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A METHOD OF FORMING A COATING ONTO A NON-RANDOM
MONOLAYER OF PARTICLES, AND PRODUCTS FORMED THEREBY

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a method of coating
particles as well as a method of forming a coating onto an
10 array monolayer of particles, which may be in an adhesive form
or previously formed onto a film, and products formed thereby.
Such adhesives and films whose uniformly separated particles
have now been coated with a conductive interconnection
material, such as solder, possess anisotropic conductive
15 pathways and enhanced interconnective capabilities, which are
particularly attractive in many commercial applications, such
as in the electronics industry.

Description of Related Technology

20 The advent of miniaturized electronics devices has
spurred the development of numerous techniques and devices for
electriéal interconnection, many of which use regular-shaped
metallic particles in the assembly process.

The trend towards miniaturized ball grid arrays

25 (“BGA”) was initiated in the 1960’s by International Business
Machines Corporation (“IBM”) through its controlled collapse
chip connection process (“the C4 process”). The C4 process
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particles onto a teméiate of ungérSLZe holes (relative to the
sphere dlameter), with subsequent alignment onto the substrate
electrode pattern achieved using a vision system. The gold
spheres themselves are bonded to the substrate by
20 thermocompression; in contrast, solder particles are attached
to previously-fluxed electrode substrates.

The microelectronics industry has moved generally
from conventional surface mount technology (“SMT”), which uses
packaged integrated circuits (“IC”) with peripheral pin-type

25 connections, to more advanced, yet well-known, technologies,
such as BGA, chip scale or chip size packaging (“CSP”)}, and
now direct chip attachment {(“DCA”) or £flip chip (“FC”).

) CSP uses compact arrays of connection (i.e.,
inputs/outputs or “i/o”) to connect to the IC, BGAs or pin

30 grid arrays {“PGA”), depending upon whether the i/o’s have
metal spheres or metal pins for connectors. For miniaturized
electronics devices, CSP enables higher densities of
interconnection in smaller spaces than SMT. The resulting
devices can thus be made thinner and more compatible with

35 tape-based manufacturing methods, similar to those developed
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Pat ent formed SOlld serves to bond the chip to the board and protect
the microscopic electrical interconnections. Without such an
underfill sealant, chips attached by DCA or FC tend to exhibit
a higher rate of failure.
20 Anisotropically conductive adhesives (“ACA”} and
anisotropically conductive adhesive films (“ACF”) are well-
known for their use with electronic device, such as FC,
interconnection. [See J.H. Lau, Flip Chip Technologies,
. McGraw-Hill, NY, Ch. 8-10 (1995), and International Patent
25 Application WO 95/20820, the disclosures of each of which are
expressly incorporated herein by reference.] Of course, with
ACA/ACF technology underfill sealants are no longer necessary
to provide the added benefits of chip bonding, sealing and
shock absorbing properties to which reference is made above.
30 ACAs and ACFs are loaded (at about a 10% wt/wt '
level) during their formulations or fabrication with
conductive fillers. These fillers are typically compliant
crosslinked polymer microspheres coated first with nickel and
then with gold, or simply with a nickel coating. The latter
35 can further be subjected to electrodeless plating of metals
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the propagation of units at the molecular level. Such polymer

spheres are then subjected to chemical processes to enhance

adhesion of a thin metal seed coating (oxdinarily, nickel)
deposited by electrodeless plating. Gold is subsequently

electrodelessly plated over the nickel seed layer.

Electrodeless plating typically deposits metal layers up to
about 500A in thickness; it is not a commercially practical

method for metal coating deposition of any significant
thickness. 1In addition, to date, it is not believed that

solder or resinous materials may be coated onto such spheres

in a commercially practical manner by electrodeless
techniques.

Other approaches to enhancing polymer particile
conductivity include doping their core material with
conductive materials, such as silver filled thermoplastic
resins. {See U.S. Patent No. 5,531,942, (Gilleo).] The
melting point of metal alloys is much higher than for

thermoplastic resins; hence, the thermal performance of

electronic devices using solder interconnection materials is
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cannot wet substrate metalisations to make efficient joints.
While low current carrying capabilities in particles bearing
thin metal coats may be circumvented by increasing particle
20 density, a better solution would be a more substantial layer
of conductor overcoating the particle. A coating of a fusible
metal alloy, such as solder, would be better still.
There is large commercial demand for metal-coated
spheres in electronic applications, such as BGA, as all major
25 microelectronic device manufacturers have some version of BGA-
based devices. It is believed that this demand would further
increase and extend in the event smaller, monodisperse spheres
could be manufactured with a fusible metal surface.
Thus, it would be desirable for a particle to
30 possess the advantages of a metal-coated polymer sphere, as
well as conductive properties and other properties such as
fusibility of the metal coating.
Despite the state-of-the-art, it would be desirable
to provide coated microparticles, as well as enhance the
35 interconnective capability of particles used in ACA/ACF
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15 particles (now maintained in place) are ripe for coating with
an appropriate material of choice. '

The present invention also provides methods for
producing films from such coated particle-containing curable
matrices, where the particles are maintained and contained

20 within an additional film. In these methods, the monolayers
of particles are backfilled with a film~-forming material which
substantially encases and securely maintains in place the
particles.

By the methods of the present invention, coated

25 polymer particles of precise diameter are produced by a simple

' process where the particles are isclated from one another in

'~ one substrate plane and form a non-random distribution pattern
in that plane. In a particularly desirable aspect of the
methods of this invention, wave solder coating of existing

30 metal-coated polymer spheres is achieved in a process which is
made possible by the initial separation of the particles in a
uniform manner which emables individual particle coating with
minimum interparticle bridging by the coating material. 1In
the methods of the invention, desirable topographies may be

35 produced on the particles, such as spikes, in a facile on-line
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Of t he C*hnﬁ§1dyambtagsnmanga frompgbdpet 5 microns up to about 1000
microns) with a variety of coating materials. The thickness
and surface topology of the chosen coating material may be
controlled using the methods of this invention. Indeed, the
20 methods of this invention may coat particles with a variety of
materials in an on~line, rapid, continuous and facile manner.
The invention will be more fully understood by a
reading of the “Detailed Description of the Invention”
together with the drawing.
25
BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is an electron micrograph at x750 showing
the surface topology of individually separated 18 micron gold-
coated polymer spheres, which have been subsequently coated

30 with tin-lead solder in accordance with methods of the present

invention.

DETATILED DESCRIPTION OF THE INVENTION

Broadly, the present invention relates to methods of
35 modifying the surface of particles to render the so-modified
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to a substrate so as to form a f£film with a thickness of less

than two substantive particle diameters. The curable

‘15 ferrofluid composition includes:

(i) a colloidal suspension of
ferromagnetic particlés in a non-magnetic carrier liquid, and
{ii) substantive particles;

(b) subjecting the film of (a) to a magnetic

20 field for a time sufficient to arrange the substantive
particles in the film in a non-random pattern;

(c) exposing the magnetic field-stimulated film
of (b) to conditions favorable to at least cure partially the
film and bond the substantive particles to the substrate;

25 (d) removing uncured curable ferrofluid
composition; and

(e} subjecting the bound non-random substantive
particles to a coating material under conditions favorable to
effect coating of the substantive particles.

30 In one aspect of this invention, a method of forming
a coating onto a monolayer non-random array of particles is
provided. This method includes the steps of applying to a
substrate a curable ferrofluid composition containing
particles having a particle size on at least one dimension

35 thereof of at least 1 micrometre; subjecting the particle-



(i) a colloidal suspension of ferromagnetic particles in a non-nmagnetic
carrier liquid, and (i1) substantive particles;

(b) subj eCt‘?ﬁ%’?‘kag filmof (a) to a magnetic 20 field fopegudsbgirrssuf ficient
to arrange € substantive particles in the filmin a non-random
pattern; (c) epr§i_ng the magnetic field-stinmulated film
of (b) to conditions favorable to at "l east cure partially the filmand
bond 't e;chihIhahy | Yerdd ireleselfid MenpdBStio %o Wmagnetic fieta ()
removi ng uncured curable ferrofluid conposi tion; ana

(e) subjfaa iangutf hbcirnindingnteadtkal SiesPantickes in gapencrandam a coating
mat eri alpaapder 160agk td&%%sfi%mﬁ,abe\r?d lekposin§! t15E ek BYoRThd vigg
substantive particles. 30 . In one aspect of this invention, a

met hod Jhe Perthgles arrayss: thexdtt Fo% anBABIES Hf FaerExnavhrabiay of

partiscl efod 2ffect PAP\WSIShe riRkEidRIdTOAeNELHAISTe (AR rolrepsq0f applying to a

substrate a cyrable ferrofl uid, conposition containin . articles having
a parti (FEPSSIELIBH 0T 1R SO LA RESRE HEMS &R nge?%é?‘@d%‘e&“é ok 1
][n'cr 0?’:3'&-{ g;aywbbgpﬂix@g:dﬁwmafé'rﬁéﬂuifq clox&ipositifon Ifa@ﬂhf@}&i ng curable

errofl yi onposition to a netic fi or, a sutficient tine to
array ttﬁ?lﬁgpggﬁlg ?91Wfrﬁoﬁg?gn HE SOinﬁﬁnE?ein?% @6nbBRition: and
exposi ng.driy@seopposidiay} remonfng thd lacpaedi téeofaidyed therein to a
sourGe of ener ui fabl If I.0d rj.zatl of .t he curable
fer r@fl u "@3'90%19%83 ol'sifataln n§ Ic[)‘rgil%tg'sué* | g:agﬁggﬁlﬁ %e tg]pﬁggt lfl%’E)I yneri zation
of ardngipar substdntioe poireicbes ofd @i tatenpdbiwider lavdagiens  thickness
of N0 Mg crlBie AoUle RN Bhakify N6 Wile lnbbntive lpakaesiePar Licl es;
renovi ng the uncured ferrofl ui Y0 conposition, if any remalns; and
subj ecting the bolm®nRIMEr aspPeghRindus LaReR Y Cparlty shesmethed mat eri al
under coflidriBBa abovd,A\WirdbheekofidLe s eaat bishie IRRpaYDEiGNtig/ e
partjcles. I n another aspect of this invention, in the nethod
desclPi bédeaFORESe oot | $RE T podulesb™math ecBPébF@%P“FPBn”[‘%

energy source and the curable composition. The mask should

have certain areas which allow for the passage of energy and
other areas which block the passage of energy.

Alternatively, the substrate upon which the curable

20 composition or curable ferrofluid composition, as appropriate,
is applied may have areas that allow for the passage of the
energy and areas that block passage of the energy.
Accordingly, the substrate itself may act as a mask when the
source of the energy is on the opposite side of the substrate

25 to the curable composition.

In accordance with the present invention, the
curable composition (or curable ferrofluid composition) may be
applied to the substrate in a pattern, for example by screen
or stencil printing, or by conventional coating techniques.

30 The particles employed in the present invention
("the substantive particles"} should have a particle size of
at least one micrometer on at least one dimension thereof.

By the methods of this invention, the substantive
particles should be arrayed in a regular pattern in a

35 monolayer. This regular pattern may be termed non-random, and



15 the source of energy, a mask may be positioned between the ‘ener gy
source and the curable conposition. The mask shoul d . have certain areas
whi ch all ow for the passage of energy and ot her areas whi ch bl ock the
passage ofW@A¥ISE. Al ternatively, the subE¥Ve¥¥Hon which
the curable 20 conposition or curable ferrofluid conposition, as

appropri ate, is applied may havE-areas that allow for the passage of

t he ener anpd areas, that bl ock passage of the energy. Accordi ngly,
t he suﬁiselsﬁ‘éf‘gXVtkﬁlqn %9‘9583 353 ‘mask when t he source of the energy is
on the opposite Bhelesulistaheiselpsintdlcded5shéuld e eohabdeiwonposition.

In accqrd ane t.he pr 38 entiQ the abI conp05|t|on (or
cur abl aferlr“':ofaFLu‘%‘"f:}brrapstlgéa':i Q#Jcari gonghct:ave parﬁl?%e? he substrate in a
pat t er metfadd iexpapt scles ocr menal comdspemélwl nRi ngriery E conventi onal

coaty N, L2SRILONGRes Yo shapes may TA°oBALLE! B euBLgYed 10 the presen

i nvénti‘on stantrv Artl ¢ avé a particle size of
at Ieaguwmmélnneroneter on at | east one dlnen5|on t her eof . By
t he met hods of t n b t shoul d be
arrayed in a reggﬁcé g\gt%t ‘g#,ﬁ@l%f 2&3 qn%%g?ajyﬁé?‘quﬁﬁgg‘?%%&}? pattern may be

t er red deiceahnbercennmection varies greatly according to the type of -10-
desi ratlte\h'c% aPe Of A& %Q.r%&fi\!nc type o subst[‘?} e?}*@g{lﬁf'é%t}éﬁr&@” icles

shoul d be "coAduciive 'es.”“such as elect tive

parld clpepaeske and the dlllkﬁe ﬁaﬂﬂcﬁl‘-’e/s ofr mepaky hayat éqmp@msaﬁ és. A variety
of 5 pmiﬂﬁéycgnhggggbﬁugéﬁgggges may be used in the present i nventi on.
Since the type of netal used in mcroelectronic devi ce interconnection

varies greatly afe®rifiatgnes, thetalme syrh as qrdd.c60PERSI red perfor mance,

type Ofpl%ltlﬁhfnat Snd nPs.rlééf a%&:“x'hé@é)l ]ﬂl@&‘éce§§ch ad th@enhxh&?ousa variety of
net al s "have found uses in I nt erconnecti on device For

i nst ancPMRECARrSLY A lablgoreldepfy@es, are well-sulted in this

15 = regard. Combinations of metals and metal alloys with organic
materials have also been widely used, for example, in
conductive adhesive interconnection materials. The metallic
fillers in such materials may also be solid pure metals,
alloys, metal-coated polymexr spheres, or regular polymer

20 particles with conductive metal particles dispersed within
individual particles.

A desirable type of particle which may be coated in
accordance with the methods of this invention are available
commercially from Sekisui KK (Japan) under the tradename

25 MICROPEARL and Dyno A.S. (Norway) under the tradename
DYNOSPHERES. One particularly desirable type of particle is
the gold-coated spherical polystyrene particle supplied by
Sekisui Fine Chemical Co, Osaka, Japan under the tradename AU
212. These particles are reported to have an average diameter

30 of 11.5 micrometres when compressed on the Z-axis under 3.3
MPa pressure and demonstrated a Z-axis dimension of 10.5
micrometres, i.e., an aspect ratio (Z/X) of 0.79 corresponding
to an 8.7% contraction on the Z-axis.

Those persons of skill in the art should recognize

35 the far flung opportunities offered by the present invention



3
platinum and |like, or netal alloys, such as the nunerous comercially
avai l abl e sol der types, are well-suited in this 15 regard. Conbi nati ons of

netal s and Il'oys with organic mat eri al s have wi deiy
o' | © at er | AEPRsBiaR

used, for conducti ve adhesive interconne nnaterials.
The netal lic f|IIers in such materials may al so be solid pure netals,
all oys, netal -coated pol yner spheré?J’br regul ar polynmer 20 particles with

duct t ticl
A deor r SEFSER, BlofiPlak e ER 0! S mEEn hEBLIL, ang' BEBMEBHRR . o W th the
met hods pruﬁﬁu§h¢qﬁﬁemp@npax@t@mntabﬂes for d@mn@a&dw tewhtoeki sui KK
(Japan) 4 dercskﬂ%{ér adeBafey Pl GROREARL 2N ByAQeA ﬁgﬁé\H&@y) under the

t radena PHERES. One part|cularly deS|rabf type of particle is
t he gol @*488t efespifeopdde pot yeiAMFemMpheEidt % a8uBpFPER PRLC theseki sui Fine

Chenkcalsu®@actsékamitaPan ebskedd tdhe abpadspade Nétalli@lgurfﬁtfé%e particles
are reportedhio have an aver e dl ter 30 of é 2 onetres when

conpr es@dd ShlYee EoRPEL: uB el appaths °‘énﬁ WRHofstrated a
Z-axi s d:loﬁﬁﬁﬁtbﬁ:.tqf. 101 %0ys mang'r @Js:ﬂasebéeesed €5 elagtaspallyratio (2Z/ X) of
0.79 corregﬁgg egk ;oh8gan 8. 7% contraction on the Z-axis.

