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METHOD OF PATTERNI NG A SUBSTRATE FI ELD [01] This
disclosure is related to the formation of a nmetallic

WOorai0e01226 on a substrate. BACKGROUND [ 02] For ne€T/082008/068082

smal|l scale, high-resolution features is an ever
novi ng target for the advancenent of manufacturing
processes. Conductive traces for printed wiring boards
(PWBs) is an exenplary application for such processes.
El ectrol ess dgpesidp OF pATRERNMIGNOsTBERRATENAL 'S
used for the fabrication of such features. The
chem stry and process of el ectrol ess deposition has

established for quite sonme tine, and is generally
commercially avail able. There remai ns however, a need
for advancenents in selectively applying the catalytic
et dis¢clajurd is rdlited wuthsformitentoliameiadlicavgerialah b yutstrigpect ed
to el ectrol ess deposition processes. BRI EF SUMVARY
BBk romtpod of forming a netallic material on a
receptor that includes the steps of: placing a donor
el ement proximate a receptor, wherein the donor
Borgnation ofismell sepdss highdesebytion fiasresds an erstimaving érged IfOr the
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ﬂ@l}axhg/ﬂhe catatpfiematatial t¢ hé pubAtratatlitat &legerituadly wabjeuged tb Bletiagess
ol l.ow ng order: a receptor substrate; a patterned

?qugt(lorl%r & 5Swherein the first layer is capable of

adhering to the receptor substrate; a patterned second

BRIEH SUMMARIYNng a catal ytic material; and an

el ectrolessly deposited netallic material, wherein the

Aggqile?llleordlng g&ﬁltmegréalt 1%%:‘[211[111@%12&6'91 1 aﬂ%c%éﬁ%tﬁgl{ gﬁl?%strtﬁeg s&e;rs ao)t/‘:epl,acing a
ddmer demeﬁtlpe)xpaette eracep:toﬁ Wh&blnl tbfycmnoaasieinérh énchaltt ®@donedsubstrate
aned tﬂerma?‘%ansfer {ayer wherein the thermal transfer layer includes a catalytic
material, and wherein the thermal transfer layer of the donor element is placed proximate
the surface of the receptor; thermally transferring at least a portion of the thermal transfer
layer from the donor element to the receptor; and electrolessly depositing a metallic

material on the receptor by growth of the metallic material on the catalytic material.

An article including, in the following order: a receptor substrate; a patterned first layer,
wherein the first layer is capable of adhering to the receptor substrate; a patterned second
layer including a catalytic material; and an electrolessly deposited metallic material,
wherein the metallic material has the same pattern as the patterned first layer and the
second patterned layer, wherein the patterned first layer and the patterned second layer are
thermally transferred to the receptor substrate from a donor element and would be
incompatible if originally formed on the receptor substrate in the order in which they are

found on the receptor substrate.



thermally transferred to the receptor substrate froma
donor el enment and woul d be inconpatible if originally
w0 oooamkoen t he receptor substrate in the orderPCHUSHIE 068082

they are found on the receptor substrate.[05] A
thermal transfer donor elenent including, in the
follow ng order: a donor substrate; a |ight-to-heat
conversion layer; and a thermal transfer |ayer that
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NGS [ 06] la 1'S a schematiic cross section
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QaF! G b is a schematic cross section of one
exanpl e of a donor el enent as disclosed herein. [08]
FIG Ic is a schematic cross section of one exanpl e of
BRUGNOESERIPTEON CAsTHIE DRAOEBGHerein. [09] FIG Id is a
schematic cross section of one exanple of a donor

di scl d.h it | Gs. - 2C ..
061 ElGdRa + BReruE eSS Stern el onicpmb el Pt AFmi S RiShed
ma¢ihi on of a donor el enent having a donor substrate, a
light to heat conversion (LTFKD | ayer, an interlayer,
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Bagkiemati ¢ cross sections illustrating at |east a

portion of a donor el enent having a thermal transfer
[08] % c belc atttrcacrr]ossf gercilgrg 0 o%ete!gae uh a oer100fle aenrtec tlgsred
] #ﬁ%ﬁ MU es” an exeﬂ%f hd orn1ng
kergat t er ned netalllc mat eri al . [13] FIG. 5 |IIustrates
an exenplary method of forning a patterned netallic
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It is to be understood that enbodi ments beyond what
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t depar e scope
Imvemendond Slbhms:ua dghtThbeat conversion (LTHC) layer an interlayer, and a
thermal transfer layer being transferred to the surface of a receptor.

[11]  FIGs. 3a — 3¢ are schematic cross sections illustrating at least a portion of a donor element

having a thermal transfer layer being transferred to the surface of a receptor.
[12] FIG. 4 illustrates an exemplary method of forming a patterned metallic material.
[13] FIG. 5 illustrates an exemplary method of forming a patterned metallic material.
[14] FIG. 6 illustrates an exemplary method of forming a patterned metallic material.

[15] FIG. 7 is a micrograph of a sample.



followi ng detailed description, therefore, is not to
be taken in a limting sense. [17] Al scientific and
wo e@hiwad ternms used herein have nmeani ngs conP@NU§2008/068082
used in the art unless otherw se specified. The
definitions provided herein are to facilitate
under standi ng of certain terns used frequently herein
and are not neant to limt the scope of the present
gEﬁghggyb@SCkﬁﬁmogmless ot herw se indicated, al
unbers expressing feature sizes, anounts, and
phyS|caI properties used in the specificatlon and
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disclasnct. 5) and any range within that range. [20] As
used in this specification and t he appended cl ai ns,
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Di scl.osed herein is, a ng a nmetalli )
PRSP e S e TR brpae B dhore Al Ry e n gt e gained
P} @6icngiliad dome birt efilghithe REEHRRisClosedRESNt Or sur f ace,
mherein t he donor el enent includes a donor substrate

[19] ﬁle rﬁ%q;a Br? [r)glga}l erlc g%{%gsrel@l a dgé{{% gﬁ?lfdgs etaﬁhs%gwd within
etgdere ghﬁotmﬁflﬁdﬂs 11 r.arsbeas, 3,awer4,ahd Sﬁﬁ‘add@y}%ge within that
el enent is placed proximte t he receptor surface;

PH&r nal |y transferring at |east a portion of the
thermal transfer |ayer fromthe donor elenent to the

[20] Aeceptiothisspedifaaon anided gpefidedlckasd, yhedapRobi fdrﬂﬁg“ai’ “an”, and

tallic materi al t he or surfa ge
nﬁe‘e encompass embod?mentsqlavﬂlg p ura(l:l gtlerents unless t € co1¥tenq P\Qﬁy d1ctates
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otherwise. As used in this specification and the appended claims, the term “or” is
generally employed in its sense including “and/or” unless the content clearly dictates

otherwise.

[21] Disclosed herein is a method of forming a metallic material on a receptor surface
including the steps of: placing a donor element proximate a receptor surface, wherein the
donor element includes a donor substrate and a thermal transfer layer, wherein the thermal
transfer layer includes a catalytic material, and wherein the thermal transfer layer of the
donor element is placed proximate the receptor surface; thermally transferring at least a

portion of the thermal transfer layer from the donor element to the receptor surface; and
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metallic material on the catalytic material. [22]
Met hods di scl osed herein offer a process for the

web®@entweess plating of nmetals. In an enbodi neEPET/UB1008/068082

can involve the use of an electroless plating solution
that contains a soluble formof the deposit neta
together with a reduci ng agent. The sol uble form of
the deposit nmetal is usually an ionic species or a
H@Jtl%hesﬁ? Hajo%né b nf%talhc%ﬂﬁﬁa@ bn ﬁ)@%‘c‘eﬁér ME%W@B% Jthe
one or nore ligands). CGenerally, the process does not
ﬂm@ﬂ@d@ﬂﬁﬁbmaﬁppméahq@Wfﬁﬂ el ectrical current to a
wor k piece that is being coated. The process generally
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begins at the catal ytic surface, atlng proceeds b
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‘autocatal ytic.' odlnent d, the
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¢dntimhex. redﬂ_tiaﬁ(brhﬁrtheﬁk@lhﬂlloh snerad gaira, cegalyded by donen nfetdl saface,
%‘51? ﬁ?tt hOdS tgg l l I n%) tgglgerr?&s%gql gl? Allég%lu%% gatalygc surface can be

providdd %catﬁytﬂcgrﬂatarlal,%ucmﬁdl oblé2t&188:d I@fek, @by Ydaucihg acfalyst
I ncor por at ed her ei_.n ref rence thereto. LITI is

g@ﬂ%@% Sugh a5 thy Rl of ?59%5@6& {9 B & H&¥%od in which a
thin filmcoating is selectively transferred froma
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nor el nt udes a donor substrate
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'ms. However, other [ s sufficient optical
ropertles (optlcal ropert ¥‘be rel evant if
Bp@?ﬁamipy qQk g@@nqr@}enﬁ@g{wﬁ@1llustrated in FIG. 1a. The exemplary donor

clement 100 includes a donor substrate 102, and a thermal transfer layer 104.

The donor substrate 102 can be formed from any useful material, such as a polymer film.
One suitable type of polymer film is a polyester film, for example, polyethylene
terephthalate (PET) or polyethylene naphthalate (PEN) films. However, other films with
sufficient optical properties (optical properties may be relevant if light is used for heating
and transfer), including high transmission of light at a particular wavelength, as well as
sufficient mechanical and thermal stability for the particular application, can be used. The
donor substrate 102, in at least some instances, can be flat so that uniform coatings can be

formed thereon. The donor substrate 102 can also typically be selected from materials that
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and transfer), including high transm ssion of |ight at
a particular wavel ength, as well as sufficient

worewbamoeal and therrmal stability for the partPCUIUS2008/068082

application, can be used. The donor substrate 102, in
at | east sone instances, can be flat so that uniform
coatings can be forned thereon. The donor substrate
102 can also typically be selected fromnmaterials

;eHﬁInrs%{m d'ésﬁ{e%ln% hgﬁﬁlﬁe&%eptﬁig'w aﬁ]@ﬁﬁﬂgngyersocff tRERhbNGeRent.
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that thicker or thinner donor substrates

used. [26] Donor elenents 100 al so incl ude

a thermal transfer |ayer 104. Thermal transfer |ayer
Douprfelsments d 0dglsalinglwfos thdrriea trensferilayet Utle Thatnadl yrapsger layer 104
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matermals 81Ia¥ ?E)gt dé{ %0 a%aﬁ1 ze e (%,]ovbth 0]% mnE hcrEnaterlaFam a]l’l electroless

ess
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metalli erials are tion reaction to an.
R0 el PR R it reRetton (Rtpt af B3 ekl P benl Muiian
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referred to as ca aI recursors. Ceneral
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di scussed above. In one enbodi nent, a catalytic

iwalude 7 eqlloglsbdisprstion. ncl ude a col | oi dal di spersion. [27]
Exanpl es of materials that can catal yze the grow h of
BRInddsi oF nfARESL ek Sanl RAfly2E Ehe B th AF RicANfc thdtdHalsQfcIE @, but are
nmetal s such as main group netals, transition met al s,

RS matodrisy, Aletals suglh @ TP LROURBICHSs rangHion metay. neble ictajsyraggearth
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el'ements can be utilized. Specific netals include,
eandepglizad] Fpeceiss mefals mcwmﬁﬂres@dﬁm@m afyreiawnysepndium,

t\ftallﬁﬂﬁirl %dlﬁﬁr 8{1‘6#1% Hﬁﬂ&ﬂgs%sﬁon Icg‘tﬁﬂ mgl&lp%blgper I%I{%kgﬁhum

coppef, zinc,
germanium, yttrium, zirconium, n10b1um molybdenum, technetium, ruthenium, rhodium,

)9 ssléeolﬁ d.

palladium, silver, indium, tin, antimony, lanthanum, gadolinium, hafnium, tantalum,
tungsten, rhenium, osmium, iridium, platinum, gold, thallium, or combinations thereof. In
an embodiment, the metal, or metals are non-ferromagnetic; for example, copper, gold,
iridium, palladium, platinum, rhodium, silver, thenium, ruthenium, osmium, indium, and
tin. In an embodiment, one or more noble metals are utilized. Materials that contain one
or more metals can also be used as a catalytic material. For example, salts or complexes
of metals, such as salts of transition metals, for example salts of palladium, platinum, and

silver can be utilized. Salts of metals can be inorganic, such as palladium chloride, or
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germani um yttrium zirconium niobium nolybdenum
techneti um ruthenium rhodium palladium silver,

WO p@omo2¢ i n, anti nony, |anthanum gadol i ni um P¢EDR10081968082

tantal um tungsten, rhenium osmum iridium

plati num gold, thallium or conbinations thereof. In

an enbodi nent, the netal, or nmetals are
non-ferronmagnetic; for exanple, copper, gold, iridium
&%Ml@qwh@s lelléﬂﬁdnm %ater &%llé&fﬂm Efolpéfr?o‘éte 'ilhﬁ{‘érhﬁ'gdlment alkanoate
rat henium osmum indium and tin. In an enbodi nment,

wite corberitiecdnobl e metal s are utilized. Materials that
contain one or nore netals can al so be used as a
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material, such as a netal as exenplified above, can be
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epos al’s
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et H T F]ile "}C vt ST FIRRE €5 %8% Vﬁ??fec“rsor oa
fhed lcsitiinihgn nikeal ﬁ@cbeample caial eylmdﬁﬂbat Gor@wbhiplofa raterial that,
netallic material_ by subjecti it to a act vatin
B AR GHS AR RO b BRI Fahe ESeiptic: A Agiahfean be
weaized hed catdhdt pre@isds O uBK arferi®idahent, w@atmaalohi&@ﬁ@uon is
exenplified above can be utilized as a cataly

PraTts Warsouier okgRerEYakn eheiBRAdRG, fox %émalét*}’%tﬂlﬂéhat once

{‘é@!eh kP4h ibR-c LARREWrEoc@f catnft%tag@te aiexgs(tmﬁ LeE HeBAle thllerfhl can
ution containing a netal for exanple. In an

@fﬁé’é?%rﬁtcata%P presuatep| B sugh spsgrghodiment. g activaiing cendiingidy

éﬁoﬁlré QIUtB@@dtaQ{/st ﬁfé@ﬁrgc}f to & @&ut?cﬁittﬁalﬂ%ﬁaﬁlp@ mg{apygr Qxa%pléathat can
[1c material can be utilized as a cat al yst

{@pb@wnsl@n in thpycaga)yth pepauiegtbodi ment, the activation
condition is exposure to a source of energy. In an

fRQdibiEMent, fRMac@AAPEG iR R K d AHemiddBleact®AC Bor example, a
catalyst precursor that includes a metal ion, such as Pd*" or Ag®", can be exposed to a
solution that will reduce the Pd*" to Pd’ or Ag*" to Ag”. Exemplary reducing agents that
can be utilized include, but are not limited to, tin (Sn2+), formaldehyde, sodium

borohydride, hydrazine, hydrazine hydrate, hydrazine sulfate, and dihydrazine sulfate.

