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PCT/ US96/ 00158 PROCESS EOR MAKING A Ze AX1L.S..ADHESFVE AND ESTABL-SHHNG————
ELECTRI CAL | NTERCONNECTI ON THEREW TH 5 FI ELD OF THE | NVENTI ON Thi s
i-nvention relates to a process for nmaking a Z-axis adhesive conposition by
el ect romagnetwo serpemagy- i nduced transfer of el ectrically-condRETUH001S8
particles froma donor elenment to a receptor. This invention also rel ates
to establishing electrical 10 interconnection between facing el ectrodes by
usi ng such a Z-axis adhesive. BACKGROUND OF THE ART In the el ectronic

equi pnrent and teleconnunlcatlons |ndustr|es there are strenuous
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i s suitable fol0 moWIkes An g F‘?}g@ﬂgﬁlﬁ’t $ by ysing pugh a m % sol deri ng
operation. Chips are normally nounted in the package with the actlve si de

facing up, and electrical connection to the active side is provided via
wire bonding. The idea of fI i pchi pWﬂnate t he package and

associated wire bonds oy %&fmﬁ“?]'%ﬁ%“te W{,‘gﬁqﬁ indisthi€Aflerk @remOUNt

the chip 30 directly on a Clrcui tra e active side facing
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profile is att
wafers which are then cut into chips that may be individually mounted on substrates.
Typically, the substrate has fine electrically-conductive circuit lines, and electrical
and thermal contact must be made between the substrate and chip. As electronic

appliances, such as computers, tape players, televisions, and telephones become
20  smaller, thinner, and more portable, the size requirements for semi-conductors and
the means for providing electrical connection between semiconductors and
substrates, or between flexible circuits and rigid printed circuits, becomes
increasingly demanding.
Normally, silicon chips are mounted in a package. A package is an
25 electronic component which is suitable for mounting on a printed circuit board by
means of a soldering operation. Chips are normally mounted in the package with
the active side facing up, and electrical connection to the active side is provided via
wire bonding. The idea of flipchip mounting is to eliminate the package and
associated wire bonds or other long electrical leads and instead to mount the chip
30 directly on a circuit substrate with the active side facing down. In this manner, the
shortest possible interconnection path is provided between the chip and the
substrate, and also the lowest possible profile is attained. Great care must be taken
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PCT/ US96/ 00158 to successfully utilize flipchip packaging. The physical —
properties of the substrate material nust be carefully considered as well
as such things as chip size and pad |l ayout. One nethod for providing

el ectrical coOvIoe28848 ty between two electrical 5 elenments, BIRUSINE0IN:t ween
flexible circuits and flipchips, is through the use of an anisotropic
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to
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axi s adhesi ve w |1 have random di st aggraos bet ween indi vidyal particles,

i ncl udi ng par t1Pcl &SYAZHyRIgally.consisis ptcondugtive particles dspersed thraughout 8 s 1 ed
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particles nust be loaded into the adhesive to insure that Z-axis )
conductivity wil| condugtiveielementson twp insulating subsirates Icpstact Hetyenen the conductivel
excess particles %ﬂnhnﬁ' Mﬁ | p ; ' s does
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15  particles becomes increasingly important.

A Z-axis adhesive can be made by randomly dispersing conductive metal

particles or metal coated polymeric spheres in an adhesive. See, for example, U.S.
Pat. Nos. 4,113,981; 4,731,282; 4,735,847; 4,740,657, 5,001,542, and 5,120,665.
By randomly dispersing conductive metal particles in an adhesive, the resulting Z-

20  axis adhesive will have random distances between individual particles, including
particles touching each other. In order to provide the desired density for electricat
connection of the electrical elements, sufficient particles must be loaded into the
adhesive to insure that Z-axis conductivity will occur as required. It is typically
necessary to load excess particles so that the maximum random gap between

25 particles does not exceed the spacing requirements for interconnection. The
random loading of conductive particles causes clumping of particles which will
cause shorting of electrical elements. Therefore, it is important to be able to
provide positioned conductive particles. Although electrical contact can sometimes
be made with adhesives not containing these particles, particle-loaded adhesives

30 provide better electrical reliability and overcome non-planarity in the substrates.
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In the typical usage of a Z-axis adhe5|ve an adhesive nmateri al Iayer S
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For exanple, unlog °E§ﬁw ﬁ% ng adhesives are used for 10
nductor c tkﬂcﬁﬁu&aﬁl

bondi ng bunped sem co toacircuit (see, e.g., US Pat. No.
4,749,120). In this fl Unidaded ﬁ.pplnobmntanmg elentrically-adriductivepaticles), electrically

sem conductor chip etrate the adhesive dur di n d provid

el ectrical inter cd’?ﬁ@@ﬁ H?scfﬂ"éﬁ %m%ﬂeﬁ%faﬁww?%%mﬁﬁd
substrate such as shuitioﬁxlNr&xﬁhpl&ttﬁlbaﬂeieubﬁchhﬁuhﬁﬂgﬁﬂhehimeT&e chi p,
t hough, increases. the nufacturing costs of the bonded chi ps, a

di stinct di sa(}\()anth&g&"nﬁ‘"!‘ WFBE‘?W’\FE’%F%WM@Q ¢Hal Ppt- Noovever, it
TRy SOMELiNes be qciudnizag ofifs ipchipsp cﬁ&%hﬁﬁ&hﬁéﬁ%ﬁ‘p&?ah&ﬁ@o&ﬁ%ﬁ&uﬁh' ps

to obtain nore reliable electr erconnects and inproved agi ng
characteristics. Tenatatd tbeadhqumngthwdmgdndspmyxdc deﬁacdmwcomwcmnd

sl at i ng. adnesi JobE ket &opale e 03 3o A 3ulate s it rbiedh i o
on chips w thout [Thense offtwirips of 6 chip, gk icreasesahentanufacturing costs of the
15  bonded chips, a distinct disadvantage in the competitive electronics industry.
However, it may sometimes be advantageous to use a Z-axis adhesive to bond
bumped chips to obtain more reliable electrical interconnects and improved aging
characteristics.
There is a need in the industry to be able to bond unbumped chips in flipchip
20 applications as well. An electrically insulating adhesive typically will not provide
adequate electrical contact on chips without bumps. Furthermore, randomly loaded
conductive adhesives are also problematic. For example, on chips with small
bonding pad sizes (such as 2x2 mils), it is difficult to insure that enough particles
per bonding pad are present to obtain stable electrical interconnection between the
25  semiconductor chip and the circuit-containing article to which it is bonded. The
problem of inadequate and unstable electrical interconnection typically cannot be
overcome simply by adding more electrically-conductive particles. Simply adding
more electrically-conductive particles increases the particle density to the point at
which electrical conduction in the plane of the adhesive occurs due to continuous
30 particle contact.



conductive adhesives are also problematic. For exanple, on chips with snal
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approaches to such placenent of particles involve the use of grid érrays of
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agridarray is enbosséeigl’%;ébﬁgﬁgﬁgacé'C?Pt'g%fﬁ’gﬂ’%#@%g?ér| P e , ?elaﬁ%ed
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embedding the particles into an adhesive layer.

15 Another alternate method of preparing a grid array of conductive particles is
described in U.S. Pat. No. 5,366,140. A metal layer on a substrate is partitioned
into metal regions. Heat is then applied to melt the metal, forming discrete uniform
sized microbeads precisely spaced on the surface of the substrate.

Additional alternatives have been disclosed in the paients discussed above,

20  howeuver, the limitations of all these methods lie in the fact that they require regular
grid arrays of conductive particles. The Z-axis adhesive produced by these methods
may leave conductive particles beneath the chip in areas where electrical contact is
not desired. In addition, conductive particles may be present along the edge of the
chip where undesirable electrical contact is frequently encountered as a result of

25  wafer dicing. _

New and improved methods of making electrically-conductive adhesives are
constantly needed and sought after in the electronics industry. It was against this
background that the present invention dealing with the imagewise radiation induced
thermal transfer of electrically-conductive particles from a donor element to a

30 receptor was developed. The transfer of electrically-conductive particles is induced
by irradiation with electromagnetic energy (e.g., lasers, flash lamps, and the like).
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The near -1 nfr ared r gl CoPABRIsGsHSEHERE ot 33 R LU nthet g 1. "
conmercial Iy avail é&b@pm&ﬁr@j@stﬂﬂm example, U.S. Pat. No. 5,017,547 describes the

15  Dbinderless transfer of dye from a dye-binder donor sheet to a polymeric receptor
sheet. In that process, dye molecules are vaporized or sublimed via laser heating.
These molecules traverse the gap between the donor and receptor and recondense
on the receiver. The donor and receptor are separated by spacer beads.

Exothermic heat-producing reactions have been used for the thermal transfer

20 of inks. For example, in U.S. Pat. No. 4,549,824 aromatic azido compounds were
incorporated into thermal transfer inks. When heated to 170°C, the aromatic azido
compound melts the ink and allows it to flow into a receptor, such as plain paper.
The heat generated by the decomposition of the aromatic azido compound reduces
the amount of heat that must be supplied by the thermal head or laser source,

25  thereby improving the overall imaging throughput. However, the process occurs
over a relatively long time scale (= 1 msec), thereby resulting in significant heat
diffusion and heat foss. In addition, pressure between the donor and'receptor is
required to maintain uniform transfer. An optically transparent means of applying
pressure (e.g., a cylindrical lens or a flat glass plate) is difficult to employ in high

30 resolution laser-based imaging systems.



Nd: YAG | asers are good exanples of this type of source. They are conpact,
efficient, and rel atively inexpensive. Separately-addressed | aser di ode —
arrays have been utilized to transfer dyes in color proofing systenms. For
eXxanple, U S. Pat. No. 5,017,547 describes the 15 bi nderl ess transfer of
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process, dye nolecul es are vaporized or sublinmed via | aser heating. These
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glass plate) is difiukblowidg the c&boi blicki shtd'the hecdPror. Thsreteptoredulddepapdrased

| mgi ng systens. -5- | 96/ 28845 e
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achi eve exposure m‘“ﬁ‘f*@ﬁ% : ?ﬁiseg‘ﬁ}edqmmwgii hat are substantially |ess

than those of the pre osed processes. U S. Pat. No. 3,787,210
di scl oses the use of |nW@S. PatdNocH 964389 drosslinkable sasing were added toos carbonposi ti ve

a0 a1 v | 0ot ok he BRPAL i B ik b
imagewise heating with a laser. The resin was thermally crosslinked on the
15 aluminum to produce a lithographic printing plate.

U.S. Pat. No. 3,962,513 discloses the use of a dual-layer coating
construction for the production of lithographic printing plates. The first layer was a
coating of carbon black and nitrocellulose binder coated on top of a clear substrate.
An overlying layef of crosslinkable, ink-receptive resin was coated over this

20  propellant layer. Upon laser heating, the resin was transferred to an aluminum
plate. The run length and the image sharpness of the resulting plate were improved
with this construction. That patent discusses the advantages of placing the '
propeliant in a separate layer below the material to be transferred. Unlike the single
layer case, the expansion of gas serves to propel the transfer material from behind,

25  thus achieving forward propulsion of the transfer material toward the paper and
minimal lateral dispersion.

The use of decomposable polymers for color proofing applications is
disclosed in U.S. Pat. No. 5,156,938. A single layer containing pigment, infrared
dye, acid initiator, and polymeric binder was coated on a transparent substrate.

30  Upon heating with a Nd:YAG laser, an acid was produced that rapidly decomposed
the polymer to produce gas. An exposure energy of 0.1 J/em” was required to
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binder. In that patent, the heat absorber was carbon bl ack and the bi nder
was-nitrocellulase _The donor s La.lntimte contactwtha
receptor. When the coating was locally heated with a | aser, conbustion in

the binder was initiated, thus blow ng the carbon black onto the receptor.

The recept or Woabnessse paper, 10 adhesive film or other ne@CHUSKNEISS

sel f-oxi di zi ng bi nder was enpl oyed to -reduce the exposure fluence required

to achieve imaging. In U 'S. Pat. No. 3, 964, 389 crosslinkable resins were
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propellant in a separate l.ayer be e materi o be transferred. Unlike
the single |ayer c%"’ﬁfé‘%ﬂ?ﬂ&?ﬁi %mm@&%@‘@&%@nméré%ﬁsfer
material from behinﬁr&%a&%&@qm.mM%mglﬁwhw%MmﬂMm transfer
[

material toward the paper _and mninal |atera spersion. The use of
deconposabl e pHl yneigments Thenddjtionof glectrigallymonductive material {e.gi. sendystixe i n U. S.

Pat. No. 5,156, 938 -Férﬁ' . q]@i-@i @ "=?IEF3,F} ' e, acid
initiator, and poI(>l/l H%’Bg’?ﬁgﬁﬁlﬁé&goa e %ng a ts'%é“r"&éé%ﬁ%s@ate. 30
Upon heating w t h wansferréd\€o aremsulating surfive dvasaentioned ds being diseful intthe gtoduction
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preparation of Z-axis adhesives.
15 'U.S. Pat. No. 5,089,372 discloses transfer recording. media comprising a
substrate having sequentially coated thereon a layer of a photolyzable compound
(e.g., aromatic diazo and azide compounds) and a solid ink layer.
U.S. Pat. No. 5,278,023 discloses laser-addressable thermal transfer
materials for producing color proofs, printing plates, films, printed circuit boards,
20  and other media. The propellant contains a substrate coated thereon with a
propeliant layer wherein the propeliant layer contains a material capable of
producing nitrogen (N>) gas; a radiation-absorber; and a thermal mass transfer
material. The thermal mass transfer material may be incorporated into the
propellant layer or in an additional layer coated onto the propellant layer. The
25 radiation-absorber may be employed in one of the above-disclosed layers or in a
separate layer in order to achieve localized heating with an electromagnetic energy
source, such as a laser. Upon laser induced-heating, the transfer material is
propelled to the receptor by the rapid expansion of gas. The thermal mass transfer
~ material may contain, for example, pigments, toner particles, resins, metal particles,
30 monomers, polymers, dyes, or combinations thereof.
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el ectri cal | y- condiisiepeptoriadused by pxpogpre tasiomrerof glectimagasus epsmeyonich ey ¢ e,
silver, alumnum l@lﬁo??ﬂ&ﬁirl%nr{égo g@ﬁgta%o-ﬁﬁ?ﬁd B&@%@:’;'?}éﬂ@dhﬂh@”

I nsul ating surface was nent eing usetul 1nthe p uction of
printed circuitss. Iiteratnreordaivaor peacticeddethedndustine use of this process in the
preparation of Z-axis adhesives. 15 U.S. Pat. No. 5,089, 372

di scl oses transfer recording nmedia conprising a substrate having

sequentially coated thereon a1 azMegm[%m%gmmound (e.qg.,.
aromatic diazo and azi de conpounds) and a solid ink layer. U'S. Pat. No.
5,278, 023 di scl oses | adde presentdnven ves e imageryisss radiation indycad thermpal
produci ng col or pr. | d'aﬂgg dabfie 'egg.o ' | Lo ds, 20
and ot her nedia. The pr%i&iamnt @nt al ngmfgcisu S{ﬂ%«j{%ﬁﬁ%&tﬁ%ﬁcﬁéﬁpgggﬁwm a
propel | ant | ayldr \swbsteatahaving thereqne h layer compyising elestticalliiconductivepartidlesc apabl e

of producing nitrag . a.radiation-absorber:. and. a thernmal .mass
Cranster materi al opAed e i hAdie 8y edp by 308 Reiocd B imReoERERR R, o
into the propel | angrodwkyios ofpatterned Z-Bibhidhésivesil | ayer coated onto the

propel I ant | ayer. The %g r dicgrtgi on-&gsorbe[ may be enpl oyed.in one of the
above- di scl osed | ayer s ‘BPn§ H;:‘AP ent pfthe pregent invention, 13 pro¥ided aprocessden i zed
heating with an el feﬁﬂ@ﬁ&% : . ser
I nduced- heat i 2‘% ttﬁgi,t ranst erﬂﬁégﬁg*xiﬁg%eﬁgﬁse ﬂ?%“?ﬁ%ﬁ?é%e%*@?agg@t he
rapi d expansi ofa dasgr elqment chmprising ssubsirate bavingaoated therdon|a layey conaprisisgn, f or
exanpl e, pi gnent S’elécﬂfbﬁﬂy-@ﬁfdhbﬁde%cfe@ ﬁ’sge?sedrﬂ?;r%rgpr% Hnﬁér,e&:) placing the

donor element in intimate contact with an adhesive receptor; and (c) imagewise

exposing the donor element to electromagnetic radiation under conditions sufficient
to thermally transfer the layer containing the electrically-conductive particles from

20 the donor element to the adhesive receptor in a patterned fashion.