Those pe 359 R3¢ he art shoul d recogni ze 35 the far flung
opportunities of fEoreclegtrbeipragpddicathons} ithe particles should be

~1lqg gﬁe@%?@&’lﬂ‘%ﬁdﬁé@i@é% Ss% fc%fga %o@f—m%Bﬂe@f%ord' ”g'y -

shoul'd 00 ate part c nt end resu
car bon, carbon bI’%hﬁ( teamumnana%mmnsdeﬁedrmmmaans tixafd@aCherrl c

oxi de a%pr%%i‘@‘ﬁa PlohghoeASarft GRECnARHOL DB ARt ML | 5 coat ed

an appropriate nmet ace ver, copper ni ckel and
the Ii ké’lﬁbrae]%ﬂﬂa@netlc OPRIER: tha] WVEA?IQﬁﬁstlmyOQ éd“%’éahs@!llcas

el ectri gal,| Hickel CORAUEH ¥ Pa¥ddrEHd@Rtic in nature. BEEIiRIGW @F C
lications, the partlcles shoul d be 10 electrically conductive and

a
sEEééanﬁP§lP?a%bn 9&%ﬂ$e? cthe coating, the net magnetic moment per
unit volume of the particle is not significant. The

substantially non-magnetic particles do not typically respond
to magnetic fields in environments which themselves are not
susceptible to magnetic fields, such as a non~ferromagnetic

20 liquid ﬁedium. Suitable particles may be constructed entirely
of conductive materials; or they may have a non-magnetic non-
conductive core, such as of a thermoplastic material like
polystyrene, or of glass, coated with an electrically-
conductive metal like nickel, silver or gold. A core of

25 conductive material, such as graphite or a metal, may also be
used. The core may optionally be hollow, such as a hollow
glass sphere with an outer coating of a conductive material.
Particles of carbon fibre may also be used.

The particles desirably should have a particle size

-30 in the range of about 1 to about 300 micrometres. Spherical
particles are desirable but other spheroidal shapes, elongated
shapes, cylindrical shapes, regular shapes, such as cubic or
fibrous structures, may also be used. For spherical
particles, a diameter in the range of about 2 to about 100

35 micrometres is desirable, such as about 2 to about 50



4
The term non-magnetic as used herein neans that each particle has no
«Significant net magnetic dipole. A particle with a "non-nagnetic" core
may have a coating of a netal (such as, nickel), which is ferronagnetic
i n nat urewoBoBge2zn view of 15 the small volune of the eoxwmssapis®he net
magneti c nonent per unit volune of the particle is not significant. The
substantially non-magnetic particl-a®-do not typically respond to
magnetic fields in environnents which thensel ves are not susceptible to
magnet mg-ckppetitss s pelrtdsubann-abentohatmeticant200 micpdmetnedi am  Suitabl e

particlgs,prey s acb%rt\&t bYChEdeSitiregl Y of conductive materials; or they

may have a non-nagnetic non- conductive core, such as of a
t her mopl asti c ek iPaKtipkes havipg ?s‘!‘?l%éilm@ﬁsb?“gﬁf&’s§ mdg8Fed with an

el ectriggakh¥ton, tHORA @klaﬁn&&t@h hbkge i ealy, i8i Lw@rramgeg@&d A core of
25 : _con uctlve mat eri al, such %ra phite or a netal, mgy al,so be used.

The 3co Hay2 ofR iaheat QbBemh‘Eﬂq e§u€‘hda"s}‘ea“ﬁ8f’ir09\}me“51@“a§§ sphere with

an out efes@eablﬁgirofth@ eangecdf \eeaomtertalabout 1Bar wictagetalescar bon fibre
may al so |rabl shoul d_have a

808 00 EaBRt kY 5 3008
part i c|S&C8j 98 " ERESHERTe P@r‘ af yto 2 f’r%‘fﬁ) Ser §fePres.
Spher i @8l micromatrtds;| @3 thr thelesipeaitl eabid miivgr isphiee araigle sifapes,

1 orgathidur 15PN Unctl 1 PET L Rle B020P%1 LAY HRY1SEERER, SO B9 cublc of

fibrous struc?ures )articles, a
di dfeter in the Ifar@@ @ﬁsab@ﬁtf@m@Sabémcmsasam emmfé‘t re&ips desirabl e,

such a%faQBUEozaﬁ&l@%@'-}tl mly be acceptable. If used, fibres should -12-
mcronmetres, particularly about 5 to about 30 mcronetres or about 5 to

about 2§ RfcFOREtanddally uniform lengtR, (90 4s dPe&bRab?™y of maj or di nension

and a rByl].thers) ddEengiraedt §& 1RItOLhEL FEIGHPAXeS HE81 s Hagon@Lt he range of
5 abo%} 2 to bout 300 mcronmetres and the mnor dinension is

desira Titfe of about 2 to about 100 nicronetres, such as
2-53 mcr orret resrhq)aratrigestapéytfel&@ Mthe osistantioe Pparticled) mcronetres,

W th try%eaagggéigﬁggé%,b%EQQnarlfJ“%av§ geacﬁiameter of at least 2
micrometers. Alternatively, particles of two or more groups
of different sizes but of substantially uniform size within
the group of larger size may be used. In accordance with the

20 present invention, the curable composition may also contain
one orx more fillers having a particle size in the range 0.1 to
about 1 micrometers.

In the methods described herein, the depth of
penetration of the particles into the adhesive film is

25 ordinarily no greater than about 25%, desirably about 10%, of
the height of the largest particles, i.e., the dimension
perpendicular to the plane of the adhesive film.

. When the particles are of substantially uniform
size, the height of the cured layer is measured in relation to

30 the average diameter of the particles. When the term '
“diameter" is used herein in relation to non-spherical
particles, it refers to the dimension perpendicular to the
substrate.

The material used as a coating for the arrayed
35 particles may be fusible metal alloys generally, with solders



about 15/ 1 to about 1/1, nore particularly 10/1 to 1/1. 10 In

& he case of fibrous structures, an aspect ratio of up to about 50/1 may
be accept aoaensdsts used, fibres should be of subst antpicziuisge/eeamf or m
length (e.g., in the form of cylinders) and arrayed so that their |ong
axes are orthogonal to the subsiyzate. 15 The | ar gest
particles (the substantive particles) are nonodi sperse, ordinarily

havi ng befhgnedrticuflazllyl @esirable, antcavyaitiex mAtéeidbd icaplapleparti cl es
of two or

Gl 2o i 06 hras R B rpmiteftunsd) S2bated pall onBun TR Gl ebPhance wi o

t he 20 psetkatmophastisi, omelative yrcdbmelt pngmsiiteisoncyayate ssteast ai n one
or nore fi avyi rtiol ' [ I lto about 1
m cr orrePte)!rlg#ﬂée& \9&1%%9@1 n15 { He s%?ﬁbdéh%%:‘p&ri%gggageer ein, the depth of

penebr acovhindtidre gaerecfes into the adhesive filmis 25 ordinarily no
greater { han aboul, 354sofgss hilloschROUL 402 fss1y chbErbpigt of the

| argest particles, i.e., the dinension perpenglcu ar to the plane of
the adhdépmetéss rhaving diameter vamiepicheopafnacsiionsapt afminrest antially
Uni FOr Mang a3hifandileNehoktrlod e SHEEH LAY Glorl BoffREsaeAAly N relation fo
30 the average_ dianetér of the particles. Wen the term “dianeter” is
used her@phlable o|Btenoh It suelrraptedirsarere avaddpbdresthey wastldrs to the

di Mgpsi @3 BEEPEANC WAL bRy a h%g%Q?sﬁﬁffékm manner due to tHae material
used as _a coating for the arrayed 35 particles may be fusible nmetal alloys

gener al p}ghmpgmp%ﬁﬁ(ﬁ§,§uch metadl alloys which are commonly lead -13-

bei ng paakieaul ardy Hiew Bakkery ¥ 0¥ d0bbEde MRt a1 65 Caald e of

I i quifyi ng at tenper aturgs greater than about ,150[ierr C, such as

t her nopFEEHET $2AGRAFEIRSES e &PoRFESIPE AL 1BsERE scurablsy) v i des,
pol am deerrpsl y¥Es ! EinfposabioRPP Eitiaingabl ¢ Ofiy swalconpsst bipseolof

Sol i,d sql der ,nonospher es ., w ily controlle dj anet er.s _havi ng
i arfdt cRoYaPLATP e PPAEe | DRl B honpey Lps b room'tERFercurt]

used in the invention.

With respect to a solder coating process for the
. substantive particles, the solder coating process may be
controlled so as to form a substantially uniform coating of

20 solder on the surface of the particles oxr a spiked topography
resulting from the relative movement of the substrate to which
the arrayed particle pattern is bound to the solder wave and
the rate at which the coated particles cool to room
temperature after transversing the wave.

25 That is, retro-coating with solder previously-
separated metal-coated spheres circumvents this problem. The
initial array of particles is first established, in this case
using relatively light particles with well-defined geometries.

The thus separated particles may then be wave coated, where a

30 material such as solder in its molten state selectively wets
onto individual metal-coated particles (such as gold-coated
spheres) without extensive material bridging. This selective
wetting is likely due to the non-random separation pattern of
the initial metalized particle.

35 In the event that a topography is achieved on the



and availability in a range of sizes are not commercially avai | abl e.
EBven if such particles were available, they would 10 be difficult to array

in a highly uniformmanner due to the hi gh density of such netal alloys
which are SSHIBHE | ead based. The high density of FEMUSH¥#Aer
particles would render said particles prone to precipitation in.the
curabl e ferrofluid conpositionsil4particularly those conpositions of 15

| ow vi 5%%?&%&(&’%%3';’2&%999% %:reggg’it’g{a&r ggrsnsée, erature) used in

the invention. edodtieng process for
t he soldsranay e pafibeéds, Inhehaol dey, coatindgiPIDeaspikery be

controll [ substanti.ally uniformcoating .of 20 sol der on

t he surftgggag?&?%én% ar% |m(°: ae%s"b(;orrmgﬁsbpk%aa tsdﬁ’(?%?ghﬁ?ﬁy “q"rlgé’ﬁF‘ti ng fromthe
rel ati veosdeeneortiofg.t hEhss bsildeire refloindy be athbevad defdrpasticl e

pat t'gr n 4ie$ o0 e r i€ Lat e at. which the coated
parti cl 33'300 togo(rig%% Cég{?cgr?pergg nggﬁ?ltcelrest rgzﬁﬁs\&/"éarnssifr?drrte e°ﬂ£?/e. 25
That is2 pebfbratenginytmekadlidatipnevi ousl y- separ at ed net al - coat ed

spheres circunverdshhis P5AL&ThgThRe arrd;j&:dgkgkt?éfﬁaélldﬁzthpart icles is

first established, in this case usi ng rvely particles with
wel | -deFPﬁ@ﬂrgébrﬁi’(Wég. step shemldhdesbeghiiabedcpadudtdds Faysuden be wave

coat ed, aWBeEg, & @e_am}l?rir?é v@i%ﬁn?éaé@tllge(suicﬁ b%zﬁ%%!x{ ' i%gf—e sel ectively

wet onto individual netal -coafed particles as gol d-coat ed
sphéPes}’rﬁP?%’dt IS CeRspGEedratidhi fhepprEliiclgs which seausesi ve wetting is
likely duRaheed haiheehohapfldBIRRALS! LRE Pafxedl BaPlicles (R3E kBLiA Al
metall 280aPie | efending on the coating Material) | "Hne frikodr by 1
achi evef§°8h*1%e 2P 9 g ). The fluxed-jgq. surface
of the particles sticheéd béadriwWibrisrdesisiiectién to tH @Bht be
{ranaf oPREEE 1o BeBuBET PR ST =M TBr m sl der “coating. This sol der
refldw may be acifaetédlbefeparattion- caftiy donersdl ey paredcasr ayed
particl gg,8r & d "ANRLELESH AN Qs wer f SYBSY (ALE O8I NY T8t al k2Ll on.
ferrofluid composition and the stimulation of magnetic field
strength. Material coating thickness, particularly in the
case of .fusible metal alloy coating, can be controlled by
20  initial metalisation on particles, fluxing processes, solder
types, dwell time in wave, wave geometry, number of passes
through wave, and the like.
Solder preforms with so-called precise solder
volumes and dimensions are commercially available and find use
25 herein. Solder spheres, derived from numerous alloys, are a
common commercially available preformed product, e.g., Indium
'Corporation of America, New York, whose spheres have minimum
diameters of about 760 microns + 100 microns. Such materials
are well-suited for application in solder paste materials for
30 printing in SMT. Bow Solder Products Co., a division of The
Canfield Metals Group {(New Jersey), also offer commercially a
wide variety of solder products, some of which range in
diameter from about 125 microns up to several millimeters.
Also commercially available from Bow are other types of metal
35 spheres, typically with diameters in the range of several



Prio‘r to contacting the arrayed particles with sol der, a fluxing step
shoul d desirably be conducted. In such - a step, a cleaning and wetting
agent (such“aﬁ niniso- 10 propanol) is contacted with the artlcles
whi ch causes 9[3&Znhanced adhesi on of solder to the fl uxe"(f“rﬂéﬁ’?l?lé es (or
rosin coating, depending on the coating material). The fl uxed-
particles should be dried prior to subfection to the coating mat eri al ,
such as thq15pkdels Vo 1 cl ratign can
control | ed by part £ el e"eom Js§_ 78’ %%ldc'orgggh% tig%cflet%}s welr 3% %Y 1t he
concent r &% @,qlgprrg@ated er(;lsﬁ-eflﬁ ol @mmometabm@aj:etshe stinul ation of

magnetic field TEn. HBLEIdAl AQaLng:d A GaunPREt LN AT Y T
t he case of - fu5| le metal al coat | g can be contro y 20
initial MArSPPSatkbhlesh lﬂ’artthiecPé’é f]i%éuﬂg pped esplaierssarder types,

dwel | stl rp%ﬂtacw@xﬂyw&ﬁmaetw,ugwmlﬁf wﬂé’ééec%e so1hBropgh yave, and
the ik Sol der preforns with so-called precise sol der

vol urmes a‘f’ﬁd WAVRERRF TR EE GoRFRYIUAYY Io¥ReH gt ld ér?&tﬁ-i“ﬁd usec?5  herein.

‘Sol der sphadess desplaf nfangMaBUARELYEs alshieliSas Mrkhahced weQETRY HRyMercial Iy
avai | abl eggngf or ned eg],(;oduct, e.g., | ndi um Cor poration of Anerica, New

Yor k, whé pﬁ’é?%%r € m ni num di aneters of about 760 m crons 100
m crons. Such mat evarat $pec1aaﬂ.2edveédl-cmri betoyOrampprliviegabboa i n sol der paste

mat erqipal ri g B Sol.der Products Co a division of

The 10 %aingé ?g kiglfalr%‘{c as a%v f’e e JF IR, GHPSE cBRMr cial ly a

W de var iigdjuns tmd@rllmeafduent;mwre amfd Weadh rsade cofimerci4ll arreter from

about 125 QeetALE 4 ded %ﬁl&@&é& aud '4 { $hosqider ﬁsa%%ecggz;fsf%
%% sp yp

avail abl e from Bow are other types met al eres |caly Wi th
di anet er SMThapRefonRED gpPddca %Qns However, monodisperse solder

- 15- s@ihblréﬁ'e&ﬁl’aﬁ')y fdiamesit Y esr Qﬂ'd@r-@@@@@d spedethse! ai%et?e% vel |
der,-coa gns of those netal pI et hora

of sdPdertest ben U5 HESoRRoupis (oinagat LRI dimmescirily cfrem oo ar |
| ndi um basddasel aker bedrievel parké citadnlayldesomdda oy @86mhaiyei n Where the
sol der i%ubBlier.be wave- coat ed over a previously-forned gold coating. Such
The coated, bound, arrayed monolayer particles
formed may be subsequently removed from the subporting
20 substrate and used directly on interconnection devices.
Alternatively, the bound arrayed particles may be used as a
convenient stock on the carrier substrate for metering out
well-defined quantities of such particles. Such coated
particles may also be brought on their substrate into
25 juxtaposition with electronic devices, such as ICs, during
device processing to transfer microscopic deposits of solder
onto chip metalisation by reflow. 1In additioﬂ, such coated
particles may be used as a convenient substrate stock for
subsequent coating, for example, with adhesive. Also, such
30 coated particles may be used for transfer into preformed
curable adhesive films for producing high performance ACF-type
interconnecting devices containing solder and otherwise
modified, uniformly-separated particle stock.
In the methods described herein in which a film-
35 forming material is introduced, the film-forming material may



sol ders di spl ay many advant ages, such as enhanced wetting and . agi ng
properties. Many speci alized solder alloys are avail able 10
comercially, such as alloys with cadm um copper, gold, i ndium tin,
silver, anwommsss and | ead. Such commerci al pr ef or mMBPETAISIIM2spher es
are used in sol der paste products for SMI' and for BGA applications.
However, nonodi sperse sol der spheées of any diameter, or sol der-coated
spheres of dianeters 15 less than 100 microns, are not avail able

conmer ci ¢ 13prliem Bavareas fignking fdie particie- ¢t nivdi pE®A%T comercial |y

from anypianks s,gpeltkgﬁs of adhesive, whildhe ma9abedund Vs, adhésimad awonol ayer
particles subsequent |y renoved, fromthe supporting 20

subst r at Eh%\r?dihﬁééﬂed’f‘?*e%’flﬁ?l 3R Fhe RUHTEr POREHRAING8TeaS: WS ernat i vel y,
t he boundséfuiayed pasvidims e&ﬁ)ﬁabﬁtt@fgihainaa condi@vi@ri edhesivack on the
carriir g str %e for neteri gyant I,ties .of. such

| e

d
parti \ ¥8at e° €@ ggt’i ?e%dgr?af%‘f'gsg’b%ﬂ]etro GREL3nCTYRIA! substrate
into 25 ﬁia@kny&slpheh sitdngdhedsr arpardevilaely bumirtant| Sseopexty ng

devi ce prg Ss'e’}&e{nﬁo s ?&gﬁ}ﬁié’s&&& %t%Roﬂééch% %8' 9?% os rmont o chip

netal i sa |on y re 1on, _such coat &d y be used
as a condesplan d9§§sn©alﬁﬁqﬁ(@yRdeurlng opeyetfornt coatlng for exanpl e,

wi th adhesive. Al sq, céi:'@{ir?%i%ﬁ?{:?&ln?arﬁ[ﬂeclf‘iimWy Qﬁ,ygggdf or transfer into

pr ef or mred cura | e adhesi ve produci n per f or mance
ACF- 8 peadhes e prepanties ng Fesv pEamPkoNtd; ﬁhﬁgfsm d@r tanBeodsrd wi se

nodi fi edpetiddrOitiibY s8€P6 Al RMARBELLS | vhiZOGKke to be assembled!n the methods
descri bed herein.in which a film .35 formng material is introduced, the

flln}forﬁ?mﬁfqﬁﬁﬁéwl prnggst purposes but which are not to be bonded. -16-
be appl i enlowesve&r,e@snékanky ng: tlbedaaﬁamleewant ahalmnarfaaﬁing FI anki ng
strips of- adhesi ve, the s Ve, as t he_adhesi ve
mat eri al 1L 6@???%?% %dﬁ%ﬁ?ﬁ?ﬁ gggen% 931Yﬁﬂﬁﬁﬁﬁ PEF P ovi di ng
extr &5 st wkbek his ﬁcalcatmbmﬁ|mmEaadéﬂs+u&e application of the film.
-Solidification of the film-forming material (and
optionally also the curable tack layer composition) generally
involves two stages, an A-stage and a B-stage. The A-stage,
or primary solidification, has the function of producing a
20 film with the particles maintained in place which is capable
of being handled. The A-stage may involve a primary cure,
e.9., by photocure, heat, or E-beam. Solvent evaporation,
cooling (in particular from a melt), chemical reaction {(e.g.,
polymerization), physical association phenomena and the like
25 are also acceptable means of effecting viscosity increases to
an effectively solid A-staged condition.
. The source of electromagnetic radiation for
evffecting cure or polymerization may suitably be any source of
electromagnetic heat radiation or particularly actinic
30 radiation, including ultraviolet (“UV”), infra red, visible,
X-ray, gamma ray, E-beam or microwave. The time of exposure
should be chosen by those persons skilled in the art,
depending upon the source of energy, the exposure conditions,
the depth of cure desired, the properties of the curable
35 composition (such as, its ability to absorb the chosen energy)



