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and vacuum chambers. Thick film processes typically require processing temperatures ranging from
approximately 500 to 1000 °C. Thin film techniques use processing temperatures ranging from
approximately 400 to 3000 °C, depending on the type of process and the material deposited. Due to
inherent high processing temperatures; thick film and thin film techniques are generally limited to
deposition onto ceramic, glass, silicon, and other targets having a damage threshold temperature
above approximately 400 °C.
Recently, techniques requiring processing temperatures below 200 °C have been developed

for deposition of electronic structures on inexpensive plastic targets. One such process for fabrication

of transistors on plastic targets is disclosed in U.S. Patent No. 5,817,550, which uses a pulsed laser
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deconpose to nmetal. The drawback is that the
the two. Metal-organic precursor chemistries have a specific advantage in that the precursors can
decompose to pure metal at very low temperatures, 150-250 °C range. Because of this the inks can
be deposited on many plastics and then heated to decompose to metal. The drawback is that the

metal yield of precursor inks is typically low and is in the 1-10% range. The low yield reduces the

overall deposition rates.



metal yield of precursor inks is typically lowand is
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The present invention is a method and apparatus for depositing a material on a target,

comprising generating an aerosol stream, depositing the aerosol stream onto the target using an
aeros&l jet: processing the resulting deposit with a laser to obtain the material; wherein the processing
temperature of the deposit is approximately at least as high as a damage threshold temperature of the
target, and wherein an electrical proberty of the deposit is substantially similar to the electrical

property of the material in bulk form. The electrical property preferably comprises resistivity and the



tenperature of the deposit is approximtely at | east
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methacrylate, polytetrafluoroethylene, polyester, and various epoxies. The laser preferably comprises
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accomﬁé,ﬂyhb aranirgOpmd af pagal bezahe bpiayernfo thére skillesiette art upon examination
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of the felllowing; (pftmqyrbetlgarmqgﬂ hy practiget &g lannwn JTnﬁ @@quﬁﬁaw gdmantages of the
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may be reallzed and attained by neans of the

instrunmentalities and conbi nati
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a drawing of the main components of the M3D™ system, shown with a pneumatic
aerosolizer;
Figuré 2 is a drawing of the M®D™ deposition module;

Figure 3 is a flowchart showing the steps used in conventional flex circuit fabrication and



particularly pointed out in the appended cl ai ns. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 is a draw ng of
w0 b@sosdsm conmponents of the M D(tn) system shPOIUS200$031803
a pneumatic aerosolizer; Figure 2 is a drawing of the
M D(tnm) deposition nodule; Figure 3 is a flowhart
show n ;he steps used in conventional flex circuit
those ‘FS‘E)Wit hPRReASAY e spEeePPlisaiRe M D(t ) process for
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shgmsaﬁbwmuﬁd@ﬁﬁaameye Figure 6 is a mcrograph of
the intersection of a thernocouple junction and the

| Baude Giisr @wicragragh obthg lreehszfmorepf edierecauple iunclianaad therleagires;

MD(tm abrlctedther s 8a and 8b are
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erconnects on a P substrate. PTION OF TH
HRELEERRB% ichgfdph WEREED tre eI lvé@&ﬁorﬁ%s CARRKINNGs DsKFatd. HE
I NVENTI ON) The present invention provides a nethod for
maskl ess, non-contact direct printing of mesoscal e
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acconpl i shgdsTmONESHTR SARRYINEBUIDHOE tNVENTION) devi ce,
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t ‘Bhregmesevi inveatiorepronidesral npeﬂﬁdddw mﬁ}klaeer oewtortast direFhwinting of
met hod prefer abI uses ser

mesosfRia FEHES 1000t TP oar LRI Briets MBfer deBpulog s preferably
accoméﬁ%ﬁg r@qw; lueDT : Za(ﬂ?é?t{n% Whlkll? %l@éseén J@?‘&%ﬁz%ﬁ's{ﬂ&m delivered

e uti on o e techni que t
to the RAPEY &1 aHnBlaBEMSilg atfosapet I'l'ﬁ@tnbmﬁﬁ prefd?abMUs@hloWlim)wer laser
tenperature required to treat the deposited materi al
radiatieiyip head dtecasrasel-ietiasiaeateriat heis fimeb el C@afwegethem BEHwpegspith laser
the tar