In an embodiment where the catalyst precursor is reduced to form an active catalyst, the
thermal transfer layer 104 can include the catalyst precursor and the reducing agent. For
example, the thermal transfer layer could include Pd*" or Ag*", and a reducing agent, such

as Sn°" for example. The material that catalyzes the growth of the metallic material, Pd°
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subjected to an ion-exchange process, can catal yze the
gromh of a netallic material can be utilized as a

W@ 200840y226 precursor. I n such an enbodi nent, t hRBCT/US2008/068082

activating condition is exposure of the catalyst
precursor to a solution that contains a netal for
exanpl e that can replace an ion in the catal yst

precursor. [30] In an enbodiment, the activating
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¢ lpgede eirateyhc qaRdyst hE?YrFéPmP]PatH%Wé‘P“qné&?lélF‘ bg gnatigtes g

HRQIUHELE a RN ra\M@)h ©lntHe QdHcGvd s}lﬂé‘d}estt& b¢ )ﬂ{%ﬁﬁﬁ? 1¥1§hhc@d i 6hﬁdn96‘r by
0O generate e or

of Pd2+ orwg”, for exa
wyeniwiesd @wbaiy zes the growth of the netallic
material. Alternatively, a thermal transfer |ayer 104

TRUkgudibE be pener hagyes Pdlohﬁ%gp Fé@ﬁbdéﬂ@é’ty @018 R 68 taccomplished
g’gecursor and one | ayer that |nc udes a reduci ng

eResinghe texlangb & Waler Higyipg the FepRaneRts r%y@rat%@@rf%ct the

feR&loHden @s1h1ﬁ¥1efﬁsht1&a¥he't®§ la'&gl‘é‘ Soutd b ARERAQS e Fecla@bﬁesﬁlrface in
that i ncludes Pd + or Ag2+. The reduction of the

By saprate slepPdtrenonghe P larers g dlaysforsedythe reapiéan @eld take place
F&[g)dlé éﬁﬁ bfoteéqg 1enﬂle tr&@tlén%uid%qﬁlﬁ?t%@b)\/\@ltsﬁ)qutlon and
oW ng t

e conmponents to mgrate to e
m@wtqn@iﬁ therepctivasipadiésant by dliinalty, indured tpgraticny erby sobyghtdnduced
ngﬁi{gansferred to the receptor surface in two separate
- Then, once the two layers are transferred, the
reaction could take place to create the catal yst. For
sanmp ICESGS,tiﬁ‘anrl@aF@ﬂiT?@% te physdcalle sdpaiatd the & thymlcally reactive

%g&?%'girfr‘ar;g?{by de A@ﬁlel‘? "11%/9{ uri? ?uch‘“r‘ ta%‘i?ea%@cﬁl Qevirdd. e

nlgr t1on, sol vent |n uced
eryliidn; thcyuse ofa “separatmg layer” that would prevent the premature reaction of

species in adjacent layers (e.g. an oxidizing and a reducing agent, an acid and a base, etc.)
by acting as a chemical and/or physical barrier. A specific, non-limiting example of a
separating layer is a solvent soluble polymer or polymer blend comprising, for example an
acid functional acrylic (e.g. Elvacite 2776, Lucite International, Inc.), an amino functional
acrylic (e.g. Elvacite 4115, Lucite International, Inc.), or a water swellable polymer such
as cellulose acetate or cellulose acetate butyrate (both available from Sigma-Aldrich,
Milwaukee, WI). Molecular or ionic transport across the separating layer could be initiated

before or after the laser thermal patterning step by exposing the three layered transfer
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[34]

[35]

[32] The reduction of the Pd or Ag to Pd or Ag
respectively, could then be acconplished by exposing

W@ b@9In¥w2é ayers to water, allow ng the conmponeP@BHUS2908/068082

mgrate to effect the reaction. In a simlar fashion,
the two layers could be transferred to the receptor
surface in two separate steps. Then, once the two

| ayers are transferred, the reaction could take pl ace

§t£bk(‘(5 ga&x@dlﬁlﬁgla?@lys@ﬁa)@ﬂngIlf}@f/reﬁﬁ&ﬁg)ig%nt) Echaﬁl Jqﬁ@(ﬁl'é kQBtion with a

could be I nitiated ssolution and mgration of the
eangretgdnd] tpeaycds the nsemyatma &y praithout ishobvaet i Tdtsdransnert veuld
%%0}‘/&5%&6 Yeggeltgolnrbg%fégﬁ ﬁlg ’{‘g? l/){cf::viog y&%‘]é‘teal%ésg E‘S}iqogl?f‘&%he §e[3arat1ng
kharthaat, ltye readt rdavteon tafrecs sepatateddayzoy) oudd also bueintraliddedy
u tion |s desi red.
\r/%y %1‘[ %XC%BG %”Etr&sshnsk c&:]nm{g {}Tlgphgger a?LJﬁ)l?oefg ayer that woul d
prevent the premat ure reaction of species in adjacent
Yetyaptber(adasg of mufenali Batxonly bansedees redueiting lageinsmalhmolecules
r
ety SR R
dessdq@d iatB g 5bayerDiazo engolindsrfor lswt—ublheedpmwmm imaging
glgt:%%{:{l{e {j Hgl Sjcg@ 723 ? nEa{sExS fnglgde%mags tr%nsp‘g%m%l_ma&er{als and methods
iltrltzefgn:atolrlenahbhma’md:e c)o,mpaﬁlncam om o Sfiﬁﬂdt(]% ﬁhdtseﬂhlkiydeki(tnass transfer

&g@&g Elva f é Lucite né&rna onal t
Sa% iging 1%%@@&8?? "h Melety1aop iy Eaélf eaCBOFS d
%hljatﬂrthlSﬁer aslﬁp@éi@ dhldtoy frdfeeof (et MatMalk bahd Be fftlred before or
ar. or

%fjfegﬁﬁed@ﬁ thar%gagtef% %@d&%{%@?ﬂﬁbh%%? Ry G- EEIS transport

Wohil laﬂév@ tbr hRL GO B e it v otph/idudis &Epai €T ?‘&E P@?Jsttﬁ bﬂtlhE‘ g
step exp 03|n%§the t hr ee Ia&@red t ranst er st ack

ilrainzg lﬁz)eu(laey@f‘r dpta htcpettpn baliesen repaigter hy ey e alf%bean

SAUB ISy Sl mhMﬁéas@r&leﬁtrﬁ@iFh&ngpH that swells the
separating layer wi thout dissolving it. This transport

woul d al | ow for reaction between the two previously
Spedimentrheze thogatalyptyecyisof in actvaisd Py eXRogUE éa/%wurce of

E%}Cfﬁe tﬁehﬁalrtﬁhﬁelqaye& @@@&dnqm&@ta%?arysﬁ&%w il daR Y€ EHosed
ou al so be control é varying its thickness,

rt]@)%%qurcm@ RS qltyer t@forb ﬁqjga@hq)]pqgg@p thFIBq_q 18 tp@tsferred to the

RPGEN8h af Erﬂﬁo?inﬁént et §<ra|11?le a ﬁllaé¥1aIQQé{| Sheb @xﬁé%‘&ld[o a§mﬁce of
separating layer is sna nol ecul es t hat read

engielyi prn ce?alya@tiﬂ@ igpogh ot matllip werraémthewéhyedla@wcatalyst
ﬁ%&ﬂ&? ot Y %p?a doﬁed gal h&?&e&?@&ﬁ pﬁ& slég b? [gogylg ?(9 intense UV

azo comnpo aser |n uce
Iadagq)rngom an excimer laser to form a catalyst for electroless deposition (J.-Y. Zhang,

H. Esrom, .W. Boyd, Applied Surface Science 96-98 (1996) 399). In another example,
alumina surfaces can be activated as electroless catalysts with exposure to intense UV
radiation from an excimer laser (J.-Y. Zhang, L W. Boyd, H. Esrom, Applied Surface
Science 109-110 (1997) 253). In yet another example, copper acetylacetonate can be
decomposed by exposure to intense UV radiation from an excimer laser to form a catalyst
for electroless deposition (J.-Y. Zhang, H. Esrom, Applied Surface Science 54 (1992)
465).



[36]

[37]

[38]

material s", US 5,747,217 "Laser-induced mass transfer
i maging materials and nethods utilizing colorless

waebiomaké e conpounds”, or US 5,691, 098 " LaserPdTtisnnesi068082

mass transfer imaging materials utilizing diazo
conmpounds™"). Mol ecular or ionic transport across a
separating | ayer conprising one or nore of these
materials could be initiated before or after the | aser

Atﬂ?trrﬁ@ll traf @bt 1@%&5"16@ aSdi&RsBY h&&ﬁ%ﬁide@@@a{tél?& rﬁiteltlah @nd can
l'ayers. This transport woul d allow for reaction

pretonel bninglipde athas npiteesla solib¢ gtherapeieraalethitayeyrbe inghgded ¢t thy thermal
t
gatnsf"ep ﬁl%érel%ﬂ faft eﬂ% l)ﬁ%gé’e t§'ﬂ %H:Ct? Be El’{&ﬁldg ﬁlean%ﬁtnﬁaq?%glg E§/

et ween separat e ayers cou e contro
deyropitld isito be fabiickevesmgormphals drolophidicogy . InjoB&mbaediment, the

@”&%‘i‘h%?&rl ol fgﬁgna‘ﬂa 1%#1}8% ar%qh%gﬂ]taﬁggltth% rc%l;s%oin)[/rﬁ)tu%qo the

y ex dSUT €1 ener
dhilitm $>f the tliearylelrtraihﬁ‘dr layzm ta ertﬂnbnecd@tha r@aptai spsfacqoand ou cemribute to

exposed ener ei t her
TN R AT S R e ST
transferred to the receptor In an enbodi nent, for
hmumphbo&awmmmeﬂmahﬂmhaﬁmﬂant@ﬁewp®&¢dww@oansmumnmeof

ener can cata e 0] net al
%ngtho ént . DOfous, sgeialéslb%ea or a}fdr?%/e?]t)ohémenc mater1als (if'ln I u{‘F‘ ze((?i 1% order to

aily awmm amﬁi:abéthe edaliéc Maemnmlseeaj léayt pfanpng HXp&)Sécb Exposure
i nt ens ion from ser, to, f.or
Wb Eee HiahS Greiter Byl BadB o8] Fne SREEGed Bl Mok
&ﬁlﬁd@l’fﬁlel:dt,\fﬁe @Ql‘jbdal ofephbrdalShulicaen &6 irnea tRA0stO8ayet 98H6gan

n ano er e na su ces can pe .
’é‘&‘t“?‘%@éﬁ“@é |lsecepﬁ%$gét§mé§@"@%&d§ss V?fﬁawp 6§w€ afrgterial is

iz8MN S8 a8MtisAdEERih |_%3& Jlgs@ml&ﬂst@(@ah%@ futili28 Bk fokadthe métallic
Zhanq LW Boyd, Esrom Applied Surface Science
q

nagrt lﬂ@mQ%@§7) 253). In yet another exanple, copper
acetyl acet onate can be deconposed by exposure to

InNin@A®HBdibhént, aditiadrin@trahtfoniapd? 10X @Anﬂﬁaudeaﬁrﬁateﬁ@ tlfaOéIﬂihﬁces the
catalyst for el ectrol ess depasition . -Y. Zhan

elheyeq ofAppinerary spsfosdayestddn the rm@pm%@ye 48mye 13 dlm@nt the

bth& B hhativeaRaditlls thaVehtrib@é tAge MREhOSREH e DEMS! Itlférmal transfer
includes a catalytic material and can opti onal

faper 106 eancherisescpidR @ perarade laygof e H&rmﬁataéirfprdmser tIQ%WhIﬁJ&}S
Pc%n jon&d tARL: fr&nttﬁbedoihaesrugﬁ}atet §oq{]1§ ﬁrﬁé'on{a@‘y\?ﬁh th@4ec t6r after

generally those that are to be 1nclud In an ultimte
wgnsfee fremghe ¢wpt demerti & thi gecepjorp dof @@mpéeap@lmmersc‘r pigdeg materials

PEHRAE AR H REHRREH (RS 1 er |64 VIR RIRBH B teridi By be UV-

or thermally crosslinkable, which can then be crosslinked, to enhance adhesion, after the
thermal transfer layer 104 is transferred from the donor element to the receptor surface.
Examples of polymeric binders that can be included in thermal transfer layers include, but
are not limited to UV-crosslinkable materials or thermally crosslinkable materials such as
those which can be crosslinked by exposure to heat or radiation, and/or by the addition of
an appropriate chemical curative (e.g., H, O, Oy, etc.). In one embodiment, radiation
curable materials can be utilized. Suitable materials include those listed in the
Encyclopedia of Polymer Science and Engineering, Vol. 4, pp. 350-390 and 418-449
(John Wiley & Sons, 1986), and Vol. 11, pp. 186-212 (John Wiley & Sons, 198%).
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[39]

[40]

[41]

[42]

thermal transfer |ayer 104 optionally includes another
material that can contribute to the ability of the

W b@omtdo2dé r ansfer |ayer to adhere to the recepk@r/US2008/068082

surface and/or contribute to the ability to expose the
catalytic material to the el ectrol ess deposition bath.
[37] In one enbodinent, the thermal transfer |ayer 104
can include a polyner. In one enbodi nent, porous,

EWRIAIROb R 1n‘§ﬁlatm§dii19 ggﬁdugt@xleyc%ﬁlﬁrﬁ(aﬂgh@l&h@h@blﬁ@fﬁl npa?erllf]lls can be

utilized in order to easily allow the surface of
widizad harpip. ﬁﬁulehmgaﬂroasmlﬁble@plmm apsegen¢rally knossage dwee of skill

ﬁ%ﬁ’@é&ga% b‘ég\uhﬂeﬂ Al { ft" anﬁﬁ&‘ﬁ}aﬁ?é %%&#r%a@ﬁb@l"yh@% th&%¥n be

e use uring e ec roless pla
etitizodlinaledes, actyiiaeso flonduval e apisdinkalpiet pyinadrs asraecd geabedlly known to