5 film. Thus; for exanple, in edge connection to liquid crystal

ti spl ays, peel strength is a particularly inportant property to the

ext ent that wobdsgisbl e connection attached to the di sptoyssmegz not peel
away during operation. In certain situations, the film may
not need 10 adhesive properties. For .gyanple, if the filmis to be used
between two sets of conductors which are to be assenbl ed tenporarily
for test podpusesthmictuhectorfiningt the demgumidddn. In tevease, ofevéral ly it
I s desirabl h t ' ' terd al tai e dary or

| at ent adgggﬁlé’e%nur%%so%g%g}ré ﬂﬁ%ﬁf?ﬁu Fg@ éigtdlovgf’ %E?efi ér?%cﬁld%ngggse

appl i cati sufdicehe film Solidification of the filmformng

material (and — qRiiQBBILY Ble@xbBSusH el shatkal BY & HRQARuki ON)
generally i nvol ves two” stages, an A-stage and a B-stage. The A-stage,

or prifrar Fe9BiFeH fha REPdRCce rastawee PanEtiBPhruseddtrteriat 3¢ MPERPwi th the

particl estiBi piotiads arpl Astntdiined.i sSTREPaNYRer or eilkei NadTvidead. The
ngr cure hot ocur e,

A-stage may involve a pr " , e.g.., b gat, or
£ boam SBPVER! SRR SR POREE" Sl SPEnGaE ayR FERorS HARGLNER )
chenmi cal aessthed tiRr@to is r@fdnueRl koaksothe "PaykedahreHFocibaithobt

phenonena_and the |j.ke .25 are also acc abl.e neaps of effecti Vi scosity
i ncreaseswﬁi)ch arearf{l@%flggﬁ'%?‘? %(S’Imi’dai-gé?%ﬁ‘ed“aé'o §i #i RFct 5t te The
sour cd0of peret¢ionmgrtatintng atli ki, arefeored to efsf ¢bei NGiln'te wrich is

pol yrer i ZE&BQ@CQ?YinS%'ctcﬁgth?g Wwibh gﬂwﬁ tidds of %SC%{&?&QPH | ¢ heat

radi ation or particularly actinic 30 radiation, including ultraviolet
("UV'), iAhventeeh. visible, X-ray, gama ray, E-beam or microwave. The

time of exposure —qneS %QQkQ?Q%ﬁQﬁS SBchYs t S PLERANSe S%;S&inl!sféitii'ant he art,

dependi ng upon the source of energy, the exposure condit t he depth
of cure dedi Eke, filwe mavopeet thernaplagsisuprenerti®scofipbhe tAatagsdch as, its

abi l'iyy t?i%gSQf bed I8 nGHOBEE &EIAPLy involves a cure, for example,
-17- and the structure confining the conposition. In the case of W

light, antexpoiermasate copdibirr- 0 Whepothpoinstroecsahédi fagation dasf| ce.
been effected by a primary cure, the B-stage cure is a
secondary cure which may use the same or a different cure
mechanism from that of the A-stage.

20 In the methods described herein, the curable
ferrofluid composition may be applied to the substrate, and
then exposed to the magnetié field. The composition may be
exposed to the magnetic field while the composition is being
applied to the substrate. The composition may be applied

25 continuously or in a step-wise manner. Likewise, the
substrate may pass continuously or in a step-wise manner past
the apparatus applying the magnetic field. '

- " The composition may be applied to the substrate by
stenciling or screen printing using stenciling or screen

30 printing equipment having one or more mounted magnets.

The substrate on which the composition may be
applied may be rigid or flexible. Examples of appropriate
substrates for use herein include, but are not limited to,
substrates constructed from polyvinyl alcohols (“PVOH”),

35 polyether sulfones (“PES”), polyesters, and flexible glass-



Desirably, the exposure tine should be the mninum5 required to produce a
| ayer or filmof cured material in which the particles are maintained.
This layer or filmis referred to as the "tack layer™, and the tack

| ayer with W96t i cl es attached thereto is referrepcrusowsigthe "tacked
array", both of whi ch are distinguished from although may be a part
of, the 10 particle containing film-igeferred to as the "filnf, which is
produced in accordance with the nmethods of the present i nventi on.

The B- st 8§BXWTWMPOSEERPs ENFN R§ Ehasesesetbdini smatbreards,ohible 45¥¢ m may use

t her nopl g9t ¢ fandpgaR@nt e‘ﬁo@gfn 1% Apsbress ééab'gleg}%p Q:%tlilggoe\% edesirably
I nvol ves a cure, for exaqg e, to _a thernoSet condition. n the
A-stage solidificdt F8heRSe lavempay £¢¥mihed sehstrafie madyosurey e B-stage
cure is appliedenRpifar yasHrraydt R SBJed'S® pheveABHY tacli Lhgsent cure
mechapi s fram t hat of, ]t]h A-stage. 20 ) I n the nethods descri bed
hereiﬁ, ?%gm ng wit féh? 1@F§°Eﬁﬁﬂﬁxﬂﬁﬁe6ﬁaﬁay jdidaslyedito t he
substrat may anel applikhefo xR rheet be tROTRLNG Férdtd £HRR €Rgposition may
be ex %s’%d to the magnetic fi,eld while the conposition is being

appl i ed T0°T he SUbSPr AF et° THE Yo ABBs? 13 IHWafThEC LG &F $Becont i nuously or
in a stefilmse Mhenepledskeldyse, ithelf maysbleskiqi® dMF1RRIBLEOME | nuously or

in a stepsw ner e a ratus_appl yin he nagnetic field.
The conp’g%ﬂﬁgcnl%ygbggg‘%%qq ea Efgf?h'gpgau%s P 5?@930%//& qre&?f‘@ﬁ’&gl ing or screen
prinﬂ@ngm%§¢ﬁ§ﬂstenciling or screen 30 printing equi pnent havi ng one or

nore nmounted MagN@Lse s%ecifiqaélg, ?lﬂ_f@.ﬁ%ﬁ:@eﬂ?%n‘g@?@ Lhe, gonposi tion
may be appl i ed naz erigid or exﬁb‘e. anpl es of appropri ate
subst r at B813%63s FOemRERRIH 9T douReng bytcRtdngoen | 4 maned ayer substrat es

const r uchesl-farAIBMPak ¥yy Nyt seelat svd "FA@Tc) es 35 BRIeRehogy! f ONES
("PES"), . po sters, and f]exible, glass-
-18- 1'2%%@ (Fg‘ﬁpﬁg??%s‘? SGERLYLNY Hx @ Fybatrate faer@hles, which are
UV t i8inspersofiluikdo ughpes £t iahs ewkede t thapReableptd Saldiuiapaque.
composition includes a colloidal suspension of ferromagnetic
particles in a non-magnetic carrier liquid, and substantive
particles, so as to form a monolayer of substantive particles
on the substrate; exposing the composition to conditions
20 favorable to at least cure partially a layer of the
composition having a thickness of no more than 50% of the
height of the largest substantive particles, while the
substantive particles are arrayed in a non-random pattern as a
result of application of a magnetic field; removing the
25 uncured curable ferrofluid composition; and subjecting the
bound non-random arrayed substantive particles to a coating
material under conditions favorable to effect coating of the
substantive particles.
And in yet another aspect the invention relates to
30 methods of forming a coating on a monolayer non-random array
of substantive particles disposed in a film. These methods
include the steps of applying to a substrate a curable
ferrofluid composition so as to form a monolayer of
substantive particles; exposing the curable ferrofluid

35 composition to a source of electromagnetic radiation capable



A rel ease | ayer may formthe substrate and/ or may be 'appl led to the
tack layer in order to prevent the tack layer 5 -frombonding with the

filmform ngwomteesal . Simlarly, it may be applied tpcinseosdss ace of
the film renote fromthe substrate, so as to allow for stacking or
rolling of the films. The rel easejbayer itself may be rigid or flexible
or may include a coating or filmof an appropriate releasing 10

mat eri al . of effectmg polWﬁz&m&ehf bﬁaﬁﬂq,coﬁr\bbs.itmmdxoa i n anot her aspect

rel ates to pethod m a. coa random arr ay
of subst aﬁ‘f%ec tfg'f:ﬁ“% to ﬁ%gt LW&%lzanc’ﬁch ]thIst"gpﬁSf appl yi ng
to a subsd:asxqias;amur hb*lrfndfa ftenmhésts o oipawirei tllan VBOY @£t RAecur abl e
ferrofl ui e} des col | gi.dal sus S of ferromagnetic
particl eslg?lr?ht ﬁ%ﬂgﬁé %%’f?c car I‘gl gr ﬁquc?rtéﬁé! §Ub@?§h particles,
so as %o $\¢bshaa1t|iwaobayetcxﬁs wxkstandyed ipamt nohesandom qntﬂ:leensalbsa rate;
exposi ng i sel?]_ctorg%ogﬁ)% QaEPonC%'}d' t;nggr? .0 fﬂ\é?dahlf?% ciktﬁxexl.eaSt cure

partially ayer 0S| aV|ng a ess of no nore than

50% of the hei ght oial herrloemggstheuxm:tmtil corphld ifdreoflvhdl e t he

substanti y, r rr o] as a resul t
SimersuhTLE S BEI gt Ind AN HARHORYRA el

of applic a nagn uncured curabl e
f errof | ui SnkARGS Ve gnrtmﬂda%m éccbmginm@laterlbbUWQmmﬂdmnnar rayed

subst gt | Y&, Paidile ckgs ﬁf’e@t %%tt'lﬁg of tﬂeats%ﬁa's%f,w@rpm@lggonéné avorrab' e
to effect coating subsfantive partic in
yet anot h%EPP]délﬁ’@C? tfhmefﬂFérmragon\aFermJesm ¢ ddquigtHeke g £olhi Bee a

coating oxh&m&@,hayegpa@ék RRYAEhAER&Yso- forRbdSHPSLRId WRibRRhhE FHES
di sposed in a | m These net hods i nclude the st'eps of applying to a

substrat ep%trtc‘tﬁléﬁl ard opignagdily,ts €RFpoAREEnoSothe FWstEAkea nonol ayer of
subst ant | ¥Earfidhlyl €hessuesaiivg pa.etme:rmlt% Berl ohl thitxIeseOBPRELIAF ON tO A
SOUTCFs Of | SEA GIRIREt s O PPN S g 4t or o
Optionally, the film-forming material may be at least
partially solidifed; and optionally, the so-formed £ilm may be
removed from the substrate; or
{b) removing the uncured curable ferrofluid
20 composition, if any: subjecting the bound non~-random
substantive particles to a coating material under conditions
favorable to effect coating of the substantive particles;
applying an adhesive film over the surface of the arrayed
substantive particles, opposite to the layer of cured
25 composition, with the film having an adhesiveness with respect
to the substantive particles greater than that of the cured
composition; pressing the adhesive film onto the substantive
particles; and separating the adhesive film with the arrayed
‘substantive particles adhered thereto away from the layer of
30 cured ferrofluid composition. Optionally, any substantial
amount of uncured or cured curable ferrofluid composition
remaining on the adhesive film or on the substantive particles
adhered thereto may be removed; optionally, a further
film~forming material may be applied to fill the interstitial
35 spaces in the array of substantive particles, and optionally,



3
sufficient tinme to effect polynerization of a |layer of the * conposi tion
havi ng a thickness of no nore than 50% of the hei ght of the | argest
substantivalégééécles, while the 5 substantive particles are arrayed in a
non-r andom r?o h as a result of application of a F&HNVEWR47Riel d; and
ei t her: (a) renoving the uncured curable ferrofluid
conposition, if -any; subjecting the #bund non-random substantive
particl t C | ri der_.condi tions favorable to effect
coat i ngqis)? t vgrsgg%%%%?%tg%pgrg ?%Sfr%es ;flcaiﬁ‘dgiank’e{ﬁpIjtglenéulés‘f?’ﬁﬁvﬁor M ng
mat er i alpadntiglesqbe da sfidme thdcknéds tsdimilar tottgradt iihi 8hespaces between the

so-f Or Mgl AY 0L SUASANLEbReaini ARELEL o5, @10 0BLLORG! [ Lo cover ar eas

of the substra I ng e substanfive partic to"a fil mthickness
si mi | ar fErthert faimi fornmtiagsmbteninl wayphet at| easinparhiallar ea.

Opti gnaldgpidieefiil mformng material may be at | east partially
solidifed; and optionally, the so-forned filmnmay be renmoved fromthe

substrate; or This composition ingludesowi ¢rkdisladneuspensianaloife

ferrof | WekréRaGREPOSIfd: R0 c1kE BHVA n%'r\bhgﬁfx{ef@c 3!&%9%9”5!' r3gom
substantive particles to _a coating materflal under COI‘ldI% ony f avor abl e
to ef f ectubssapthge RafHE1leghBBNT \Pe PRAELELES e3ize on applsdsty ome adhesi ve

film overired@isHr fReRed dfharalésamed micréﬂ@ééﬁa.nt ive particles, opposite to
thehfoflyer of cured 25 conposition, with the filmhaving an adhesiveness

wi t % espect The irresenfsinreatienpalsp crelatpsc doemonpbayeanest of the

cured norsQAERASH!AfHyPLESebAted R r2dBess Vand ifiMmaNtRe L5y Subst antive
particles; and sggaratin t he adhesive filmw th the arrayed
t

subst antAAPEUSER +1 | 3REGRAFE It hSRE'EES - anay from the | ayer of 30 cured

ferrofluid conposis iidit@phi Otie | thvedlYof UBSIAYY &b subs@wErwat of uncured
or cureq{curable ffrrofluid conpositi emai ni ng on the adhesive film

Rl npogition .. c{ .
or on t W& &lHst afti® &HEeeFEiRe abovgaRPLiR] Htegesondy defilans¥ed:
opt ildnaltacked &nrdhesf coatbidl paftiioliesg fonhed itter@ey,be applied to fill the

ont onal 1y 2 SRR the! DnbeRefod Po13kes 08 SN PR S
support tape substrate and non-random monolayer array of
coated transferable particles, the particles ranging in size
from 1 micrometre to about 500 micrometres and being

20 temporarily bound to the substrate through contact by no more
than about 50% of the surface area of the particles. The
strength of the bond between the particles and the support
tape substrate should be less than the cohesive strength of
substantially all of the particles.

25 The articles may further include an adhesive matrix
(curable through at least one cure mechanism), a silicon wafer
substrate, an indium-tin oxide (“ITO”)-coated glass substrate,
or any substrate with a pattern-wise delineation or
demarcation of electrical conductors thereon, to which the

30 array of transferable coated particles may adhesively bound,
with the strength of the adhesive bond between the substantive
particles and the substrate exceeding the strength of the
adhesive bond between the substantive particles and the

- support tape.

