layer, each particle individu-
ally adhered to the adhesive layer,

wherein the plurality of conductive particles comprises a periodic array of
particle sites (14), a substantial proportion of the particie sites (14) héving
no more than a pre-determined maximum number of residing particles (16), -
the particles residing at any particular particle site (14) being positioned in

close proximity,

disposing the anisotropic conductive adhesive tape between the contact
sites of the circuit layers (50,60), and

applying pressure to the circuit layers (50,60) until at least a substantial
number of the conductive contact site pairs form isolated electrical connec-

tions, each connection via at least one conductive particle.

5. The anisotropic conductive adhesive of claim 1, wherein a substantial pro-
portion of the particle sites has the same number of particles.

6. The anisotropic conductive adhesive of claim 1 or the anisotropic conductive
adheslve tape of claim 2, wherein the particles are substantially the same
size and/or substantially spherical.

7. The anisotropic conductive adhesive of claim 1 or the anisotropic conductive
adhesive tape of claim 2, wherein the particles are substantially smaller
than the thickness of the adhesive layer.
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9. The anisotropic conductive adhesive tape of claim 2, wherein the dimples

are arranged in a two-dimensional periodic array.

10. The method of claim 4, wherein during the step of applying pressure, con-

ductive particles disposed between contact site pairs are pushed through

the adhesive layer to make contact with both contact sites in a contact site
pair.