proces3 5 BHE LT TSR SrTiecr B B pePIReEP PP SRR wich he
temper‘%‘uﬁé)r%hﬁuleg wreﬁﬁﬂ%l&@me@%at@@ﬁ LRt AMELbYexdedds He@Reringl damage

evable wth | aser processing and a subsequent

threshél@bithé @lget. ETHR\pAdcefy 0 caBble of pretise Seledtied deymsition withngtierng no

with a tool-to-target standoff distance of as nmuch as
maten@lw@ﬁtexAmamrvl gocwecyrfappradmnalely 1 migron SeghieYablsgRAeer RIpeessing

ecificatio eat-sensitive
and a §e%ergé%a§e§|arrﬁ:%ql Bﬁ)ce%es%cg%%tgét%or rmelg l'\ﬁpt%%ggcﬁ-go-trar%%psﬁandoﬁ
dlstan&erd?§§§|§cﬁ:!éeapgﬁﬂ%ltélyeﬂemﬁrﬁété@l i.e. drive it toits
desired state, approaches or exceeds t he damage
t As esdd atrdughbuttthespeaificption anthdeires, hedtisensitive gedcesssmerms any process

| obal Iy heat ed )
in which the température required to process the deposited material, i.e. drive it to its desired state,

approaches or exceeds the damage threshold of the target, wherein the target is not globally heated
above its damage threshold. Typically, such targets have a low damage threshold. A heat-sensitive

process may have a wide range of temperatures.

Fundamental Description of Laser Processing on Heat-sensitive Materials

Laser processing of M®D™-deposited structures preferably combines highly localized
aerodynamic deposition of material with a highly localized energy source providing the ability to focus

laser radiation to a diameter that is approximately the same as the width of the deposited line, to



above its damage threshold. Typically, such targets

have a | ow damage threshol d. A heat-sensitive process
woreysizoses a Wi de range of tenperatures. FundanRel/ab2004/031803

Description of Laser Processing on Heat-sensitive

Materials Laser processing of MD(tn)- deposi ted

~structures ref er aF é conbi nes hi %hl | ocal ¢ tiol
ongine<S iR EV B0 BF DEUK SO SR iAagoR GPpesi nanoparti
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procesdintfof $@ s matetifle omb Hedt-sehsitve GargliPwis IittRcbr hb emage to the target.
toengi neer material formulations to be highly
dlbe ordsem gﬁvamtlop fsecapalieef dgagsdiing ﬁ“@{qﬁralstabrog@ﬁggpqrature Many of these
art cl e suspens
ety 3G AP o BT SR oy T TGP ohy VISP Ik gy o ey
down nﬁaﬂe@rglg GopdREAS FtRd Resdbay ?gnFQHr%nf%de)@rlnﬁro‘Hg)‘ f the materral needs a
t-sensitive targets w little or no danage to t
thermalt pasig@htmeht) ehepiepssitioh cambefotiovwed wits adaspaicdatmeardt. The ezt lbeang
materials at roomtenperature. Many of these materials
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treat ment, e deposition can be followed with a | aser

substratertmtmmtstdunfrgme deeitioh papespr Alterrdie entvdiglents df thediveatisd include
t hermal and photonic treatnent of the nateri al