35 The invention is further directed to an article



to cover areas of the adhesive filmflanking the substantive particles
te a filmthickness simlar to that in the substantive

particle-co area; and optionally, the further m ng
mat eri al may Bb | east partially 5 solidified. ctr'/ds%/(m{F

conposi ti on |ncludes a col | oi dal susngS|on of ferromagnetic particles
in a non-negnetic carrier liquid, and substantive particles having a

particle ﬁé@fn@ra %hpbseéttélw substPhPENSAD atnh%EQQf:e@fmcfﬁolla%%t 1
m cr orret er. resent I nvention al so rel at eS to nonol ayer ed

non- randoﬁi’%ﬁlfaﬁ% C&latééaféﬁlﬁ%rtap&?ega’éﬁhc]ﬁq RE Bhet@dit produced in
accordanclea.&faﬁ@urt o about 500 mcrohet@ﬁwlﬁdm, théﬁetd\\tﬁﬁfainon relates to

substrat es afi descri bo a I|ed thereto or a film
or 15 1 ae R L T Sehet N DAL ERCPURS T LY EFED P And
t he i nyenfeoroniajratds parﬁid‘:lecsl @andhake ngditesive su;aqsmgﬁh tefpeheubstrate and
non-rando nonol aye goat d tran fera rticles, the
parti cl es® he ng¥3|eﬁ'n§| ; gis Othaf ?rg%?lo‘fﬁat ef'g%b%‘ﬁa“"foo m cronmetres
and bei ngpaﬂtmlemsp@mdr béyn@o_wujattem thetbmbstppaﬂre tapougibstomattacthly no nore
t han abou%osg%} qf, 5@%8%% cpea&rl%g gf the particles. The strength of

I C

t he bond between I"es an he support t ape substrate shoul d be
| ess than the cohe@h@elav¢@ﬁtﬁﬂ1h§falSO @imgntﬂﬂ:talaym%mhodﬂbfthe particles.

25 10 formin 5&@5@?0;5‘33&’ JdorbhiReing Ned %e%ﬂe@?@sflvfstnﬁkﬁ'

(curable throu | east one cure rrec%anl S i con waf er

substr at eSeeeP rﬁﬁtumft EANSUGERES(" | The) Methaddngludss siststeps, of  or any

subst r at efess\hafhga A LE8ERD VY I8 %@bugeagl ONED¥st adhd8IRE G i0Fiekeel ectrical
conduct ors t ?/lgeon c:gowhl ch the of transferable cqated particles

may adhesP% rs 3mq Fuyrkbes: PRRGY D AN At g SANFAHBABIbRE ween
t he substn@ﬁdal/a-}{er nopali:hn@dne&m@ bliecsabsd rpaatxelexeembmgi teeast rengt h of

(he, 15,80 ABASRLIERR, LIe RUPFLARL 0% BE LRSI | SUPor
-21- that at least some of the non-random monolayer array of coated
transferable particles are in contact with the first set of
conductors. The first adhesive is then at least partially
cured. The support tape is removed with the non-random
20 monolayer array of coated transferable particles adhering to
the first set of conductors. A second adhesive, optionally
the same as the first adhesive, is applied to the non-random
monolayer array of coated transferable substantive particles
and a second set of conductors applied to the ordered
25 monolayer array of coated transferable substantive particles.
The second adhesive is then activated.
In one embodiment, the first adhesive is UV curable
and the support tape is at least partially UV transparent.
Other types of adhesives may be used as well as discussed in
30 several of the examples below.
The first set of conductors can occur on a substrate
such as an ITO coating on glass, metalization on a
semiconductor and metalization on an insulator.
The present invention includes an active or passive

35 electronic component having conductors on its surface or



havi ng a support tape substrate, and an ordered nonol ayer array .of
coated transferable particles of at least 1 m croneter to about 500
m cronmeters bound thereto by an adhesi ve, the adhesive being
substanti aW§9¥3¥@8 of 5 ferronagnetic particles and the RGIEIET2St r engt h
of the adhesive being |l ess than the cohesive strength of the
particles and being greater to the ﬁﬁbport t ape substrate than to the

transferable artuﬁgﬁgw invention is also directed to a
met hod &F*1B FH¥ it ing; aofipias gﬁﬁaﬁﬁ?%g’bﬁaﬁdc%ﬁm@h first and a
second sdlectticahliyicicndactihe pemitiedesnapplivsd tthe itk eedndictors bermng an

assenbl y, pplLyi.n first adhesj to a first set of conductors and
further a%%ﬂ§|§%'%%g% PEreYc %?%f%¥§§ nonol ayer non-random array of

coated particles Tiwﬁiiltnooa ﬂ&@@mthytm@p kwmtrmaaeozt card he first set of
conduyct s sYER +§gndom nongl ayer array of
© a aqtb etesgl't’lb'{ga&ShtbS%(llgge con ’2'1[‘2\ l?ﬁ é)#]géssf'l P9 'set of

coat ed trans er partlcles are
conduct &8s ITPhecdted i9laghewhieh jhas pahtarnyisssidepaneatedy cured. The

SUpport doARAct Své HENRE Bhibeddle d}onaiéaﬁml?&l@”%@gtfé ¥ (8 coated

transferable particles _adhering t first set conductors. A
second &4K sP RSLIAfieSoRY| pY adhesiye.safpramic.neppryseompimidieve, is applied

to the Ip@llyli.mnd@nfllms ARAOtRY €11 k¥ raprebe st t FapRE 58Dl e substantive
par tyinCl .second set. of condquctors ied to the ordered 25
5y Ebogrraflb oRuSR BRY ot ERRAVERNS 43RRYE par ¢

nonolayer array of &-particles. The
second adhesive i® rtﬂnencaselcvfatm—coated glass subbﬁrm,er’dmditaent, t he

first adQ?éngf'éhéJ%uggﬁfglébmqﬁﬁ%t§gﬁ ies O%%@g rgﬁge I at | east

partial ly"UV transparent e§TVEY" be used as well
as di scF¥§eEPtHP1O @e@épépp@kmem;ze%am1 eandhdlsomwured by The first

set of GeRduciOfdh EMRoAGRUENE L AnSPRILAR! SupstrallC ey AkdihPccoating on
g| aa? taI jzation on a sem conduct or I zat1 on on an
at

i ns r UV} radiation. T%Pﬁﬁ”er@eﬁpnmms my. kel sefectad svchve or
passi ve tBEteb:@D;t r0Niaye€ 08P OfIRN lcuRABh B Ic&pBlIGLE 8RS sOD diFiex3ur face or

After removal of uncured material, a backfilling material is
then applied and cured (primary cure or A-stage).
Alternatibgly, backfilling is not necessary if a

20 film forming material is to be applied intermediate the ITO-
coated glass substrate and the substrate to which it is to be
mated concurrently with or prior to mating or if the second
substrate has a pre-applied coating of a solidifiable film
forming material on its surface. The solidifiable film-

25 forming material should either be a liquid or in a softened or
pliable ‘state, such that as the substrates are mated and
pressed together, the particles penetrate through the
solidifiable film forming materials until contact is made with
the surface of the second substrate.

30 Similar methods are appropriate in the case of
substrates which are non-transmissive to UV or visible
radiation but which are transmissive to other forms of
electromagnetic radiation. In such case, the initiator
systems in the curable compositions may require modification.

35 Alternatively, a pre-formed "patch" of film according to the



-25- . peri phery and having a filmas descri bed above contai ni ng

.electrically conductive particles applied to its conductors or afilm
or tacked %{;6%\/38;22rned t her eon. The film Oﬁcflﬁéég 4Al ray may
be fornmed on an el ectricall y-addressabl e substrate, or conductive gl ass,
such as | TO-coated gl ass which has patternw se-delineated

conductive tracks thereon, or, altertatively, nmay be bound to such
substr atiggelyi6n mihes \égﬁlgewe GneCROX¥t FINAT/-hldressabRP! yi m de films
and the li ke represent other forns of [0 substrates I ch may include

conduct iSPESEFatks. In either case, |the; hackfkbl gomppeitien cepnfiadss

substratae3atbhe tRdimal hakd¥Rér Ur AReUBAN £, QURRSELEOEM 5o TWakabl y
render ed suscepti bl e to photopolynerization, .and Is cured by

i rradi atitoR2fntd tar?‘@eﬁ"é{ﬁs%’é‘?%erﬁtléébst?}é? FesplEAng cPTPRRCES B or  UV)

radi 8t i eitEsPestse sNdint HeRScaBh e coRhe6t Bsh TWCH1at ?ém only a |ayer
of the cura?le copposition solidifies. After renoval of, uncured

mat eri al9*SRIBYEKPT 1145 FEPES 9% direct hdte ARfachaeRhd WA Foori mary
cure or tRchhfigees in the case of Aldcatedt anel subdiadldedl Wwafgri s not necessary

if a20 filmforgng material is .to be applied interpediate the ITO
coated gl ass subsﬁea?aé’eéﬁaet RaTSif& PAFE gg W SREEC; §St‘§uo°é‘ are gt ed

concur r ént by wbatedrirpriceortiencatwintg ahisfitventsenostould saibatrate has a

pr e-@pplyi C [ f . olidifiahle fi . farm materiagl. on its
surflgce.le$%§ so%‘%l{d]ig]fq)é:blﬁ‘ggf H’%‘ AZ?% oF?n!l%ldr% esr:"lzg} Qgﬁﬁ?ﬁ\a nee%t fer be a
| i qui d gartachespfnmregagticulaply &l desstt #bowudiflt hamess driik substrates

ar e 8t el ANdageon PPSEY eb0OCLIRT: soBecRALLI Clafs REBGELALA,S hrough t he

solidifi mng materrals until contact i's na h t he
sur f ace peirtindes doaned asubyerage. pBGicle size (medisyiredr onethr dsingre

or i 5 1 aenstoh 1 JRE cie, o B e g e e o
el eclSr olggsst Reovtadd aicgemetpes udh leasbe enbloidali desromagnesigt ens in the
curabl e LOFREsEE | R THY abEONEE epa_rmicflgcelgwmoé%maég}%ﬂﬂ et @
pre-fornmed "patch”™ of filmacCording to the
0.1 micrometres, such as about 0.01 micrometres.
For electronic interconnection uses, the
interconnection pads generally have a width in the range of
20 about 10 to about 500 micrometres, suitably about 100
micrometres. The separation between the pads generally is
less than about 150 micrometres, such as about 100
micrometres. The present invention facilitates pitch or
separation reduction below about 100 micrometres, even to
25 about 10 micrometres or less.
The substantive particles should have substantially
uniform sizes and shapes. Substantial uniformity is not
affected by the presence of smaller than average particles
(which may not function as conductive particles in the £ilm)
30 or larger than average particles (which may be compressible
and/or otherwise capable of size reduction in the conditions
of production of the film or coating). .
In the methods described above, the curable
composition may be cured or otherwise solidified while the

35 magnetic field is applied or shortly after removal from the



- 23-. I nvention may be applied to the electrically-addressable

substrate. In either case, the backfill conposition contains a | atent
t hermal hardener or other B-stage cure system so that it has |atent
adhesi ve proP&¥¥%8s. The resulting products are 5 suit abP@/ysIsOIdRe in
device interconnection to flat panel di spl ays of various types, or
direct die attachnent, using FC -32%chni ques in the case of a coated and
subdi vi d dl\gafer. The average particle size of the particles
whi ch ar *to be coated in accordance with this invention should be at

10 | east about 1 dsisiee fnagtb@faﬁgﬂaeaokbor;mlla%%eofsefmm&ﬁ&h&

particl ticul | ea about 100 times
advant ag'g%& k?aif era?stang %tg% hgsprwper}g@gggagt?:;,epther particles have
an aver aﬁg:dlpaficmtmrslsz:ep( measur ed on the m nor di mrension in the case

of nan-symmetric rt| | es) of at 15 least about 2 mcronetres while the
col | g'slndal ferrongi‘gne% rticIs %arpﬂ e SORRYES L g\?@rﬁﬁ%s tYPOPe si ze not
gr eat er <iftheratioring prepataticn afetthesfiknclomauatinytits Ghavueponet res.

nave a WPICReEL S SURRCERRBD ARG, rabIfieatsd Bar BB AdRLPes
sui t abl poabbucormi):t andneoabhes respehbat Seps i @mabbtwaﬁmttxbﬁs pads

| h
i or oet T bgrt’ﬁ cld el B2 &tgatje ?acﬂ%%a’t terér% tggc%?‘r 1cd ?é %r at i on

m cromet res € present invention
redd®t i SesBerble dbbFhel poeRt 3 it Déselw@mctail%coadnmnnﬂao fiilms onet res or

| ess. rhe ThSCRHDSL A0 ke path| plen o Baul g i istpt ant el |y

uni form si zes and shapes stantla rm-t fected by the
pr esenc&hgf S§%I‘#-‘er“‘tehaﬁeﬁm Hjamsiet ef cthe SubéMnbhvena;ﬁrmr:léanct ion as

conduct irve tRar évedtetnien hbeléié%réoofofwé aJngﬁirorEhg B9° particles
(which be conpressible nd/ or otherw se ca SI ze reduction

in the 8&%@?’5?’6‘?@1235'0?3&% PeAopgingid jthe 9?—”0'6106911' rig)rger

In tife pairbodbeslanehlBele abpVSubstRat SH1 AP Ehi formCOIPOSid @Remy be cured or
ot herw lidified while the 35 magnetic field is applle ox shortly
after zﬁbgg e$s ff the film should be in relation to the average

diameter of that largest group of particles. During exposure
to the magnetic field, the thickness of the layer of curable
ferrofluid composition may be greater than the average

20 diameter of the substantive particles, although ordinarily the
thickness should be less than twice the average diameter. 1In
this way, each particle may be surrounded by the carrier
liquid and may migrate in the layer of the composition.

After backfilling, pressure may be applied to the

.25 material to reduce the thickness so that the substantive
particles lie at, or protrude slightly from, both surfaces of
the f£film. Alternatively, the thickness of the film may be
reduced by shrinkage during the A-stage, e.g., as a result of
cure or drying.

30 If the particles are compressible spheres, the
thickness of the film may be reduced by compression to less
than the average diameter of the electrically-conductive
particles. In so doing, the particles may be compressed into
a non-circular cross-sectional shape and the area of

35 electrical contact on the surface of each particle thereby



- 24- field. Pressure may be applied to the | ayer of
~filmformng mat eri al before and/or during the primary curing or other
solidificwossasezxep. 5 The particles nmay b&CIoIBpINAT when
pressed upon, either during preparation of the film or during.its
end- use application. Such conpiasancy facilitates greater than single
poi nt contact and enabl es conpensations for small variations I n

parti cliacseseedr Siggpreaston |oft faddvidual partisiescte fifferentdesirable in

the praea&a&w&%@&s&u&%&y a‘i@BdE ;'.gé’r?sgﬂé Bor some variations!Ne -
t hi cknesS of the filmshould subst an the sane as the average

di anet ép BFrF%%mﬁPﬂv@m%Pésthe sulqs,;rlaﬁg evBM® the particles are

of tV\Dc@ﬁ\FB%@l&iflqlt@S o@f electﬂéaﬁq?eaanéﬁé@.@ue RREkticies eliengiang to the
gr oup of 15 “particles should be, of substanti al li@hum fform si ze and

the3 °°FH|Egr%%]sy“&fntchgafﬂ’rﬁlsﬁﬁﬁitﬁdbﬁlph FbederoRicdtt¥ie aver age

di anet @on@lictivd xﬁe?cragesﬁwrwrbpfa I&ébké@'@@perﬁé&wnﬁf&p@wreﬁ{tenf_ to the
magnetic field,_t thlckness of the layer of curab ferrofluid

conmpos i Gﬁ°?r%1‘ eFPe IR YRE -aver age 20 dianeter of the substantive

particles, althm&ﬁ&mynaﬁhéwdi&@rm maghéekhanelahosl sppeidess than twce
t he average_di a

te I n , each particle may pe rrounded by
Lhe campedal o The dareinat e \TUPRLE FavRe YigpolEatet P difnder o1 on.
Af tior kagkttibhntandneesyupst@ative papkielles cdrre a2kegibdLrdxlayt o reduce
t he thigckness.sp that the s bst ant h\ig $arlt|cl es gl e al, or protrude
sli ght 1% PPBRFCHYT 15 Gr FRRREAYRE- Re2f PYIRLaNFar hBETSetS, the thickness
of thepriimarihy dingle-paedicksl dnidgingnkageha r idigethior\-Isdtagen € 9., as a
result of cure or, drying,. .30 . Lt articles are
conpr eS¥PHFEEE pikr °§1dut°ﬁ§rs (WheD) HhgeddiBiis h“}eseﬂhgﬁ?ﬁﬁen be"t Sfii€ed by
conpre&ilonnaact@sﬂ Thehaagiler pattage ﬂmanBMsrthé réhlablllty
LISt LAY EODOC R ace . PR Rl BB LSO ARt Onel DALY €] 05 MRY D

ressed| a non-¢i rcut ar °cross- sec I on and the area of 35
eI ectr |peaclal¢eht*an:ttkm lalyersaof ftdoe cmfrabaehcqxapdancﬂlent iergby the X

direction) and the particles form parallel chains of
particles, each in contact with an adjacent particle or
particles of the same chain. The chains are formed to lie

20 parallel to the longitudinal axis of two sets of conductor
pins or tracks. Here again, single-particle bridging in the
2~direction may be achieved between the two sets of
conductors., The particles, however, are also in electrical
contact with adjacent particles in the same chain so that

25 1reliability is further improved.