{h & & ngeﬁl% he%ﬁ%ﬁ? @ 11!29&’ & aiﬂ%ﬁe& %ﬁgongucct v ?1%5 mll% Igélyﬂlers

capab I'SSO
mukuhe mm& fmmlmhtedso pbllyhm]zmad podyacatglidnds] pm;eﬁhem}tlﬁies ng or

di | b h 1
MR A BB R B R B ont | the

ther mal transfer layer 104 can include a material that
Bk diccesmplbeofadisdgikalrlc ofatetihle tltahanrmlutitizealrisdlwie blaytearnot

lllinﬁecf to t1 hrzer tﬁ]lg }eo\‘?/lia:él%:er% rgaﬁlg Cl%e t ]*t)oq%@oﬁ%or il sg\'%ﬂltl pet‘q%lar?t
arzlh@manet asnhdclised mfBellhand btelﬂ n@]hent mtesﬂ@rppl E@S@rl 61941 99@nbls—

t f h f
R BRG] bl R rp R R T REa 8ot BRI v ARk
Rafis ComabRn S0, pp. 2282281 ( 10091 t6 tvaiduk Brok R kéRERPidiKe pdIyAiilines
transfer, fromthe danor. el errentqéﬁ% t he receptor, For

A ihor golypgrwharslesedimber PaatNerG-30s 58 he gassinablided i n

pd1gary1p6! ﬂﬁheg dls%rltsst:@fn ThRyRtionkPAubl RN OI 97/33i 98 @Ad the
materi a be Wor thermally crosslinkable, which

eratslipkpble tﬂ%heé)’lc?é@’ﬂff FRoERNIng Bolé%hf‘éhet@n%\%%%i%?d ingppaggse

Uh&atiiRl Palent FuBNSHigh HeAY.8557594nd &sélésﬁﬂ% fo?ﬁvﬁfég afeﬁﬁ’(!&ﬂd?ﬁed
donor el ement to the receptor surface. Exanples of

keseiy ke Fdferelsiender s that can be included in thermal
transfer layers include, but are not I|mted to

0GR @EBbdinkaRIre tmgrtfaa&f@r 19%& the rama lidcYude b al maﬁ%@
materi als such as those ich can be crosslinked

Bglydiag but noplimeed topghelagag @ﬁein@ ifor expandg EBYA). lseunding qun&nmetal
theﬁ?‘n ﬂgﬁlro%%r(&‘(ﬁ'teﬁadé;h@ [Hll@@ﬂolegy Eé‘e&l'ng &idé @fogex'ambl% sgfac%mts

I n one nent , ralatlon cur ab ematerlas
diserisntsatq.) oroser caing adslievermOeier edreponensy erelalsp o géded to

in;p%}:t%gSi}eH cfyﬂgcteristics or desired processing advantages.

The thermal transfer layer 104 can optionally include more than one layer. A thermal
transfer layer that includes more than one layer can be referred to as a multicomponent
transfer unit. (US Patent No. 6,194,119 did not include a specific definition of
multicomponent transfer unit) These one or more layers may be formed using organic,
inorganic, organometallic, and other materials. Although the transfer layer is described
and illustrated as having one or more discrete layers, it will be appreciated that, at least in
some instances where more than one layer is used, there may be an interfacial region that

includes at least a portion of each layer. This may occur, for example, if there is mixing of
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[43]

[44]

[45]

[46]

Encycl opedi a of Pol yner Science and Engi neering, Vol.
4, pp. 350-390 and 418-449 (John Wl ey & Sons, 1986),

W@awINgo2s 11, pp. 186-212 (John Wley & Sons, PCT/US2008/068082

1988).[39] Cenerally, both insulating and conductive
crosslinkabl e polyneric binder materials can be
utilized herein. Insulating crosslinkable polyners as
are generally known to those of skill in the art can
fe lé’ﬁ:ﬂs ok &@flsiof\Bf ﬁ%t@fm lhwfn AR ldy@1§ l’bk%}é ﬁﬁ’rlng, or after transfer of the
crossslinkabl e polymer that can be uti'lized includes
wansier lyersIn @hﬁﬁd@é@@lmelnéwwﬂ lpyersapdsebaromphasalys oppprizglly mixed

r
GO Sy, IR Gl IORE PR ThE A R ERRePiroush
tho lugend separatioh Mer s, d3udiscassed shove.| nmny eabetthese structures will be

| yan tyl I S.
}%? rlye | (J)u%srlgcﬁlédsmé) 1% %Qﬁ;a%] oh %ﬂiﬁg ntdﬁq 1%/%%@?%1)0(@? ﬁ( if dﬁferen functions
Qﬂ%ﬂmménwkdﬁmOﬁpp@ﬂﬁnmdewamwﬁﬁ&mokgmmossl|nkable
naterials that can be utilized include, but are not
r , e

qt(vn%t? eoorf rl}%'ﬁ% Q?ﬁ&éc@ﬁlﬁ%@eﬁﬂ?ﬂ Fe?gm{ Llﬁ@l é(lL:?me glge la);eps do not
nhps ol ts ¢l impoBait Intefaniab¢hasicteriGive of ﬂiaﬂ@ers 1Qthe prpﬂticomponent
E‘lans ?er u]illa(r:ﬁnr]]:)é %gzd)u%ﬂ gl(:sgghg (Iarglggtranzsﬁer unit 18 e retpg,l%ﬁ/% rll’l: 6 f g
Bﬂmmdnﬁmnmmmed&ﬁugppnﬁ&24 228 (1999) t he varlous
crosslinked conductive pol yanilines and other polyners
@ﬁ% %xsaﬁ‘nﬂ]ekogglﬁheerma Lgra§sfeli lgx{ﬁr lrgl?‘}]ldﬁse % 9 g%gg 515 nglislléiég}lg%onent transfer unit
that ie nsedtto fonalat Ealsb barcait d mﬁlltlmlgcz)hﬁﬁlcﬂ&ﬁon aanedeptheIn some cases,

rassl i.nka i phenyl i pe-cont ai nj t her
o P MR Sl B Fetis AT B B Bl Bxdlel Bt Bt
Rulbirictiad.i rothde tasBs, AR5 Hcffhal ttd’m@feﬂl'aﬁﬁlmumﬂﬁdedéwmmhl'hllah@
ncor pqr at d hereln b refere Such, an
RO Tom SORHEs (e S TR iharagyals HRHG Ty vie ranster
fr&@'oﬁ@@r @k lomdaliondd eleinbmesrs vid mﬂettdhdﬂ gultaute tfaaifeﬂ dr@%ﬁteﬁﬁhng
chel ati ng agents (for exanple EDTA), coup

Q@t@ﬁq@ geforﬁ,e%f‘gr 05gwgsk?eéq{e b‘?‘doarﬁ?f the éray(lsrfgrof &?é]ﬁ%%l transfer layer. In

it SIR% A sBBdos, GRAL hide: laj/éiisc'of(dc QhstR¥asPhey 5arb RGP e surface
dlspersants etc.) or other coatuwgg(%dltlves O her
P

@ %@ﬁ@%ﬂrsthg KHmay)irglape o g evg beigg i indhesthergpl transfer layer
&nﬁs@ %H:n%fel &hblﬂe?en%tsdgﬁéﬁme%&%%&g a(ﬁﬂ‘i’(ﬁﬁ@lt 1%93@ssofa[ 42]

The thermal transfer |ayer 4 can t1 onal ylnc ude
eanpteuctipm map he triniesicd 0m0tﬂtﬁerp¢mt0r @ﬁ%mlsef taprmjahiyensfor feger has been

fgr%t]%}nlé&i 9R <L ﬁlsttaﬁ%g] tﬁ&ﬁeﬁﬁyg{msﬁ? pclypl‘els ﬁ?efd% fo?lg 058/ aaﬁng"l]e layer

Tl corrponen
of a construction.

In an embodiment, an exemplary thermal transfer layer includes a multicomponent
transfer unit that is capable of forming at least two layers of a multilayer construction.
These two layers of the multilayer construction often correspond to two layers of the

thermal transfer layer.

The thermal transfer layer may include an optional adhesive layer disposed on an outer
surface of the thermal transfer layer to facilitate adhesion to the receptor. The adhesive

layer may provide other functions as well, for example the adhesive layer may conduct
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[47]

[48]

transfer unit. (US Patent No. 6,194,1 19 did not
i nclude a specific definition of nmulticonponent

W@ e@psiwe6 unit) These one or nore |ayers may beCT/0820081068082

usi ng organi c, inorganic, organonetallic, and other
materials. Although the transfer layer is described
and illustrated as having one or nore discrete |ayers,
it will be appreciated that, at least in sone

LIBSHARAREY M MG edtPlof add BN otQEEEla)Le?sy(ﬁfthé t%an's'i%ﬁgyerto? ﬁfa? offgY

be an“interfacial region that 1 ncludes at | east
phereitemtranpfeelager tp thpaeceptphiTde aghesiye layer maydre f@mplﬁlég for
BAFRE, Lo BebAUHAE AR So il sHPh A By L Bot s
afindudtmg andmaf @rndlhcalyg filled polyhére rand/ps¢adestn g andainggod diedting

) g rtiall for
S i SP Rtk By R RN Bl B KT Rifhe,
paymbe p@lyarmﬂrpésg pdiettliophenos @bly(ﬂien)dmvinﬁlleﬁﬁp)@bblmmmenes and
scussed
ofttSoRaelle Qe BRCRuE RV o bhe BN Gt BRAE et i,
?ﬁaﬁbmdﬁm{a?@ms of ay@able c@ﬂihtﬂn@&h@éﬂsy)ni; fnclddé fnks ﬁcrhléammg carbon
uncti ons of. a e are ta he pe
DR beP B SlreSh g e el ate oo BE S e (iR
#MdintoinG GAPRIAE Rid Edﬁrﬁﬁl&fcﬁ[ly u{fuﬂtable wetrias ot domplahicd AR as
| ayers do not mx, is that th nPortant interfacia

NPt destaplogss Gpmopgor Al Ridgg, | IhanditrerleGisoranta.):
EoRNSHRdHRIVe IHRR BEaRE %M@@daﬁ@h 6ivabiien bi&pREiMR organic

transfer unit i s prepared i n one enbodi nent,
sandugtore guehgs Ny b(wr( brﬁ%ﬁhél?yl) Wﬂplp@wll@%aﬁwp glyrkngwn as NPB).
thermal transfer |ayer includes a single or

AN Eﬁlb&ﬁﬂi@ﬁmﬁiﬂ‘inchfd@sﬂaﬁﬁlﬁl’ucéiﬁpdneﬁthﬁhsfbﬁla%ﬁ Qsh 6&10f1ﬂfyﬂh@lﬁde a
| east part of a nultilayer construction on receptor,

iaﬁers)aﬁ@ te%@é%lawrﬁléatfsrfélfﬂrﬁm from Hhesioaer sphyyate, %&Wlﬂlrbadua%ly on

Ak kecBhtot fradcN@f §aﬂ§f‘é?)dtﬁg p&ideQ g gl%?dc’fe@igtlcs in an article after
construction. In other cases, the thermal transfer

tha phepmatansferdpysais traasferrod taalie ragaptorhBor cagiapls. ipee grbodigent, it
%&Ed%%dgiﬁgég[’e&% t§ ?5‘\% o WGP 1afBOnAMd18Ee Lo?)rbgfgﬁe Re1DG

or ne rans fromone Or nore o e onor
edngamang the gataly$ta Sydraeconsthustios edul bl alvantagegifisan fabricating an

B’?%l% il ?tﬁl@lg ?M&hg«? go&%;tg{itﬁ fro?'{]‘&lg Cubstdte R)Othg%lmgﬁrll% rn?até?‘ﬂ}jls

ransfer o efmal trans ayer
dasirtd. Hxanples bhimbandethat @nde orclutiod & d layee sechak tlas include, but are

an ri]isl”l'}lttre 0t IC(?I{%{ucqa V% bl%cf%g (3:,)1’\1/ COI’IQUC% nemers qr ft I%d afso Bhe

rece e remal ning 1ayer or P yers belng P Rel uded
h@aﬁth@ohmmﬁm art inguhgine ﬂayleﬁgiethe fbfcemdsr&)eﬁﬂe L1115 ﬂ@edmntanmng the

aﬁ%is néuch a cons rugt?otn C\élelfd%e agvantagcreoug?n Sbnca%ngtg L 'Qr%cle 1ﬁrjl X/l%clsf
clectrical insulation between the substrate and the metallic material is desired. Examples
of materials that can be included in a layer such as this include, but are not limited to

insulating polymers.

Although the thermal transfer layer may be formed with discrete layers, it will be
understood that, in at least some embodiments, the thermal transfer layer may include
layers that have multiple components and/or multiple uses in the construction. It will also

be understood that, at least in some embodiments, two or more discrete layers may be
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[49]

[50]

[51]

construction may be transferred onto the receptor
after the thermal transfer |ayer has been patterned.

WO 008026 nst ances, the thermal transfer |ayerPCBHUSZE$068082

to formonly a single |layer of a construction. [45] In
an enbodi ment, an exenplary thermal transfer |ayer

i ncludes a nul ticonponent transfer unit that is
capable of formng at least two layers of a multilayer

R LIMME Afing THRIE of YR ehANSLmbRed Bpl%a&yd i érﬁ%%e these layers,
construction often corres%nd to two ]yers t he

tihenghamized anepmirinedayigbe refgggd phe Hldwedlwh ayqrg aE@feéarmple in an
L AR m AR Yhat RELHEEN A0 gi% f11a ?aL s ARSI ¥Ry Qléle% i B?t‘ﬁ%d
on an outer surface o ermal transfer ayer
dchesivd lepdr enag dhpsison it @sephretedewem oo, seffdrate dyhe ghay bave mlxed
[ t n for.e I
%oﬁ}eé ﬁgl)sl m@)g@ Tﬁg&ﬁha& nn‘,?udggo {;1#1 %alie IIV f we eﬂévesttile %aéa? tlcerénggﬁaé ?and
oteaeptional anaabrmlhdaaomhyebe prageet)s of the tr ansf er |ayer or
may only adhere the transfer |ayer to the receptor.
I [ f

FREBINRELE o BUF EmBimBR of PUORR A0, Phis BRI donor
cicmeru da@l unctudcsga Pobyywbstsite K3nadthetniah galarfﬂj layenlzvﬁomﬂwim ingjudes

11%ht gor }ée%g %%ggrééh {Tlgﬂgé)ol ayet 121 95‘9 g[{;;se eerr%gl?esdo%gp ﬁclj,l s&ratenpﬂ and
thot ltheanﬁ traadfed layw 1 24 The,LTatd Lalyercl26 obmamasr &radiation absorber that

ol i lines, | yt hio nes, . .