In an alternative embodiment of the present invention, there is provided a
process for the preparation of patterned Z-axis adhesives comprising the steps of:
(a) providing a donor element comprising a substrate having coated thereon a layer
comprising electrically-conductive particles dispersed in an organic binder; (b)

25 placing the donor element in intimate contact with a receptor; (c) imagewise
exposing the donor element to electromagnetic radiation under conditions sufficient
to thermally transfer the layer containing the electrically-conductive particies from
the donor element to the receptor in a patterned fashion; and (d) applying an
adhesive layer to the surface of the receptor bearing the conductive particles.

30 In another embodiment of the present invention, there is provided a process
for establishing electrical interconnection between two electrode containing
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30 nononers, polyners, dyes, or conbinations thereof -7- WO 96/ 28845
PCI/LUSA6/ as it s knowge—boftore—tho—present i |
| mgew se radi ation induced thermal transfer of electrically-conductive
particles froma donor elenment to a receptor induced by exposure to a

source of el So0aaddfreti c energy, such as by a |aser or a f|EBCSHUSIISEt O
create a Z-axis adhesive has not been-disclosed in the 5 literature or
known or practiced in the industry. SUMMARY OF THE | NVENTI ON The present

i nvention invol ve "m | : | o3l ' M &J&Hﬁk Wﬁéﬁ .
el.ectricall y-condﬁ'g{'?@g pa ?ﬂéﬁgg@%ﬁ‘%ﬂr‘fgr e gnrrent, COlFT‘%I’I Sl 8550%
substrate havi ng tpnevidioga dendraiesventenmprising agubstretethaviog coaged-thendon 8 iayer
particles dispersed in.an organic binder, L .receptor, and.provides an
bt ovenent © ht haOBPOUGE HFaHcy SpRlueaye patide Jipesahinabicpaic it
enbodi ment of the W&@YW%M&O@W&%&W@OF the
preparation of patterned Z-axis, adhesives co I sing the steps of:

r : (a)
providing 15 Sa d®agswise cxpesing the denar &) @O%QW%M*‘H@‘W% t her eon
a layer conprisin : rd 3 Gﬂﬂﬁ? 'Vﬁcﬂf&ﬁ' e DRKIRE frof
or gani ¢ bi nder; (%fﬁ%‘ﬁg'i’udﬁgﬂ%t %“glonor g}eerren |9ﬂn§§?ﬁr%?e con?gtn{}hgm rﬁ’ran
aflhetsi ve rec;aptor;dﬂ(whemww?t?dpawm?ﬁﬁ;ﬁm?ﬂd@?ﬁMgl?gﬂ?ua f
el ectromagnetic ragdiation un condi tjons suffici ermal |y transfer
the | ayer cont ai nﬁﬂﬁ‘?‘h@%@gaﬁﬂ%?wmfzwﬂg&q'@g&wrom 20 the
donor el ement to the aghg&ianéthérénttiodinient OF the PrRbdneind@ftiohAhiEre ¥ proliledd

alternative enbodi nent of the present invention, there Is provided a

process for tHE8 pPERressior establishing electricalinterconnection hetwern, to elestinds sontajning o
Ny =P _ o e _ !
steps of: (@) prolide fi Q%ﬁeﬁk@?%gsrclﬁgﬁafﬁﬁﬂdﬂgmﬁ &%ﬁbﬁghﬁ sicl]tiggﬂg(a)

coated thereon a layer conprising e y-conductive parti
di spersed in an orpgewiding &idoteelement copiprising b substrgte thineingicoated thereommiayem
intinate contact i bi;gng SEdREN)-cotdiktivd Bl Hapersed in an organic binder; (b)

placing the donor element in intimate contact with a receptor; (c) imagewise

15  exposing the donor element to electromagnetic radiation under conditions sufficient
to thermally transfer the electrically-conductive particles from the donor element to
the receptor in a patterned fashion; (d) applying an adhesive layer to the surface of
the receptor bearing the conductive particles; and (e) bonding together a first and a
second electrode-containing material with the adhesive. '

20 In a preferred embodiment, the source of electromagnetic energy used to
induce the thermal transfer of the electrically-conductive particles to the receptor is
either a laser or a flash lamp. If a laser is used, it is preferred that the binder is
chemically similar to the adhesive to which the transfer will occur. If a flash lamp is
used, it is preferred that a gas-producing polymef be used as a binder.

25 The present invention provides an improved process for making and using
Z-axis adhesives which are capable of establishing electrical conﬁnuity between
facing electrodes while maintaining electrical insulation lateraily between adjacent
electrodes . A typical use for such an adhesive is to provide electrical connection
between a flexible printed circuit and a flat panel display. Other potential

30 applications include flipchip attachment of unpackaged silicon chips to various




exposi ng the donor elenent to el ectromagnetic radiation under conditions
sufficient to thermally_transfer the lLayer contai ning-t.he _
el ectrically-conductive particles fromthe donor elenent to the receptor in
a:patterned fashion; and (d) applying an adhesive |ayer to the surface of

t he recept or weeeriss4s t he conductive particles. 30 | PCIVIZSO610N1S8
enbodi nent ofthe present invention, there is provided a process for
establishing el ectrical interconnection between two el ectrode cont-aini ng
WD 96/ 28845 . N - o s o .

PCT/ US96/ 00158 mat RIS dreit substrates and providing clectrical interconnection between w0 o
conpri sing the st efexiblé pringed cigeoits/i di ng a donor el ement conprising a
substrate having coated,thereon, a |ayer, conprising electtically-conductive
particles dispersed in s TPNe] @Wﬁ'@ﬁ“’%‘)‘“’ﬁ?&%ﬁé’yt °hc}§?18’¥tegfe ment in
i ntimate contact vgakisadhesiVé il bePprodueedis¥ia radiftiondnduced @il iitagingdRadiatibn! he
donor element to el ectromagnetic radi ation under conditions sufficient to

transfer the elSctinduced therme)teansfer of altrafine pastieles from adpnor shest to 2 eecentanig at o
t he adhesive receptQr,d.n L Ofh. ' a
first and a second €ele t?@d‘e@éon lﬁ?‘%é\%%‘ﬁ%%@ﬁgﬁa es@%{.”hﬁﬁhyet

anot her enbodi mentlamp ekxposureror taaert exposuesdiiring whidhaheparticigsranid/od edtitionaDiight-
process for establisghing el ectyical .interconnegti bet ween .t wo gl ectrode
cont ai ni ng materi a‘P‘?‘eﬁE&H&"PFb ﬁ'mwnfﬁﬁg{g@géﬁﬁg&?'ﬁ\}ﬁg%ﬂﬂgi tion and
conpri sing the st epat Mé strfdunding ediuhuritil HRMEr 06urs ElRla préfeipéd casé) @ digital
substrate having coated thereon a | ayer conprisi ng? el ectrically-conductive
particles di sp serrosess ismsed tgsanteolis laserused to,indusethe trapsier of the gleptrisdlynent i n
inti mate contact w : ; | | e j

YWonBudtive parbieOlo thé &Lﬂhn : gﬂi@'tﬁgibﬂlg' oftﬁ@q}@fdlﬂg&oﬁtp&led T

el enent to el ectronmagnet| at1on er condi tI‘ons su ient to
thermal |y transf erinduced tlansferprocesd alows difierent clip designs tol beseasilyacrdnmaodhteddn

element to the recegptor in.a.pakterned, fashjion: (d). appl xi,ng.an _adhesive
| ayer to the surfa‘ggsﬂ'e ?'ﬁg“‘i"gﬁbﬁ‘f'oﬁn b@?q%ﬂ‘efh%‘gﬁéﬁﬁﬁ’&aﬁ@é%@rﬁ%cl es; and
(e) bondi ng t oget hstbeedsihg fechniques for ntass production of Zadis-adkesivel ni ng materi al

with the adhesjve. 20 - I n prefterred epbodi nent, {he sour, of

apparent from the detailed description, the examples, and the claims.
As used herein:
“flash lamp"” means a device that can convert stored electrical energy into
light by means of a sudden electrical discharge; -
20 " “light to heat converter” means a substance which absorbs incident
electromagnetic radiation and efficiently transforms it to thermal energy;
“black body absorber” means any material that has significant absorptions in
the UV, visible, and near infrared regions of the spectrum;
“ablation" refers to the transfer of material in a thermal imaging process by
25 the action of a thermal source, through rapid removal of material from the surface,
but without sublimation of the material, inclusive of processes commonly called
"ablation transfer" and "melt-stick transfer";
“imagewise exposure” is the process by which a sample is subjected to
irradiation in such a manner that only selected areas are irradiated. The selected
30 areas constitute a pattern of intelligence which may be distributed digitally (i.e.

modulation of a laser beam) or in an analog fashion (i.e., a mask),
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i nduce the thermal transfer of the electrically-conductive particles to the

receptor is either a laser or_a flash lagp.lfg.laser is used—it—is-
preferred that the binder is chemcally simlar to the adhesive to which.
the transfer will occur. If a flash lanmp is used, it is preferred that a
gasproduci ng wolsgnaysss be used as a binder. 25 : The pr @sEws96/003s8Nt i on
provi des an inproved process for making and using Z-axis adhesives which
are capabl e of establishing electrical continuity between facing el ectrodes

whi |l e mai ntai ning electgic |n$u t| n_|ater
el ectrodes . A typical ‘# a&@%ﬁ%&%ﬁg‘%ﬂm‘r’m cal
connection between a fltgronh}i"eeﬁfsltaheﬂbmm drambmdnhaiomteturdlsaﬂisy

Q her potential 30 pllcatl ns i ncl p attachment of unpackaged
silicon chips to vml’Hﬁ % /tgﬁﬁ%l’“ chamsorstmctures E

PCT/ US96/ 00158 pri bt 5 o Ssueh) b&ﬁhrm@@ Cl Br
i nterconnection between two flexible prlnted CIrCUItS e | nproved

simplified i nveﬁtlﬁecpnmgwmh t he patterned Z-axis adhesive can be
produced is via radiatig duced. t n ced
thermal transfer of ult Fﬂ %P@?Q@F?ﬁﬁ?@%@%%ﬂ%&%‘gyF‘«lggggtor IS
a one step, dry, himgthyl, ethgl, ptopsl) cyriahesyd Sisoottid; réripbatyl and thelikéer can be

i nduced by flash | anp ezgosu e of, |l aser exposure du“ﬂ? v\lm ch the partjcles

and/ or additional |ight-t ayailablepipgen contept” gefers to the utrogen SORERt (WA
dyes) absorb the i aewﬂgemglﬁhlmmﬁg#oﬁaﬁoﬁmo PeferBif lesd a1t 1 |

transfer occurs. In a preferred case, a diglital rocess 1s used to
control a | asel0 usahbut 300°Cchnd anaré preferablicless that dbout 2502C) genemtes wr liepatesict i ve

particles to the rfeqiglPE?ﬂO The flexibility of the digitally-controlled
| aser- induced tra @’B |l ows different chip designs to be easily

accommodated in the san'&haﬁmwmbmﬁoiabmﬁudgan-adﬁmhmg Broubh feféts R Mfrogén-
conpati bl e WI th Web r.ocessi n ni ques mass productjon of Z-axis

adhesi ve. mouagf,s@wdo AUTRSE, NitTRe T1azole, £1¢,)Which pROR,§XPPFIEE to
present | nve nt _' on lﬁall (pré¥Srably less than about 300°C, more preferably less than about 250°C)

15  generates or liberates N, gas.

DETAILED DESCRIPTION OF THE INVENTION

The substrate may be any substance upon which the electrically-conductive
particle layer may be coated to prepare the donor. Preferably, the substrate is

20 transparent (at least transmissive) to the wavelength of light used to induce the
transfer of the electrically-conductive particles to the receptor. Possible substrates
include glass, polymer film, and the like. Possible polymeric substrates include
polyester base (e.g., polyethylene terephthalate, polyethylene naphthalate),
polycarbonate resins, polyolefin resins, polyvinyl resins (e.g., polyethylene,

25  polypropylene, polyvinyl chloride, polyvinylidene chioride, polyvinyl acetals, and
copolymers thereof), hydrolyzed and unhydrolyzed cellulose ester bases (e.g.,
cellulose triacetate, cellulose acetate), and other conventional polymeric films used
as supports in various imaging arts. Transparent polymeric film bases with
thicknesses ranging from 4 to 250 microns are preferred. Typical examples of these

30 are those derived from polymers containing repeating, interpolymerized units
derived from 9,9-bis-(4-hydroxyphenyl)-fluorene and isophthalic acid, terephthalic

~11-



apparent fromthe detailed description, the exanples, and the clains. As

used herein: "flash |lamp” _neans a device that can_convert stored electrical .

energy into light by neans of a sudden electrical discharge; 20

"FFight to heat converter” means a substance which absorbs incident

eIectronagnenWosaaNMation and efficiently transforns it to tPCIUSsNESEr gY;
"bl ack body absorber” nmeans any material that has significant absorptions

in the UV, visible, and near infrared regions of the spectrum ablation

actfon of a i hor micA ettt ol ok oo tRe) A EbRERSS 0, T,

surfac F bult | vwdt h(‘dhlbmitwjpwﬁhw?g nfolebmagms Ofabouﬂiﬂoosvr !e?s)abnmmaums
commonl y calle " atjon_tr e t stick_transfer | mgew se
exposure” is the pPEationof 9“%@?’!!‘?#"3 ig'ﬁ]ﬂ’ esvwmpa?%w in
such a manner thatg tﬁattern < Inﬁ%ﬁlﬁusrﬁglm ge_l;lgljbg ﬁﬁhgﬁg&d 30

areas consti tute I'1gence which may be"di stri but ed
digitally (i. cﬂﬂmﬂtw&rmbﬂa@nmmbﬂmmsm&rdyﬁmpm (i.
a mask) V\D 96/