In the methods described herein, the curable
ferrofluid composition may include a colloidal dispersion of
ferromagnetic particles in a curable liguid composition (i.e.,
the curable composition acts as the carrier of the

30 ferrofluid); or a mixture of a curable liquid composition and
a colloidal dispersion of ferromagnetic particles in a liquid
carrier.

The colloidal ferromagnetic particles of the
ferrofluid may be magnetité, or other ferromagnetic particles,

35 such as those described in U.S. Patent No. 4,946,613



- 25- I ncreased. Conpression of individual particles to different

degrees of conpression may al so conpensate for sone variations I n
particle size and flatness of the substrate. The conpressibility of

el ectri cal WO9%aauct i ve particles having a 5 core of poPgTEsMEI4ARt eri al
coated with an electrically- conductive netal will be of a degree
dependent upon the extent of ct2&s-1inking of the pol yner.

General ly, the uniform magnetic field is,applied normal to the |ayer of
the cur h%'ihé-kéﬁﬁbosﬁ‘? Shscitogureqf mhdch ip ‘g‘f"reéﬁ’t EERYERHMY t he substantive

part : clﬁﬁcd‘x@ﬁ&h&ed Sedn BT ayfelarencsaf. loakaxhlsi@éldfn gaimm&d ayer . hWt h a
nonol ayer, there_is .pri mar i [ e-particle bridging in the Z

di rect ifg 198edREHLC Pantisles, én%]?/u‘%o%gﬁﬁ?‘g?%n?Weﬁxm% ‘fi%ﬁ}\ &%used bet ween
t wo setrsanganest terxlitisother Thisan egiginatipe} teshalitmfeoyitsedhe reliability
15 i cont act . etd.c fi .y he applie parallel to
t he a%a‘r%%(%#" ? %Lér%:ﬁ?%{bﬁng téﬁ%‘ég? %Ppoor? l%g . gs%g%%eesy)ég'-g—"’ dflr%cg't ion) and the
parti clreisckiedr angambk Y uxdesc rthensodf, and partirvesshegeohi;i andontact with an

ad] a?e”fer%ﬁnta'gﬂa@ﬁr@rmetahlslf)a%i:ﬁ'é‘ss_i(}font,hsoﬁélﬂ?, G3kNea JDE fdlaas are formed
to lie 20 par el to the longitudinal "axis of" two sets of conductor
pi ns orand adrsureprhenpoin, A fefeitsadsi 8| eermnigyilxgni pxide Z-direction

my be @stpRnadhReiNg et irlbga b SeiprRlerties GRNILGE gesexrdhe particles,
however, are also in electri contact with ad{ acentbgﬂrztlcles in the

cal
sant? cHTTUdE MRgO28hexs iMdiS PEPeFAL A MEFat npttRie@s co I'n the
met hodsnid9@ar bhediher gide, chBfbétd addiRnce ah€rTédnndldggonposi ti on may

1 OB 0% £ SEED, Bl o ORISR RRLLE SR 8 Cur e
of the Eﬁhﬂamdrwlbmsxm; ameaphéubmﬂnanobfafenrgmﬂghdtﬁqmiﬂspﬁbanﬁdd on anq
The.col 1o 54T Fary ShEgbita T RS O P © Srerroriuid may be
magkfetite, or otBee diemmedergnétthe fanrophgsetBS ppurthcde dimwatedescri bed in
U.S. PeH\a%PtbeNQn éhg%n%]e?’ of about 2 nanometres to 0.1 micrometres,
with a mean particle size of about 0.01 micrometres. The
ferromagnetic particle content may be in the range of about 1
to about 30% by volume of the curable ferrofluid composition.
20 1In the case where a monomer forms the carrier of the
ferrofluid, the suspension of ferromagnetic particles in the
monomer may have a particle content of from about 2 to about
10% by volume.
A surfactant may generally be used to produce stable
25 dispersions of the ferromagnetic particles in the carrier,
particularly in curable carrxiers. Surfactants may be selected
from unsaturated fatty acids and salts thereof, where the
fatty acid or salt has one or more polar groups such as COOH,
SO3H, PO3H and mixtures thereof. Other surfactants well known
30 in the art such as silicone-type surfactants, fluorine-type
surfactants and the like, may also be used. Suitable
surfactants include sodium oleate, oleic acid, and silane
coupling agents, such as those available under the trademark
SH~6040 from Toray Silicone Co. Ltd.; Saloosinate LH from
35 Nikko Chem. Co. Ltd; and the fluorine-containing surfactant X



-26- (I'shi kawa), the disclosure of which is hereby expressly
| ncorporated herein by reference. Exanples of suitable ferromagnetic

particles | wedgdss2d er romagneti c oxi des, such as mang apeTasdauT2 t es

ot her than magnetite, cobalt ferrites, S bariumferrites, netallic
conposite ferrites (e.g., Zi-RG~ ni ckel and m xtures thereof),
and m xtures thereof; and ferromagnetic netals, such as iron, cobalt,
rare ear CHSnEtGalfsom Toskilh rAitigoee Cherlanf.. A ferrite is a ceramc iron
oxi de conpoun r et OR&LLI e 10
formul a MFe[err] g Eﬁgi*ﬁ%%g%%%%?ggl%6%n%%1%§?5g§§ w%%ﬂ%gﬁpﬁg Eﬁé ni cke
or zinc peetac@hafbshe SerxomsgnghdcTeahhictlepy A serendamyary, WR Chanbers

Ltd. andg @?f%eamemgg é(féé'ﬁé’ 3e85Sto achiFid amg Q}%@&)ﬂn The phenomenon of

ferromagneti smis_obServed inferrites and stm térials. 15
The o ankdeficitlarpy pBripiRbifesiEpakantl £ogi garete an agdf ferPn the range

of abouteof NyHyERhaes é&&lﬁa&&e@afpf an aro&fa&bcaﬁ)tf@s%ﬁa@.%r bkgbte size of
about 0.01 mcraonetres. errona particle content may be in

the r angEY%‘? sySgetant, S‘E‘EP eft?o&f‘f'%%%%%(ﬁr&ﬁ‘e%?‘ {ereatyBratainbrr of | uid

conposi tLomited} WiBhéhsh&dse ManehesBe APND/RRI offORABDAIKC REUALOEErom t he

ferroflukgé [&f ius enﬁlon of erronagnetlc particles in the nonomner
may have 2 Partrcf8<eo ?%W&e%ﬁ RS/ about 2 to about 10% by vol une.

A sul@actant may @Geneeantigndle fiesedfluoipranposisiabseiSudd spersions of the
ferr omoBgiid ! eheseLA dBrERIE! BhrviciesPn! AU AN Roguranl e

carriers actants om unsatura tty acids and
salts t hmmtlwcsermeheliquld‘.at Sychcheh-gragngiti chasroisr dnmde pol ar

groups SHeh 1as c‘ﬁ%‘n fro%sﬂd?fgr ]tHosgqgééx#ﬂe@lr@nané urfastetnh&e Q her

surfactants mell he art such as silicone-type surfactants
f1 uori nedt 94y 613 (§ah+5@faa>rn§?§nd99h@n¢|% 3m8¢3aP4® (Reimexs) @ndtabl e

surf g5t aphGeddidivdal Spgtamm Qiatieat 0beiwo aH /208200 hd Qﬁ?sclosuﬁ@b‘p' ing
agent s, gﬁg as those avai | abl e _under the tradenmark 6040 from Toray

Si | i cone®E0®aqh @f: whLFh ¥ disFepy FFBH?%E?ﬁwlﬁﬁarEﬂE%FEQJ9eq9FB b¥nd the
fl uori nerepsteatidel. ng surfactant X

The carrier liquid may be an organic solvent

selected from (a) hydrocarbons, such as kerosene and fuel

20 oils, n-pentane, cyclohexane, petroleum ether, petroleum
benzine, benzene, xylene, toluene and mixtures thereof; (b)
halogenated hydrocarbons, such as chlorobenzene,
dichlorobenzene, bromobénzene and mixtures thereof; (c)
alcohols, such as methanol, ethanol, n-propanol, n-butanol,

25 isobutanol, benzylalcohol and mixtures thereof; (d) ethers
such as diethyl ether} diiscpropyl ether and mixtures thereof;
(e) aldehydes, such as furfural and mixtures thereof; (f)
ketones, such as acetone, ethyl methyl ketone and mixtures
thereof; (g) fatty acids such as acetic acid, acetic anhydride

30 and mixtures thereof and derivatives thereof; and (h) phenols,
as well as mixtures of the various solﬁents.

Commercially available ferrofluids, such as those
from Ferrofluidics Corp., New Hampshire, USA, include
dispersed magnetizable particles in suitable carriers, such as

35 water, esters, fluorocarbons, polyphenylethers and



-27- C95-470 from Toshiba Silicone Co. Ltd. « Primary
surfactants form an. adsorbed coating on the surface of the
ferromagnetic particles. A secondary surfactant may al so be used, to
achieve diwospRtsea [ity, 5 particularly an anionic surfalCuH$99/01432 exanpl e
an acid form of a phosphate ester, particularly an aromati c phosphate
ester type surfactant, such as-ZBAC RE610 from GAF (G eat Britain)
Limted, Wthenshawe, Manchester U K or RHODAFAC RE610 from

Rhone- PeXA%as@rbens ii corrrafese detailed discusgeny et fenedtiwdsof | ui d
cONPOSi §4ONS g, nCﬁUdWyn—Jon%Ql Lei g5, OfFetrQ’émgéﬁéﬂ@%%EkﬁaPér tyqles in a

swtabl’é"h netic carrier liquid.”Such non- rragnetlc carrier

li qui ds?s Ch.mfy Be % derthoHehland Pﬂ‘ﬁ%éhﬂ&&q bel-Pn ‘iP@- fapthent No.
4, 946, 6§d'3 ((13B0Kk AVBYgrddatioRabestedNes 3n8481 0tk RenneLs)

NGoby
I nt iongl P tent pl i catl /2082 t_he _di scl osures of each
of i Sﬁvéeﬁe &by ???lc\(;\qp?%gzﬁt eﬁn‘geﬁ“(ﬁ nRggensweigys dlnce.
The cargéwr Hiugdi Bedmy, h@ am30¥-g3in{1(989<yl vent sel ected from (a)

O i LS GEL 4 FomBs B 7 mal) BECARDS Y ohvene
m xt ur esdidsdiveotompdgition.haMogensdead fiydl bgaritomay bachmas chl or obenzene,

di chl or gl eof; al cohol s, such
as pet h'ée};rﬁlgclgzb(?L 3’2%'%@ %oggﬁgpg lrn%’u égg{’ 'Bg‘{s C%lloéa%%nol benzyl al cohol
andithi xie,lrm#lvhdrem bg d)lxstdhersm whlsrbchhasf@hmnhgheeiher di i sopr opyl

et her r tiher, ) h uc and
m Xt ur ?ﬁt\{?ﬁﬂggf £ fbe cﬁ%fperse%eé& fo?ghﬁaéggg% cgnelig %iﬁ(t_u& eﬁ:')yl ket one and
m xt ur f Polymgsizdble (gystrms: ybmcwnsaényh%tm@moeuéerd acetic anhydride

30 andsmasgta%esvwﬁ efheaNdndest Vet imbBembRES s gomads( h) phenol s, as
wel | as m xtures of the varl ous, sol vents. Comnrer ci aI |y

“avai | agPEeRodYPSER u?‘él%h asPRLYinidRs @nd cYPpRHe MStest FaFIRE BRI, , New

Hanss hi g yrd®8, ahaChysla ds thdté@ﬁ;&@% segagéa zablthePaiutasle&stddk suitabl e
i

carrier such as 35 water,, ester carpons ol henyl et hers and
f composftlon and/or as t ormf%g materiXE y

Conventional ACFs have been described in International Patent
Aﬁplication WO 93/01248, based on cyanate ester resins in
conjunction with thermoplastic resin additives, The adhesive

ﬁﬁ may be selected from olefinically unsaturated systems, such as
acrylates, methacrylates, styrene, maleate esters, fumarate
esters, unsaturated polyester resins, alkyl resins, thiol-ene
compositions, and acrylate methacrylate or vinyl-terminated
resins, such as silicones and urethanes.

25 Suitable acrylates and methacrylates are those used
in polymerizable systems, such as those disclosed in U.S.
Patent Nos. 4,963,220 (Bachmann) and 4,215,203 (Ray-
Chaudhuri). Other acrylate-containing materials useful herein
are methylmethacrylate, polyfunctional methacrylates, silicone

30 diacrylates and polyfunctional acrylated urethanes of the type
known to be useful in formulating adhesives ([e.g., as
disclosed in U.S. Patent No. 4,092,376 (Douek)] or thiol-ene
or thiol-nene materials [e.g., as disclosed in U.S. Patent
Nos. 3,661,744, 3,898,349, 4,008,341 (Kehr) and 4,808,638

35 (steinkraus), the disclosures of each of which are hereby
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-28- hydrocarbons. For a nore detailed discussion of ferrofluids,
see e.g., E. Wn-Jones et al., Ferromagnetic Materials, Vol. 2, Ch. 8,

p. 509, Norwdeddasaband Publishing Co., E P. Whifarth PETIUSSHARED) ;
Aggregation Processes in Solution, Ch. 18, p. 509, 5 Elsevier Sci..

Publ i shing Co. (1983); and R E. Roserswei g, Ann. Rev. Fluid Mech., 19,
437-63 (1987). The curable ferrofluid conposition nay be an
adhesi vexppepsby tinedrpbbsted femefinCc Bly| yefetermow) .be any sui t abl e nononer

conposi tion into ,.C thecII0| 40ferrfIU| mxed or in which
the ferromagneti cémltag 5 ?Pm? csg%mﬁeaﬁ?smers“éi&dt 8'%%Q?§Té’s€ol loid. A wde
vari et y descrilbeddlny e . z haw, s'stﬂ'temmstrba@mi 'Rﬁthaoﬂybnt@ﬁ Eppayi de,

sil oxanﬁeséhg.yl £t %rsf’&andBotiﬁrlsrmggnergla% and' €epol ymers such

as pol yimdes ‘and cyanafe éester resin$ and rrers and hybrids

t her8of Prnﬁgswmd Legsdene (383D éhﬁa@kSClOSqr@y@ﬁ ebhgvsia iheelnd/ or as
the fil gy bbbt AVE s have been described in
Internatl ?%nggﬁkﬁb ? edl?%ésiongvi§@@%%1248 based on cyanate ester
resins in corfjruidei énsw wheq%éh@npphs@i%lqeéspn BEe¢esses. The adhesive
20 may Qﬁv§ﬂr§§t'&% frreglmhfﬂéuﬁ@nl BEURSAE LEGH StV S L RMerSUGh as

acryl ates, nethacrylates, styrene, maleate esters, funarate esters,

unsat ur APéBeRLE yedirdcese 4paiide nalivapdde nRot maldl adhesive conpositions, and

acrithat polphbAS) Yhle a@r UNT Dtz (264 BAlCENI-REZT @%i68S (comidrdR13)y! | cones and
ur et hanes. , 25 Sui tabl e acryl ates and net hacryl at es are those

used aVPhlﬁ?ﬂ-?ri%‘?qﬂké’lﬁﬂéns‘}%‘[‘%rﬁ?r@ﬁéﬁl%' t$9EraNs cPeEH-A)n Brg
Pat ent yesyegt@ﬁspoa%e(zgacbmras MIGED, 2650 2400 (Rayi 3300 Chaudhurl ). Qther
e N A HERT TR RS Ak e (e
acryl ated uret harmgs (afdhtebﬁevéymtem flomovhe t tadle lagekushould arirdhleat i ng
NG V58 Eofbys g n ACRRRR I CarbEt i Moufsli G )
capable of acting as a carrier for the suitably treated
magnetically polarizable particles which are used in the
- 'making of a ferrofluid.
' The curable tack layer composition, like the film-
"30 forming composition, may be one that undergoes a one-step or
© two-step cure or solidification (or is reversibly
solidifiable). 1In the first step, the tack layer is
sufficient to bond and maintain in place the particles. In
the second step, particularly where it is desired to adhere
725 the so-formed tacked array or £ilm to a substrate, a full cure
or solidification or resolidification is attained. Such a
result may be achieved with curable compositions, which
ihclude two or more polymerizable systems, a primary cure
system and a secondary or latent cure system, or monomers
30 which have two or more reactive or functional groups thereon,
e.g., an epoxy and acrylate. -
Suitable solidifiable backfilling or film-forming
materials may be organic or inorganic, and solidification may
occur through a variety of mechanisms. Desirable backfilling
35 materials are organic, such as thermosets or thermoplastics,



Nos. 3,661, 744, 3,898, 349, 4,008, 341 (Kehr) and 4, 808,638 35 * ( Steinkraus),
.the di sclosures of each of which are hereby :

- 29- expressly incorporated herein by reference].
Sui t abl e @ﬁb‘f??“&%terrs are included anong those de PEFUSVPTE F. T. Shaw,
"Chem stry and Technol ogy of Epoxy Resins", 7, 206ff, B. Ellis; ed.,

Bl acki e Acadenmic and 5 ProfessiondPr London (1993), the disclosure of
which i s hereb expressly incorporated_hgrein hy reference.