B isbh el B PED TR Bipaioned e ekt cnsi obnerey
€006 e thie \@n @Er@d Bl 16asOBp &FibiRbSth& themihl trans@dr@ayef 1 Bkb b lredepror
éﬁe art, having read this specification. Exanples of

{98PE conductive dispersions include inks
cont ai ni ng carbon bl ack, graphite, carbon nanotubes,
Ll rhdh&idnﬁﬁdt[badi thietrud ] &asxs férnikh UNRIC ild?e@bd&i@uplkﬂ th¢ afetgyeof the light

T bR SR o BobS B oment. a T
heahnoldegh etliaton pRoA OBt BB inBdegeadiatibi (9.g. aagk: Nelteaty
(El verson, Pa.). Conductive adhesive |ayers can_al so

FHEETERCR le\%{ﬁdwrtwp of e difidcaepdiRienigtodican cpabioliragier ofthe
fhbGkh] Benshr MyePir&h lthe%ﬂ&téi‘é{ﬁ&lt . thE reipRiremybie @ﬁlbgdlﬁlgnts there

(al so known as NPB). [47] An enbodiment that includes

& nsfRerasopda dver ‘tf}daﬁgtf? » theagdigtion ahsoghsy isghsosegl in Arqthpy dayer
@fth@ar&{or gam&n SubiPR th Bghok @b@ﬂ}at& &%e {rRrrh 'Er%ﬁb?értla)fef PMbther

donor substrate, that w | e directly on

¢féll®p”tl@’f5 ﬁ@rdpa@@kaﬁemémclvd@r@sfl@m kah@uanwléﬂ/inél@deswééitm@aﬂ
&Hﬁﬂ@rﬁb%&lbélld)%%pbégd Aol hﬁ)h'eeofq{lé Sther layers of the donor element,

such as, for example, the donor substrate or the thermal transfer layer. In yet other

embodiments, the donor element does not include an LTHC layer or radiation absorber
and the thermal transfer layer is transferred using a heating element that contacts the donor

element.

Typically, the radiation absorber in the LTHC layer (or other layers) absorbs light in the
infrared, visible, and/or ultraviolet regions of the electromagnetic spectrum. The radiation
absorber is typically highly absorptive of the selected imaging radiation, providing an

optical density at the wavelength of the imaging radiation in the range of 0.2 to 3, and in
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[54]

[55]

the thermal transfer layer is transferred to the
receptor. For exanple, in an enbodinent, it could be

wa@eantaegeous to have a conductive | ayer on t heCT/US2008/068082

receptor before the |layer containing the catal yst.
Such a construction could b e advantageous in
fabricating an article in which electrical
connectivity fromthe substrate to the netallic

%te%{b'oallmehﬁfr@xﬁ §|5rt§§ S@é@l@?&c@ﬁloﬁfabm&g 1'n§tle§al§ DatinQaR, Rr
e included in a g%er such this 1 nclude, but are

ergmpla, fyes é@gtwbl@ @ﬁmhrawélepésres,u ipfrased diyesh fhorrderst dixes. and

Bﬁiaﬁ (ﬁarduﬁg (yea @ﬁﬁ%"ﬁg nl?etaﬁs %Yﬁ@%@?(glr gs’ tnﬁgal ?gligsé 'Fu?cpother

|nsu |ng € recéptor
sonblaplprorbgng heeas. @Ixylsples Suotiabde rdRBOT abstrbemn cavintldddraghon

ﬁgﬁﬁ LBYEAYS &Hlﬁ g&lng an article in which
el ec |on

rical 1hsula et ween the substrate and the
metallic material is desired. Exanples of materials
Ohfacxamh df aguitattd Wik layer can finpjusle apuamtent sudhis sarberchlacke and a
0
s 38 R dridlle R AT 868 (AR M5 an Lidfile metal or
nwbtlahmduah@mmfernhedyae p ghin ifitm bt dxampb blmd@mnmmd (thatpartiahly

0x1dlzeaa %ﬁlmla rrﬁlgwg g%laﬁ a{/‘ltsﬁa’l aéa%%afu?eﬁ ealg% Lan mete]{comp §id films

mmﬂb@formﬂ lhyi qs&lmqmsga sudhras tbee;mmpB:t mxcttmrrgrand ktapotakilve ddpssition.
e .under st.ood t ea nmen
B B8 O o RS i B FOBBE 1T ot iR

tcttlangker or ot herw se conblned or reacted. In any
case, these | ayers, aIthough m xed or conbined will

A T N i
b saussRdermbmte disfribetedatoe r:;taaiplegﬁs dldaalbad e lSVBatbr&)Nbr
PR P8, B Rt PR R A s R bR SRR

hdiedgdal®ss 1 NECaghasdad 8¢ a@d\wbdntrastembaaﬁeet@bmbs @ donor elements.
materi al (and other optional materials that
bhig sangiye riseAgfoner éeantbthm haye mga%régan%fﬁroiﬁﬁ%ﬁm%%eyav hettst

flclid, Slonah 1B BB thder palittSis BX Rl O PRHerR). eNeNt

120 i ncl udes a donor substrate 122, a thermal transfer
| ayer é% and also i ncl yudes a |I%ht to heg .
P?S?Wé‘rt T E‘SE“F‘F{‘:) 1 “89%‘?501 @18?%53 Sdase e BnPieat Bonor
N dt@torm 182 oR8d int Nnddh &latBBibl, by ﬁm&tﬁﬁfarﬂaﬁ% Qlspkgedl-in 4 BRder
THC | ayer 126 contains a radi ati on absorber t hat

peisUEr t s light energy to heat energy. The conversion
of the Iight energy to heat energy

When dispersed particulate radiation absorbers are used, the particle size can be, at least in
some instances, about 10 um or less, and may be about 1 um or less. Suitable dyes include
those dyes that absorb in the IR region of the spectrum. Examples of such dyes may be
found in Matsuoka, M., "Infrared Absorbing Materials", Plenum Press, New York, 1990;
Matsuoka, M., Absorption Spectra of Dyes for Diode Lasers, Bunshin Publishing Co.,
Tokyo, 1990, U.S. Pat. Nos. 4,722,583; 4,833,124; 4,912,083; 4,942,141; 4,948,776;
4,948,778; 4,950,639; 4,940,640; 4,952,552; 5,023,229; 5,024,990; 5,156,938; 5,286,604;
5,340,699; 5,351,617; 5,360,694; and 5,401,607; European Patent Nos. 321,923 and
568,993; and Beilo, K. A. et al., J. Chem. Soc., Chem. Commun., 1993, 452-454 (1993),
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[59]

results in the transfer of at |east a portion of the
thermal transfer |ayer 124 to a receptor (not shown).

WO 3@p/01202¢ adi ati on- i nduced thermal transfer tPEI/LIEB/068082

| ayer 126 couples the energy of the light radi ated
froma light-emtting source into the donor el enent.

I n one enbodi nent, a LTHC | ayer includes a radiation
absorber that absorbs incident radiation (e.g., |aser

i RicPRE nGORMRItp rdd hyER R enBe. PR G rOharkfi&d ﬂ)}néleg@af‘é
radiation into heat to eénable transfer of the thernal

PIIO@ﬁtS‘feeTeChW@ieSf e nl-tldand drler unsieetie ﬁ?Slgn@tlQUn@YA§@BBtIBr99
d%’a{ﬁ‘a 1RR9 . ?‘SEB Be §e'a%¥\§%écﬁ*}§ e%ﬁ?% @ltlcgeﬁ'ﬂ_hgi {)j?%gtrors such
absorber 1s dispose

I nstead, the radi ati o
an mhlrtelntylnayled cafipatibigitydwiior spdegimenider sndgdr cagtinghyelvaisnasrwell as

&%%ﬁ}8£g ﬂ%b%%ﬁﬁﬂal transfer layer. |In other

or el ement includes an LTHC | ayer
and also i ncl udes additional radiation absorber(s)
Hligmpmslefdna;twa@rreamlsqmr@em thehel ¢ keyer dsagdiatmnabsorippes.
S SRy G, A S OATLR 00
ﬁnlwcb@hymametssmcltdh ditldolaas, aldexten plgdmets derotibédne U,Sj @agMos.
%‘ ﬂgﬁ%ﬂr ABNG " a?ag Ee,P['P('iIrllct%lﬁ Ig(rr::ag Eehr%?egr{ t?yﬁrrsefefr:pn%e .%:aedlt{ona%ﬁdfn'%lack azo,
pibatnte ban;bdmﬁ soppbreordbietiure b@mﬂa;tes of, Edr] exdiiple qulrdzy],oné heﬂlow,

r.adi t|o absor,b in.the or .oth e

G e N SRR R ST Faaraneryf LRpphR riftgrpean EBS bsea
tlugiay) Id for @ampRYb:00S gﬁﬁ sulfhiges ofF ﬁﬁh[s@ﬁ&ﬂ@&‘#inﬁnﬁg 3¢ tin,
The radi ati on absorber is pi ca [ Y sorptive
6151% BING, (YR f r%@mnlaole@%qna% faﬂgs¥eﬁr fﬁ%?{‘f lﬂﬁj‘u@nnwkel
kgl peensi, typRE, sie, gwyeir&maﬁlh 10, b4 al deMirRgh. Metal
radi ation in the range of 2 to 3, and i none

earlsticarbides, ﬂlrtaﬁqsocaémaﬂ@s @Blilzteéﬁlu‘émieﬁ@iﬂél?ﬁ ol Qatides stpicygelly

PRk &It MeHr&B8 fAnfl6/ (egewcbz% m@¥ alPheusedyes (e.g.,
vi si bl e dyes, uItraV|o et dyes, infrared dyes

fluorescent d and radlatlon pol ari zi nq
Mietphiedtetion shspt Fr§ maprbe ypede eSO Bartigles, ﬁssdeS%{rP&d for

ALhR isuUld 2B Soahsordil nﬁcd]‘ﬁér%!i BrSin bPFAPRh&S 010 films, as
suitabl e radi ati on absorbers can i nclude carbon black

shelosed i) GeBat. Mo 2566586, inqerrordedsherqimby refyrencexSawighle msfals

Rclid tf@k@xﬁn.tnw@lﬂnﬁuﬁrb&ﬁﬁh e 1an& RIRHGABRG zinSUCh as
car bon bl ac and a binder, such as an organic

pol ymer. Anot her suitable LTHC | ayer can include netal
ép indicated, a particulate radiation absorber may be disposed in a binder. The weight

percent of the radiation absorber in the coating, excluding the solvent in the calculation of
weight percent, is generally from 1 wt-% to 30 wt-%, in an embodiment from 3 wt-% to
20 wt-%, and in another embodiment from 5 wt-% to 15 wt-%, depending on the particular
radiation absorber(s) and binder(s) used in the LTHC.

Suitable binders for use in the LTHC layer include film-forming polymers, such as, for
example, phenolic resins (e.g., novolak and resole resins), polyvinyl butyral resins,
polyvinyl acetates, polyvinyl acetals, polyvinylidene chlorides, polyacrylates, cellulosic
cthers and esters, nitrocelluloses, and polycarbonates. Suitable binders may include

monomers, oligomers, or polymers that have been or can be polymerized or crosslinked.
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[63]

netal /nmetal oxide fornmed as a thin film for exanple,
bl ack alum num (i.e., a partially oxidized al um num

whampmeozs bl ack vi sual appearance). Metallic aPdI/bg1088/068082

conmpound filnms may be forned by techni ques, such as,
for exanple, sputtering and evaporative deposition.
Particul ate coatings nmay be fornmed using a binder and
any suitable dry or wet coating techniques. [53]

B%@hl@%hl@@dlﬁl@ﬁ@ rtpeel‘;ln(rf@tlseﬂrin?drllfﬁ)ﬁngﬁusﬂfg 4 QufilYofdtRRRREMe

t hroughout the LTHC | ayer or  can be non- hormgeneouslg
eramdrhanded oligunerewdhrppteonalaplydess cWhenesipdlymay iSusepat épbinder,

ﬁ!gbmﬁel%ﬁﬁu@e? ?'to 56169 ﬁncin e?ﬁHoﬁm% Wk EAS i Sod Bcﬁ%h%‘{%&ﬁlﬁﬂng

rein by reference thereto, non onngeneoué
thaydvent wam ¢rédculegiog wit-do)cont rol tenperature profiles in
donor elenents. This can give rise to donor elenents

R R S L e bl
q@isugltedtw fmeftey LPAC lesorng insfaBer}, lt)yre@helung abhe LTUE lygseis too
A%, idq e @g%re %ka% ed%gl i ﬂglﬂ%d o?é&lfn dt'IRé’tr ?fe%ﬁf&ﬂﬁon

I'n’particu orm in a mat er |
ofthat THEdsyter vahd icadpitor vdihshetrgefir lagera bi nder mat eri al
[55] Wien dispersed particulate radiation absorbers

e e e L L RS
wmstahaes she Iﬁmﬁonadaice(mgls@nsﬁambrupmtletsmoé/er @b;tmbﬂmamf thedddtMblayer.

g 18 thou%l aetgou i ];tlctrl,%fg? i u%ﬁ rgm the acﬁ{"gloﬁ 3t Re kﬁﬂ%ﬁ@zer to the

Mat)esubalraé In Eiheeamhmdiﬁtees she H‘mmvr Molulsles 2538 6¢ wivit euckding the
Di ode Lasers

T R XL T

%, 4622, %&&rmélplz&ﬁa rélsihé‘ralt%u&ﬁw@&ﬁnoﬂits%&eﬁﬂdplasﬁc B4, nfafBie

4, 8, 778:; 0,639: 4,940, 640;. 4,952,552;: 5 023, 22
3 4595 ISW g)a jfg%gl,ﬂﬂ%ev%%c oS @Plﬁ%’, f@]@@m t%b%fsoinpéfglﬁ

@ 3 EmGSshe-pand comBdtHO 3v1th &H&m &lﬁtte?ﬁts en Ehe Mﬁﬁler %&bhﬁaﬁy

and 568, 993; and Beilo

RS tercaprhe psed tojgdisate &@2984@4“3( f@ @é‘)m\gp fo e O\RHPE B faﬁ art. In at

R&dt 8dihe dRSRARGNAE ﬁférrﬁ%plisﬁg RIsBNRA had a&o@tﬁﬁlﬁ B&kSeter in the range
mar ket ed by, 3 endal e otective Technaol 1g}gl es, Inc

ofdktel lé.ﬁ@l/cml)a , In gecabodimenty S ite hAfcakism CYASORBeR Rr ¢ binder.
E)ampl-\%@f %Qbfe%er&@ﬁaﬁ%sﬁls%&l&% p%ﬁf%iryhé% SPEFdAdrflicho® mers

be chosen based on factors suc
and resins, and polyvinyl butyral.