The
cepabilfiggfof hagkage SURSHBRIGY LSBT INTHEAPN FgYdIISPoYE hepisst Fagerature.
The sugﬁ 8 rrﬁrasl also bte%Bol L?ﬁ"rb %%ﬁ%rtré‘%&bl%&&crr%{%eretnp{eg\?%%ﬁjsr’e Other
alternafﬂ)%ﬁr‘éﬁﬂn{ehpslﬂeda%y%detph&owr@@rﬁwvlth R\4E&H irradiatdinlvewsnfifamed light, or
variety of substrate treatnents during the deposition
mummepup-w:;m arfletrer Aatthersubstiatadieatamen canfipris¢rea Wasngtor Grrsmg process.
ncl ude capabr lities for heatin ubstrate .
| Bt o R 5POBy R SR PEREEiAl eERfe 200 °C, imitng
the pro grl)oe @’f 6%ra’;mees WRRLd A n@emlfheadrés‘%ngﬁve%@&l r?gaﬁéﬁk'oﬂgeposrtmg
o] CI ng anbi ent tenperature
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desired monegnee &y virtgghef, theurutral|prqg>nﬁsgrathp@ﬁtrw\prthppangedéq5@r Ipeﬂtrpg Specifically,
her substrate ses, a, was
e ey e R T b S T
wrthstaﬂ'ﬁHSﬁ {eﬁlpﬁrath@BveWI%s be fired well above 400 , limting
t rocess to high-tenperature substrates. However,
thr&:eplﬁeBrﬁﬁBrﬁals 4 eaidsiet, ey e@patidrallyofostiegtsi tb proguce desired
materials onto heat-sensitive substrates, and then
electricglsAng gwephmq&mrommerSaBﬁ Caﬁr*’@@é@%ﬁ"iﬁ‘gr theymaiit %{le atlgpgr processing step
p e of i ni t| precursor
depencﬁ??etrﬁogﬁ\ef 1058‘3 Gir'ﬁpea@d 35%3 rateﬁgm%mg'on b@p%c ically,
the B’E@e%?rhtver'rtBH%Hpﬁ&scﬁ%agﬂ@éésdépoﬁircﬁrcbrb%bQhé’f&‘tll@rd Aikife in the
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mesostHle edineTpetvatn técko e tiin ffiles . Thenioeentibre isTedpableadfsdepositing multiple
deposited, they are optionally post-treated to produce
materiafuBioriEe SR THtaS 0B BRI P BPSRte Ae MaiSTily RertbecRmercial

e done, eit

pastes tc)>r custom, Iow-frre1 Fﬁ[(s ﬁ_Qseerr gpolceélsrng II(R/VS ifle Jngt‘zﬁéls Brb%%%ﬁétlﬁ&ig)ns tep

heat-sensitivepolymers.

The present invention may be applied to a wide range of applications. The ability to deposit fine

lines over curved and stepped surface suggests applications in writing interconnect wires between IC



dependi ng upon the deposition material and substrate
conbi nation being used. The present invention

w@ompsses a nmaskl ess deposition process that PECT/US2084/031803
niche in the nesoscal e regi ne between thick and thin
filn1 The invention is capable of depositing nultiple
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applied to a wide range of applications. The ability
featureg gddjende gitlemendnys New eapagiliyang (RsQeer iRheledtopish Banwantyraice
suggests applications in witing interconnect wres
bet weenchi ps and PWB. The ability to deposit nmultiple
Deposifidi ®chR JsRRdR NPomaRdafa@t i ons in multilayer
conponents as well as to encapsul ati ng conponents once
t Treydepositiob techtiqueTised mbihe present ipvéntioreis walted Maaklgssdviesoscale Material
heat -sensitive substrate all ows discrete conponents to

Deposifign (e g tegiquediiesn FHHpeiainapemse iftdadepoekieattrs gpsml
as apprto m% lj z?rﬂ?é}%ﬂé’ 4Re %‘?X\%n‘é@g‘%&?% ‘_n)eé( a%FBQOlrI ﬁi \ﬁgurfro%%ded by a sheath

oni ¢S nmanu urers osition nique usi
gas ﬂO\I/ hﬁzt Mn%ds@wé\mageatmbsmﬂa Gowlampesid loMd n=gGlsBicabist Uﬁfﬁﬂisl H-'bcusmg
the present invention is called Maskl ess Mesoscal e
of the agkdselrstraém Eeqmetertthl ofrihg enitDdfifige)damefdrdas eremrieqgestiginsed distances of
oot 5B Sk P 50 B2 LSl b e rom 100
amrmﬁpé nner aerosol-laden fl ow surrounded by a sheath gas
w t hat confines and focuses the inner flow. The two
fIVAKS aéragolizdtisn canrei sdcomplishbdiiuding seosaisinaitjods, it Hiee most general
aerosol streamto one-tenth of the exit orifice .
embodiieahdhecperergk strrsamis (pesierally fumed bmaereﬁ@ltﬂaa esgmpte ypinotay ultrasonic

imeters f orifice. The
ransa Rt e hale aP g Sbry P aRGELTT Fome Besk et S reteraly
compri§8dC bO8 Stiqu WM)I@CL?&‘? r PaRilchi kalﬂgorcﬁf@/o@ EofGEP B! dapttRor nanoparticle