I'n thetsﬁsga?/ﬁ%‘r 8t H’él@blli’tﬁlﬁdf?af’?’?) Hrigoads commaikyves t he

resol i dhéimeplazties, aswEl ta pedyol&f i, epodlystyrene winidabl e matri ces i ncl ude
pol yam de hpt l.t _adhesji ve ol ymers, sugh,_as_UNL- 2642 and UN - REZ
2665 (88 +ng§alﬁrlge’di%ﬂﬂe |8gfr%ﬁﬁﬁﬂﬁﬁﬁﬁgcaﬁéF qaiggggfﬁh, Savannabh,

Geor gi aich aasl polyapdyyesdt erexpphyhel stessupolgsakbdizited70 and VI TEL 3300

(co ' vall.ahbl e ' , i

Thes adRetiy i BesT PSRl ko SIS, BB v el RbneEReBones ik e with
a conmendi the \likeai | Abéxmdsaty ohkertalby dpslude, coptldre abtacting as a

carri e Suli I ted g?gp L.cal l.akiza particles

whi ch %%EP%%%Hﬁ?n%P%gQ ﬂég%%%%lﬁgd%?c%: er%%??gi%g égiﬁyblé 2bf The curabl e
tack | &hertaenpdeyeri opave ithe desroflwid Ty fepsremagnetdposition, may be one

that updet gofss .a @ngesaﬁpp&rymef%z%ﬁgm?tﬁo't@aur 81 Dh- £nlidllgl | Cation (or is

reversibly solidifiable). irst step, the tack |ayer is

suflfi crakerial HERY sREuFeiHoNoh frep|trdtioade pRREFRIL. | n t he second

step, pabtb&elBltkaVhg] £-ddtivatdasi Retk1a2ta0heEE., i dth@eso-forned tacked
array or filmto a substrate, a full cure or. solidification or

resol i BFF1¥3%5%n instant LhHathes Enre systemss prcheds fdea@AretRr vi t h

cur abl @fCRAPQSdsORS, rd&ikdl In bBELLHLH ! \WAeOEu PO Hdteny HRYI Ba&bl e systens,
a prlnarzgcure ;gsten1and,a secondary..or | atent cure system or

mononeP§E30Ln \iihiec A-A592° t o B MREY eSoEtificatérns (AR B 58FBRoups t her eon.
e. g5, ansePORY cuied ags¥émimay be used in the Buktafde midsdi fiable

baCkfi%Lkggkéwsggl&ghfggnlgg]art should recognize that other curable
or solidifiable monomers, oligomers, pre~polymers and polymer
materials and systems may be employed as the film-forming
material.

20 Backfilling may be accomplished by pouring,
dispensing or wave coating the film-forming material onto the
tacked layer or the adhesive film. Additionally, backfilling
may be accomplished by squeegeeing the f£ilm-forming material
onto the tacked layer or adhesive film. Alternatively,

25 backfilling may be accomplished by pressing together a carrier
film or substrate having a layer of film~-forming material
disposed thereon and a tacked array or an adhesive film with
the particles disposed thereon. The film-forming material
should be in a liquid or readily penetrable state. 1In this

30 way, the particles may penetrate to a depth of at least about
50% of the height of the largest particles, such as least
about 95% of the height of the largest particles. For
backfilling, the layer of film forming material is desirably
less than about 125% of the height of the largest particle and

35 desirably of a thickness within the range of from about 95% to



materials may be organic or inorganic, and solidification may occur

t hrough a variety of mechani snms. Desirable backfilling 35 materials are

or gani c, ernDsets or thernopl astics,

- 30- 9?@%& of which include conventional "conmddity o7
thernpplastlcs, such as pol yol efins, golystyrene and pol yvi nyl chl-ori de,
as well as "engi neered" thernnplastré T such as pol yal kyl ene

ol it hehdite 31 0ROLY SR WAGEY. o oRO MEGRSE! Hhfele1di® ACRY, £0n € €15,
are not abouy 95t &d @’QPUVE HOHS oft the heiahtsofisthe ngestapastickdl e for

the tack sy 1ra§§8§ xw Jae:rt% QEthQngcj g’ QF{EQ a{: to wn@e tigies. Cure or

pol yneri zation of th rn1ng materi al s occur t rough free
radi cal ,Pata<S8i B enetra%&b@a@pp alBET ST 3&5?15-‘%& eblmeat - act i vat ed,

moi sty e- actweéﬁdcuws;xamtseag@taﬁre Cuhe SYSE 4P £13WCBras the
addi tion of hardeners to resins. In addition, one cure sxsten1nay be

used i n TYRSEAALLHRY e pranmed - sob Lt Fratdiiedd: B SRdesndi1nso%i sti net
cure syssmmmebﬁaylsw idindvied Bubt agifiorTt@S@se of PieS FoS-rokinkdied in the

art shou recogupi ze t th curabl e . or solidifiable nmononers,
ol i gomergjl“br"é1 8gﬁyh’é\¢%" erfg gl'yﬁﬁrappli%ﬁ?f“ral s and systens may be
enpl oyed as the fTharheioneyy composbtisn alf whflch the ferrofE&QBfi$|l ng may be

ot olt ol St 08T Dayge Pl BRLOMRADAI LR CER 1 e RBarbihally,
backfi | |¢umes whoihy e gﬂnﬂquﬂwshedthg/Aﬁ$maqgeerrmriMErw|I m f or m ng ,
TRt e | ile011a12LA: 148, (AR W UBEndToAYNISHY BN Bn AdeCBOBLLYE! Y. 25

backfill1ng may e acto X pressing together a carrrer film
substrat bammﬁglamweﬁunﬁhem err mmﬁqg:mqaaﬁemshlsystenm dfosed t hereon and

a tac_kecg%') oprigte Al @gﬂ?eﬁ:'n\é%ﬁibhw3!‘tJHdltloklngdﬁarEHeClm%?xo@lafposed ther eon.

The;fil mformng nateri al should be In a id or readily penetrable
stat® [IHhemfedves mapybe thybridst having moreptharrene neackiyepeh of at | east

about  curable functionality, such as an epoxy acrylate.

Application of a magnetic field to the ferrofluid
composition creates interactions between the colloidal
ferromaqnetic particles and the non-magnetic substantive

:20 particles. These interactions result in mutual stabilization
in a non-random structural pattern (with chain formation where
the appropriate dimension of a layer of the composition so
permits) due to attractive interactions between particles and
repulsive interaction between chains [see Skjeltorp, “One- and

25 Two-Dimensional Crystallization of Magnetic Holes”, Phys. Rev.
Lett., 51(25), 2306-09 (19 December 1983)]}.

The concentration of particles in the composition
should be chosen according to the desired spacing between

. those particles in the ordered array and other factors. With

30 spherical particles of about 2 micrometres diameter, a
concentration in a monolayer of about 10’ particles per square
centimetre may be suitable. A qualitative concentration in
the range 0.5 - 60%, by weight of the composition may also be
suitable [see U.S. Patent No. 5,366,140 (Koskenmaki), the

35 disclosure of which is hereby expressly incorporated herein by



50% of the height of the largest particles, such as | east . about. 95% of
the height of the |argest particles. For backfilling, the layer of film
formng nmaterial is desirably | ess t han about 125% of the height of the
| ar gest pxwa99sses and 35 desirably of a thickness w t hiPeTUS®WM4Rge of from
about 95% to -31- about 110%
of the height of the largest parti«iz, such as from about 95%t o about
100% of the height of the |argest particle. These ratios may vary
dependinffexgonet he depth to which the particles penetrate the tack

| ayer or adhesi vggdi ﬂd@le éoncentratlonsAﬁfeguHEHHﬁtQGeA? é%ure t he
carrier filmor substrate nmay be renoved. Alterna , the carrier

fi | m ordependsypan rEactoFsy that riaibhed dptisfmingdb by shage Eﬁrsc"r’i’é so- f or ned
fil minsuitgebnigngled HrdrHE6u@P MdutdhbOBxperimentation andi¥y Monomer

osition of whjch the ferrofluid s _10_conprised ude two
polrn;% afi‘ﬁf“@ tiGa} SALCUGAEIBRS whidge U-S- PRI §n€¥6p£8r4 ially in the
A- st age(9xj eftoPP) V(concen@rhtidn caft m@neancl Hdlesseaofdrobfiidsh cures in the

B- st age acconpani ed by, fur r of th flrs system if

appr opri ae)lgeé\l 1f"]d;:%r]"naﬁ | vgpéttl)cr: E"d%’dt ?’(rgm,netsh ?r%?s ' 15 t hensel ves
may be Hgﬂwaedsthw) nFhiozews hah. aolne ﬂeactnwrxatlonalcmatﬂ@ﬁq@nc; ionality,
such ASer 8§¥e afglwl?lg Technologga in Eleé@ﬂldl%t Mgﬂgfgc‘éh i etic field to

t he. ferro sitron creates 1 nteractions between the coll oi dal
fer%m&ﬁﬁlﬁ{mc (BQV%Mres?-S"éﬁﬂ {eentast- #aghetircs dipstaadiviomal particl es.

These Iaﬂl%ro%%bgaﬂff%huubelwtéales%eeIaé@péas% as pwtfclraon random
structural pattern (w calnfornatlon wher e t he appropriate

di mensinS (ReF gkt @Fetal)lelﬁﬁfﬁﬁf*ﬁst i-onfAR glncreasd ng PE‘)‘b%FEJe’ o attractive

i nt erawdmtbeéwtme@ @heﬁea'ﬂms the E@pterdd \&ﬁr@tﬁga@&pm@et ween chains
[ see Skj.elt "One .nensi onal stal i Za'f;l n of I\/agnet e

" O%Q t carr ca es
Hol es", SUTERRL YEBPt P%‘i’( 2358- ’i‘.fbt YDERBfDHR
Thelsc ontependant prbwf  giasiot pab:e:“;clen—tiype deppoderti disee Lysh®udrd be chosen
accor di g, g Lhe i el 3Rack BPCREY, p. $7L5RaRREL! Sk N the or dered

array an actofrs—Wwth
Inc., Pizzi and Mittal, eds. (1994)]. Indeed, such current

carrying capability should be enhanced if presently
commercially-available metal-plated particles (such as those

20 from Sekiusi or Dyno) are further coated with a material, such
as solder, by the methods of this invention.

Accordingly, the concentration of conductive
particles should depend on the particle type, density,
diameter, electrical pattern, minimum required contact

25 resistance measurements, the spacing between opposing and
adjacent conductors, the surface area of the conductors and
the like.
- Li and Morris, lst Int’l Conf. on Adh. Joining Tech.
in Elec. Manuf’g (Berlin) (November 1994) describe computer

30 programs which calculate the minimum pad size for different

loading densities and the minimum pad space for different

particle sizes of conductive particles in conductive

adhesives. In ordering the array of particles, a magnetic

field may be applied by a permanent magnet or by a source of
35 electromagnetism.



30 éphericaL particles of about 2 mcronetres dianeter, a concentration
in a nDnoIayer of about 10[err] particles per square . centinetre nay be
sui t abl e. uaI|tat|ve concentration in the range 0 by wei ght
of the corrp‘x may al so be suitable [see U. S paF%F(PS’%A}’% 366, 140
(Koskenmaki), the 35 disclosure of which is hereby expressly incorporated
herei n by -33~ - 32- ref erence].
Desi rabl e concent S ngiv AANY d, factors
that may be deter ﬁ‘nﬁ%e‘gg neq{lhc %gigr!t‘s%n%&%lgééiﬁee%emnq{%ﬁggarit‘l éHr ough
routine exprs iofeddnlion bﬂm sucmmélrﬂm'l tal 1¢6mTulapplded. foSer U. S

Pat ent ’\Pea::;fbos%Q 98 wicfiSIetel 96e (SOUITEA1H Gt RlcdOBGL Ca0l o5 i 1

ferroflu ari ze a_magnetic erm nes the distance
bet ween ®her§e SSH‘FLBEEQE ets‘%ﬂh a iS?el- e MIFPR ARt KRN fidr ence on

Adhesg veadioh |1 ¢ 5 €BA0k 80 Vi th EheChé Ot ds oMaeaé dHdrt in¥EnBeéA | N
(hbvenber 1994) (contact resistance in traditi anisotropically
conduct i ¥@e gatier reatdration ot tthe @err°f&5h$t°%ﬂﬁ951GﬁPP ar ea)

| ncr easesioulAN infehense nﬂxeﬂ@”&l@?ﬁﬁ)fm of mmdxughetzﬁc pﬁfdlic?sth&eh@ﬂli gases the
current carryin apacit e_curr | i,llities are not
only concentyat?o% 2 %éﬁﬁﬁﬁ@ﬁﬂs Beite %ﬂ? Srggﬁl S GB¥EREETR (see

Lyons andontaldmnbremgetrl¢alﬂﬂﬁmdbduktxﬁe,ﬁwhtiEéeh arg)ldfﬂhdewhfcel Dekker

I nc.: %éé Sﬁg%llglckkﬂza (gc]o?tgé):lzior{ {H@%@tl@gc&&}gf zz]g]tss:.ve carrying

capa |I| be  enhance resen -avail abl e
met al - plelimtqnnﬂplsbmsovgnkﬁw é@rtHbempxﬁ)Chiponnsbk¢{én(ﬂﬂ0559no) are further

coat ed Wk {j BBy ekl Q“COLS'U)Ch chip-BA-§PALIer (~ B~} h&ﬁ%ﬂaxtmé

i nventi on, ccordlngly, t he concentrati conductive
parti cl eSlenslagsdepBhe HIveantdoparsi Bartkqdarlyenel} ysuited dphnet er

e'eCtr'Cﬁﬁtéﬁﬁéﬂ%é&tzﬂhnbfnﬁﬂdéﬂﬁitbﬁds&aﬁkﬁpEo%éucﬁéé%fﬂdﬂuf%r”?ésurenﬁnts
t he : aC|Q%UE§g£§en opposi ng and adj acent conductors, the surface area
*and

of tF the |ike.
The invention also provides a method of making an

assembly of two components which includes forming a monolayer
of particles in a cured layer of curable composition according
to certain of the methods described above, bringing the second
fﬁO component into contact with the coated particles, and applying
a fluid adhesive material into the space between the
components and optionally over the assembly. The method is
particﬁlarly suitable for forming a "globbed" assembly of an
electronic device onto a substrate such as a board. The cured
95 tack layer with the particles arrayed therein is created on
the substrate and the device is assembled onto the particle
array. It may optionally be held in position by a
"chipbonder" adhesive in small quantities, or the particles
themselves may have adhesive properties, such as is described
30 in the WO ‘820 application. The assembly may then be globbed
and underfilled simultaneously by applying adhesive over the
device and into the space between the two components including
‘the interstitial space between the particles. This method
maximizes electrical contact and environmental protection for

35 the particles. Desirable examples of underfill adhesives



Li and Morris, 1st Int'l Conf. on Adh. Joining Tech. in Elec. Manuf'g
¢Berlin) (Novenber 1994) describe conputer 30 prograns. which calculate the
m ni num p jze for different | oadi ng densities and i ni mum pad
space for q&??#’éf‘z@nt particle sizes of conductive pa‘F "‘ré%g@"f&n

conducti ve adhesives. In orderi nﬂat he array of particles, a magnetic
field may be applied by a pernanenf3 ragnet or by a source of 35

el ectro et i . c SR L
The. magnéeti CE'P?’gF‘a L|1sse"-jde'-‘\s$crdlelggléllﬁderhe&frr‘?lf"o“t‘)cellfdne ttﬁ'gse des?carr‘?‘éoee:éof 10nT to
1000nT, i Ubis .afatentl Nas.1G00T2, 6bplangd 57 6602934 (AferilbdArdakande;wi t hin the

t ] Nt esy, 1 Qut I | of
range of, Prok 119 19 BLOH CoapaHebe Farent Rpfiiaidl U CTe AR |evel o

nagnetizatldq I'S ropri . use w ods_of "the present

i nventiand IrishTRatemiydapligetsen din.udi PBAOYT, tihe Hépebdswteas o©fnposition
shodd d i WanGRs bR % SEIREebN: RloddtERBANRL ECL] 1) desbiSEBN.