Conventional coating aids, such as surfactants and dispersing agents, may be added to
facilitate the coating process. The LTHC layer may be coated onto the donor substrate
using a variety of coating methods known in the art. A polymeric or organic LTHC layer
is coated, in at least some instances, to a thickness of 0.05 um to 20 um, in one
embodiment, 0.5 um to 10 um, and, in one embodiment, 1 um to 7 pm. An inorganic
LTHC layer is coated, in at least some instances, to a thickness in the range of 0.001 to 10

um, and in one embodiment, 0.002 to 1pm.

Another example of a donor element 130 is illustrated in FIG. 1¢, and includes a donor

substrate 132, an LTHC layer 136, an interlayer 138, and a thermal transfer layer 134.
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[65]

as, solubility in, and conpatibility with, a specific
bi nder and/or coating solvent, as well as the

waernseheags h range of absorption. [56] Pi gnent aPgT/US2008/068082

materials may al so be used in the LTHC | ayer as
radi ati on absorbers. Exanpl es of suitable pignents
i ncl ude carbon bl ack and graphite, as well as

pht hal ocyani nes, nickel dithiolenes, and ot her

Pﬁ&iﬂﬁﬂ%g% r §85& b Rely dhpbbed befREn (NOTHOIFE 83024t B thermal

|ncorporated herei n by reference.
inengifer iacmrall3|4yn dgslog elRmentdingirdgarsnmeninigs demens avé ppdgmipation of

%19 Ergﬂgféf%‘id%{%%h FiR tl%frmalft%'flffglxlwh q?l%éil%l%h Jé‘%ll%&t;!)rf’l‘?{ the

I ani si e re nic azo ye can e u
rans fegradh partipin gfrthmhsrlmé tralaslf@“daybe Tbs edsrlayercl38 diapglso figtuence the

g(fﬁ%ﬁgrl & the Ieﬁjl?a? %ﬂ%r? elr to A re&fof &%tdghor e?e eﬁﬁ. E“Psﬁoically, the

um num Ium ZI nc,
miurloydr Uy hermhglbtiﬁmahnesrstunrgs flieone emﬂiodirrte,nt ithrei iotietlaper 138 does not
Vel

Bt ShonaRl? S g b M RS i St i amp extont

that bnddessthe Madsfende dmage aohanictisrat @3¢ ilergzel3s typiclly f@chins in
oxi des, an des ructu aII related 0 the

by BT 5 o5 ifredh it oS Sy porsapedirats
fradfeartd Gith aspérber SandRY1ab& 198ed, either in the form of
particles, as described for |nstance in US. Pat. No.

R i SRR LS PSS BB i B .

VapeOddposiRt @kt &y eds ) nfa)ygahfeﬂ@reme g scSLget @A@bﬁtetmatyaissnd Vapor
|ncluae f or.. exanpl e, q

LeRPILgH ¥ 21 gRosgapic ox ds%ﬁe&@ [Ad t%fa% é O%Grﬁﬂa?t%l Oétﬂe%% énd
6@%@1@%@*@@@5&% 147BY. @%aﬂib sfaesied siufhbﬁ: Rk er h&tErials

percent .of the radiation absorber in t

%1&3? ﬁ@t arg Rt ligiieA &0 Ppfl thggmosehnd thermalagti %?ra?tlﬁ SHitagfe

WeingRL n%érﬁ?srlﬁcludesblg%l:beﬂoﬂlhﬁﬁeé foof'ébl%s What n{ﬁ)t B 36ksMhikedDy heat,
in an enbodi nent from 3 wt- W-% and in

@ﬁ@t% or e Hestmerft rnwndelgmbutwt leimi@ tou crogplinks) eh@pﬁgnkable
% atpsa 61&&%@6@?1@9 BiybQs, p i, & dd(eg‘asy@%iﬁangm‘ﬂ@fh%ﬁﬁoeset

LTHC. ui tab r use int
ma’qe@ls mﬂe be qatddunite the LTﬁHf?dﬁtym htp gsoloy esmple, ghetrhopdastic f or

&%&IH%‘ fand% s@@&e'nﬁ EI%§§11HI§3 (t8 f&mag}gs\gglll ﬁnﬁ gﬁy&eso' e

esl ns butyr resi ns, V|ny acet at es,
Vi nyl acetals ol yvi nyl i dene chlorldes
%bé]pq]mg]ple\glc n@aéqqa&lmgmcb: or example, polyacrylates, polymethacrylates

polystyrenes, polyurethanes, polysulfones, polyesters, and polyimides. These
thermoplastic organic materials may be applied via conventional coating techniques (for
example, solvent coating, spray coating, or extrusion coating). Typically, the glass
transition temperature (T,) of thermoplastic materials suitable for use in the interlayer is
about 25° C or greater, in one embodiment 50° C or greater, in one embodiment 100° C or
greater, and, in another embodiment, 150° C or greater. The interlayer may be either
transmissive, absorbing, reflective, or some combination thereof, at the imaging radiation

wavelength.

-17-



[66]

[67]

[68]

[69]

[70]

ethers and esters, nitrocellul oses, and
pol ycar bonates. Suitable binders nmay include nononers,

wW@bkiogomees, or pol yners that have been or can PEI/US2008/068082

pol yneri zed or crosslinked.ln sone enbodi nents, the
binder is primarily fornmed using a coating of
crosslinkabl e nononers and/ or oligoners with optiona
pol ymer. When a polyner is used in the binder, the

R'oﬂ;qﬁl% i lddERable dsGntoay W mfﬂerlélg‘m@md@ Mﬁrﬂﬁl@tmet;@ thQal
45 Wt - % pol yner (excl uglng t he sol vent when

exddesumete] sulfidat. 204 1 1n0[%@1F cuponcaatingsi ingluging tlese matstpls that are

%gﬁ’l? ttlraﬂstnﬁssﬁerb? rdFREY £ fhe 185%%@{1 Ixc’vl'%v S%}%IP .qhé(s'g%{ﬁerﬁﬁ)f?afy be

inked to formthe i nstances,
apbedioi thklightr tooheat-henveFiHE ldyay er coentomal tovhniqubse(elgl M@ uum

TPy PR SRTRRSE P TR 2 PO The T

receptor with the transfer layer. [61] The inclusion
Blic iatetlhesr mep broyide@ nuebeofbendits. Tholnjeriaydr nrparype iarpprrigyegainst

£ ) ,
e R S
wa@ewuudmmu@dhhbughmﬁthabrﬁﬂhmémnnﬂbasswbbm®$ﬂmhmawbe
{r%fe{r\é(? he pfersien(g%é gn %C}a% n}ay an,)c]:res al¥ ll’ld OIVre]CIg Plas&lc meé%ory in
ﬁmn&&ﬂMaﬂﬁﬁﬁmmludlng t he sol vent mhen cal cul ating
wei ght percent) thernDpIastic resin, and, in one

Elr@ﬁ%{rjl%%?f‘%v\egntglg ac[llé 1ves ly!ﬁggr l}DIp eix {)lﬁ Cpho?o%’m{1 14tors subfactants

I anoun
pigment§, @lagticizels, tind dcﬁtm@ aﬂ@ Thd t‘lmckinbss oftp liestayer magssdapenclson

|caII hosen t be C i bl e i.e., for
s RoRES Moo R bn e Sieks; B inetePl Theg THE v,
e Adetial oﬁttlsalrambfef lasze)f, ma wav@Eéngth efane iBRging edlidtion | and itlgatueation
[ one in the. a

atibility, as i of ..ski |
SRR e A st P e e L KB RE e aers,
thbaticknas oat}&thbJﬂl)dylef ﬁyylcmn@mefang@oﬁm@s mﬁﬁkgﬁ) @h, i@ aho
13 (cal/cnB) 172, in one enbodinent, 9.5 t

%le%qd}le%)faorfzabqugo LHBSed M in phemipgdimacsy. 0. %@érﬁav gddgp an
sHbdaabde o heMR! BstihGredBSinRSlaldd¢lcud end@aq onalefav&dncp%und
styrene-acrylic polymers and resins, %V|n

tproya), the gogkneys mf}&ﬁtlmt@rﬂﬁamr typisd|yng math@jgang% 03¢im to 10 pm,

ﬁ%fe%B@erﬁt 804 Hb RPN AARMng: in 'IHlémBSdn%Qlﬂeﬁoﬁl @bout 0.02
facilitate fhe coating process. The L |'ayer may be

®datred onto the donor substrate using a varlety of
coati ng nethods known in the art. A polyneric or

RhSRG Gitdbld fonb PN &hent 140, illustrated in FIG. 1d includes a donor substrate 142,
an LTHC layer 146, a thermal transfer layer 144, an interlayer 148, an optional primer

layer 143, and an optional release layer 145.

Donor elements can include an optional release layer 145. The optional release layer 145
typically facilitates release of the thermal transfer layer 144 from the rest of the donor
element (e.g., the interlayer and/or the LTHC layer) upon heating of the donor element, for
example, by a light-emitting source or a heating element. In at least some cases, the
release layer provides some adhesion of the thermal transfer layer to the rest of the donor

element prior to exposure to heat. Suitable release layers include, but are not limited to,
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is coated, in at | east sone instances, to a thickness
of 0.0O5 Mmto 20 mm in one enbodinent, 0.5 mmto 10

WOoreqooam®26 i n one enbodi nent, 1 mMmto 7 nm An PEDDAN$/68082

LTHC | ayer is coated, in at |east sonme instances, to a
thi ckness in the range of 0.001 to 10 mm and in one
enbodi nent, 0.002 to |l mm [63] Another exanple of a
donor element 130 is illustrated in FIG Ic, and
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odly (phery tenanifleres lepolpasetylcoes, afd athe colvlictined organgnrgdtenials known
[t [
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interl aye 138t icall remalns. in contact with the

@w@tquafséiﬁsqué@ i P gt tYee > v'F AASH Bcoppiied dreiy elrenes:
substantially transferred with the thermal transfer

Tiay&ptiodad 4e1ea[s@m};er3u5 ﬁxadg)lbe phﬂ’ﬂ bﬁﬂhb igried] $rads3& myret: bl bt
are n

%Paﬁaﬁeq% o{:ﬂ Qréldmﬁw theaelsarsg)‘ayeﬁ lﬁ@flgﬁ‘atfﬁnéfefrsqj‘giaﬁ th%éhegmal

S&Hsfed &lyeldﬁn@fﬁaﬁ@@ h@yteﬁ §ut@ﬁﬁua1@mrof dRPOEst B of @Y @ErSaiRvith
i nor gani ¢ oxi de ilica, titania, and other

thedaor subsHals )“)hen ﬁlﬁaheé%léml%frr s dretfngicpeshpzaniegnstances, for

LAUBISwitfd @RAiCa d%@hﬁf inBludes b ARi: Agtchilt @ﬁdrﬁ&%f the release
materials inclu but are not limted to, bot

Iy dstdissinatcd Reredit sawice Pivgeser i al s, Sui t abI e
t hernoset materials include, but are not linted to,

T ddN§, thg' AhtcPRY ulfQ & fdi’l%sdlé ([Hﬁ@fjsul%‘tralfbeﬂhaanﬂ %'L@H@Byerqm6 are
em cal treatnent inclu I&%Ut not limted

to
tqle@% It¢ IrBey cadhesiandsiask His| layerdig peg g donor substrate 142.

RR Ioﬁt'i@ltaﬂﬁ'ﬁﬁlwg iia&&sm QQA YERLE {OSII’ICI@ZQSQ )ﬁfn?osrmlt? rdgrmg the coating of
ol yurethanes. "The thernoset materials nmay be coated

DBaguert éﬁymmﬁ klay wereagehaisterlpyar bendanepitiensth hetrroptha st HE
?@r% ﬁe 30y %&iﬁéﬁg lrf'?i? In¥ IS bt SEGHIE Qb @L8% R an

0SS I nter
optional prlmer layer is avallable from Teijin Ltd. (Product No. HPE100, Osaka, Japan).

Materials can be coated onto donor substrates to form the thermal transfer layers of the
donor elements. The thermal transfer layer materials can then be patterned via selective
thermal transfer from the donor to a receptor. Coating onto a donor followed by patterning
via selective transfer represents a de-coupling of layer coating steps from patterning steps.
An advantage of de-coupling coating and patterning steps is that materials can be
patterned on top of or next to other materials that would be difficult to pattern, if possible

at all, using conventional patterning processes. For example, in methods as described
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[74]

[75]

[65] Suitable thernoplastic materials include, for
exanpl e, pol yacryl ates, pol ynethacryl ates,

w@iysi1peenes, pol yuret hanes, pol ysul fones, poPYEESHOE)68082

and pol yi m des. These thernoplastic organic materials
may be applied via conventional coating techni ques
(for exanple, solvent coating, spray coating, or
extrusion coating). Typically, the glass transition

ﬁé:f'gﬂ? %%Néﬁteco%g day®f cah e HIRPARADM 1S mt Sk SsRpiitiaRh@rial that

for use in the interlayer is about 25 C or greater, in
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glrg(l;se %ﬁ@#ﬁgencggfjthf g@ve%?f?a{dnﬁ%somp a%rﬁyer t’l&g cg;atQJ dlrectly on

e I nter e elther transm ssive
thbsdvbitagscentidfcd rageiiale, or sone conbi nati on thereof at
the imaging radiation wavel ength. [66] |norganic

mﬂ&&mﬁ% éH'a%éngde&ﬁ)r LRESh] 2Y 6L miBd go'rueﬁt ?ﬁllagugﬁrst maerial

for exanp nmet al oxi des,
dmibe gamr,csuﬁdqhb@mrxgdm ¢oatyes, amdqfdabru@hpngtlmgmweorrﬂdmeqr that cludes