PCT/ U896/ 00158 pﬁ?ﬁé&e sf“ﬂ'mﬁdé%en@’r%e ave%e%ﬁ'ﬂ%ﬁeg}malﬂ% ection

of particles; "grqupcess, eiexdonot substedte ispreferpbly @ UW timparestamateriabisuch ar

structures such as th |, et hyl, cyclohexyl, and the like, but also to
chai ns or structuﬂ@ggﬂﬁé g conventional substituents in the art such as

hydroxy, alkoxy, phenylanyhidcftically-cdnliuctive maferial dah be G366 maké thePartilEs Uebd

etc.; "radical" refers to the |ncIu5|on of only pure hydrocarbon chains

such as met hyl10 et }he prescatiyvention: dFosiexanple, th@dmwly-comwwmcles sanbe he
L 1o TR1LY UGBS o) b OE e Sl e s RSy o7 et
(preferably | ess tcheomidf, cobalo,mlmuﬂﬂﬂ,[auﬁmb@ aapbemﬂ&rmlafmmbﬁlhdhﬁs and han
about 250ferr] Q) gLeopde a{n%t gysoarnd Iolxl es gft tﬁese metals. The above materials may be used alone
or in combination. It is also possible to use metal-coated particles of non-
15 conductive materials such as, for example, glass and plastics.
Electrically-conductive particles used in the present invention preferably
have a diameter of from 0.01 to 10 microns. Preferably, the particles themselves
behave both as conductive elements and as black body absorbers. Alternatively,
larger conductive particles could be mixed with conductive or non-conductive black
20  body absorbers. The particles are contained in the binder component in an amount
of about 40 to 60% by volume. The maximum practical particle size is determined
by the transfer process. More preferably, the electrically-conductive particles have
a diameter of from 0.05 to 2 microns and, most preferably, 0.1 to 1 micron. The
shape and diameter of the particles can be measured by any method known to those
25  skilled in the art such, for example, by electron microscopy.
~ The particlés are generally dispersed in a suitable organic binder. In the
laser-induced thermal transfer process, the organic binder that is utilized is
preferably one that exhibits suitable physical properties for transfer of thin films.
For example, it is preferred that the imaged area readily releases from the
30 surrounding unimaged area and transfers completely to the receptor surface.
Preferably, the binder is similar enough to the adhesive material to be used such that
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nitrogen (Nerr]) gas; and "thernally deconposabl e nitrogen-containi ng
graup” refers to a.nitrogen- containlng.group.fe g azido,nitrate nitro

triazole, etc.) which upon exposure to heat (preferably | ess than about
300[err]C, nore preferably | ess than about 250[err]C) 15 generates or

| i berates N ewolsergssas DETAI LED DESCRI PTI ON OF THE | NVENTI ON Pow/usedoeissat e
may be any substance upon which the elegtrically-conductive particle |ayer
may be coated to prepare the donor. Preferably, the substrate is 20

manen he- 1 anst cPs PRER TGN Sha PR HRMAGI il oy 2308 ©

receptor. Possibl eadmkieé I Intthé cdse of thergnogérting adhesives/e is préferable 3¢ exchidde ahy ke.
Possi bl e pol yneric bst rates, i n¢l ude poJ yester ,base (e.g., polyethylene
t er epht hal ate, pol %’(ﬁh’lc' H0honat e resins, pol yol efin

resins, polyvinyl re5| mm&ygﬁ,w -&'ﬁducti%’ *aamg&gners | nyl

chl ori de, ponV|nyI|dene chl ori de, pol acetal s, and cop

t her eof ), hydr of yzeconsishof any theamoplgstic go! mesenngenmeynt@e@xme

i1 used as suppreet Phich Reg 8y ol desthifln, PRI AL RAdF ool |
bases with thi cknewmpwmghémﬁppmaﬁaﬂtmendw desires. pNeﬁ-«iiﬁﬁtmg Typi cal

exanpl es of these 30 t hose derived from rs co
repeating, inter poWﬂPW g Pi%‘"ﬂ@?méﬁ‘fer e%y me‘h""yr]‘tg) trodellulose,

9, 9- bi s- (4-hydr oxy gfigiene-vinjl 'abé4té @Spolyifer! ﬁ&fﬂmﬁiﬁu&hﬁ&b%ﬁﬁep@d?ﬁ's%/ 001WD

96/ 28845 58
aci d or mixturly tethylensracrylate copalymas; acnylicrubber ipplyisobutylene, ptastid polypronylase.

Cont ent toal Tow B RERYRALRS), SR entihbitlnahe 0BG pifanida
di scl osed as one cpoiyreshates) ndq;otyblﬂbmfenbrNbﬁa‘hﬁﬂmrga&mpiemmémﬁng resihs S.

Pat. No. 5,318,938. In the . |l asger- . induced t heral a process, the
donor substrate is"ﬁP@?’@rr&ﬂ?%PWQﬁéi?&P%ﬂ“ﬁmWFﬁ?Péﬁé iLfrrlé‘ﬁ’nt hal ate (PET).

I'n the flash | anp-i nducgmdhé fi43h Tekp-inBaded tirmal transfer, gas-producing polymers are often
15 used as binders. The heating of the binder during the flash lamp exposure causes a
partial or total decomposition of the gas-producing polymer. The resultant gas
serves to propel the particles from the donor to the receptor. Generally, the gas-
producing polymer should have a thermally available nitrogen content greater than
about 10 weight percent, preferably greater than about 20 weight percent, and more
20  preferably greater than about 30 weight percént.
The gas-producing polymer may be any polyrher that liberates nitrogen gas
{N2) when heated rapidly, such as, for example, by exposure to an infrared laser
beam. Polymers that liberate nitrogen gas on heating generally have thermally
decomposable functional groups. Non-limiting examples of suitable thermally
25  decomposable functional groups include azido, alkylazo, diazo, diazonium, .
diazirino, nitro, nitrato, triazole, etc. The thermally decomposable groups may be
incorporated into the gas-producing polymer either prior to polymerization or by
madification of an existing polymer, such as, for example, by diazotization of an
aromatic amine (e.g., with nitrous acid) or diazo transfer with tosyl azide onto an

30 amineor B-diketone in the presence of triethylamine.
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process, the donor substrate is preferably a UV transparent material such

as pol ypropyl ene. Any electrically-conductive naterial—can be used to nmake—
the particles used 10 in the present invention. For exanple, the
etectrically-conductive particles can be produced by any possi bl e method

from net al s wodergsms ni ckel , stainless steel, chrom um cobaPCTUS6RISBUM

anti nony, copper, silver, platinum palladium and gold and all oys and

oxi des of these netals. The above materials may be used al one or in

conmbi nation. It is alsp possible, t e al zcoated.particles of non: 15
canductive materials s ﬁ”ége’g%q"@k??ﬁm“g%fgﬂ{%”&ﬁu“ pffiuﬂ'eé'él.”&)asmed
El ect ri cal | y- cond i rectaritsiidsithd followin@ forimblat he present invention preferably
have a diameter of from0.01 to 10 mcrons. Preferably, the particles

t hensel ves behave both as conductive el enents and as bl ack body absorbers.
Al ternatively, |arger conductive par égles cgu d m xed wth conductive
or non-conductive black 20 body abg berg. Thﬁ%g%rticles are contained in
t he bi nder conponent in an anount of about 40 to % by vol unme. The maxi mum
practical partkcle size is determ ned by thgptransfer process. Mre

preferably, the electrically-conductive particles have a dianmeter of from
0.05 to 2 micronswheeintnpst preferably, 0.1 to 1 nicron. The shape and

di anmeter of the partic - hese 25
skilled in the art sucwte%}aﬂ@ e§, Hé@%%@%ﬁ%@ﬁ%&ﬁ%@#ﬁ%& ggflt icles
are general |y di spnd srybsubstitated aminol) group and preferdbly) Xcis an Azide dra hydsaxyl | nduced

thermal transfer grocess, the organic binder that is utilized is preferably
one that exhibits t abl e physical properties for transfer ofthin fil ns.

For exanple, 10 is preReeprRsentswdivdidie monBHeRrous dontsinifg b Wa'gedupad@ived r om t he
30 surroundi ng uni maged area and transfers _co Ietelhto the receptor
surface. Pref er abffipm & eysligethersuch as, far example, oG GEENeXE, adhesi ve materi al

Lo e used Such ' DehcdbtycaNcro02 SAtH: N5 CH20-, -CH:C(CH:N: ). CH:O-,
-CH(CH;N;)CH(CH:N;)0-, and -CH,CH(N;)CH,0-; a cyclic sulfide such as, for
example, -CH,CH(CH;N3)S-, -CH,C(CH;,N,),CH,S-, -CH(CH:N;)CH(CH;N;)S-,

15 and -CH;CH(N;)CH:S-; and a cyclic amine such as, for example,
-CH,CH(CH:N3)NR'-, ~CH(CH2N;)CH;NR'-, -CH,C(CH,N3);CH;NR-,
-CH(CH,N3)CH(CH;N3)NR'-, and -CH,CH(N:)CH;NR'-;

R! represents a hydrocarbyl group (e.g., alkyl, aryl, aralkyl, alkaryl, etc.);

L represents a mono-, di-, tri- or tetra-valent alkyl radical. Non-limiting

20 examples of monovalent radicals are methyl and ethyl. Non-limiting examples of
polyvalent alkyl radicals are ethylene, methylene, propylene, 1,2,3-propanetriyl,
2-ethyl-2-methylene-1,3-propanediyl, 2,2-dimethylene-1,3-propanediyl, etc.
Preferably, L is 2-ethyl-2-methylene-1,3-propanediyl;

corresponding to L, m represents 1, 2, 3, or 4; and

25 n represents any positive integer greater than 1, preferably greater than 5,
more preferably greater than 10.

The foregoing azide-containing polymer of Formula (I) can be made by
procedures well known to those skilled in the art of synthetic organic chemistry
such as disclosed, for example, in U.S. Pat. Nos. 3,645,917 and 4,879,419, the

30 disclosures of which are incorporated herein by reference.
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there will be a chemi cal and physical conpatibility within the resultant
Z-axis adhesive _ln the case o ' ives, it—i

to exclude any catal ysts or curatives fromthe binder fornulation. The

bi nder in which the electrically-conductive particles are dispersed may 5
consi st of amodénssssopl astic pol ynmer, thernosetting resin, @CHuUSIsOiISe:

m xture thereof which neets the above-di scl osed description. The particul ar

bi hders chosen will depend upon the type of application the end-user

p p yp pp
desires. Non-limting exapples of-.ther | ast.i I t hyl
nmet hacryl ate), nit rocelﬁf‘ﬁw&?%%éﬂ%%@%gfiﬁ%ﬁ@w&g&mg&"
pol yet hyl ene, et hycoftest-tp efisiye thatthe polgmerrinas theldisiredastabiliceproperties/ | THedow

copol ymer, acrylic¢ rubber ol yi sobut yl enge tacti ¢ pol ypropy] ene,
pol y(vi nyl but yr alkploge: isigigp vmmﬂ@%tcim%%w ong s e
pol yam des, pol yUlcgialysd 65 ensiifdthé -&fo Vérdion 10\2Adel drThe RaliheR RkiibratityO

t hernosetting resins are epoxy resins, enoxy resins, cyanate ester
resins, and thé | iikthe polymehpreturserh The sqsmi "lowibalogenicontant!’ meangthatdhe polymer

gas- produci ng pol [ e, 0fd | neer. he, h i f the
bi nder during the%gﬁ*w&%mmﬁége 0;595'5?&?7%1 th%?%?'gtltm?&s ﬁxantl
decorr}ootsihtion ;)f tvmml fp&catttﬁdugémmmbu?mfmﬂhhss;mmuo.gewm?&caﬂl :nﬁlﬁgeﬁ.o
prope e par |C_§|; r e gonor o, the r,ece‘g‘,o‘é. ner Y, e gas-
produci ng pol yner %!‘ﬁmﬁ’&% M\EM“F‘[}"SWH PG §QV thicsht
greater than aboutead8n ¥ohidtth &t . preferably greater than about 20
wei ght percent, and nore 20 referably greater than about 30 wei ght

percent. The dfls- pr oduEineagr moresrosslinking agentamay be employed in sombinitionawithsthe

ni trogen gas (N2) ' h . f . posure to
an infrared | aser '%g%%”nﬁgi}'ggg{yg&#a%dﬁ%g}%@“#?{%@gﬁ%@'g%@ti ng
generial |y Pave thg}rmﬁyrkbmholjitpoﬁﬂbippdrdpﬁfetdrm st 'rf@raganslepélflﬂohMﬁzﬂdidnall g
exanpl es of suitable thernmal]y 25 .  dec osabl.e fungtignal, groups incl ude
azi do, al kyl azo, GT%’?B?"HF&Z’@RTW&’?%O?“M*W" WWW%%&OI e,

etc. The thermal | predii @i _ i erDferd Qﬁﬁﬁﬂ&ﬂﬂ%ﬂls%ﬁd@lﬁdﬁomd

gas- produci ng EOl mer either prior to polynerization or by nodification of
an exi sting pdPymbe employed (2., isasyanateshpl e, by di azotization of an aromatic

30 amne orLorr]- di PR Y orBlAbRAR B RRGs shilop N cofiniifon RS 27
an azide-containing polymer having multiple hydroxyl end groups. Preferred
crosslinking agents in this case are polyisocyanates, including but not limited to,
hexamethylene diisocyanate; diphenylmethane diisocyanate; bis(4-

20 isocyanatocyclohexyl)methane, 2,4-toluene diisocyanate, etc.
In another preferred embodiment, the azide-containing polymer used as one

of the reactants has recurring units of the following formula:

i
—CH;—C—CH,—0—
33
_ an
25
wherein: either R? or R® or both each independently represent an N;-
containing group. An example of a preferred azide group is -CH;Ns.
The azide-containing polymer of Formula (IT) can be made by procedures
well known to those skilled in the art of synthetic organic chemistry such as
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- 13- WD 96/ 28845

PCT/ US96/ 00158 I n one preferred enbodi nent, the azide-containing polymer —
used as one of the reactants has the following forrmula: [err] 5 wherein: X
represents a hydroxyl, azide, nercapto, or am no (including nono-al kyl and

aryl - substi t wir@osrs88ds10) group and preferably, X is an azi de mrresobmpoisoxy!
group. 10 R represents a divalent nononer group, containing a
N[ err] group, derived froma cyclic ether such as, for exanple,

B LT R b1 BEA O B R

-CH(CH err] N err]) tﬁdh&r% réferehce. and -CH err]CH(N[err])CH err]O; a
cyclic sulfide such as, for exanple CI—IIerr]CH(CI—I[err]N[err])S—
JOf err] Q(CH er r] N er r iy prsther grefisred embogiments engragtic copolymereppeattiizedas, 1) s- |

1A ! ,
15 and -CHerr] /| r%%wtgﬁ&ﬁ@ frory biffereff hbifonied€ dné Sr mbRfof

exanple, -CH err]
- CH( CH[ err] N[ eBr ] )whihchavé Nixjgeoups. - Preferably the monomers are cyclic oxides having three to

-CHerr]C(CH err] N ectr err err, < - . .