Films or coatings.according to the present Invention cont ai ni ng

el ectrical | y- con8bet fedequdingi erampkes argt dntiendgd tolfunteer n el ectri cal

i nt er CoppRed AR eOke AL Y & ARHEObeMABITsY Gnd adFAfGIHeANEE Edponents, for
exanple ¢ ip-on?bog€g ("com'), © C fp-gn-??ex ('E%Fb?,ec i p-on-gl ass

(" COG' ) Praeioander N and flex/glass. The invention is particularly
wel | suited for i nterconnection of fine-pitch sets of conductors and
for.FC 15 technol ogy. The invention al so provides a nethod of
makfhg an _assenbly of two coERBMBEES which includes forming a nonol ayer
of particles in g,Cekeadlapeesof cid!'@SwEREPANdvARLAERET Y to

certain of the nethods described above, bringing the second 20 conponent

i nto coptedt M thMegretigatdgnpartreatdsdniafd=appsAng = Tealdd @nd adhesi ve

nat eri ahpd 1§ & tHE-RRAGS het¥Reipdii@ (“cpsonponents and optionally over the
assenbly.. The nethod is particularly suitable for formng a "gl obbed"

assenbly of an el ectronic device onto a substrate such as a board. The

curgsl Zﬁ;&h hayer with the particles arrayed therein is created on

Gold-coated microspheres of divinylbenzene-

crosslinked polystyrene having a diameter ¢f 18 microns
{standard deviation of diameter variation is 0.6 microns)
which were previously treated a nickel seed layer

5?0 {commercially available under the trademark MICROPEARL from
Sekisui KK, Japan) were admixed at a 10% wt/wt loading with a
polymerisable ferrofluid system. The ferrofluid system was
prepared from about 70% wt/wt of ferrofluid APG511A
(commercially available from Ferrofluidics Corp., New

25 Hampshire, with a Ms of ~ 200 G and a room temperature _
viscosity of approximately 40 mPa-'s), 20% wt/wt acrylic acid
and 10% wt/wt of a photoinitiator available commercially as IC
1700 (Ciba Geigy, UK).

' Of course, other monomers, photoiniators and

30 ferrofluids may be used, provided the components reach a one-
phase colloidal suspension. Examples of other ferrofluid
formulations, together with their magnetization saturation
(Ms} 'and room temperature viscosity characteristics, are set
forth in the tables below:

35
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Desirabl e_exanples of underfi adhes|ves
- 34- SHREN may bFrEEdtien Qewesitier Shwfei n | nc) Gerractrssetidedcri bed
in US [Patent |Ne d 5 Etﬂ—éﬁ%—ugg-§r5€ L Ardakani )
in U S [Patent Nes 5 3 s ni
1 3 . oy g g
5, 430, 112 (Sakafg§?5 A phAEES %at§ﬁ£;ﬁ¢pF$@§P|3%ﬁ§%. JpB571RE S | and
Irish Pgteny priggriof No- TR 9 ; LfH: d abgua Tog Of g—eagh of which
are herghy—incdrparated]|hereinlby refdrence.. Tﬁg f ¢l | owi ng
exanpl es] ar@ irntended tbp furthdr 20 ijll ustraie serfaimo off the benefits and
advant ages pr—T|ie plESEmt Vet T 16
EXAMPLES 50 o the Bxadgled. e £ bl 1 dwi hg'%bbevitdtigns are
used: M = Mhagrleti zatiop saburatiao; & = Gausp; s o Tesd aj and mPa s =
(10[ er r]NmfETTI)——Centypoise—( s +o—Earpt-e—+
Gol d-co edgni rospher ek _of° di Vi nyfbedzen®e- 1 ossPPhkeéd pol yst yrene
havi ng g di anmetler ef 18/ m eoong 30 (qtarmdard| deyl aft | egp off -diggnel er
vari at i oS G-t-eronsy WhH—e-B—Wai—a—0 a4 Lckel seed
layes 20 (calpmenctafPy ARGay3AEze paEoiiig Paagﬂag'% M CROPEARL from
yed 1able' ¥ré ? T C . .
Sekisui KK, Japan) wer b dffis¥eF18t93CA 0Bt / wt | oading with a
' Type II Formulations
] Formulation Composition % w/w Characteristics
Sample
No. LOC249 | LOC259 | HDDA | Acrylic | IC1700 | KR-55 | Ms (G) | (mPa‘s)
Acid @ RT
7 70 -- -- 20 10 -~ 95 18
8 60 -— 10 15 10 5 81 15
9 80 —- — 10 10 — 108 20
10 -- 50 30 10 10 — 148 35
11 — 60 — 17.5 12.5 10 177 42
12 - 40 25 20 10 5 118 28
_ LOC 249 and 259 are custom ferroadhesives prepared in
10 hexanediol diacrylate (HDDA) polymerizable carriers.
_ These formulations may be classified for the sake of
reference into two general classes -- those in which the

conventional ferrofluids are themselves not polymerisable, but

15

are formulated with various levels and types of monomer (s)

which are polymerisable (Type I), and those derived from 100%

polymerisable ferrofluid carriers (Type II).

In each case the

formulations contained various levels of initiator systems,

such as a photoinitiator (IC 1700).

20

The formulations may
further contain specialized adhesion promoters for specific

substrates. For example, KR-55 is an adhesion promoter



pol ynmerisable ferrofluid system The ferrofluid system was . prepared
forom about 70% wt/wt of ferrofluid APGE11A (comercially avail able from
Ferrofluidics Corp., New 25 Hanpshire, with a Ms of ~ 200 G and a room

t enper at ur w0 99/38628 scosity of approximately 40 nPa.s), 200TNEYI4Thcrylic
acid and 10% w/wt of a photoinitiator available commercially as IC

700 (G ba Geigy, UK). -3€&* course, other nononers,

phot0|n|ators and 30 ferrofluids may be used, provided the conponents reach
a one- f(avaidigkde E@Wm%ﬁQ*ﬂllyu§ﬁ%%sﬁ%ﬂ?rlE%aﬁfﬂ%29hﬂm16ﬁﬁér Fe¢ roof | ui d

for mul afyyoNSihitRIes hesmprtliB1 L@t £n NBGIRIcoI 8618 FldkAbk Ofype 1 (Ms) and
roon1teggerature viscosity characteristics, are set forth in the tabl es
bel ow: - 35-

Type | Fornul ati pasticles ofSdfipferent 51zeEQrﬂy§é§Idsnw€mmp@§iﬁitnﬁ % W w
%;:tgr#f,%t | C concentrations of pﬁ]i]é&esAﬁg;‘?elSaﬁsoA%reg §de1|>acz:‘|'ed00 KR-55

inw@lKCAs and ACFsl. Thus, 7for example, 7 michfdn gold-QQated 5 150

30 .“. % t? . . %gp 24
_ 1 1 5% d
o cEﬁfs i ked po ;gkyggge sPheﬁ%f a Q 5w/w dgﬁﬁ)malnﬁabne 4
-7 arygys on tgg surfacpsof a thin curedgferrocadipsive. Non-g L
50 céﬁ&uctlve ig m1crod5uncoa29@ polysl?rene(I?hereSGwere 40
30ig, 11A and APG513A are

fer?%ﬂ%wlar&érueﬁger%d %o theav?arf%ﬂ:ﬁse PSOKEER (T MiGERc EegRtar

hexagonal zeolite crystals. These non-random arrayed
monolayers of particles (irrespective of the core material
from which the particle was made or the geometry of the
pafticle itself) may also be coated with a material according
Efi to the methods of this invention, with those persons of
ordinary skill in the art understanding that appropriate
choices for coating conditions, materials and the like may
have to be made.
The mixture was applied as a liquid film to a PVOH-
20 type film substrate {(commercially available under the
' trademark SCOTCH MASK PLUS II from 3M Industrial Tape
bivision, St Paul, Minnesota). A PES-type film substrate
{commercially available from Goodfellow Metals, Cambridge, UK)
was also used for this purpose. A temporary laminate was
25 formed by applying a second substrate (here, a 75 micron thick
polyester substrate) over the liquid film.
The thus sandwiched liguid f£ilm was pulled through a
uniform magnetic field (0.6 T) disposed orthogonally to the
- horizontal laminate plane. The rate of transverse through the
30 field was about 2-5 cm/sec. The sandwiched liquid film was
then exposed to UV light (at a wavelength of 366 nm) for about
0.2-0.3 seconds from the PVOH substrate side. The laminate
was next split apart by a peeling action and the PVOH
substrate was washed with methylethyl ketone.

35 Inspection of the PVOH substrate on the optical



¢

Type LI For.mul ati ons Formul ati on Conposition % w w
€har acteristics Sanmpl e No. LOC249 LOC259 HDDA Acrylic

| C1700 KR- (G (mPa*s) Aci d

. é’ﬁ ”%”RT 20 B - 58Tms99/m471 0 o

95 18 8 60 37— 10 15 10 5 " 81

15 9 80 o - - 10 10 - - 108 20

10 microscdﬂ@ revelied Jﬂ)arra¥ o%ounifdfmly s&6§rated' 35 11
60 17.5 12.5 0 177 42 12 - -

40 omicroparticles, ghich appeareqd gs gold spheres when |qhyserxedand 259 are

cust om 1 roaReSbheRodE P e Bphlres werd@%aledioby di agiwl ate (HDDA)
pol ymeri zabl e carriers hese formul ati ons may be

. . The
cl assi f -B¥SF Ftt oS vEsEE2et ferrofdpidarhirh i thwp PRHAUTORE8Ees -- those
in whi cbntige PVOHCGBWSOEAONAl Hlekcrtebhuhilsravcopiheated vas vhate pRbYNEri sabl e,

o o B A e el bR e el
pol yner ababt €1 feemiekbnsd carriers (Type 11). In each case the
photol ni t1 ator ( MEC130BYEr4Re SBPEred oHis ey S8ve i HaY Sgnpatf
speci al paeti e siasnmpuoted anss ifder dewecorf i sampleubatrirgss hokderexanpl e,
K§6§é | go%%ﬁ%%?grg%%% g’el(aa e‘1dyd?‘r\"ci)"r’ﬁ\)faésn'nri ch Petrochem cals, Inc.,
This arrayed particle-bearing substrate was then
passed through a foamed flux wave derived from rosin-like
materials solvated in isopropyl alcohol {commercially
available under the tradename Flux RL8, from Frys Metal Ltd,
‘15 UK) at room temperature at a rate of about 2-5 cm/sec. The
so~fluxed substrate was dried over a hot plate positioned
between the fluxing station and the soldering station. The
drying time was about 30 seconds at a temperature of about
"100°C. Next, the fluxed, arrayed particle-bearing substrate
‘20 was passed across a wave of 63-37 standard tin-lead solder at
a temperature of about 243°C at a rate of about 5 cm/sec using
a .benchtop wave soldering machine (Soldermatic Super Midget
Model SM400, Soldermatic Equipment,’ Surrey, UK).
Inspection of the solder-coated particle arrayed-
25 Dbearing substrate under the optical microscope revealed that
the array of gold spheres had now taken on a bright silver
appearance. No residual guantities of solder was observed
bBetween particles. Particle bridging by solder was observed
to occur rarely over many particles. Backscatter in electron
30 microscopy confirmed that the particles were coated with
solder alloy.

Example 2
In this example, an evaluation was undertaken to

35 ascertain angle preference at which to present the particle
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NJ), which is conpatible with ferrocolloids of either Type I . or |1.
Particles of different sizes, types as well as with 5 different
concentrations of particles have al so been prepared into ACAs and ACFs.
Thus, forweossgke, 7 mcron gol d-coated crossl i nkedCpysg®i4iz ene spheres
at 15% w w were nmaintained in arrays on the surface of a thin cured
f erroadhesi ve. Non- conductive3®@5 m cron uncoated pol ystyrene spheres
were 10 simlarly adhered to the surfaces, as were 15 mcron regul ar
hexagomataxzéxelairtiegcsmma&esmes@mmlrtandam@sm af;redt Tm&mo\laayers of

arti espe f e particle
\R/as me e or d ﬁgeg%éf&r%lq‘g tst]ﬁsf’:%t?es”%ﬁé FE?Ldlsilsm ﬁlfa)g% C'Tq?s(%)ﬂbepcoat ed
Wi th almmﬁ@mpd-le céonli finFthert elippe 6da %kascsmséiﬂﬁvém’l on, with those

per songu@lore) 1REH1 MG ¥ers obek Nod i aarftteunéf&ﬁ@d' ng that appropriate
choi-ces Tor coating conditions, materials and the |ike may have to be

nmade. Upon WHehdRaing ethigSulstrrsas a5ror theumale® mto a PVOH 20
type fEblastpsthat @néwncwbé&@d/adﬂa%bkpm@me tfRaturestéqdemar k SCOTCH
MASK PLUS || from 3M | ndustrlzﬂn‘g{) D vi S|r£3| %f Pra# M nnesota). A
PES- t yPB BY4Yh $BnSR, Hie PaTticlgimihiah veyeaontealiled: PE 8 odf el | ow Met al s,
Canbrldgﬁecdil‘é)n and W@lﬁhﬁ.@euaeﬂhimrtﬁd’llbatﬁurm&@nplést efipesatad,l am nat e was
25 forned n substr e, a7 cron t hi ck

ol yesREruh 8P, ¥oy e B e (e, et Bt fh GleBhebql !0

sab@lwi mbexrbdraphisd showm amFigurked. t hr ough a uni form magnetic field (0.6
T) disposed ort I . . I &, The rate of
transverse throﬁg‘%??ﬁgﬁ%d‘g’fqﬁ%f@go%ﬁs g:g ?9@&@ R r%sec EF’T gkgé;ndfvm ched liquid
fil m wasplicattilpanisxplosexlecrovics gindussrya iavisd evedt lmeaht 366 hen) for about

0.2-0. g, Sf‘z rtsa%i EERH} é:agré?\égé'ssk@ détﬁrfr%\/%ge.ec}- hﬁé AYL08L6s was next

split apart a pee action an strate was washed with
met hy| eeatAndsetfdnd. agplications in <P"rhﬂ¥eé@ﬂéﬁtb¥e$:h@WCﬂss%stth%te on the

OP{$ Cabiomedical and photonics/optical industries. And while the
"~ invention has been illustratively described herein with

reference to various desirable features, aspects and
embodiments, it will be appreciated that the invention is not
thus limited, and may be widely varied in respect of

20 alternative variations, modifications, and other embodiments,
~and therefore the invention is to be broadly construed as
including such alternative variations, modifications, and
other embodiments, within the spirit and scope of the

invention as claimed.
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m croscope revealed an array of uniformy separated m croparticl es,
whi ch appeared as gold spheres when observed in reflection node. These

spheres wer pgsssed by a thin | ayer of polynerized peFusdbhidyd which in
turn was overcoated 5 on the PVOH substrate. Electron mcroscopy reveal ed

that the pol yneri zed ferroflui ddqayer appeared to have a thi ckness of
about 1.5 mcrons. The substrate supporting the nonol ayer
array of gold particles was nounted upside down on a sanple carriage

hol der 10 so that the particles faced downwards. This arrayed
parti cIMaﬂch‘ﬁ&ﬂBﬁi&te was then - passed through a foaned flux wave
derived from rosiin- I lethod dBicRaitahy sebyHrdvieNphsODEXHY), saligohol
(conner%%ﬁ§éé c gvai |l ab] e under the tradenanme Flux RL8, from Frys Metal

t

Ltd, 15 FhotBAPEP AL IHP%LTA rate of .about 2-5 cnisec. The .
so-fluxed substrate wda) daprdyionea subablel Hireofraidi engsbsitiohet ween t he

fluxing _statign .and the soldering station.. The . dryin ijme was about 30

secondstgtaas@%sfﬁféir(%gt aPea?)ft%lbfootﬁ“ a gl![%OYle ]aC.thf\ﬁg’?%/s? %’eft fi%¥%ed, arrayed

parti cl thbeatwaguwishiantave Rrtiad epdismetarcs osdhezeiavehofciabde st andard

tin-| eage§%Ellelgié;\tcompgs@t%(?gpcec\;f\%&qrsgsgf about 243[err]C at a rate of about
a benchiop

5 cm seC using ve sol dering machi ne (Sol dermatic Super

M dget Model SM400, Solilerareoldokdal prespensSanref, UK).

| nspect i:@pof ;0! der - coat eqd, Rakth ek e 2rd Wadimadne PERTd 1L ;Sybst rat e
under tE@ gpt?‘%:rtalﬁlm croscope rcebveal e% t hat q%t gaa?ray o%ﬁéo#d spheres
had nowligred, AR bright silver appearance. No residual quantities of

sol der was observed betwpenspathhel 86 pfiafilheks bridging by sol der was
observed to occur rarely over many Earti cl es. Backscatter in electron

30 nicroscopy confirmél!t AARISGFENGathpcEEE R dad ohP e MAIRPLIC S0l der
alloy. field ExAPtE@md sufficient to akBafhire BERhEtive RMAlidAkkON Was

undertaggnt£§>éﬁ%ﬂgigegtggg_gggﬂé%'%;%igégyce at which to present the
particl
(c) exposing the magnetic field-stimulated film
of (b) to conditions favorable to at least cure partially the
film and bond the substantive particles to the substrate;
(d) removing uncured curable ferrofluid
composition; and
(e} subjecting the bound non-random arrayed
substantive particles to a coating material under conditions

favorable to effect coating of the substantive particles.

2. The method according to Claim 1, wherein the
coating material in step (e) is a material capable of
liquifying at temperatures greater than about 150°C selected
from the group consisting of fusible metal alloys,
thermoplasts, reactive hot melt materials, epoxies, cyanate
esters, polyimides, polyamides, polyesters, and appropriate

combinations thereof.