{ngntggialﬂﬁléa? In?g %F g%g%})‘é}ﬁ%ﬁ%%l%%b% nt Abed t§ fcl)a% ‘l.:l{el Tireg! n?atter%lh %amage to

ese materials nma
dnp pécordilay e chinbe inirgmtzedl or dieanatgonwveyagirgion| @t}kehermsaremoval of

muc Voerr}rtlols otat{le so e grg%oe}(tmg %f the\s/e?c%géj {ng ! t e er (151.; nsfer of
acuum evapor at T
mnenMn&ﬁmbamﬂﬂwnaMtmnﬁMﬂ@&rﬁomumbﬁmooﬁmhenafakﬁqmihme

nterl a I‘I‘ er aant e transfer
v Sroo D o Pt R IS b EE B Py
fiaiyridl B&rﬁﬂdtﬁhﬁbﬁoﬂnﬁlﬂtlﬂlerﬁp@ﬁﬁﬁtblfe@ulﬁtlﬁ ardvede bRlletileof the
t rapsf e nstabl e materi al s

| ayer. so that ther
Eah Rl v & dreregplorritiye by n@ﬁe SIS Ahhe ARNOF PISEERt. Tggguse of

kS QIVRBsteptiBleildyRisQUE Be PltREl @nd&ﬂ@fh}éolv@nﬁd&@ted layers. In
transferred nateri al [ 68] The |nterla¥ may contain

aldétion; e &yers pegd gt h‘@trafﬁ@Fre%%ﬁ%FreaS AHAURIF et witotly, Solvent-

suEdhasit %ﬁélﬂl(@'cm@ﬁaﬁternféﬁ fﬁﬁ}ﬁéuﬁﬁﬂ@ mefbd ik ih DB eiMallanster
The t hi ckness of the interlayer depend on Tactors

goialg dgBor dfegient i%llmeé by wmh%ﬁteamlawanﬁﬁr stapaising papthepydepor to
I &b 'VQA‘[ Bited ﬁ&tehg @5: ”[lh@é{ﬁﬁe %(gflﬁ'ste% P'Ba{tt%fﬂeé kheRthal bR fer of

transfer ayer e wavel ength of the I magling
sohchintedatad, maémdtlsmet tdmuanq)towcmarlésm@gm@ voth, mhigriglker lapdrs on

&Fe@ %rqﬁat%{ﬁ%?ﬂ{co{nﬁ r@\gtﬁ]%efsag%ﬁt ion. For p0| ymer

|nt ayers; ness 0 € interlayer typically
is in the range of 0.05 mmto 10 nmm in an enbodi nent,
An opnaomethod iviHusteted indGs. Aade BHbGdiithetretes e step of Macing

Mnoﬁglgmeﬁt@3&rhiscussed above, proximate the surface of a receptor 200. This
illustrative donor element 230 includes a donor substrate 232, and a thermal transfer layer
234, which is made up of a release layer 235, a catalytic layer 237 (a layer that includes
the catalytic material), and a polymer layer 233 (a layer that includes a polymeric binder
material). In some embodiments, the catalytic layer 237 and the polymer layer 233 can be
one homogenecous layer. In an embodiment, the donor element is brought into contact
with the receptor surface. The donor element and receptor are configured so that the
thermal transfer layer of the donor element is placed proximate the surface of the receptor.
In at least some embodiments, pressure or vacuum can be used to hold the donor element

in intimate contact with the receptor surface.
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[76]

[77]

[78]

[79]

enbodi nent, 0.8 to 2 mm For inorganic interlayers
(e.g., netal or netal conpound interlayers), the

W@ biogkrmees of the interlayer typically is in tPEr/Ds2eg&068082

of 0.005 nmto 10 mm in an enbodi nent, from about
0.01 mMmto 3 mm and, in an enbodi nent, from about
0.02 to 1 mm [69] Another suitable donor el enent 140,
illustrated in FIG | d includes a donor substrate

Frecbor ko tich A% &ondrdfmedt (t,ah%(e %ﬁsférfe@'@% Rlrubiay, rgfr ma@t@l‘flal

an interlayer 148, an optional prinmer |ayer 14
whicl greithamapl tra@ﬁfelalgﬁerlcay@dhe@zt@ or ¢aphp n@dﬁmadmrémerﬁl@ p@aﬁular
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ease | ayer aC| Itates rel ease of “the
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bolghér-fénm it 4 paﬂgesﬁam tﬁlim efom‘xampl’eeEET ngP Y @irentin oheﬂeralbodlment

the r prov sone
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hﬂ@mﬂﬁm@kdﬁbﬂm@BkdﬂmkﬂﬂmﬁMyew@nﬁuﬁbl@mchﬁﬁmnﬂﬁhhﬂﬁbhﬁ
releas not

G SR AT g aR BT o e Ao el RBpIegopgigoned o reaed

P@dryeesSnal Gy OF thagheamal tRaTeCloNEUThd d@ditibhih€dould include
pol ymers, and/ or conducti ng and non-conduct.i ng

%l?%lﬁhgrtgqamts SELATTRRS UESHto & ma@% P2 Isaftlyrehamicg) éV‘ilild‘é ozone or

@fpérgiﬂl@pdi’&h&’émﬂ“ 12 treP@ledBdduld aﬁk%%ptl&ﬁlll?’ iR BRAEISal surface
Ig(phenyleneV|nernes) pol yacet yl enes, and ot her

wesidron vethofog & ¢ra s ke 4P| agdit pior YuHBEatof  ski | |
in the art. Exanples of suitable conductive

B BAREE lIRBDsddHetditt] @ftbrkSdmONdiah &t Rh1&d Pﬁﬂm‘i&t@@lk receptor, at
raphite, ul trafine particulate indiumtin oxid

P &PtAB obthe thepmy) tltamferdaaea af the Aenog glgrentds %i‘Flln%ﬁ“Y transferred to

AV AcLABI. erHaBteii 84Sin Q! @a%@ﬁ@ﬂ?aﬁbﬁg 1ﬁ1§’s@tt3teaﬁe DNBRORDASLthermal
Technologles Cor poration (Burr 111.) and Metech

@rergyewb@ traméera at lash?eworgm efahd @nﬁh @mna%o mhe feprptor 200.
i de%s l 1@[ gb@gé%qg gt nlgéégétl #&H&{ @fthéﬂ& 09@1%19&1‘[2@6 ShlcBb to

ng materials (suc
s feathg opeion wéthy tharmelltipdsfagaydr 834 ehighiyl aaposicthéo the energy.
materials described in U S. Pat. No. 5,747,217,

F&qmrﬁglrt%%r 1!35 fgrhéﬂat%ﬁ (E %f ﬁéﬁ? %Q/arlét% @)1‘ ra&rﬁgorp%fttmlources can

rel ease layer 1 hermal transfer

baysed inghe ﬁ@@loaﬁd @edw% él@ap@t eénHOéy@m they tranépr i agromplighed fith a
fagb? F&J a%@i%ﬁ técﬁﬁﬁ&ﬁes @g, Q{pgsutré @ﬂﬁl % %@)ﬁ"fll&ﬂ]—p&b@re(ﬁ ﬁg{t galrces
(e.g., xenon flash lamps and lasers) are useful. For digital imaging techniques, infrared,
visible, and ultraviolet lasers can be particularly useful. Suitable lasers include, for
example, high power (e.g. > 100 mW) single mode laser diodes, fiber-coupled laser
diodes, and diode-pumped solid state lasers (e.g., Nd:YAG and Nd:YLF). Laser exposure
dwell times can be in the range from, for example, about 0.1 to 100 microseconds and

laser fluxes can be in the range from, for example, about 0.01 to about 1 J/cm?.

When high spot placement accuracy is disclosed (e.g. for high information full color

display applications) over a large area, a laser can be particularly useful as the radiation
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transfer layer. Alternatively, nost or substantially

all of the release |ayer can remain with the donor
waasotaee when the thermal transfer |ayer i s PCT/US2008/068082

transferred. In sonme instances, for exanple with a

rel ease layer that includes a sublinmable material, a

portion of the release |layer may b e dissipated during

the transfer process. [72] Typically, the materials

WRRY. Lol Bhd ﬂ@c&iﬁﬁﬁ%le%ﬁﬁ&oﬁf%ﬁe lq‘é% RBGraldd8udh B m x 1 mx 1

| ayer 146 are selected to inprove adhesi on between the
nrHdass capd contipgograd shaseeddbmorbsgates tsnehtas 190 pm pafyimide sheets.
optional primng layer 143 can b e used to increase

[80] HE‘shsfn% fRefr¥al GHA( RRGdst R ErreRahdyR (REd, Bt RRARYE R ith! s%ﬁﬁfed A0Rbr
al'so increase the interlayér bonding strength between
@lh@eumtm%ty)@i* thayd nph include aglbRBE 1ayighand radiationgpsorpyieThis may

j t
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My dHHFlEiO@IDDr fos lakear pgtaparsuch ﬁma@semuercd g glpbawnmrle segmented
§i9 %ﬁd onto donor substrates to formthe thernal
fer layers of the donor elenments. The thernmal

transfer layer materials can then be patterned via
[81]  Aendsattonveurchesniggherlivahegbed tofheesihe IneH d dayer (apdjorzpther layer(s)
L9
R R S A e g
txappere thoaigh agnask)ep Qerfmmnmpgqvum‘tmnmfgr sfttephermyhtransfer layer from
n e 0 d.Qnd patterning steps
%g\é??]oéte%ﬁlﬁﬁt tognalrgC ?%r a(‘bcgrd(f at% rneen%{ on top of or next
to other materials that vvould b edifficult to
[82]  pliernaivaly, i heapog sletbw, aich ad 4 resistsierigatogrelesrent, onailbe used to
i r r
Q%ltsf(;e? ﬁ{g eﬂgﬁgrg?l et%&%ﬁﬁg T @%ndtoﬁ&gog%%ll gt ?an%e 'l@l%&%@ Biitacted with the
kmtmgclnracht amcausqaheﬁnahtram few eﬁ%t pcshe;rc@pha thbrahigme far wyer
ved net rat ed
2R PaBSR PLERE e b RE funoh LG st AR er
pmesentenelcctricel cﬁﬂlemappl1ehadthbm@esmtom¢ coated | ayer
been coat ed directly on the solvent suscepti bl e
[83] plcalil atil% g%r ltransgeh(:fr %P%SS glans e dg% 5 | agcee{)toro %lltﬁlou;%i %ansferrmg any
nfaheemherl layars dfhie dzlmnroaiemesmlstldtﬂsyhairpym@ uttérelyemti ithedg, THC
nd then depo |t|n a.second | a rthat cl ydes
Rt F RSP RaT i PR RSB i Timat e BTt gt e
LOHC0dler {ohie febdpsdr anmbereilwe dls%mﬁgiﬁ theQrdnkferrsesetich dfalyer
an be m.nimzed or elimnate evapor.ation r.
%‘P%‘@?W‘&Eﬂﬂ%ﬁb pne egpbogiiment. ypde %g“@f OPWEO%Th\?ég‘%GSIOH of the

heflay® (¢H3UTHT fcriN@ct@cndhd @afedion MRRNintcRBYd® the thermal
‘}ra{naslttg ];a?/gr. ?nf some instances, a reflective or an absorptive interlayer can be used to
attenuate the level of imaging radiation transmitted through the interlayer and reduce any
damage to the transferred portion of the thermal transfer layer that may result from
interaction of the transmitted radiation with the thermal transfer layer and/or the receptor.
This can be particularly beneficial in reducing thermal damage which may occur when the

receptor is highly absorptive of the imaging radiation.
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this multiconponent thermal transfer |layer fromthe
donor elenent to a receptor, the second | ayer becones

weomvviweed between the receptor and the sol veP@FUBDE0H8082

first material. Thermal transfer of multiple |ayer
units results in a reverse ordering of the transferred

| ayers on the receptor relative to the ordering on the
donor el enment. Because of this, solvent-susceptible
L¥CuShof ABmB, PRILERAE hoHRHE TR R Al VoA hax%qgﬁgﬁijand width

layers. In addition, the layers need not
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donor ,substrate 232, rnaJ fer er, 234,
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ﬁﬁp&)@hﬁ'ﬁéﬁéoitroﬂéﬂ%ycﬂfr akanipl& sélaxmg t}%?ﬂze an ﬂlethlgﬁt R YIKE Exposure

@ﬁ%er 233 can be one hongﬁgneous | ayer.
Bnfterisht bayan, denuratian ehdirseter Sean %ﬁ!i‘&ﬁt W}ﬂh ths depgiteleatent,

Mdtthe fb@rifIE6EBRE bnos MEhGe. The donor el ement and
receptor are configured so that the thermal transfer

| ayer of the_ donor elenent is placed proxinmate the
Ehgrmaldenyfer ysig liebtaproden pllOﬁldsPetreé aeuragy ard @%b@dﬁ%‘éﬂtf%r very

PRASEVICEs, Qch\A@SHMMRRA 48 clde@shid &év'fl@i , Gncilen gd R @kample,
el enment in intimte contact with the receptor

Sy Pt pher qponetepl iptecirsd WHFWR, ashvellds Ao @ICRiEuse in a
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method.

In some instances, multiple donor elements may be used to form a device or other object,
or to form adjacent devices, other objects, or portions thereof . The multiple donor
elements may include donor elements with multicomponent thermal transfer units and
donor elements that transfer a single thermal transfer layer. For example, a device or other

object may be formed using one or more donor elements with multicomponent thermal
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limted to any useful material, such as a pol yner
film glass, or netal. One suitable type of polyner

wo pooa0ie2@ pol yester film for exanple, PET orP@EENS2008/068082

films. In one enbodinent, glass is the receptor. In
anot her enbodi nent, the receptor conprises glass or
pol yner as a support for electrical or electronic

circuitry such as a flat panel display backpl ane, or
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utilized can be conditioned or treated prior to
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In an embodiment that includes a catalyst precursor, the catalyst precursor can be
converted to an active catalyst before, during, or after at least a portion of the thermal
transfer layer is transferred to the receptor. Depending on the type of catalyst precursor,
the activating condition can be carried out before, during or after the thermal transfer step.
In an embodiment, where the catalyst precursor is thermally converted into an active
catalyst, the activating condition can occur during the thermal transfer of the thermal
transfer layer. Alternatively, in an embodiment that includes a thermally activatable

catalyst precursor, the catalyst precursor can be activated before or after the thermal
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di splay applications) over a large area, a |aser can

be particularly useful as the radiationsource. Laser
WGeomwpoE®2@r e conpati ble with both |arge rigi d PCT/US2008/068082

substrates such as | mx I mx | nmmglass, and

conti nuous or sheeted filmsubstrates, such as 100 nm

pol yi m de sheets. [80] Resistive thermal print heads

or arrays may be used, for exanple, with sinplified

HARRE o€ R ALal %ﬁ’ssférrl%If ' }ﬁﬁ?%xilﬂﬁé tﬁ@caﬁ@st br@&lrébq €arfk thermally
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(e.g., less than approximately 30 cmin any di nension)
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ebilie pertiedsr nemseathpywisdeipg atlized. Kot thibin et |2aypa the
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@Aletgyrtha shoudd Iy: utiiizh:é dtor axpnglle mene catalyRt preawrs@rs msbesat:twaeed by
t.ransfer the the

%n%%}q/ fn 09n gl Em er of Sﬂ]],lréés 1ncludS rg ut not 11m1 e% t% ear% 10n ltasers Fxmmer

Bomd, atdﬂérdG\Msbrh d:nheymm:tnon gy@émsrmme otf gkilt avthe altt h&mmg Ichosen a
f the thermal transfer %%
glcular

S P DR b R, B S RE PR R it e

flashaled ceiiie 0f usidythitREdrpgeoudcel ayer that can convert an
el ectrical current applied to the Iayer i nto heat.