-CH(CH err]N[err])® M%M%Pﬁﬂmgﬁﬂm“pmbwumm out by

- CH err ] CHON er r | )caitbriié ﬁl%%ﬁ&n CopoRut ﬁd&h&vﬂ&ﬁsdibmbpaﬂﬂmp
(e.g., alkyl, aryl, ara ,..al kar L represents, a nono-, di-
tri- or tetra-val & disglessdinygS: Pay! °Nbﬂ33’? theﬁ’gw re ofwhigh jsdacoggorated

nmonoval ent radi Ca'lﬁrﬁ{@ Rkdnt. and ethyl. Non-limting exanpl es of
pol yval ent al kyl Ical s are ethyl ene, nethyl ene, propyl ene,

1, 2, 3- propanetl@i yl , 2 ébh@x@emﬂpfﬂneadbﬂbnmdupedﬂdhpltrmsferofthe

2, 2-di net hyl l f . .
2.t hyl 2~ et hy o ECHCRREcki e pBnicie i e BBl wieed e prosent pusntip.ong
3, or 4; and 25 ormoreaéheléﬁﬁire&ﬁ*fihﬂe ﬂﬂ»rr@ﬁﬁhédfﬁ@yhemdﬂ&ﬂo thé biaderlayehorn 1,

preferably greater th“{) , trlpe)rreteo [)P[‘,?];S‘r’gbln)‘m%reater t han

ng polymers, useﬁ.lll accelerators include
those materials known in the art to reduce the decomposition temperature of alky!

15  azide compounds including, but not limited to, metal complexes such as ferrous
acetylacetonate, stannous chloride, magnesium chloride, ferric chloride, zinc
bromide, etc.; protic ac@ds such as benzoic acid; acetic acid, p-toluenesulfonic acid,
etc.; thermally sensitive free-radical initiators such as benzoyl peroxide, -butyl
perbenzoate, etc.; phosphines such as triphenylphosphine; and the like.

20 The electrically-conductive particles can be dispersed in the binder by any
suitable method. For example, the binder and other additives, if utilized, can be
dissolved in a solvent or fused to liquid form and then mixed with the electrically-
conductive particles by methods including mixing, milling, stirring, and sonication

_ (e.g., in an ultrasonic water bath). Dispersing agents are sometimes utilized in order

25  to help disperse the particles in the binder. Typically coupling agents (e.g., silanes,
titanates, and zirconates) are used as dispersing agents. In particular, Disperbyk™
161 (available from Byk-Chemie USA, Wallingford, CT) has been found to be a
useful dispersing agent. '

The above-disclosed electrically-conductive composition can then be coated

30 on a variety of substrates disclosed earlier herein such as transparent PET, to the

desired thickness using any conventional coating technique (e.g., extrusion coating,
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The foregoi ng azide-containing polymer of Fornula (1) can be made by

pracedures well known to those skilled.in. the-att—0f syntheticorganic
chem stry such as disclosed, for exanple, in U S. Pat. Nos. 3,645,917 and

4+ 879, 419, the 30 di scl osures of which are incorporated herein by
reference. -1wo09628840 96/ 28845 PCT/US96/00158
PCT/ US96/ 00158 The foregoi ng azi de-contai ni ng polyner of Fornula (I) has a
| ow hal ogen content to ensure that the polymer has the desired stability

properties. The | oy faal qf t i eperal Ly \a . .00
reaction conditi on%@%ﬁ&@%%ﬁg{'@&%&ugﬁ? ?F%I{ela\%%gar@v"gp%ﬁ%?t o]
o hal ogen cont ont . ans 1 hat e poLyrbr Nas | Sae. L bAn 2. Ue; Ght. per cent
hal ogen. More pref @Weﬂgtcaoqubﬁyéﬁv w&gﬂq?fé# @n%fwesﬁz&ﬁ@x the

hal ogen, and nost am%x ih%%&cﬁi@ﬂ@;&n&dﬂ%ﬁmicw%ﬁﬂm frble.1 €7 M

hal ogen refers to ¢ rom ne, I odi ne coval ently bound To a carbon
atom of the pol §neite 1 microns. Preferably, the electricallyrconductivkpasticle gentaining layenie 1-
enpl oyed in conbi ngti.wﬁéggc%de-cont ai ning polymer of Fornula | to
provi de coatings h Vin gl ength. The choice of an appropriate
crf)ssl i nki:ng fige?t depe_rl‘:isf&gatbm?iwﬁﬁﬂwmdlﬂﬁmon atshiﬂ;](ﬁzbddtmﬁbdy,ni ng
ol ymer. For instance,, i r ox r S are present .on e

gzi ée-cont ai ni ng p&f‘ﬁl‘@?‘,"" @M@Pﬁ%ﬁg% gty _-BS‘FWS“E‘MH'&‘HS

be enployed (e.g., sﬁ&‘&@)bﬁﬂﬁ_tr&;er_or "t%a&em@ofél@&ﬁésl@ébﬁkﬁ:cﬁ&eﬁ&i d3after

polyols is enployed in conbination wth an azi de-contai ning polyner having

mul tiple hydrodQl ¢hepagicieshave bacathermally teansfemed toitheitpcepion tln therlattericasecit ése

i i socyanat e - d phBRRELK iedSerpldr 064 ot ke lece SFHANES MUIRE o be
I socyanat ocycl ohexponded by alcZ-axis 4dlesive avtereby ia Spattemoflelectrichlly-conduaivet her

preferred embodi et iole s dhérmally ranateated ALt S0 the Surfice of the eleaitode followed by

the application of an adhesive layer to the electrode surface. The resulting Z-axis
15 conductive adhesive can then be used to bond the attached electrode to a second
electrode surface.

The adhesive layer may consist of any thermoplastic polymer, thermosetting
resin, or suitable mixture thereof which meets the above-disclosed description. The
particular polymers and/or resins chosen will depend on the type of application the

20  end-user desires. In addition, curatives, catalysts, and other additives may be
present. Non-limiting examples of thermoplastics are poly(methy} methacrylate),
nitrocellulose, ethylene-vinyl acetate copolymer, polyethylene, ethylene-propylene
copolymer, ethylene-acrylate copolymer, acrylic rubber, polyisobutylene, atactic
polypropylene, poly(vinyl butyral), styrene-butadiene, polybutadiene, ethylcellulose,

25 polyamides, polyurethanes, and polychloroprene. Non-limiting examples of
thermosetting resins are epoxy resins, phenoxy resins, cyanate ester resins, and the
like.

The adhesive layer may be coated from a solution in solvents such as MEK.
However, for situations where it is advantageous to limit the use of solvents, the

30  adhesive layer may also be coated from water using latex emulsions. Suitable
commercially available emulsions include Reichhold 40428-10 acrylic emulsion and
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of the reactants has recurring units ofthe following fornula: [err] 25

wherein: either Rlerr] or Rlerr] or hath each i ndependently represent an— -
N err]- containing group. An exanple of a preferred azide group is

-€CH err]Nerr]. The azide-containing polynmer of Fornmula (11) can be made by
procedures wsWoodaseasn to those skilled in the art of synthethorusegemssc
chem stry such as - 15- WO 96/ 28845 .

PCT/ US6/ 00158 di scl osed, for exanple, in U S Pat. No. 3,694, 383, -the

S'rifc'e?fgéeeﬁfooﬁ‘."hgﬁ-fﬁf%ﬁﬁ?@é R R lbioh it RO R R BoBSRERRRS 1120 ng
repeating units dicl, RedeardhOTrs) gkfpaﬂ@mmnymnammwolm(@hlaﬂeml ch

have N err] groups. Preferably t he nononers are cycl [ c oxi des having three

to six ring atonsHilsAymesicasin.; Biscataway; NI cAltesnatively, she adbesiverfimosithe carri ed
out by cationic p hei r net hod
of preparation ar %%dg%%J&fQQWEQQ*%M%H& i scl osure of
which is incor$orated ’ﬁhsnihas&ejlayethaybaapphed&anyconvemeifnmtemi@mhaspeed of
t he radi ation induced .t her t r ansf er the electrical conduct i ve
particles to the F‘@E&&MN@?’PP‘P?@MW o &0 ?Fﬁ'"f"ﬁ'v@ﬁf‘%!?ﬂv © 15%ePlisd 18 o
accel erators for gaierigl fisth WRIRAT dah B realily femodéiiwRbnithe ddhesivel iD tFbe e er or a

| ayer adjacent thereto. Fqr azide-containing polynmers, useful accelerators
i ncl ude those nat S¥eha ammemémmm@eﬁéaawlm-r&écﬁmsﬂsﬂmﬁls

temperature of al A iFor QHIRR WA b adiy B el & .

nmet al conpl exes suc as errous acetylacetonate, stan | ori
magnesi um chl ¥ i dEypica release blhlrsmcld«h palymer fitms) tieated oeumreatempapar,cglm mietalsuch

o8 DenoLC 201 . BRIk e e A A o b
silicone or ﬂuorocbetmcal surface treatment. Biaxially oriented polypropylene is a
preferred release liner.

In another embodiment, the adhesive may be coated directly on, transferred
15  to, or otherwise adhered directly to an electrode, circuit board, etc. This electrode
then becomes one of the electrode containing materials to be bonded by the
adhesive after the electrically-conductive particles are imagewise transferred to the
adhesive by the process of this invention.
A donor element of the present invention may be used by placing it in
20 intimate contact {(e.g., vacuum hold-down) with an adhesive (e.g., thermoplastic,
thermosetting, or mixtures thereof, sometimes coated onto a release liner) and
imagewise exposing the donor element to electromagnetic radiation under
conditions sufficient to thermally transfer the electrically-conductive particles of the
donor element to the adhesive in a patterned fashion such that when the adhesive is
25 used to bond facing electrodes, the resulting patterned adhesive is a Z-axis
conductor between facing electrodes, yet is electrically insulating between two
adjacent electrodes.
Alternately, a donor element of the present invention may be used by placing
it in intimate contact (e.g., vacuum hold-down) with a receptor and imagewise
30 exposing the donor element to electromagnetic radiation under conditions sufficient
to thermally transfer the electrically-conductive particles of the donor element to the
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perbenzoate, etc.; phosphines such as triphenyl phosphine; and the Iike. 20

The el ectrically-conductive particles-.can he.digpersed in

sui tabl e met hod. For exanple, the binder and other additives, if utilized,
can be dissolved in a solvent or fused to liquid formand then m xed with

t he el ectri cavbypesngsanducti ve particles by nmethods includi ng RCRAUASS00158
mlling, stirring, and sonication (e.g., in an ultrasonic water bath).
Di'spersing agents are sonetines utilized in order 25 to hel p disperse the

par 112" 1 et LSk TR SO s iy .
beon found 10 be & Goer ul ol saer ot e agont . The. ahove-dr solosad oo
el ectrical | y- condd@tt m ﬂé@ﬂ%“?‘% B&h%&fséﬁeéﬂ’%"“a%&/ari ety of
substrates di scl 0Sgglaads tiiresifif gﬂn&ﬂﬁhﬂ&%@ﬂi%&%ﬁd&ﬁ%b&vﬁ&hmm@es' red

t hi ckness using any conveénti onal oating technique (e.g extrusion
coating, -16- 3 Mﬂ@smgselectncaﬂymmhungbetweenmoadjaceruelectmdes

PCT/ US96/ 00158 knife ¢ n The
desired thickness ofthgwoagﬁsﬁgﬁ%&gggﬁ%%ﬁgﬁg&g% ﬁé&“éf"atlon of
the d:/ﬁme?] er hof bt Haymosn-ionc eted, gefﬂsmdnddbma’s,ﬁmagbl&rsmé Iaﬁa-scégnfid YAGstrate
onto whi ch the bi ted. T a the dr ckness o
electrical | y- cond[}g‘f% );éRYé?MQ’ é‘t‘Fg'é Wﬁ?‘ﬁ'c?@m“t o 10
mcrons. Prefer ab't&m&x@@ﬂl&'ﬁ&iﬁﬂ %Woﬁﬁ@é%ﬁbﬂ?cﬁﬂddﬁé ﬁnrﬁdl’&ttétlfﬂ rééeptaty er

Is 1- 2 mcrons |n (dry thlckness The receptor I se an adhesive
| ayer on a sup®o eoatnumwgweatm Wholasers| i ed

E)gagl ’ngcfﬁteegat te)éﬁ'#sﬂ%g v@% ri cgﬁ?}ﬁ{chgr'f?% P%/egq'bg#tp?% F{'&'l' “%g,ﬁﬁ,ﬁt t he
particles have beailtrd-bioletipiisible, tand inffaared asers @.ef, havéle‘:tgu[stfmm 190:10,660 am). t er
O ot o %75 el s B h b B e b e s " "
el ectri cal | y- condystiog sW) laser diodes, fiber coupled laser diodes, laser diode arrays, and lamp or
15  diode pumped solid-state lasers, with the solid-state lasers (e.g. diode or diode-
pumped) being most preferred. With continuous-wave lasers, the exposure dwell
time should be in the range of 0.1 to 50 microseconds, with 0.1 to 10 microseconds
preferred. Alternatively, a pulsed laser (such as a Q-switched Nd:YAG) may be
utilized, in which case the dwell time is the same as the pulse width, which is
20 typicaily on the order of 1-10 nanoseconds. Laser fluences are usually on the order
~0f 0.1-5 Y/em®.
Flash lamps such as xenon flash lamps provide a momentary intense burst of
radiation. A xenon flash lamp produces a broad spectrum of bluish white light in a
flash of about 2 to 3 milliseconds in duration as described in U.S. Pat. No.
25  3,914,775. The flash from a xenon flash lamp will provide an amount of radiant
energy which is dependent on the electrical energy input from its power supply.
The efficiency of the irradiation means in converting energy input to a xenon lamp
to radiant flux density received by the material being irradiated is, among other
factors, dependent upon the configuration of the lamp, the spacing of the lamp from
30 the material, and the efficiency and configuration of the reflector used in the lamp.
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particles is thermally transferred directly to the surface of the el ectrode
followed by the application of an adhesive |ayer_ta the el ectrode surface—..
The resulting Z-axis 15 conductive adhesive can then be used to bond the
attached el ectrode to a second el ectrode surface. The adhesive |ayer nmay
consi st of awobérmseopl astic pol yner, thernosetting resin, orcrEuUssedise

m xture thereof which neets the above-di scl osed description. The particul ar
pol ymers and/or resins chosen will depend on the type of applicati-on the 20

end-user desires. In additiqn, curatiwves catalyst .and at her ,.addi tives
may be present. Non-Ii fF‘ﬁ@Mﬂfﬂ" a“b‘f“‘&’ﬁ%?ﬁb%i’ﬁ%‘ﬁ‘%‘?ﬂ%"ﬁ'&?‘@‘f%ﬁ hyl
”Elt haCLy: ate), nLHbﬁ&QJohﬁhﬂ@Qhel I éledthicat! hdmﬁiremﬁilh I &3] iduwoing I hyﬂﬁhnaltrlansfer
pol yet hyl ene, et hyl ene-propyl ene copo] yner, ethyl ene-acryl ate copal yrer,
acrylic rubber, p@fﬁ’é%?‘y\}(‘ﬁﬂ&th& cg t0he JeceRtpyin ,es%ﬂWFHyThe
butyral), styrenes | : : Ll :
%{W Bt inh? %le(;vﬁxhﬁl nRnfer a€ desired

pol yam des, pol yurethanes, or opr ene. Imting exanpl es of
t her noset ti ng BesHowesercindhbosase oflasens; theimageyise exposuresis genesallyteisherauade by

ol vent s such s RS mARKRE Y Ayl gAY pddfRtuci oe e prederiBly s Batrin 0 | o
limt the use of wmmm&me!ﬁthymaMamﬂefrom

wat er using | atex enul sions. Suitable comercially avajlabl e emnul sjons
i ncl ude Rei chhol d 3dRssiye receptar - Iy this case, the pastem, ¢an eadily be designed do matoh the pads

PT/ USO6/ 00158 Relor kit 85 0 of il el @ik St Sdlly frahd O™

Rei chhol d Chemicals, I'nc., Researc .angle Park, n naco err]
6083 pol yest ed0( aeither by using masksiag by fosnsing the flashwith a micsalensaway., NJ) .