3. The method according to Claim 2, wherein the

coating material in step (e) is a fusible metal alloy.

e e
T
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- 38- array-bearing substrates to the nolten solder front. This was
performed by i mrersing substrates prepared simlarly to those in
Exanple 1 (but further clipped onto a glass slide for support) into

nol t en solvi@99/386Bhs after fluxing. -5 Upon wi RQTNSEMPIAYG t he
substrates fromthe nolten sol der bath, inspection reveal ed that

spi kel i ke features could be buidbt up on the particles which were
controlled by dip direction and dwell time within the bath. Exanples of
coat ed, ar r dye@hame Bk agcpafing | bs Caaémi 14 usargiadthe el ectron 10

M cr ogeaRbeng W radl Fl9Wikpl (e) is soldexr. Wile the invention is

descri bed herein in terns o application in the el ectronics industry;,
it is not nmeant to be so limted since particles suitably nodified with

~various coatsi.nghef méthaPplccealiivgcd T1ALReL, | Aidtdlerd €S, such as in the
15 bionedi cal] and, photoni cs/optical industries. And ile the

i nvent FBﬂp%%gﬁtﬁFPﬁsﬁeﬁ i‘\?gl 91"&9%’?;%3 B‘@é'h%’r‘%iﬁt"\ﬂ ﬂ\g] (d?(?éf erence to
var i ousldebnd aftec bbanll ui@s- raasipRChsraigbd subethntiveparticlesni | | be

appreci ated that the invention is not thus limted, and may be wi dely
varied in respect of 20 alternative variations, nodifications, and other
enbodi nent s, 6.aftet hetleddb recbhdingvientdladmi §, t fudkhelr coadl y construed as

Spi'r scope of veéntion as cl ai ned.
-39- (Qhéii) drgliapgnbbe i §luxed, bound non-Xamdohorirpfngsght i ng subst antive

partic%ng?gggfyergggggcfggnorising the steps of: (a) applying
e [

a cura er r of conposition to a substrate so as to forma filmwith a
t hi ckness of |ess

7. The method according to Claim 1, wherein the non-

nel Lag FUENPRLELIRY Yen S 0 oy B (ralheoad | oLl

random array monolayer of particles is an ordered array.

8. The method according to Claim 1, wherein the
substrate is constructed from a material which transmits
electiomagnetic radiation, is substantially flexible and is
resistant to thermal degradation at elevated temperature
conditions.

9. The method according to Claim 6, wherein the

substantive particles are metal-coated particles.

10. The method according to Claim 6, wherein the
substantive particles are gold-coated polymer spheres.
- 11. The method according to Claim 10, wherein the
gold-coated polymer spheres have a particle size with in the

range of about 5 microns to about 1000 microns.

12. A method of forming a coating on a mdnolayer
non-random array of substantive particles, said method
comprising the steps of:

(a) applying to a substrate a curable

_—
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than two substantive particle dianmeters, wherein the curable ferrofluid
,conposition conprises: (i) a colloidal suspension of

f err omagneid dass2s _ particles in a non-magnetic caretngsssbiarui d, and
(ii) substantive particles; (b) subjecting the filmof (a)
to a magnetic field for a tine sufihc_ient to array the substantive
particles in the filmin a non-random pattern; (c) exposing

the nmagretbeliie! songidsTtliaheto f fdm &f mohdlige ¥Hisubedsnt av@r abl e to at
| east cure,partlglﬂéyethe filmand bond Ege subst antiive partjcles to the

subst r fdgticles on, whegein SRR, iGNFaRhe ut ToF Ahdmiad EOPRPFHHN d
conposidonptisasl (e) subjecting the bound non-random arrayed

substantive particles to g,coati terial under cqnditions favorable to
ef fect coating of the subgf‘ n?i?/‘gﬂp?ggfaﬁc?'é?ensmn ot 2. The net hod

accor difeyromaghat e lpanfienlesnit he moemaggetht ardraliernlsgepd(and s a

mat eri al capabl e of Iiqui f)_{i;.L g \ﬁ%}sgaeq@egat uréascl%{seat er than about 15[err]C
sel ected fromthe group céns sty g FasPBf &t Fstal al I oys, thernoplasts,
reactive hot nelt maté)i akppsippxiles companattoredtcecondpolonsni des,

ol Yo HObIES B SR R0 pRIGT SO e er S0l
(e) is compgsibiennereingalal ghickness of no more than 50% of the -40-
?é) Tihg Hg}g%g?&%ﬂé A NGels? Shplfankei v BhetRcidle Gdhkngnguterial in step
substantive particles are arrayed in a non-random pattern as a
result of application of a magnetic field;
(c) removing the uncured curable ferrofluid
composition; and
(d) subjecting the bound non-random arrayed
substantive particles to a coating material under conditions

favorable to effect coating of the substantive particles.

13. A method of forming a coating on a monolayer
non-random array of substantive particles disposed in a £ilm,
said method comprising the steps of:

{(a) applying to a substrate a curable
ferrofluid composition, comprising a colloidal suspension of
ferromagnetic particles in a non-magnetic carrier liquid, and
substantive particles having a particle size on at least one
dimension thereof of at least 1 micrometer, so as to form a
monolayer of substantive particles;

- {b) exposing the curable ferrofluid composition
of (a) to a source of electromagnetic radiation capable of
energy suitable for effecting polymerization of the
composition for a sufficient time to effect polymerization of
a layer of the composition having a thickness of no more than
50% of the height of the largest substantive particles, while
the substantive particles are arrayed in a non-random pattern
as a result of application of a magnetic field; and either

KON A



5. The met hod according t im4, further conprising between step (d) and
sstep (e), -the step of (d)(i | uxi ng the bound non-random arranged
substantive particles. 6. The nethod according to Caimb5,
further cwoPsBsetng between step (d)(i) and step (e) thecsregousz (d) (ii)
drying the fluxed, bound non-random arranged substantive particles.

7. The nethod according to C aimd442+wherein the non- random array nonol ayer
of particles is an ordered array. : 8. The method according to

Cl aim 1, wherei Al hel®usmpuirg the ynastred tatrabdenfearnefaidal which
transmidmpoRli€ebh ONPONGHJ;C radiation, is substantially flexible and is
resistant to thermal deégradation at el evated tenperature conditions.

9.. The net hod accor diHg StBierking dhenkerad reamEasdpst RIEA IRt i cl es are

net al -gnatiedeBatdi £ ®ating material uhder TBEndRIiRAE a86OF£HINY tho C ai m 6,
wherein_ t he substantive partjcles _arep%%l d-coat ed pol yner spheres.

11. THEIRSENGQ25ERDrf et suestanthivg E+el9F %t he gol d- coated pol yner
spheres have a parti@)e apbZ@ing ta) film-E6rkiigealerabduin Sa m crons to about
1000 mj crgns. , 2.. A nmeth f formng,a coating on a nonol ayer
non-rr2151r1"(ﬁ$‘ﬁ‘|gla|§Fﬁ‘ﬁe0'1"o Sidt ﬁg‘i?i ng?fasrttli%gfags?p%%?sd b%éf“ﬁ%ﬁ ¥fpri sing the steps
of : so-formed array Of appbyantivo prridbies adred ptiipadley to

cover areas of the substrate flanking the substantive

o da
(i) f

particles to a film thickness similar to that in the
substantive particle containing area;

(f) optionally, at least partially solidifying
the film-forming material; and

'_ (g) optionally, removing the so-formed film
from the substrate; or
{II) (c) removing the uncured curable ferrofluid
composition, if any:;

{d) subjecting the bound non-random substantive
particles to a coating material under conditions favoréble to
effect coating of the substantive particles;

(e) applying an adhesive film over the surface
of the arrayed substantive particles, opposite to the layer of
cured composition, said film having an adhesiveness with
respect to the substantive particles greater ihan that of the
cured composition;

(£) pressing the adhesive film onto the
substantive particles;

i (g) separating the adhesive film with the
arrayed substantive particles adhered thereto away from the
layer of cured ferrofluid composition;

(h) optionally, removing any substantial amount
of uncured or cured curable ferrofluid composition remaining
on the adhesive film or on the substantive particles adhered
thereto;

(1) optionally, applying a further film~forming

—_—
———
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-41- .ferrofluid conposition to forma nonol ayer of substantive particles
#hereon, wherein the.curable ferrofluid conposition conprises:

(i) a col Iaj0 “gyspensi on of ferromagnetic particles i npgaredssronetic

carrier |iqui'd; and (ii) substantive particles,
(b) exposing the conposition to cor_lggg_i ons favorable to at |east cure
partially a |l ayer of the conposition~having a thickness of no nore than 50%

of the hgidhtai0kot BE11 afiesineawBel 841 VepRAL! kf! EFe AMdye oehe substantive
particles are arrayed in a non-random pattern as a resul't of application of

a magnefrRstandiiye particles and, optionaldyyj §§ ER¥CTIRARESd °fuElBl e
ferrof | ydife OO TINN ODanlaity the substantive pdrtsobeéeaid g fikd bound

- d_subst ant i | cl t . ti terial d
Condi 11 BRCSRAR/ GOFELCD GF (WEE BBakMhg 1o PRELEbst ant i ve parli o es.

13. A npahoiklef-chotringn@ aeat;i egdon a nonol ayer non-random array of

substantive particles,dis hh,a fil al ;S t he steps
of : (a}ggpgly?ﬁah?g'a;%ﬁg%ﬁﬁakgrgf%gggSﬁgq?éF§%€?uid
conposi therfiloofermihggnaterdlaloi dal suspension of ferromagnetic particles
In a non-magnetic carrier liquid, and substantive particles having a
particle size on _at |east one dinmension thereof of at least 1 microneter,
so as to form a rnolh§eretdiod g5sPaALRTY ARy epesef (Haidmepdstag t he

curabl e1 3 eryiddiind theMP@SAB IO RoRboE Y i b G TAVhEEe OfeFAldigMagNEt i C
radi ati on capabl e of ener)g%1 Sttlél table for effecting polynerization of the
|

conposi EPRRPFidrion 4§ #PR} e Jukstrate 35 9t # on of a layer of
t he conposition having a thickness of no nore than 50% of the height of the
| ar gest substanti es i t he substantiv articl egpare arrayed

ticl whi | e,
in a non-random :3' te‘t EE% ’é{egt)?df €§ﬁPf8b‘Fgatp°plainé’aPP8n° fCLaimEgtetPc fiel d: and

ei ther 13, wherein the curable composition or curable ferrofluid

composition is applied by screen or stencil printing.

16. The method according to Claim 13, wherein the
film~-forming material(s) is{are) selected from thermosets and
thermoplastics.

17. A monolayer non-random array of coated
substantive particles formed according to the methods of any
one of Claims 1-186.

18. A film having therein a monolayer non-random
array of coated substantive particles made according to the
methods of any one of Claims 1-16.

19. An article comprising a support tape substrate,
and temporarily bound thereto a non-random monolayer array of
transferable substantive particles having a diameter in the
range of 1 micrometre to 500 micrometres, coated with a
material by the method according to Claim 1, the substrate
contacting no more than 50% of the surface area of the
transferable coated substantive particles and the adhesive

NI O



- 42° (1) (c) renmoving the uncured curable ferroflurd
‘eonposition, if any; (d) subjecting the bound non-random
substantive particles to a coating material under conditions favorable to
effect coYQWP8#P the substantive particles; PCT/USOYRNT2, 1) ying a
filmformng material in aliquid state to fill the interstitial spaces
bet ween the so-formed array of subst4mtive particles and optionally to
cover areas of the subsirate fl anki t he substantjve, particles to a film
b ckndls Dot &F W prizesiHe I DSPANERTE tie EPEFEL Lo AN ar oa.
(f) optePrablsyantialpasillpactt tise | traneltedabye marthelés| aad avetingg materi al ;
and. optiopally, .removing the so-forned filmfromthe
subst raqree,atgf to thé gs)“‘pp%)’lrlt) Qi‘%ﬁ sr“é’r’?%&?ﬁ& i Sﬁcgpgdgﬁ‘msd{ﬁr@g}lgr rofluid
conposidubstantivanygrticles. (d) subjecting the bound non-random
substantive particles to a coating material under conditions favorable to
effect coating of the substantive particles; (e) applying an
adhesi ve fil m ovad. tAre asitcdeecaiptilsd ngr s aguppoantb$bpat swlestpaattei cl es,
opposi t of..cure gRQsit' . | ' '
adhesiJ§H£§§&§§t%ﬁ%§%ﬁég?'?é gw%qubsFahgﬁvgﬁgggi%%kgg r%gggggthan t hat of
the curef teenpberadlm substantive particlep of exsilegsthe mutrensiererfi|l m onto
the Subs} 3ol ¥ecPARdidiLoated with a materid) PRALIKLORL Ne adnesive film
with the arrayeﬁ substantive particles adhered thereto away fromthe |ayer
of cur ebdanding| Lo Climpdsi theradhesive being substanptipllyriigey ofr enovi ng
any subal,aitdaghe A0 WL 1Al 18ACHEEHY agHESEvE Wiingehesf ofdli d conposi tion
,remai ning on the adhesive filmor. on the substantive Eartlcles adher ed
t her et @dhesive being less(jthappthemaheyivapptsanaibacfukhfer fil mforni ng

particles and being greater to the support tape substrate than

to the transferable particles,

21. A method of forming an anisotropic conducting
bond between a first and a second set of conductors, said
method comprising the steps of

(a) forming an assembly by the steps of:
(i) applying a first adhesive to a first

set

of conductors and further applying an article as

claimed in Claim 19 to the first set of conductors
such -

that at least some of the non~-random monolayer array
of

coated transferable substantive particles are in
contact with the first set of conductors;

(1i) at least partially curing the first
adhesive; '

(1ii) removing the support tape, the
non—-random monolayer array of coated transferable
substantive particles adhering to the first set of
conductors;

(iv) applying a second adhesive to the

e

S
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-43- nmaterial to fill the interstitial spaces in the array of substantive
particles and, optionally, to cover areas of the adhesive filmflanking the
subst anti vevpegissml es to a filmthickness simlar to that in the

substantive particle-containing area; and PCTASHYM4™dnal | y, at
| east partially solidifyingthefilﬁg_ormng mat eri al . 14. The
nmet hod according to any one of d ai 1 to 13, wherein the curable

conposi tion or cusabtmniden Abhl £ S0ERASLT | PN, | lied to the substrate
in a pattern. 5. Th% net hoayaégo?‘%]alstneg‘olepﬁﬁeﬁ?@%f Claims 1

1 l
to 13, wherein t HERFARFLEE BATG ESen or curable ferrofluid conposition is

applied by screen or stenciiy) pdggllyifg- a 6. The nethod according
to Caim13, wher 'en ok he fil mforr?i ng rrats%(rz?%ﬁ (sse)t f’%( ﬁ?ré?“%té?resctt@d from
t her mosets and t herndpradffddm monolayer array ofAcsahedayer non-random array

of coat &gangdetahitd ve particles forned according to the nethods of any one
of Clains 1-16. substant i 18. A_filmhaving therein a nonol ayer
non-random arr ay 3P c8RFLYE RAfLisAesie particles made according to the

.met hods of apy one of (B) aopwichal8y, urging the assembly together by
pressing on the first and second set of conductors together so
that the second set of conductors is in contact with at least
some of the substantive particles contained within the non-
random monolayer array of coated transferable substanéive
particles whereby conductive'pathways are provided from one
set of conductors to the second set of conductoré, each
pathway comprising one or more of the coated substantive

particles; and

{c) activating the second adhesive.

_—
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19. An article conprising a support tape substrate, and tenporarily bound
thereto a non-random nonol ayer array of transferable substantive particles
having a dianeter in the range of 1 mcronmetre to 500 mcronetres, coated
with a mat ewoadnsseys t he nmet hod according to Claiml, the substrate
contacting no nore than 50% of the surface area of the tPEHYP#PHIR e coat ed
substantive particles and the adhesi vé/1 )

-44- strength of the adhesive being | ess than the cohesive strength of
subst ant i aueeibdaadad e tr ancf erable particles and being greater to the

support- t a gl es.

20. ‘An artj to by an
adhesi ve amigey particles
of at | easjgsl” by the
net hod accly b of
ferronmagneg Ibei ng

| ess than § to the
support t 3 21.
A'net hod o st and a

second set*
(a) formn

} "\xi.bplying a
first adhes

P appl yi ng

an articl - : et % i nduct ors
such | 2SR - g i N _:%?rhy



' T oe0xge.s
of . - * coated transferable substantive particles are j tfos 5 “""ﬁ)i
&ntact with the first set of conductors; (i) at least

partially cur!,gg—sghe fi rs&/o%lénm.wcmuﬁzgmo\éﬁm (iii)

- N b
removi ng the rt tape, tntemational BureO - T ANGOM MoNol ay array of

coat ed INTERNATORAL APPLICATION PUBEISAED UNDERTHBHATERT EB0REKINON FRELTY ey | T St

it

t I y TV [« 1 LA A QCLCUTT
Z ghéglh\)/ Internationa) Patent Classtcation o : bﬁ ) (1) Internationsl Publleation Numbeys_~ WO 99/38623
non-| an SRR 100 BN 0ueh i one, s BB
party cl gfep qosifzm’ms Hotr 100~ (V) lapplying a second set of "conductors| to
t he promTandomnofotadyer—art+ay—of—edaretd—transt-erable stbstadt | ve
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(S7) Abstract

The present invention provides a variety of intcrrelated methods of coating non-random and ordered arrays of particles, as well 28
films containing such arrays. The present invention also relates to the coated non-random and ordered arrays of particles and films prepared
therefrom, The coated non~random and ordered arays are obtained by the use of ferrofiuid compositions which may be curable. The arrays
and films may contain electrically—conductive particles useful in electronic applications for effecting contact between conductors,