921 MR R Gioh of s Brs PR e R B B B Frenge dngecepron
ot tné)h eteFﬁrFﬁfﬂél?ciayﬁ%fasgf herdie gd@ _T_l@ftrci&é;@lﬁf&lﬁlbq_ls_ﬁzuﬁﬂshllzimﬁthﬁal on
ot R it b BRI R dBos s

thisarshgttryitidlgftck THdendtalematefaltdne hﬁs&%@@ﬂ@fos@ﬂ% @l{e transferred
reduce distortion in the transferred portion of

RHEPRDf B heamal tegpeler laygs. Branbofiserasngiere the ﬁ*ﬂ%l?/“c Material s

b BRAVNGr gce:@&l’é‘&f' tht enslysthRRuAGEs be E‘orﬁ%rtéd"t@ ah B&RE |c§t)(ﬁ'§t Hefore or
t he | ayer is greater than the adhesi on of

fuitngtheggestroless depesiiMgiiqpg Fof ?Xéﬁ@feeﬂle Ipakjeaned rpgepiop s face could

bJ‘p%c%H GE3h elé%tr"o%ﬁé RBbLiNG 1k tﬁﬁ é&é&%ﬁ Q"réd‘d@inlg gt | ayer
can be used to attenuate the |evel I magi hg

radiation transmtted through the |nterlayer

and
93] Fledgion "Aserolgsrsgesitian” fofers ta apresast fos thesdnctrpleis nting gemetals.
teRgidaml idvbRBSTHE hisd @UEElctdAlss PBYing &titloh tiat fBtains a soluble form

of the deposit metal together with a reducing agent. The soluble form of the deposit metal
is usually an ionic species or a metal complex (i.e., a metal species coordinated to one or
more ligands). Generally, electroless deposition does not include the application of
electrical current to a work piece that is being coated. Once the thermal transfer layer
including the catalytic material is thermally transferred from the donor element to the
receptor surface, the receptor can be immersed in an appropriate plating bath. The catalytic
material, or an activated version of the catalytic material (in the case of a catalyst

precursor) catalyzes the deposition of the deposit metal from the plating solution. Once
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[94]

[95]

[96]

[97]

interaction of the transmtted radiation with the
thermal transfer |ayer and/or the receptor. This can

wheoopatdoecul arly beneficial in reducing ther maPCTHESNGF068082

whi ch may occur when the receptor is highly absorptive
of the imaging radiation.[84] Large donor elenments can
be used, including donor elenents that have | ength and
wi dt h di nensions of a neter or nore. In operation, a
étﬁ%r pIG@ATE PEcL ATyBREDnRRuQTORLMSS (HDNEHi0A G RP %u&&ecatalyzed
| arge donor el ement, the laser being selectively
bypidsy arredctelsurfagehingathe tqyor eitoersalic. 't lhanetherembefliaiepht
r
PSRN, B QoA S DL ol LY E Yok i
metabiatithmehel ihaselutiof] %petmalevrofal sscopd mebé wphtamelmnhcdtack on the

ﬁlg{ager (Ingﬁe: Hx%?ﬁlgtalb%dﬁl s%ﬁulla%godlts n]ggnifr%ﬁous rd%]?oss tl%rB\ O?Ihe spc%nd metal

glie enfidce.c @ fist inetalt fenktioys apbé iedatingagent amliis eled mﬂerhéau
cte L.on f. r el ement. Heat can

i o G SR el NS PBRent (oo, o

resi stive heating el enent), converting radi ati on

Vetatjic, macrpdathatehn bé fphnyd ltsdngl’amupleardép@slitimp'mhgder@gppm nickel,

goll Csh\rfcltr,gpalrl]la(ﬁur rr?ﬁ&mm ru en1u {m cobal{I ﬁs we 'flS atllogs gﬁﬂese metals

I'nstances
with Bghlothghor xizut}opshoslﬂra)roue xabpbe as avell asm[Eanrouh(BSJé these:meta]s evith

TR R TE S L aE SE .

tgiipN8écableahl palotvey eﬂdlélﬂacgment&néchﬂﬁsm Gistesd 6fa zﬁlwdatﬁ@ms or
ot her. shape) can be control]| ed exa

wethapisin 9 eexampls. (¢ mefdicjdeppsit ni(?éaé.lﬁc ‘{dﬁ%coggﬁogbf% gold,

atitued, Palpfdidnl @r bdrfdond@ambn thBR ot UrnRtdesRit et bk £GE e&alytic
eam contact with the donor el ement, and the material s

BRCHHSR BN sancetrehifferentgs] Thermal transfer using
light can often provide better accuracy and quality

GioRtehdbdihRht WiRyths 0RblytiEl@MicEESs a StatiAFeG Rt {haﬂﬁts kg
and el ectronic devices, including, for exanple
ieuged fins prgprdo ey eR esirokesndsapinn Sush redueigrear ggpur separate from

b E'Eth'lb/ﬁcs grofth Wehd dPSsiCAERIRN 8HhSi AR Wit IIR daﬁllﬁlc dksirth @Ythe
such as el ectrol um nescent |anps and control

wreligidepopit. REgeesseparhera theeaiglytia patpdgl éy rediced seopiageHfoniiy,
@éal&tﬁ%ﬁ&wﬂh%a@%la%ta@oﬁ% np{thVl't ga% Jc@t[r PEELRF rate, allowing for

regi stration when formng nultiple devices over an
pivesasingadvantggds al hecadyvifsanaerial an hraedisod bephyteeedugipnan

ﬂ'ﬂ]m RaubONPRRAGRER 68 0l ofte Hbsp Le%{ctio% (2o &%p%re chemical
p1 xe 'S

can be forned using
reduction is utilized, suitable reducing agents include, but are not limited to,

formaldehyde, hydrazine, borohydrides, aminoboranes, and hypophosphite.

Methods that include optional rinse steps before or after the step of electrolessly
depositing the metallic deposit can also be utilized herein. One of skill in the art, having
read this specification would also be aware of other steps that could be utilized in

combination with the method steps disclosed herein.

FIGs. 3a-3C depict another exemplary embodiment of a donor element 300 and a receptor

310. This exemplary donor element 300 includes at least a donor substrate 302 and a
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[98]

[99]

met hod. [87] In sone instances, mnultiple donor
el ements may be used to forma device or other object,

wW@roopmo1%02¢ m adj acent devi ces, other objects, 0PCT/US2008/068082

portions thereof . The nmultiple donor el enments may
i ncl ude donor elenments with multiconponent thernal
transfer units and donor elenents that transfer a
single thermal transfer |layer. For exanple, a device

@Bl R FQ @y@ﬁio4mls*%§erflﬁl5&qgerﬁﬁ§f s 2Ry Q13 O@é&ra‘ﬁ? M¥iudes
el ements with nul ticonponent thermaltransfer un
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ers fro
SR AR R F gt 0 0B g e S SR e
tteps trhs@migyat. t er ni ng steps, for exanple mhere such
coupling can limt the types of Iayered structures, or

th VaI'IXi[l)S S pgl;mv%RJg% gn:rpr]lt Ih?S; ns;“&sc {J%eﬁ’herem can Iggr%:eéagle ebg c%rne?l] out in

agr qi)dhﬁt EICh thbgutraehyne GXB]klp]aB/t metBat mﬁaw itilizinpghe steyd disclosed

SR T S R e

Q& Wasing Eaétﬁlgﬁ@ma@nﬂ@moﬁeais@lﬁﬂaaﬁ &n SdtiRL bzttagaﬂ Ok ghnstantet! Kstep

ting (as i nkj screen prin
18 oleelorB veck o GBERgl it herBRb el cn g g seposed to

&E&ﬁﬂdggplﬁﬁngé(@t@f) bay) 16 @@aw{he RGN H446rial On eHcftfahGtrddportion of
th such conventjonal approaches is that solvents

ﬂi‘é éltfr% taper Iasr-dhgrehycreating podtigle AningR PrisEEd swtellitgagerial.

£1@;. Ratsh TR AR £ dpdbsal st‘éﬁ MBEHFRER a erﬁ&cﬂo%er RRNREARAIR in
and/ or render inoperab previously coated or

tatheans dgnyferlayes ‘bhe Qmp@aﬁ caing creagg)a cpyegstheppaldragsfer layes on
gonek,gl enent 230 and the receptor 200 after the donor

el ement 230 has been exposed to energy. As illustrated
in FIG 2b, the portion of the donor elenent 230 that
Giés Selktﬁtr@féﬁam&ef premplray mathod genceply juglizinghe pieps dgrlesgd herein.

TRE X SHERY ﬁfethoh dsm@ns’ers,k@s NS ﬁfbﬁﬁ&foﬁ QR QiBﬁdr%ﬂm%ﬁA%r Qhting a

the thernal transfer |ayer. ortion of onor
¢dnengpgk PR0OVihe edtalyst precursor (step 400 to create a donor element with a

catalyst precursor. In one embodiment, a donor stock film can include a donor substrate, a
LTHC layer, and an interlayer. The donor element including the catalyst precursor can
then either have the catalyst precursor converted to the catalyst, step 410; or can have at
least a portion of the thermal transfer layer transferred to the receptor, step 405. If the
catalyst precursor is first converted, the thermal transfer can then be transferred to the
receptor, step 405; or alternatively, if the thermal transfer layer was transferred first, the
catalyst precursor can then be converted to an active catalyst; step 410. Either way, the
next step is to electrolessly plate the metallic material, step 420, to create an article having

a patterned metallic material.
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was not exposed to the thermal energy naintains the
thermal transfer |ayer on the donor substrate 232,

WO 2@9/0120b€ renai ni ng portion 234a of the ther nBCT/US2008/068082
transfer layer. [90] In an enbodi nent that includes a
catal yst precursor, the catal yst precursor can be
converted to an active catal yst before, during, or
after at least a portion of the thermal transfer |ayer
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@iﬂau:@ at hrgfrs@t i€ sn @hbcaldhdny,ahd digy @rley @yratl Hadtursdiacthdbs beth the
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exci ner I asers, Nd: YAG | asers, and synchrotron

wiskth. apdsabogi20 ngpomgiess|(nphorlpjgerdp heighia I igh am aidisls. the size of the

Padetncg Hbﬁbnscatt@ HSmaPAGHE BOEr MRYE ShotDPPmtd %rgaf mewmfth and
ene source, and the particular functional detail

iy OF Keger ey %@ma&lé thg deph offthcapctaliic magesipls gn the
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nsferred to the receptor,; the next step in meth
il )l the et wHiyndristand thetn dicker lnysr eSmptpllig apinsiat cag be obtained by

é‘rigﬁr% }1& fhatZRLIGD! efailon%p in]bgiJf‘?iﬁi%pt or by growth of the

Ic materia catalytic material. Fig. 2c
illustrates this exenpl ar% article after the netallic
[103] Branepldry prtigles desagbadaad farmpe Bereia ganhpve igeads ofapeiglie magrial, and

such articles can be used for example, for electromagnetic interference (EMI) shielding.
Exemplary articles described and formed herein can have traces of metallic material, and
such articles can be used for example, for touch screens, for sensor applications, for
circuits, to make reflective indicia, or to create fluid flow devices (where the patterned
metallic deposits can be hydrophilic and the non-patterned portions are hydrophobic). An
exemplary article that could be formed using methods disclosed herein are flat panel

display backplanes including multiple display backplanes on a mother glass, which
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portion 234b of the thermal transfer layer. In
enbodi nents where the catalytic material is a catal yst

wWee@entees , the catal yst precursor can be convRCT/ES2008068082

[104]

an active catalyst before or during the el ectroless
deposition step. For exanple, the patterned receptor
surface could be placed in an el ectrol ess deposition
bath that includes a reducing agent. [93] The term

@llllg&tc'b e?%?’otﬁ@rQ@ﬁdlfc{l%etﬁleJu@ fijfest @x@nﬂlﬁgf%esf&gcrﬁ)g@and
e ectroless plating of netals. It typically involves

foaed epscip pargrpve repedting ldets or slaady efanesaligmptgrialt 4ngdtsuch articles can
I

Eé)l% @forll%x LPE(IQ r‘%éég‘lgageé %}ﬁgl efféégﬁe ﬁ%%ﬁ?c’loérs mﬂ@ﬁ*d@ tpﬁttte(?%e(%fglge::[%lhc

dmwbats tlnas cushoalw@ftoamndmmmel@p‘mmntor a netal conpl ex

Iﬁxe dolagg ?m@%é aés lFei Calng zqrglgg fug[allﬂ%glne %V% (Beff%:{:t?ve or ag{gltrgnsg rent

Y, ess deposition does
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wor k ece .t hat -8 the her mal

PR PSR A o eF RSt e P B agticostha
tdnéx fatdey utingnsfhedy dctldsedhartihénctielo aficremén® atragso t he
receptor surface, the receptor can be i mrersed in an
@;peomdo?%) Iy art cge(sj 81\2/112 arg H%src]rtfgefd atni;l] ormeg ereltnlcan SdvaR ageopsﬁzt havo tli;]e
ﬁ:aqmorpnhe porciat af tis thepme ﬂ‘alisﬁfﬂﬂa)yer; alteahgtzlhe niafeeiald elpmmet ion

of té 18?5@ % %]thﬁ?(ﬁﬁt g}‘egg §xlgipg1tp%g1%86rﬁﬁu?ﬁ€ejoverall article are

glmduc tri 01l o Beh@dgabslt yodhe BE b1l iS1@E b1€ that Gt ah yizied hbs/been
# wn net a urfaﬁg hence the term "autocat a

Ui et s loscd heredrutirgics BocEaing Siepy BA bE & tied dut on

ihavRidEwRhSR aGa B FHon B8 Sdoh®BthisldkcRbgh. an enbodi ment
afirst nmetal is imersed in a solution of netal salts

%F a second netal with a partial attack on the surface
Examp

[105]

[106]

the first nmetal and the sinultaneous spontaneous
deposition of the second netal at its surface. The
Wltihslﬁesﬁgérafal é(bme[itsi; ofitbe pigscnhdisdl@utecih Rdnd gednbiplarg Iddndrslements,

so.ref erre to rei.n, when er cat al
iy B ot S % i et o GRp L Fagey be
gagidea. formed using el ectrol ess deposition include
copper, nickel, gold, silver, palladium rhodi um

T P AR U R T
mOwellglmaaserc QMO sol@font(Ngige 1 yedsab stedbitth a palg bthple e r
Sronbhes BT PPl S L Bl BRd Bt bR S i The
greglsaleﬁmms IpBGAIRRIISMabhelopadicefgrauroae Atnd) ¥ ST £G-150,
Yasui Seiki, Kanagawa, Japan) to achieve a dry thickness of approximately 2.7 microns.
The coating was in-line dried and cured under ultraviolet (UV) radiation. The cured
coating had an optical density of approximately 1.18 when measured using incident light
having a wavelength of 1064 nm. An Interlayer solution (Table 2) was coated using the
same method as the LTHC to achieve a dry thickness of approximately 1.8 microns. The

coating was in-line dried and cured under ultraviolet (UV) radiation.
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mechani sm I n one exanple, the netallic deposit netal
i ncl udes copper, silver, gold, platinum palladium or

W@ oive/0twedi nati on thereof. The deposit netal apdI/Ukz®08/068082
catalytic material can be the sane or different. [95]
In an enbodi nrent where the catalytic material is a
catal ytic precursor that has to be reduced in order to
catal yze el ectrol ess deposition, such reduction can
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eposit ar coinc the catalytic growth
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[98] The various steps involved in nethods as

di scl osed herein can generally be carried out in any
wW@e@en1208d G 4 illustrates one exenpl ary met hoRICT/US2008/068082
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3 Pd NP Ar plasma treated UV curable binder . Partial
ITO plating observed.