A epnatvel v, e ochSatenl B AHGRbLTrkth L BB A SGAN
be applied to any tirougiethe ase ofapshetoreist/etohing process.s Themask is usuallpmadd sfal bl e
¢ alr rier web. Ino rllnateet}l dti rgggotts’ thte tﬂl%id%t?thrgaiat}lo%, iaﬂsd c%ﬁ Ble icc?a?edt c?r d%posited ona
flexible or a rigid substrate. Materials commonly used to reflect the incident
15 radiation include chrome and/or chrome oxide.

The use of microlens arrays to prepare the patterned adhesive is amenable to
commercial production of a fixed grid patterned Z-axis adhesive. Microlens arrays
may be fabricated by the well-known method of compression molding of optical
thermoplastics such as polycarbonate and poly(methyl methacrylate), PMMA, as

20  described in U.S. Pat. No. 5,300,263. When a flash lamp is used, the binder used in
the donor element should be one which evolves nitrogen gas upon heating.
Examples of such binders are disclosed earlier herein.

The particular image used to create the pattern of transferred electrically-

conductive particles on the receptor will depend on the layout of the electrode

25  containing materials to be bonded. It is frequently useful to create an image
comprising a grid of solid dots (i.e, a grid array), with each dot representing an area
where the electrically-conductive particles will be transferred to the receptor. The
shape of the dots may be any geometric shape (e.g., circular, oval, square,
rectangular, etc.) that is convenient. The size of the dots are chosen to be smaller

30 than the size of the bonding pad of the electrode containing material to be bonded.
Upon transf'er of the electrically-conductive particles to the receptor, a plurality of
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material fromwhich it can be readily renoved when the adhesive is to be
used.  Such .a.npmaterial s frequentdlyddiowh—tpn—tho-art as a-—trel | :

rel ease liner is nmeant any material from which the*adhesive can be readily
removed intact as a film 10 Typi cal release liners include pol yner
films, treat ¥O96/28848 r eat ed paper, glass, netal. etc. The r cPCHUWMNIS®r nay
al so be coated or treated with a rel ease agent such as a silicone or
fluorochem cal surface treatnent. Biaxially oriented pol ypropylene is a

preferred rel ease g cf‘*f@‘lm ie?ﬁﬂfer @*ﬁfﬁ"’ Yt ted

di-rectly on, trans‘,ik‘{espir%(rgl to, orvgpﬁg‘rd'lw se a gr&é ' re\céftfy to aheﬂé

el ectrode, circui tusbofthe grid aray pattiem resuits i1y the fooséning dfcheoprecisemlignoéntt he

el ectrode containing.materials o bge bonded by the adhesjve after the

el ectrically- condﬁi&f’%‘_‘b‘é?f% &Fﬁ&g&ﬂ'é&“‘?’ﬁ&ﬁﬁs@ﬂ’ﬁd to the adhesive
by the process of this FoPsaRipledto bohd d@emicofdueior thip WithiboadiRg padsiround iRt | on

may be used by placing it _in 20 intimte contact (e.g., vacuum ho| d-down)

with an adhesi ve (perigeter ofthe ghip to:a flexble circaithoatd; it isrgnvenientioyse a SRermatere of |

soneti nes coat ed "ini’ﬂgﬁ ﬁﬁg&r in : Lwﬁ ecﬁ’@?f-' ﬂm

el ement to electr rrggne |§$ra mt‘igﬁi%etn dc ndi |{cs)érils Su F@?ghttﬁﬁto

thermal | y transf eno theaemptor: The perimeteo griditpattem qomprisesidets ofthe dlectritaliyr

el ement to the adhesive in a_.patterned, faghi.on such.that whepn the adhesive
"5 5 lsed to- bamaclys psBufdn aientaine AlesOuiEs PP ovHE RetheBeRios ve | s
a Z-axis conduct opadiMiEle bre tyficallpicRhted hfoRfl® the péfilneteSofthé semiédndhidtir chip. A

i nsul ati ng between two adj acent el ectrodes. Al'ternatel a donor el enent of

the present | lQonSYRAAI Reermmight eansist of A3 anilaguare dots o3 3k pisch, theAdvantage .

vacuum hol d- down) etk : }'aggm'o - é.aﬂ? cnor
el enment to el ectrc?%ﬁ%ﬁe%ﬁgg%?g’hlﬁﬁﬂn r co%&oﬁ'?gsn"éf&ggt@l C e&ﬁ{i&to
t her mal | y transf epatticles etecransferred 1ojthe recehtor inateap where eachof diie bidnding padsrof

| : h WD, 96/ 84 . .
PCT/ U806/ 00156 1 o MARHE Wi be blacad. extranequs nactictes ore potransfirTdf9 e mSPSAIOR a1,

adhesive (e.g., t afa®Which will be either under the center of the chip or outside the area where the

15  chipisto be bonded. Elimination of electrically-conductive particles in these
locations reduces the chance of accidental shorting. In addition, the precise
alignment requirements of the exact pad pattern are somewhat loosened. Other
useful patterns will be apparent to the practitioner of this invention depending on
the layout of the specific electrode containing substrates to be bonded.

20 After the radiation induced thermal transfer of the layer containing
electrically-conductive particles from the donor element to the receptor, a pattern of
particles is created on the receptor, and the donor element may be removed from
the receptor.

The patterned adhesive containing the electrically-conductive particles can

25  then be used to bond together a plurality of facing electrodes and the like so as to
establish electrical conductivity between a variety of different materials. For
example, after the release liner is removed if present, the patterned adhesive
containing the electrically-conductive particles can be used to electrically connect
the bonding pads of a semiconductor and a flexible printed circuit board. This

30 method can be used to electrically connect a variety of electrode surfaces to one
another, including, but not limited to, flat panel displays to flexible circuit boards,
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pl astic, thernosetting, or mxtures thereof, sonetines coated onto a

release liner) to the receptor surface, such that .when the adhesive is used .
to bond facing el ectrodes, the resulting patterned adhesive is a Z-axis
conductor between facing 5 el ectrodes, yet is electrically insulating

bet ween two awipewzmeds el ectrodes. A variety of |asers such aspcrusosnnlss

| asers, gas lasers (e.g., argon-ion, krypton-ion, etc.), CJerr] |asers,
di'ode lasers, and solid state lasers (e.g., Nd: YAG Nd:VYlI.F, Nd:d-ass,

etc.) may be usedgas,,a _source of the.el.ectr tic radiation to induce
the thermal trans E’Pb]SF"‘f‘ﬁeb"Hagé?h?’ﬁeq?W&&ﬁg@gﬁ%ﬁkﬁﬁgﬂ'*%%‘g’ 1% the
receptor. 10 Prﬁxﬂpﬁ:ﬂdﬁbﬁﬂﬁp@aﬁd@hﬁb@hﬂmswﬂwp&n@dmﬁgreater t han
100 MWV Lasers emtti n,ﬁ[ba@ﬁau ety of .wavel er]gt ) be used in the ,&;esent
i nvention, including ufh¢ 9mmﬁwwsmp%ﬁth%%uﬂe@qm@mm
wavel engt hs from 190- 10,600 nm. The preferred lasers for use in this

I nvention include continuous-wave high power (> 100 mWA | aser diodes, fiber
coupl ed | aser 8 odes, |aser diode array or 15 di ode punped

bunped) bei ng mos:  pr o Pagh R Tefent 858 charBa forch8hth Gl 65,
%Y\gLLSELgﬁdzhgrlegﬁwﬁw ti?/ ly, kpéﬁdsag(}m?wsf?r such as.t S)—S\:}VI Eghég
Nd: YAG may be ut Hhv@@éﬂnei ﬁ‘ﬁ%ﬁ“@%"ﬁﬂgﬁﬁ\@i&» meﬁig»‘ﬁ%ﬁnsaﬁb o, ¢ he
pul se wi dth, whi Clndafinefickel, Yl itk bomm avilshi¢ arfdiweke ditheP fiom- Laser

fluences are usually on the order of 0.1-5 J/cnferr]. Flash |l anps such as

;(lenoE }‘ |l ash | &?sWﬂWW&&Wﬁﬁ&bﬁr suf)plieg?ii mnhsffTom ﬁen](c)n
ash lamp produc .br. A i e light in a flash o
about 2 to 3 mll @%ﬁﬁg&%&%ﬁ’gﬁ%&%@@%w@gh in US. Pat. No. 25

3,914,775. The flash froma xenon flash anp wll provide an anount of

radi ant energy which i.s dependent on the electrical energy input fromits
power supply. Themmm the irradiation neans in converting energy
input to a xenon |anp imagiigtiiPerfoinied usMp 3 ifladh 1M PuMB N YATR1ab8 b ératiig

being irradiated is, anong other factors, dependent upon the configuration

of the |anp, 1he 8phes micrens in the TEMYD moda; fargsed to n 26 micren spot (measured jgtthe

efficiency and copjer gty Qe ith3% Wit Mot at HE Sndg? pldiE. S&HRing of the
laser was accomplished using a single facet 45 degree mirror, mounted on an air-
bearing motor. The mirror was centered on the axis of a 135 degree internal drum,
which served as the image plane.. During imaging, the image plane was translated

20  synchronously perpendicular to the laser scan direction. Imagewise exposure was

provided by digital modulation of the laser via an acousto-optic modulator, utlizing
the first diffracted order from the modulator.

ion of Energetic P jution: -

25 PolyBAMO (poly[bis(azidomethyl)oxetane]), molecular weight (MW) of
4,500 Daltons as determined by gel permeation chromatography, was obtained from
Aerojet Corporation. 180 g of polyBAMO solution (25 wt% in MEK, 45 g
polyBAMO), 5 g of maleic acid, and 315 g of MEK were heated in a sealed jar for
4 hrs. at 60°C. The slightly yellow solution of polyBAMO-10MA was cooled to

30 room temperature and used directly for dispersion preparation.
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WD 96/ 28845

PCILUS96/ 00158 The—selectromagnetd
irradi ate the donor containing the electrically-conductive particles,

i hducing the thermal transfer of the |ayer containing the particles to the
receptor in tWe9uW#S ed pattern. The i nagewi se exposure nay PET/UM6GOPIE out
in_any conveni ent manner as desired. 5 However, in the case of |asers,

t he i nagewi se exposure is generally elther made by usi ng masks or ‘by
directly digitally ) hafely is digitally
addressed and is € pre or g c particles on

t he adhesi ve receptor. qnmmmummpchhnnmhahmumdeMngdmw to

mat ch the pads of a .fli C fl S e iJmagew se
exposure i-s generél“l‘?lréﬁh B@Amg‘lgﬁ@wﬂmﬁﬁg éﬁé M8 using t he
flash with a m cr Qhighebyk®18Y dispéisdat sokRionl{0 RE%ARMEK)D The dispésibh wag! net hods
known in the art such as_through the use of a photoresist/etching process

The mask is us8al [spnifetedfos? minwes ia.ap yitrasepie wter bath ard then.cqafrd onte\plain

radi ation, and ca Eﬁthg ﬂfhaﬂ%o(?ﬁ le or arigid
substrate. Materi 310 rrrm% use T> g?%ct P@ incident 15 radiation

i nclude chrome and/or chrome oxi de The use of mcrolens arrays to prepare
t he patterned adh' lction of a fixed grid
patterned Z-axis 2 i cated by the

wel | -known net hod of cmmmh&mg&w%s&ﬁ&gs&rﬂoaﬁgbpﬂumh as
pol ycar bonat e and paql y(nethyl netha | ate) described in

U.S. Pat. No. 18, 3% ing solutipreontaining, ﬁfmlﬂmﬂwbnetmlmh@’émésed in the
donor el ement sho :‘!“(}lﬁh

Exanpl es of such ?Ioﬂ' 915&%?% I SC %g@ ear"?jl gtrwﬂ'grel nw%r}n &% r | mage
used to create thel6pdispmtedlumaxe(ﬂefv\venaMH{)edthelchspbdsrpnmnmmed\/ferz
particles on the ece t.or end a f rode

ot ai ni ng mat or | AREtpA3n ShemserERaler et g Gep Stpid onf ol L PET usipga 28

i mage conprising Meé#etbarof solid dots (i.e, a grid array), with each dot
representing %g area

A Branson ultrasonic cleamng bath was used to dzsperse 50 mg of ultrafine
palladium in a solution containing 100 mg of PMMA (Polysciences, Inc.; MW
75,000 Daltons), 900 mg MEK, and 50 mg of Disperbyk®' 161 dispersant solution

20 (10 w1% in MEK). The dispersion was sonicated for 2 minutes in an ultrasonic
water bath and then coated onto plain 4 mil PET using a #38 Meyer bar.

P ion of Nickel D El (Sample D)
A nickel donor element was prepared using an adhesive binder. The

25 adhesive contained B30 cyanate ester (available from Ciba Geigy) and poly(vinyl
butyral) (available from Sekisui Chemical Co.) in a 1:1 ratio, a silane coupling
agent, and a catalyst and was prepared in accordance with the procedure of
Example 1 of U.S. Pat. No. 5,143,785, the disclosure of which is hereby
incorporated by reference. A Branson ultrasonic cleaning bath was used to disperse

30 400 mg of ultrafine nickel in a solution containing 400 mg of the adhesive binder
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where the electrically-conductive particles will be transferred to the
receptor. The shape of_the dots may be any geonetric_shape (e.g., circulac,_
oval, square, rectangular, etc.) that is convenient. The size of the dots
are chosen to be smaller 30 than the size of the bonding pad of the

el ectrode cowntoosnss® nmaterial to be bonded. Upon transfer ofpcrasssoorss

el ectrically-conductive particles to the receptor, a plurality of -20-

WO 96/ 28845

PCT/ US96/ 00158 dot t -conduct.l ve I cl gs .unde each bond| ng
pad site is creat@@ éﬁgﬁg &'b 3??%“@ b 'Fse'gﬁf'f’g“ftﬂ"

| ooseni ng of the %ﬁiﬁﬁeﬁédwmpliﬁqummﬁﬁgﬂhmmﬁ rode contai ni ng
materials to be bonded. For exanple, to bond a sem conductor chip with

bondi ng pads around the 5 per| neter of the chi p to a flexible circuit
board It is convgnl 0 > B, 0 transfer a
: T¢I QUOT ') « !! "»‘ltf SICaSe Life !
"perinmeter grid" P ' .
receptor. The § peri net'ﬁierguptbrs mmmgma&edwumﬁnmgmmhmawnm ly-

conductive parti ar e si v.e Whi red by the
bondi ng pads whi ch"@‘ke @F‘I%qyge'f@gﬁ S’HH"T'ﬁG"%H" l[he

sem conduct or Chlehe:ﬁcal@ot)maqalmﬁ@tatsﬂmﬁhﬂhh Félﬂ,sdrﬂfacﬁfalyg@(&dfﬂds squar e
dots on a 3 m| pitch. The advant a ‘ge ofthis pattern is that while a

plurality of dotsP EWMB‘&IIS’&H?P RabNoyr e

transferred to thei£e8p Iﬁmﬁg ;mﬂe@é nef the
chip will be pl acg’cli.Ji exf?‘g]dgg&gﬁgg??’%es are not tran ferregato t e
recept or i n aleasofithe sioverdhiesive indMEKowvere colted onthiaxiallytociented pmlmopylém abr

out side the area t he 15 hi nded. Elim nati
el ectrically- cona#gﬁ' eﬁ’ﬁ? W@Pﬁ?"f“ﬁb*ﬁefsg"ﬁ&ciﬁ ‘585’(:‘3?" 'i'f&ch of
accidental shortigfgrairdryisfdi ti on, the precise alignnent requirenments of the
exact pad pattern are sonmewhat | oosened. Other useful patterns will be
apparent to the practitioner of this invention depending on the |ayout of
t he specific el egMﬁgg?%%i ning substrates to be bonded. 20 After
the radiation i nduce ernal transfer of the layer containing

15 Two different microlens arrays were used in the experiments. The stamper

for the compression molding was a replica of the original tooling, which was
fabricated according to the method of U.S. Pat. No. 5,300,263.
Microlens A was constructed as an array of spherical lenses, each with a
rectangular cross-section 0.33 x 0.11 mm, and was compression molded in 0.007 in.
20 thick polycarbonate at 170°C and 500 psi for 5 minutes. Microlens B was
constructed as an array of spherical lenses, each of square 0.356 mm cross-section,
and was compression molded in 0.007 in. thick polycarbonate at 180°C and 300 psi
for 3 minutes. The focal lengths in air of both Microlens A and B were
approximately 1 mm.
25
Electrical Testing of Bonded I
A device was used to measure the resistance of a 3M DX 120 chip bonded
to flex. A 4-wire measurement was recorded based on the principles described in
ASTM B 539-90 such that resistance not due to interconnects was minimized to
30 approximately 1 milli Ohm. A daisy chain measurement which represents the
resistance across all the interconnects of 2 given side of the chip was also recorded.
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el ectrically-conductive particles fromthe donor elenment to the receptor, a

pattern of particles is creat ed on the.receptor_and the donor elenent—may.

be renoved fromthe receptor. The patterned adhesive containing the
etectrically-conductive particles can 25. then be used to bond together a
plurality of waeosesss®l ectrodes and the |ike so as to establ i POTAOSWSODISECal
conductivity between a variety of different materials. For exanple, after
the release liner is removed if present, the patterned adhesi ve cont ai ni ng

the el ectrically-gonductiy artic e Ie C ect

t he bondi ng pads 3&" MMMA@M%&@% 5@%@8‘%‘“%
Thifs 30 tmet hod %ﬁlst hm-msedfytmd Itmwwbt :trynl mmawdwlmaht y@i)ﬁiddahélrode
surfaces to one anot her an udi ut no at p i spl ays
to flexible ci rcuﬂ“‘%@' ?‘gb‘sg\ﬂ'@ GLE?]' “‘“‘3"0 resistance

PCT/ US96/ 00158 f 1 gxjy Qﬁﬁg ,t)%,?sm Xi bl e
circuit boards to sem c or c %gﬂﬁég%%#gﬁé@é‘??#% ps i{th@
panel displaysS$ Trwmbmafmtmgmm(#mm wenegeported foresch test: Auitialiresulis weeet ¢ t he

S |
arpi oyed bel ow v BRIt alksampon el Pty e auie G oty e Ry
unl ess ot herw se 85, ks%ckelimmﬁmy?mﬁempefaﬁt&cymﬂesm 128¢t hrket@ne

U trafine (submicron) netals geg , trafine tin, ultrafine paIIadlum
ultrafine nickel, ikbethylirections, moeka!boyhmmé conditians far reany o€ the

pur chased from 10 lggnophase Technol ogi es Corporation (Darien, IL) or
supplied as sanples Trom M tsubishi International Corporation (Chicago,
IL). Internal 1Drum System | magi ng was performed using a flash | anmp punped
Nd: YAG | aser oper g} at 1DOG crons in the TEMDO node, focused to a
26 m cron spot ( intensity level), wth 3.4 Watts

incident at the image rrha Rbstriie wWas hﬂﬁdﬁéﬁlvﬂm circuit lamination comprised of a

50 micron thick polyimide film and 10 micron thick coppEr circuit traces. Each
circuit trace was coated with approximately 0.76 mm (30 microinch) of

15  electroplated gold. The circuit was designéd to accommodate a 3M D120x test
chip in a flipchip interconnection mode. The 3M D120x test chips were 6.7 x 6.7
mm square and contained 120 interconnection pads around the periphery. The
interconnection pads were 100 x 100 microns in size and were uniformly distributed
on 200 micron center to center spacing with 30 pads on each side of the chips. The

20  circuits on the chips and substrates were designed to permit accurate, 4-point
resistance measurements on 40 individual pads. Of the remaining 82 pads, 80 were
tied together in series in separate daisy chain circuits. The two circuits were

interleaved to permit testing for short circuits between adjacent pads.

25 Example 1
Microlens A, the donor element described above as Sample A, and the

adhesive-release liner construction were placed in intimate contact with the
electrically-conductive particle containing layer of the donor against the adhesive
side of the receptor (1.3 mil adhesive thickness), and then exposed with a xenon
30 flash lamp using a 3M ProMat flash lamp device through the microlens array. The
components were separated after exposure. Micrographs of the receptor indicated
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| aser was acconplished using a single facet 45 degree mrror, nmounted on an
air- bearing notor. The mrror was centered on the_axis of a 135 degree ——.
internal drum which served as the inmage plane. During imging, the inmge

pl ane was transl ated 20 synchronously perpendi cular to the |aser scan
direction. | wpeemssss exposure was provided by digital nodul BaTAIS9660158he

| aser via an acousto-optic nodulator, utlizing the first diffracted order
fromthe nodul ator. Preparation of Energetic Polyner Sol ution:

pol yBAMD- 10MA, 25 . Pol | ' A . ),

nmol ecul ar wei ght Weg*sh ) Wﬁgpﬁg‘ﬁ%ﬁgxhwgﬁ%g%w on

chlr omat OgE aphy, V\meﬁ&uiametﬁﬁm{mm pi)tél'ipaﬁemmff mtmml 3 eniSWl(;gpﬂfegndl yBAI\/Df
solution (25 % ipn MEK, 45 g pol yBAMD),, .5 of .malei ¢ acid, .an 500
MEK wer e heat ed ?ﬁha& d"Pﬁ"‘q“’Gﬁ? ﬁ'&“‘H‘r’?.‘dg'is %’9["@‘?&]"&""&*‘@‘ %‘Wﬁﬁa%y“‘gel | ow
sol ution of pol yBlg}m 20 T ggqggp Niimats ed
directly for dispersi ?)fglx%réé%ara figﬁQoﬁéhzlﬁ’tﬂ Tm{/)\%GQ /2 S%t@dbliﬁ. .

PCT/ US96/ 00158 Prlmedingtconditiaris (1305Ciadhesiva tég. 020 seTonds,Bnd 490 ikweretusédSanpl e

A) A Branson ultrgsopi ¢ cleani,ng bath was pysed to di sperse 50 ng of
ultrafine tin in fﬁbﬂwwfwﬂ%’%h&“(i@ﬁ%i n MEK) containing 50 ng of
Di sperbyk[err] 161 dispersant solution (10 wt% in MEK). The di spersion was
5 sonicated for 2 mnnutes in an ultrasonic water bath and then coated

onto plain 4 nil polyddemiditnAgigr epht hal ate (PET) JempgrapreSvelinger par .
Preparation of thg,RBMVA 2&433 El ement (Sargge B) A gegm ul trasonic
f Hhiy |

T fafiCe
cl eani ng bat h!p/vas I e b5 of ul i 1 n ol ution
contai ning 10 ng@ﬁg#‘c}hg( nsﬁ%ﬁmst g%i:gyl ate) - PO'I'S“ST@!mce , Inc.;

MWV 75, 000 Dal tons, 9013 ny 0\366-0.4530 50 ng of [ sperlSyk|[ &33p-0148 di@persant
solution (10 w % | . | spersjon was sgphcated f Lhutes in an
ul trasoni c water io‘&PF{EQM @@r‘gicg%t ed onto pl aﬁ#bAalrtff'il Iggpgé‘sﬁ?g a&#S

Example 2
15 Example 1 was repeated, except a 0.9 mil thick adhesive was used as the
receptor. The 4-wire test results were then recorded:

idi in Temperature Cycling
Time Resistance Time Resistance
20 (hrs) #Int, _(Ohm)  #Dis {brs) #nt. _(Ohm)  #Dis
0 15 03180477 O 0 15 0.331-0433 0
1080 15 0.526-5.018 0 1080 15 1.472-6.804 0O
Example 3
25 The procedure of Example 1 was repea_ted using 1.3 mil thick adhesive as

the receptor, except that Microlens B was used in place of Microlens A. The
resultant tin particle pattern exhibited the 0.356 x 0.356 mm pitch pattern of the

microlens. The 4-wire test results were then recorded:
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Meyer bar. 15 Preparation of the PMVA Pal | adi um Donor El ement (Sanple C) A
Branson ultrasonic cleaning bath wasused.to disperse 50 NG of—tHtegduiho—

pall adiumin a solution containing 100 ng of PMVA (Pol ysciences, Inc.; MN
75,000 Daltons), 900 ng MEK, and 50 ng of Disperbyk[err] 161 di spersant
solution 20 Wdosssss n VEK). The di spersion was soni cated foPCRUS)SHAIS®S | n
an ultrasonic water bath and then coated onto plain 4 m| PET using a #8
Meyer bar. Preparation of N ckel Donor Element (Sanple D) A nickel- donor
el ement was prepared using an adhesive binder. The 25 adhesive contai ned
B30 cyanate ester (available from G ba Geigy) and poly(vinyl butyral)

(avail abl e from Seki sufufiidityi Agihg Co. ) in a 1:1 rati Femperstutee@yelinpupl i ng

agent, and a catalyst and s.prepared in accoggdance wth the procedure of
Exanple 1 of U. S. 1yﬂﬂf. No.mg,“l%‘!!“’%& t he di scltréig‘hre of %‘H"’gs her.eby

i ncorporated by r&usdefing. A @M on &Pk asoni fusdeHlntng LQMAS dto
di sperse 30 00png ofgul t ' iclgel in a golutheon cenéfbakshg 400 ng of
t he adhesive bléndgr 235 63&%8%?288?; ® 190 6. 559 6

PCT/ US96/ 00158 and080 615 NVEX627FAS7di s®er si on wd98G&odd cat bd20-4:7400 @ nut es
in an ultrasonic water bath and then coated onto plain 4 m| PET using a #4
Meyer bar. Preparation of Adhesive-Rel ease Liner Receptor Constructions 5
The receptors were prepared using an adheBianfplepnt ai ni ng B30 cyanate ester

(avail able from G ba-CGei gy). and pol y(vinyl butyral) (avail able from Seki sui
Chenmical Co.) in a 1:1Exgiple3 wassenedtad e&mﬁppﬁéw& adhesivg wasusgdAsgie  and

was prepared kg a Hﬁ%%%\%%sﬁfﬁs@{ﬁg%gg{eﬁ’%@aml e 1 of US Pat. No.

5,143,785, the disclbsure o y 1 ncorporated by reference.
Solutions 10 of the above adhesive in MEK were coated on biaxially

oriented pol ypropyl enelﬁ};n.!i Agi T " ;

Time Resistance Time Resistance

{hrs) #iInt. __(Obm) #Dis. (hrs) #Int. __ (Ohm)  #Dis.
1s 0 15 0.326-0.423 0 0 15 0.334-0420 O

1080 15 0.528-2.158 0 1080 15 1.307-6.945 0

Example S
A 1.0 mil adhesive-release liner receptor construction was placed in the

20  curved focal plane surface (internal drum) of the laser imager with the release liner
surface contacting the drum. The PMMA tin donor (Sample B) was placed in
contact with the receptor so that the electrically-conductive metal containing layer
of the donor was in contact with the adhesive. The laser was scanned over the
donor to induce the transfer of the electrically-conductive particle layer and create a

25  series of rectangular patches on the receptor containing tin particles. The patches
were approximately 100 x 200 microns in dimension. The patterned adhesive layer
was removed from its backing and used to bond flex circuits (16 mil pitch, 1/4 oz.
Cu, Au plated) to ITO coated glass. Normal bonding conditions (180°C adhesive
temp., 20 seconds, 400 psi) were used for bonding.

30
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dry thicknesses ranging from0.2 to 1.3 mls. The constructions were used
directly after air drying._Mcrolens Arrays 15 . _Two different
m crol ens arrays were used in the experinents. The stanper for the
conpression nolding was a replica of the original tooling, which was
fabricated aowove2ssgs t o the nmethod of U. S. Pat. No. 5, 300, 268cT/08%6maIsens A
was constructed as an array of spherical |enses, each with a rectangul ar
cross-section 0.33 x 0.11 mm and was conpressi-on nolded in 0.007-in. 20

t hi ck pol ycarbonate at 170[err] C-and SOOM 5 mnutes. Mcrolens B was
constructed as an array of spherical |en X h of square 0.356 mm
cross-section, and was Thepiocedse of ExamiplcSiwasrepealtiid except tHahthe ldopsrl enenbonat e

at 180[err]C and 300 psj Jfor 3 mnutes. The focal_]| engt i,n air of both
M crol ens A and B AsETiBedhoveas Sammels & wes s in glage of Samplels during the, Brogesseon ded
Interconnects A dqyb fRer\fas séaritid bier WRATIMDELo! ick Tt teanafOCeT aQerids ofM DX 120

chip bonded to flex. A 4-wire neasurement was recorded based on the
principl es des8ri isectangnlapsatches comainipg tis panticles it the receptor: nkhe patshesowere t o

i nt erconnects was i N . l: 0% IRY bob L A [

chai n nmeasur enment a%ﬁ]ﬂa ?‘Z’g}de@xe%?)sW%&rlgéﬁﬁéer%%@%%ﬁé&éV§a¥

I nt erconnects of aemovedfrom itcbacking el wskd fo bund flek siecuite (6 i pitch; 24-0z. Cu, VO
96/ 28845 . - CT/ US96/ 00158
Resi st ance val ues AjvRiated)to ITQ coated slass  Narmal hopding copditions stpg)%ﬁ@e@‘i"%at er

t han 500 ohns for ' ' ptgarily recorded as
téhs, Wuﬁ@ﬂsﬁ%%&%x%ﬂdﬁ :

di sconnects (Dis.) and of disconnects (#Dis.) was reported for

each test. Thd0range of resistance val ues recorded ("Resistance", in ohns)
for the interconnects (Int.) along with the 5 n.yrrber of interconnects
(#Int.) were reported for each test. Init ults were

The procedure of Example 5 was repeated except that the donor element
described above as Sample C was used instead of Sample B and the receptor was
plain 4 mil PET instead of the adhesive. The laser was scanned over the donor to

15 create a series of rectangular patches containing palladium particles. The patches

were approximately 100 x 200 microns in dimension.