4 Pd(OAc), Silane treated glass UV curable binder. Plating

observed.

The sample 1 donor element was prepared in the following manner. A donor stock film

comprising both LTHC and IL as described above was vacuum coated with 100 A of

copper phthalocyanine (CuPC) using a standard thermal evaporation procedure in a

Balzers vacuum chamber at a background pressure of 107 Torr. The donor was then
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[101] One of skill in the art wll understand, having
read this specification, that any of the steps

walt@ens®ed in Fl G. 4-6, and in other porti onsPCF/US1908068082
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Irgacure 369 Chemicals 5.66 0.69
2-Butanone (MEK) 87.76
100 100

After the sample was imaged, as discussed below, the imaged sample was baked at 100 °C
for 10 minutes in a nitrogen purged oven then cured using a Light Hammer UV curing
system from Fusion UV Systems Inc. The sample was exposed four times to UV

irradiation by passage under a D bulb at 100% power at 20 ft/min.
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An LTHC solution (Table 1) was coaféd0onto a 100
pol yethylene terephihalate (PET) film(WQ 2.88 ml,
DuPont Teijin Filnms, Hopewell VA). The LTHC sol ution
Weassolysion MaticaptadHisiag b 4B dMayeoR §d wigiiegreanarimagehadrs thickness of
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é’ﬁieﬂlgfrd.nq ﬂlsqulSiygtI@lIns Inc. The sample was exposed four times to UV

irradiation by passage under a D bulb at 100% power at 10 ft/min. The imaged sample

faoll ow o
LA T A~ A T

was then Ar plasma treated at 100W power for 1 minute to expose the Pd nanoparticles.

The sample 4 donor element was prepared in the following manner. A donor stock film
comprising both LTHC and Interlayer and described above was coated with a UV curable
polymer binder (Table 7) containing palladium acetate. The solution was coated using a
#3 Mayer Rod to give an approximately dry thickness of 200nm. The donor was then

baked at 100 °C for 10 minutes in a nitrogen purged oven.
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Hanmer

donor film in a laser imaging system based on a single-mode Nd:YAG laser with a power

of 1 watt at the film plane. The laser beam was scanned across the substrate using a

system of linear galvanometers, with the laser beam focused onto the image plane using an

f-theta scan lens as part of a near-telecentric configuration. The laser spot size, measured

at 1/e” intensity was 18 x 250 microns. The beam was scanned unidirectionally with a

triangle dither pattern oscillating at a frequency of 400 KHz. Nominal linewidth was set

to 110 microns with a pitch of 165 microns.

Sample numbers 2, 3, and 4 were laminated onto a piece of 0.7 mm thick glass substrate or

in case of sample 2, a piece of PET film that had been surface treated with Argon plasma

from Plasma Science. The Argon plasma treatment was done at 100W power for 1

-34 -



system from Fusion W Systens Inc. The sanpl e was
exposed four tinmes to W irradiati on by passage under
w@2@9bwors at 100% power at 20 ft/mn.[110] ThePGHIP1068/@53082
donor el ement was prepared in the followi ng manner. A
donor stock filmconprising both LTHC and Interl ayer
and descri bed above was coated with a UV curable
pol ymer bi nder (Table 6) containing palladi um
fﬁﬁﬁ%o ‘iragér Gn&ing \]J-Qstﬂeﬁ‘oﬁnedw SeHbsaRY tRe E&Joyﬁﬁﬁ t020th&skibaRd
w th Pal | adi um Nanoparticles The sol ution was coated
URASiNG sEster With pdescRengratiog g JP8nmsortpyweendyargmeddy. gheg/laser spot
%iEE &é%”l%?; 19h nﬁé}Qﬁ‘smNoElﬁal FRRHARS SEHS%(%%‘[?@] %ﬁuh]a%cﬂ&
or mnutes In a nitrogen purged oven
tdpensampl e was i maged, as di scussed bel ow, the inaged
sanpl e was baked at 200 OC for 20 mnutes in a
Ri‘t&f tR9&Hh éﬁ’ésé'&xg:?éjl @@tﬂeg%r&&Eﬁ&p%{e%u%&'ﬁg@h ai'g%'iglfﬁ&ess

curin stem from Fusi on UV Systens |
Blatmg tathydgble Bp oBledl4ting bathisplutort wasvenaradau ihetfplénvily manner.

L R

Fomaltlchida untae addzd dasposlghd pietn%dsomanmwax hdadessSS {Q ﬂm]: sﬁlfh;des

[117]

sanple 4 nor eI nent. e in th foIIo
RERnctaf3a0n S ERYe PR ARLRRS! ot b O PP e

drodser | ayer and descri bed above was coated with a W
curabl e pol ynmer binder (Table 7) containing palladium

t e LEqn.was coated using a #3 Mayer Rod
?ﬁﬁ & EleCtrOIGSSﬂ%hx %@ % y dry thickness of 200nm The

thapvbaked at 100spfibor 10) Bufheich] 2

UL na oV-eh- I f‘nr oln e |O| yner

donor was
ni trogen

Sol uti on
was i nmage
baked at
oven then
from Fusi
four tine

L ]
mﬁﬂhﬁPﬂﬂ%Edlun1Ac
dpmméydhecussed b

elpl & %%14]
el ow,

g% fer the
ed sanpl

0,,0C10or.20 mn

?j’?& P o Li

Svstens I nc

S|nan

jyhe
Gﬁﬂglgannl

trogen pur
UYs@ur i ng
Was expos

1%

ssdsdaurwydlrbila@ll ati

OPMbYy passa

;eg/gnder a

sanpl e
e was
ged

gystem

ed
D bulb

be—Tomber1 was

at 100% ppwet Ot mn—1i5—San
| anmi nat ed BWF’éldﬁhBﬁﬁeegeﬁ of |0a7 AWt hi cki@lass sulistrate
that had p¥®HiBurface treated with Argon plasma|from
Pl asma Sci ence. The Argon plasnma treatnent was done at
| OOW power for 1 minute. Laser imaging was perfornmed
MfteraippRidngasteRposedvakie élédtf@ldsmplatlﬂg&&ﬂf ainfi&gimh fthd @mple

\Qgsstglgeno%heamswlrggrla&l crgg%e seenin ﬁ% aser with a pover

[118]

[119] While the disclosure has been particularly shown and described with reference to various
embodiments thereof, it will be understood by those skilled in the art that various other
changes in the form and details may be made therein without departing from the spirit and

scope of the disclosure.

[120] Thus, embodiments of a method of patterning a substrate are disclosed. One skilled in the
art will appreciate that the present disclosure can be practiced with embodiments other
than those disclosed. The disclosed embodiments are presented for purposes of illustration

and not limitation, and the present disclosure is limited only by the claims that follow.
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of 1 watt at the filmplane. The | aser beam was
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30| utTH @S d0erbieg td @aimdl, GhercihBe SdlcaBat¥ell & a catalyst
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NEs™¥hserved in the i naged areas. Table 8 :
El ectroless Plating Solution: [118] After sanple 4 was
exposed to the el ectroless plating bath, a m crograph
of  t hidhedngifipdacepding tedym hﬂ@h%ceme@%%wna@ﬂ%@e§@élﬁst| n
pre&arsof to e[nla%g]/e Uiy iR hGidi scl osure has been
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5. The method according to claim 3, wherein the catalyst precursor is converted

before the thermal transfer layer is thermally transferred.

6. The method according to claim 1, wherein the thermal transfer layer further

comprises a polymeric binder.

7. The method according to claim 1, wherein the donor element further comprises a
light-to-heat conversion layer disposed between the donor substrate and the thermal
transfer layer, and an interlayer disposed between the light-to-heat conversion layer and

the thermal transfer layer.
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[120] Thus, enbodi nents of a nethod of patterning a
substrate are disclosed. One skilled in the art wll
wa@ppeetioad e t hat the present di sclosure can bePCT/US2008/068082

practiced with enbodi nents other than those discl osed.

The di scl osed enbodi nents are presented for purposes

of illustration and not limtation, and the present
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ey dr sleposad petivperethi bglisitardient colwersiindaype tivotic el dimder
fo claiml1l, wherein the donor el ement further

ayer. . . . .
c%rrprl ses a light-to-heat conversion |ayer disposed
bet ween the donor substrate and the thernal

13. The thermal transfer donor element according to claim 11, wherein the thermal

transfer layer further comprises a polymeric binder.

14. The thermal transfer donor element according to claim 13, wherein the polymeric

binder layer comprises a crosslinkable polymeric material.

15. The thermal transfer donor element according to claim 13 further comprising a
release layer disposed between the thermal transfer layer and the light-to-heat conversion
layer.

16. The thermal transfer donor element according to claim 15, wherein the release

layer comprises copper phthalocyanine.
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transfer layer, and an interlayer di sposed between the
I i ght-to-heat conversion |ayer and the thernal

W@ e@noimes | ayer. 8. The net hod accordi ng to cl aP@T/¥$2008/068082
wherei n the donor elenment further conprises a rel ease
| ayer di sposed between the interlayer and the thernal
transfer layer. 9. The nethod according to claim®é
further conprising the step of crosslinking the
PRl YR AificlRbhidfifisingl & thd R WRIhRgraccording to claim9,
wherein the step of crosslinking is acconplished after
t he tareeaptr sebstigisf er | ayer is selectively transferred
fromp : t
tr ancrereHen e By e e RERR ALk bl Lk Rbepor
obeeate; a donor substrate; a |ight-to-heat conversion
| ayer; .an e I er r )rising a
cat al aﬁa%%r%ﬁ(g%eté&fcgg%r i%&ﬁ% % ﬁga?))r{rlglma%%gﬁsa (zr donor
el ementeleatclosst)i degoditod aleqilivy ndterfaliivtieenrin tho mpralld mggerdah has the

I nter|ayer di spos t wee he |ight-to:heat

L vah o R B R b e P e 15
The tWietdmthepaadisdddirstdoroindtheparincdc@ofidliang akotheinailm
11, .wherein the thermal.  transfer | ayer further o
%ﬁ{?ﬁei Ié’sth%reﬁ‘i‘ﬂt%f&'i’%”@etﬁ%%F?noi glemeipfand wapigde incpmpatbls if
Slanfly €biei¥e dh tIRGEQPF A strae G B¢ 63ddSin whidrtedyhré fo@nd on the
pol ynmerjc binder |ayer conprises a crosslinkable
setirerbseaat erial . 15. The thermal transfer donor

el ement according to claim113 further conprising a

rel ease | ayer disposed between the thernmal transfer
&y erThspefiderecordre ¢laimbavhegntheriystdayer egpatrisesiapolympgic
tihgsmal transfer donor el enent according to claimli15,
wherein the rel ease | ayer conprises copper

pht hal ocyani ne. 17. An article conprising, in the

f@l | Omerﬁgtic@é"zfé:%rﬂing td 8&1%1018? (Vhélléﬁstflg I%Iﬁ:neric binder comprises a

polymer that is capable of being crosslinked or has been crosslinked.

20. The article according to claim 17, wherein the incompatibility of the first layer and

the second layer are based on solubility.
21. The article according to claim 20, wherein the incompatibility of the first layer and
the second layer are based on one or more compounds in the first layer and the second

layer.

22. The article according to claim 17 further comprising a release layer positioned

between the receptor substrate and the first layer.

23. The article according to claim 17, wherein the metallic material is reflective or

semi-transparent.
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a patterned first layer, wherein the first layer is
capabl e of adhering to the receptor substrate; a
w@aavetaed second | ayer conprising a catal yti cPCT/US2008/068082
material; and an el ectrolessly deposited netallic
material, wherein the netallic material has the sane
pattern as the patterned first |layer and the second
patterned | ayer, wherein the patterned first |ayer and
she PakLAINEHSEHENICLAYES wWRERintREsTBE bih i @iselred
to the receptor substrate froma donor el enent and
newngeattdyeonpat i bl e if originally formed on the
receptor substrate in the order in which they are
found on the receptor substrate. 18. The article
according to claim 17 wherein the first |ayer
conprises a polyneric binder. 19. The article
according to claim 18, wherein the polyneric binder
conprises a polyner that is capable of being
crosslinked or has been crosslinked. 20. The article
according to claim 17, wherein the inconpatibility of
the first layer and the second | ayer are based on
solubility. 21. The article according to claim 20,
wherein the inconpatibility of the first |ayer and the
second | ayer are based on one or nore conpounds in the
first layer and the second |layer. 22. The article
according to claim 17 further conprising a rel ease
| ayer positioned between the receptor substrate and
the first layer. 23. The article according to claim
17, wherein the netallic material is reflective or
sem -transparent.24. The article according to claim
23, wherein the article can be utilized as a
mcromrror array.
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