Example 8
A 0.2 mil adhesive-release liner receptor construction was placed in
20 the curved focal plane surface (internal drum) of the laser imager with the release
liner surface contacting the drum. The nickel donor (Sample D) was placed in
contact with the receptor so that the electrically-conduc_tive metal containing layer
of the donor was in contact with the adhesive. The laser was scanned over the
donor to induce the transfer of the electrically-conductive particle layer and create a
25  perimeter pattern of square patches on the receptor containing nickel particles. The
patches were approximately 2 x 2 mil in dimension with 1 mil spacing and patterned
to nominally match the pad positions on the chip. The patterned adhesive layer was
removed from its backing and used to bond a flex circuit coupon as described above
to a 3M DX 120 (unbumped) test chip positioned so that each side of the chip was
30 in contact with one side of the perimetei grid of particles. Normal bonding
conditions (180°C adhesive temp., 20 seconds, and 100 psi) were used. The
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recorded for all sanples as well as results after aging (in hours) under
humidity (85fert}C 85%-Rel-at i vo—Humghtyy)—and~tonperat ure cyeH-nRg—(—566—to—
125[err]C, 1 hr. ramp in both directions, 1 hr. soak at both tenperatures)
conditions for many of the sanples. 10 Flex G rcuit Coupon Description The
substrate wavam6/2B8#%esi vel ess circuit |amnation conprised oPCHUSHONISEr on

thick polyimde filmand 10 m cron thick copper circuit traces. Each

circuit trace was coated with approximtely 0.76 nm (30 m croinch) of 15

glhiegtir(r)]pga]E F?pgﬁ: I nter congﬁl on mg%ﬁb%qv%%%‘iw scﬁf‘%s%\&)\)/e t$S§<

6.7 nm square and (ﬂmndlcydntg)lmﬂtsnterconnectl on pads around the peri phery.
The interconnection pads were 100 x 100 microns in size and were uniformy -
distributed on 200 mcron center to center spacing with 30 pads on each
side of the chips. The 20 circDpispCRiintT8& Chi ps and subsWiréfreg vere

desi gned to permt accurate, 4-point resistance neasurengnts on 40

i ndi vi dual pad$. O ‘the remaini nw 8ds, 80 were tied iganeer in series
in separate dai sy Asigérs) r #lnt: s wo #iscui ts #nte | v

pernmt testing forg short cipcuit ween gflj acent ds %

Exanple 1 Mcrol ens A, the 3onoraglgﬁirrent d?sjcrl bed 2goveo§§9 904I eoA and

t he adhesive-rel e@&d® |iner donst2uts59®9 werle pl aced4Ddn |0.13i1ﬂoa129300r(1 act
with the electrically-condugtive Lthgl e gontaining.lay onor
agai nst the adhesiasé side o the7£g'géb'§or ?’l 3 ml gﬂhesﬁ\%g{’ﬂ:sgg &s and
t hen exposed wpth a xenon 30 flash lanp using a 3M ProMat fl ash Iarrp
device through the mcrolens array. The conmponents were separated after
exposure. M crographs of the receptor indE¥ample9.- o5. WD 96/ 28845

PCT/ US96/ 00158 The procedure of Example 8 was repeated except that 0.4 mil adhesive
receptor was used. The electrical testing procedure described above gave the
following original and aged (thermal cycling) results:

15
Resistance Resistance
Aging (hrs.) #Int. _ (Ohm)  #Dis. #lnt. _ (Ohm) _  #Dis.
o 4 29-119 0 40 0.015-2.761 ©
20 211 3 17.5-56.2 1 40 0.141-9274 0
527 3 28.9-96.1 1 40 0.142-8240 0

Exam 1]
The procedure of Example 8 was repeated using 0.6 mil adhesive receptor,
25  except that a bumped chip was used. The electrical testing procedure described
above gave the following original and aged (thermal cycling) results:
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that the flash | anp had induced a pattern of particles of tin to transfer
to the adhesive in the 0. .33 x 0.11 nmpitch patternof-the mcrolens. The—
pat terned adhesive |ayer was renoved fromits backing and used to bond fl ex
circuits (16 ml pitch, 1/4 oz. Cu, Au plated) to IndiumTin Oxide (I1TO
coat ed gl asswossasss 5 bondi ng conditions (180[ err] C adhe®crasssmopss, 20
seconds, and 400 psi) were used. The 4-wire test results were then
recorded: Hum dity Aging ' Tenperature Cycli-ng Tine

Resi st ance Ti me Mgﬁ&st'ance 10 (AR nt. (Chm
(hrs.) #Int. (Chm #Di s. 0. 366- 0. 453 B—‘@ﬁﬂl 0

15 0.336-0.413 0 1080 15 Resiflaricél-1.854 O Resistaricd80 15
1.5094.388 0 Extging ¢uws) 1%t __(OhfxanpiBis1l was whaeat ¢OhmpxcepdDig 0. 9

m | thick adhesive was used as the receptor. The 4-wire _test results were

then recorded: Hfidity Agéng 2.1-2.5 0 40 TROP0M8 e Tycling
Ti me Resi sjjgnce 4 1-3. Ti gy Si s X hrs.)
#l nt . (Chm #Di s. 21(%?5. ) #I'nt. (Chﬁrqr) b@ﬁ%gég 0 d 15
0.318-0.477 0 547 @ 2243 0.33-0.433 400 10803-0486 O
0.526-5.018 O 1080 15 1.472-6.804 0 Exanple 3 25

The procedure of Exanple 1 was repeated using 1.3 m | thick adhesive as the
receptor, except that M crol ens Exanitfe Lis€dniparativeBtanaile)M cr ol ens A, The
resultant tin particl attern exhibited the 0.3 56 x 0.356 mm pitch
pattern of the nicrol 3??2?%@’&%&%&%%%%9@%%& - 26-
WO 96/ 28845 10  receptor without particles was used. The electrical testing procedure described

PCT/ US96/ 00158 Hum dity Agin Frperat ure Cycling

above gave the fol?owing original and aged (thermal cycling) results:

= ]

Daisy Chain Test 4-Wire Test
Resistance Resistance

40 0.004-0.481
38 0.004-0.483

15 Aging (hws) #int. __(Ohm)  #Dis. #lnt. _(Ohm)
4 0
4 0
4 0 38 0.000-0.483

NNOL?

20 Example 12
Receptors were prepared by casting solutions (50% solids in MEK) of
unloaded adhesive (prepared accoding to the procedure of Example 1 in U.S. Pat.
No. 5,143,785) onto silicone treated release liners to give dry film thicknesses of
0.4 and 0.7 mils. The adhesive and liner were cut into squares of approximately 1
25 cm’. The adhesive was laminated to a flex coupon as described above by heating on
a hotplate at 75°C. The adhesive coverage was over the chip bonding site and
slightly [arger than the size of the chip itself. Prior to imaging of the particles, the
release liner was removed. _
The nickel donor (Sample D) was placed in contact with the receptor so that
30 the electrically-conductive metal containing layer of the donor was in contact with
the adhesive. The laser was scanned over the donor to induce the transfer of the
electrically-conductive particle layer and create a perimeter pattern of rectangular

-30-



Time Resi st ance | Ti me Resi stance (hrs.) #Int.
15

(O #Di s (hrs.) #lnt —L-Chi) 4#Dis. 50
0.362-0.433 O 0 15 0.364-0.453 0 1080 15
0: 627-1.674 O 1080 15 1.720-4.740 0 Exanple 3 was

repeated, excwpws2ssds 9 m| thick adhesive was used as the 10PCTASS0IS8. The
4-wire test results were then recorded: Hum dity Aging

Tefperature Cycling Tinme Resi st ance Ti me :

Resi stance (hrs.) #lnt. ochm. - . _#D.S. . (Ars. #1 nt . (Chm
Bos 150 0" pafchés'cp thbtebhancomuiniig iskel paricg. ‘The badches WElY 33, 5250

0 1080 15 0. S3pproxihiately 2 % 2 mil in dimensibAS¥¢ith 1Liil spacihg 3 NonfalYohding 0 Exanpl e

5 A 1.0 ml| adhesive-release |iner receptor construction was placed in the

20 curved focal cpnditiens{180°Gadhesivetemma20 seconds, and 100 psi) agl !
th | i . ! . |
50 1T e G e el i 1

el ectri cal | y- cSndiimtencosneotidneto theflexxinouitg | ayer of the donor was in contact
wi th the adhesive. The | aser was scanned over the donor to induce the
transfer of the electrically-conductive particle |layer and create a 25
series of rectangul ar patches on the I eC Exhmpleqant aining tin particles. The
pat ches were approximately 100 x 200 microns 1 n dinension. The patterned
adhesi ve | ayer was rendsbesivefiims on relagselinersgvern prepared by casting spluticas (9% cui t s

(16 ml pitch, 1/ ¥ %.K [ &%a“%g{?grqu ﬁﬁh ndi ng
condi tions (180[e§? “z‘a e ivgﬂfgiﬁg%h%egrggn S, pgﬁe%ée us°28 for
bondi ng. 30 -20- ExanifiledfiBSPat. No. 5,143,785) onto silicone treated release liners to give

gg:g thg |6/e ?ng ﬁtS 8 Th %ryp ﬁh%ctﬁi%%gesse% fof X %anB loel HSIilS\.,\Bﬁle rasﬁ)eesi% zeucnid m)é? %}e t;[urt1 %o the

squares of approximately 1 cm’.
The nickel donor (Sample D) was placed in contact with a flex circuit
coupon as described above (which had not been laminated with an adhesive layer)
15  so that the electrically-conductive metal-containing layer of the donor was in
contact with the flex. The laser was scanned over the donor to induce the transfer
of the electrically-conductive particle layer and create a perimeter pattern of
rectangular patches on the flex containing nickel particles. The patches were
approximately 2 x 2 mil in dimension with I mil spacing. An adhesive square was
20 laminated to the flex substrate surface containing the conductive particles by heating
on a hotplate at 75°C. The adhesive coverage was over the chip bonding site and
slightly larger than the size of the chip itself. Prior to bonding a chip, the release
liner was removed. Normal bonding conditions (180°C adhesive temp., 20 seconds,
and 100 psi) were used to bond a 3M DX 120 (unbumped) test chip to the adhesive
25  to establish electrical interconnection to the flex circuit.

Example 14

A 1.0 mil adhesive-release liner receptor construction was placed in the
curved focal plane surface (internal drum) of the laser imager with the release liner
30 surface contacting the drum. The PMMA palladium donor (Sample C) was placed

in contact with the receptor so that the electrically conductive metal containing
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descri bed above as Sanple A was used in place of Sanple B during the
process. The | aser was _scanned over the donor to induce the transfer of a_
series of 5 rect angul ar patches containing tin particles to the receptor.
The patches were approxi mtely 100 x 200 microns in dinension. The

patt erned adhweissessdmyer was renoved fromits backi ng and usedrusssmorss f | ex
circuits (16 ml pitch, 1/4 oz. Cu, Au plated) to | TO coated gl ass. Nor nmal
bondi ng conditions (180[err]C adhesive tenp., 20 seconds, 400 psi) were

used for bonding. .10 nmpl e 7 The procedure Exappl £ 5 was repgate
except that the dmgﬁﬁgﬁmmaﬁm‘"ﬁﬂwﬁ V&aﬁ‘fﬁ‘%‘%ﬁ%@i"% ead
of Sanple B and t {yenéreitiues thédmnitbridf the’eldtiricalli-dondictive panitle liyeLarithaute ¥ €.

The | aser was scanned qver the donor to 15 <create a series of rectangul ar
pat ches cont ai ni ndgetisg|of squarmpatehes pr the geceptos containing pallading napsles: Aoty 100

X 200 microns in ([H'&ﬁ | m%?%} : ' LY Gaabd LEKA
receptor construc |on&\slxéat(siagrloace I%xgdﬁl@r@%{o\r}e ?ﬁﬁﬁggﬁggﬁd*%é

(i n:er{lal d{lﬁnﬁdoffhelp:_trmebad&lbwmtemdvedﬁeﬁtémbeclﬁt}mduse_ﬁtbd:oadaﬂ:x -
contacting the drum .The nic ono a s .pl aced in,.contact, Wi
the receptor so tr'fHF‘"f?f’é’PBTé’b‘?ﬁ‘?ﬂ’&?P@QVS’SHSEWP%%?@FW@&&%‘H%% r of
the donor was in %ﬂdiﬂgéodﬂido‘ﬂspw°@ﬂlﬁﬁvyﬁmpf[%sé&§&i aNP RO WeRgluseder t he
donor to induce the transfer of the electrically-conductive particle layer

and create a 25 Theeleatsicalitesting praceduse desoribedabpve: gave the Sollowirg original anst

cont ai ni ng ni ckel .g'llnﬁﬁﬂr : ches were approximately 2 x 2 ml in
dinmension with 1 #B?J@E)am n dzlan#z?egg‘?s%erned to nomnally match the pad

posi tions on tille chip. The patterned adhesive | ayer was renoved fromits
backi ng and used to bond a flex ﬁi.rcu' t. Eogpon as descrigﬁ gﬂove to a 3M
DX 120 (unbunped) test chip posi hat each sid ! L chi p was 30
in contact wth one side of the Resistamgéer grid of parti cRegstaper mal bondi ng

condi tions (180[ erAgifg MFESHIR t eMOMmP0 i@nds, agme 100 (Bhiv) Wergbigised.
The - 28-

0 4 3948 0 40 0.023-1222 O
1S 170 4 53.9-268.3 0 40 0.333-9936 0
555 4 32.1-604 0 40 0257-9.064 O
1172 4 48.3-2273 0 40 0314-5023 O
Exampl m ive E }
20 A 1.0 mil adhesive film without particles was used to bond a flex circuit

coupon as described above to a 3M DX 120 (unbumped) test chip as described in
Example 14. The electrical testing procedure described above gave the following
original and aged (thermal cycling) results:

25 Daisy Chain Test 4-Wire Test
Resistance Resistance
Aging(hrs) #Int. _ (Ohm) _ #Dis  #In _(Ohm) _ #Dis
0 3 5286 1 4 0131 0
170 1 1314 3 33 00-948 7
30 555 1 1154 3 35  0.0-13.4 5
1172 3 3601879 1 36 0.0-6.4 4
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WO 96/ 28845 | PCT/ US96/ 00158
el ectrical testingprocedure described-above—gave-the fol |l owngoriginal—

and aged (thermal cycling) results: Daisy Chain Test 4-Wre
Test 5 Resi st ance Resi st ance Agi ng
(hrs.) #l nt . WOOGRSHS #Di's . #1 nt (Ohm # PCT/USP6/00158

4 4.0-8.1 0 40 0.019-2.904 0 211 4
25.1-59.9 0 0.315-7.203 0 529 75: 4-290. 2

0 40 le 8
repeat ed except th 8?‘3’48‘475"53%%’%@%2‘5@"&%§%52§We| ecrri gal e

t esti ng procedur e piaivlasiab compered/ these #edondedfin Exouple 35 withojitpattickesd aged

R

#Di s, #1 nt .dj sc[oﬁﬁ%?wnhoumpﬁrmﬂ from enther thes it or sc%ae%f%ﬂe plesent infention
40 0.015-2.761 0 20 5- 56. 1 40
0.141-9.274 & 523 eﬁnedbytheaﬂmm& 28. 9- 96. 1 1 40 0. 142-8. 240

0 Exanple 10 The procedure of Exanple 8 was repeated using 0.6 m | adhesive
receptor, 25 except that a bunped chip was used. The electrical testing
procedure descri bed above gave the follow ng original and aged (ther mal
cycling) results: -29-
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VO 96/ 28845 ~
PCT/ US96/ 00158 Dai sy Chain Test ————— _ _4-Wre Test |RB3ISsSHFfIeHAS BEEN |

Resi stance Aging (hrs.) #Int ”, Mm #Di s. #Int .  RECDAGED
4 2.1-2.5 0 865 05 2tr— 7
2.1-3.5 WO'96/28845 40 m«g - .,!Em ’Hm 547 4pCT/USIRDEASS! . 3

0 40 0. 003-0. 486 0 Exanple 11 ’(Co_‘rrpar ative Exanpl e) The
procedure of Exanple 10 was repeated except that a 0.6 m | adhesive 10

receptor wthout L ed ?QW d. The electrical testing procedure
descri bed above gg@'&q‘#'ee off'owmng original and aged (thermal cycling)
results: Daisy Chain Test 4-Wre Test Resistance

Resi stance 15 Aging (hrs. #1 nt_, ohm) |, D s. CHlopt, (Ohm
#Di's. O 4 f 2.3291205“&““érepffluonoﬁ%mét%&siﬁﬁswsl 0 218
4 ~ 2.3-3.8 comptising the steps 0f3(a r&i&%l&nﬁgaemeﬁcsﬂ ising a substrdt

2.3-4.3 0 ;ang 38 0. 688 0. 48 2 20 Krlsmga. ] ©

Exanpl e 12 Rec®pt havingqonted theseonradayep porprisingrelectrisaliy-¢onductive pegticles dispersed VEK)

of unl oaded adhesj [ NG 4t le 1 in
0 s ot hor 5 iR ppB RN, (Bf Ry Wid dinbe el r3ie Sonkct AR (1
filmthi c]lc<nesses aﬁneﬁv. t oﬂreaptbl ; 2xg.aﬂd(n')limageiﬁm_[eapﬁsmgh i i:aid.dami'demeat' I toyver;a gu% into
squar es of approxi,mat e . . . C rr]. ,.the aghesive nat e 0 a
fl'ex coupon as demmm%gtmﬂwsa P‘dPéP\éggﬁ“@Wr]C. The
adhesi ve COVeragecdﬁﬁﬁyﬁdﬂbﬁﬁﬁﬂr@om&lﬂnﬂémﬁdﬁhawﬂt%%d t han

the size ofthe chip itself Prior to inmaging of the particles, the rel ease
li ner was rentfecadhesive receprerin g pattemn e D) was placed in contact with
the receptor so that 30 the electrically-conductive netal containing |ayer
of the donor was in contact with the adhesive. The | aser was scanned over

t he donor to induce tHe tréflmfprocess actdrding to Claim 1 wherein said electrically-

conductive particles are selected from the group consisting of nickel, stainless steel,
chromium, cobalt, aluminum, antimony, copper, silver, platinum, palladium, gold,
15  and alloys and oxides thereof.

3. A procéss for establishing electrical interconnection between two
electrode- containing materials using a patterned Z-axis adhesive comprising the
steps of: (a) providing a donor element comprising a substrate having coated

20  thereon a layer comprising electrically-conductive particles dispersed in an organic
binder; (b) placing said donor element in intimate contact with an adhesive receptor;,
(c) imagewise exposing said donor element to electromagnetic radiation under
conditions sufficient to transfer said electrically-conductive particles from said
donor element to said adhesive receptor in a patterned fashion; and (d) bonding

25 together a first and a second electrode-containing material with said adhesive.

4 The process according to Claim 3 wherein said electrically-
conductive particles are selected from the group consisting of nickel, stainless steel,
chromium, cobalt, aluminum, antimony, copper, silver, platinum, palladium, gold,

30 and alloys and oxides thereof.

This Sheet Has Been
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el ectrically-conductive particle |layer and create a peri nme

t-ef—patternof
r ectangul ar—-30- WD 96/ 28845 THIS SHEET HAS BEEN
PCT/ US96/ 00158 pat ches on the receptor containi ni c arti cREBLACHDe
pat ches were approximately 2 Xx nf l rﬂﬂ !ﬂﬁpwth | m T Spacimg:
Nor mal bondi r®yO@e28%4S | ons (180[ 20 secoRCT/USHHAISS00
psi) were used to bond a 3M DX 120 (unburrped) test chip to the adhesive to
establish electrical 5 interconnection to the flex CI rcwt Exanmpl e 13
Adhesive filns on rel egse I| km‘w s (50%
solids in MEK) of unl o?ded adhesive ?‘ g'ar ié’qacc ng to procedure of
10 Exampl e 1 of comPrisifjnthe stéps ofs , (&) providing acdona'elcxmmmmpﬂsmgatsuﬂstraﬁ ease
liners to give d filmthjcknesses of 0.4 a The ve
liner were cut- ﬁ’@ éﬁ'ﬁp" Q@“E‘ﬁé E‘M‘H ‘Hﬁ‘gﬁ’e‘f
(Sample D) was pl aeﬁdotgamssmaa%)wagam&ue&om&r&mmnﬁmmm ari bed
above (which had not been |am nated wth an adhesive layer) 15 so that the

electrically- céndm @ﬂmmmqﬂnsgm&yw elament:to eiestromagneticiradiationt act
with the flex. Th transfer
i EehaitRs SRR (S 488 Bibird) il WchicaliE,

of the electrlcally con ayer and credate a perl
pattern of rect angnhducupaparhdesmmédéﬂoulemmmlsndm@epmcindpqnantdﬁdsluan; The

pat ches were approx teI 2 i n dijrension aci.ng. An
adhesi ve square vvégb l&Wﬁ "tvﬁl“?’?fé°1ﬂi'ee§? fpoquh{§eg@r#7§g§ggﬂﬂt ai ni ng
the conductive paicbhdictite partiélesat i ng on a hotplate at 75[err]C. The adhesive

coverage was over the chip bonding site and slightly larger than the size
of the chip itl@el f. Prior to bonding a chip, the release |liner was renoved.

Nor mal bondi ng conditigns ( Y gﬁ.ﬂa and 100
psi) were used to bond%a SM%QB%%JS&%%%{& est cﬁa%mtagt ddhesi ve 25
to establish el ectcondustivé prrticlescare seiected franotheigeoudl consisting ofinickel, stainless steel,
chromium, cobalt, aluminum, antimony, copper, silver, platinum, palladium, gold,
and alloys and oxides thereof.

15
7. A process for establishing electrical interconnection between two

electrode containing materials using a patterned Z-axis adhesive comprising the
steps of: (a) providing a donor element comprising a substrate having coated
thereon a layer comprising electrically-conductive particles dispersed in an organic

20  binder; (b) placing said donor element in intimate contact with a receptor; (c)
imagewise exposing said donor element to electromagnetic radiation under
conditions sufficient to transfer said electrically-conductive particles from said
donor element to said receptor in a patterned fashion; (d) applying an adhesive layer
to the surface of said receptor bearing the conductive particles; and (€) bonding

25 together a first and a second electrode-containing material with said adhesive.

8. The process according to Claim 7 wherein said electrically-
conductive particles are selected from the group consisting of nickel, stainless steel,
chromium, cobalt, aluminum, antimony, copper, silver, platinum, palladium, gold,

30 and alloys and oxides thereof.

_\\
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Example 14 A 1.0 m | adhesive-release |iner receptor con
placed in the curved focal plane surface (int al dr ET &+ BEENT
imager with the rel ease IineL/§Q,,,su%+aE§’Eaﬁigct|ng t He dr ugep HoEDPMVA
pal | adi um donor (Sanple C) was pl ace \ t with t {
the electrically conductive m\ \“‘“‘w WO 96/ 8RBos00158

PCT/ US96/ 001%8 of the gﬂ“ ™ contact with the adhesive. The

| aser was scanned over the donor to |nduce the transfer of the el'ectrically
conductive particle |layer and create a series of square patches on the

receptor containing palladiumpartijcles,, grld . Of patchﬁl&#ﬂ EOX|nater

2 X 2ml in dlnen5|ommmmequaﬁw &% e patterned
adhesi ve | ayer re gEg its backlng and used to bond a flex circuit
coupon as descri éﬁ@v@ﬂ H%I\/IDX 120 (unbunped) test chip. Nornal
bondi ng conditions (180[err]C adhesive tenp., 20 seconds, and 100 psi) were
used. The electrical testing procedure descrlbed above gave the follomnng
original and aged (thermal cycling) results: 10 Daisy Chain Test

4-Wre Test Resistance Resi stance Aging (hrs.) #1 nt .
(OChm #Di s. #l nt . (Ohm #Dis. O 4 3.9-4.8

0 40 0.023-1.222- 0 15 170 4 53.9-268. 3 0

40 0.333-9.936 0 555 4 32.1-60.4 0 40
0.257-9.064 0 1172 4 48. 3-227. 3 0 40 0. 314-5. 023
0 Exanple 15 (Conparative Exanple) 20 A 1.0 ml| adhesive film

wi t hout particles was used to bond a flex circuit coupon as described above
to a 3M DX 120 (unbunped) test chip as described in

This Sheet Has Been Re laced
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Exanpl e 14. The electrical testing procedure described above gave the
follow ng original and aged (thermal cycling) results—25

e e MR AR G,

#Dis. O 3 5.2-8.6

1 131. 4 ' 3 o.o 94.8 555
115. 4 3WH‘°‘3r IS CLAJMED l§o. 0-13.4 - 5 1172 '3 36.0- 187. 9
1 36 0.0-6.41. A progess3for estambﬁiﬁsleaﬁ-ical interconnection between

PCT/ US96/ 00158 F%@”Wl@cfr%d%l @@ﬁézﬁn?ﬁgwﬁ"tdtﬁp Avedsglgec Qﬁ‘ te g}tde ?Qﬂ?g@ﬁon

properties using particles as conpar ose recor
Wi t hout parti cl 8BISORERIGHYHINAMELiVEL Péh@sna%aommsmscﬁtq 8ﬁ§s 8f & possible

fromthe forggoing discl Q)Stﬂr%vmmlgotitdéi@@lareﬂérﬂgnf rc@ﬁﬂ(ﬁ*l§lh§r¢1t§1ﬂas$ﬂill‘.|ltuthg,
scope of the presen |nvent

AVENDED SHEET WERdef hé[%ﬁ’}\é%a?’%f C‘imPA‘SB?%E@&‘%/‘B‘&Y %‘El‘i;{-tﬂ‘ﬁ‘%fﬂ?‘}fé%‘ise‘é‘f?‘rré&ﬁi

i nt er connect i oniehve@aniowbineleegt rode- cont ai ning materials using a

patterned Z-direction a? ? a‘BH{%as'aH &%P&“%ﬁéex?égxr}gqge?ﬁt‘{%ﬁé’r@&hﬁ' {‘leﬁ[% Ao

steps of: 5 roviding a dono
havi ng coat ed t Adhesive sedepyer ; conprising el ectrically- conduct I ve particles

di spersed g (c) imagewise exposing said donor element to electromagnetic
radiation to transfer said electrically-conductive particles from said donor
element to said adhesive receptor in a patterned fashion to form the Z-
direction anisotropically conductive adhesive ; and - B _ |

(d) bonding together a first and a second electrode-containing
1S  material with the Z-direction anisotrbpically conductive adhesive.

2. The process according to Claim 1 wherein said
electricallyconductive particles are selected from the group consisting of
nickel, stainless steel, chromiurh, cobalt, aluminum, antimony, coppér, silver,

20 platinum, palladium, gold, and alloys and oxides thereof. '

3. A process for establishing electrical interconnection between
two electrode containing materials usin-g a patterned Z-direction
anisotropically conductive adhesive comprising the steps of :

25 - (a) providing a donor element comprising a substrate having
coated thereon a layer comprising electrically-conductive partlcles dispersed
in an organic binder ; _

(b) placing said donor element in intimate contact with a receptor;

(c) imageWise exposing said donor element to electromagnetic

30 - radiation to transfer said electrically-conductive particles from said donor
element to said receptor in a patterned fashion ; '

(d) applying an adhesive layer to the surface of said . receptor
bearing the conductive particles to form the Z-direction amsotropzcallv
conduct1ve and _

3 (e) bonding together a first and a second electrode-containing
material with Z-direction anisotropically conductive.
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i an organic binder (b) placing said donor elenent in: |@m nm
“wth an adhesive receptor; 10 : (c) imgew se e A M /’/ﬁ r
el’ement to el ectronagnegqm,\l?ggl'FﬂgE'Ton to transfer said Loy /?W
el ectrically-conductive partrcles from said 33onor el enent to said adheslve
receptor in a patterned fashion to formthe Z- direction anisotropically
conductive adhesive; angd ¢ Ik - LSt SEE
el ectrode- cont ai ni ng 15Q_ T%t ??a sge\?‘:ttcﬁ)g?hge%o %l%lenrét%o‘ﬁﬂgrr??%os?%g%q%%tﬂ?“}
conduct i ve adhe¥inductive megtisiescase slededi figpmotl® Hravp fRBsistAgsalf dnickel,
el eﬁt lr I Calt | yCFnﬁuﬁh%ey@Iswat | & rRtnidne, %@btam eiliuﬁ{iﬁmﬁ,hﬁngw@,ce@ﬁp@ﬁ,l 50y &,
ni ckel, stainless steel, chromu cobal t, al ym nuym _antinony, copper,
silver, 20 plRPHAYR: quélﬁg&ﬁpuﬁ?mdgaﬂ“g,ahaﬁﬁaﬁalo' S3hars®li des thereof. 3. A
process for sestablishing electrical interconnection between two el ectrode
containing materials uskng patterped Z-directiqn_an ' QRi Y.,
conducti ve adhesive con‘Br’l ﬁﬁg%ﬁcﬁ%sgta&ﬁér@{l}g %(ﬁ&m?ng Qﬂ{éfg?{a)q%r%%ﬁ é‘lfnbgm%
donor el enent cpmpiciesiinfrom abbut O &tleohld/inigrossat ed t hereon a | ayer
conprising electrically-conductive .particles dispersed in an organic

bi nder; (b) placing said donor elenent in intimate contact wwth a receptor;
(c) imgew se exposing said donor elenent to el ectromagnetic 30 radiation
to transfer said electrically-conductive particles fromsaid donor el enent
to said receptor in a patterned fashion; (d) applying an adhesive |ayer to
the surface of said receptor bearing the conductive particles to formthe
Z-direction anisotropically conductive; and 35 (e) bonding
together a first and a second el ectrode-containing nmaterial wth
Z-direction anisotropically conductive. ' ' i
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]
- AVENDED SHEET 4. The process according to Claim3 wherein said RTMP'S COP:/
el est+ical ly——econducti veparti -S4
of nickel, stainl ess steel, chromum cobalt, alunmnu nti nmony, copper,
sFl ver, pI atinum palladium gold, and all oys zﬂ'ﬂa CSL‘STTt hereqgiesty 5 . The

process according to Claim3 wherein the size of said particl eg :J, rom
about 0.01 to 10 PCTons. ERGE T BCTLAL PROPERTY ORGANIZATION
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(57) Abstract

A Z-axis adhesive is produced by dispersing electrically-conductive particles in an organic binder and then imagewise exposing the
material to electromagnetic radiation, preferably from a laser or a flash lamp, under conditions sufficient to transfer the particles from the
binder to a receptor in a patterned fashion such that the resulting adhesive is a Z-axis conductor in the pattemed areas. The patterned
adhesive can then be used to establish electrical interconnection between facing electrodes of a number of different structures including |.
semiconductor chips and a flexible printed circuit board.