: usi ng several nethods, in the nost general enbodi nent,
susperkioe. Tlesse padferaidly fealmr |cﬁmp1‘sefae11eidﬂloyordanmmmﬂ:utsyr a colloidal metal solution;

aerosolizing a sanple using an ul trasonic transducer
a metabfgieo CHABGPEACHET 8 BBIRMISRASISRA regglos PEGHASAr Roliiogif Essistor paste; an
lnorga%fe&?ﬂngvc?%’ﬁg%ﬁeﬁs’?}{)ﬂ IaS ﬁn%frlg [ Quréercsglnpgn ? %85)? al &Jsl)én%}éln%f metal,

JPSoP or ~cof
dlelectrﬁbafnt Hegl;tsr (RFticlRaNP Eh%fhké c)lr 8nySdbsBRBRRIReredinese pr ef erably
further conprise a netal l'o-organic precursor; a
c\ditthadly day matetia suitebletior laser heating tial, wila®t g destroyeddayitioe process) can
precursor; a ceramc paste; a resistor precursor
be eme'esrqs#t%ﬁ feeastp%anstb%rpraﬁsget ¥ thar?r%Sﬁ@r'@%ﬁe ien, SepRndtd icthe rintended

I
apphca?ce)rr %lt F Prhltm 910 %Ugh IBC (ﬁél?&%r ﬁ'lg{en?l F‘%HI g? bgrﬁun? etgalng{eocr)r silicon

SUS ension O
diomdeP?és‘sh\Q-’J @Béteridl sich@sld difhenftbs, dibial GRIERIND @bin ettt QUGS silver+barium
Virtually any material suitable for |aser heating
titanate(, icoaductivei inbterialé sheh ake silvien ymdpdny ot beld, prepuimsd)ctiog materials such as

silicon, germanium, or gallium nitride, magnetic materials such as MnZn and FeZn, ceramics such as
alumina or zirconium diboride, and cermets may all be deposited. The precursor solvent or
suspending fluid used is preferably chosen based on its compatibility with the target material.

The M®D™ apparatus preferably comprises an upper module for aerosolizing liquid chemical

precursors or colloidal or particle suspensions, a deposition module for directing, focusing, and



be enpl oyed as a feedstock in the practice of the
present invention, depending on the intended
w@ppEbsioawtd on. Wthout Iimting the invention, PCT/US2004/031803
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the viscosity of "the sanple he aerosol stream
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preferably entrai ned and surrounded by a sheath g
is capapffeo iweawmthg ARrOR RS gPRPREiRh GRef{ g ops-teqih the Size of the orfce

samo R TR i A5 P S SPHADE e
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lrec
Masking™ (VMTool™) software application. Alternatively, flowhead 12 may be translated under

computer control while maintaining the target in a fixed position, or both flowhead 12 and the target

may be moved simultaneously. Software, such as VMTool™, preferably defines a toolpath for printing
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Further, in many cases this | ocal hea

state, ta%fﬂ*a:yscie@waaﬂg PRElaTReR (e e RS e oo HiRam o aly be pre-
processeo] A Rion toedéiposstxtfoﬂ 9k Emgérﬂy k;e ?e mrg@.ﬁﬂ%n df %%Hsgﬂnto the flowhead.

processing a nperatures o

The prélﬁrotz@ssﬁn RfePfay8mpriselprdtBésRs th'clghﬁﬁg blﬁtfhaﬂlrﬂltbe tokAdreghg the solvent or
reshold of the target. Wth the |aser treatnent of
suspertding npd@sevepor content, partially decomposing, humidifying, drying, heating, or cooling of

the aerosol, carrier gas, and/or sheath gas. The target is optionally conditioned by heating before
deposition, preferably via a heater, infrared lamp, or high power diode laser. The deposited pattern
may also optionally be post-processed prior to the laser treatment. Post-processing optionally
comprises thermally heating the deposit in an ambient or reduced pressure environment, irradiating

the deposit with electromagnetic radiation, or a combination thereof. These optional steps processing

1



invention, sintering inks on |ow nelting-tenperature
pl astics is possible. The size of the deposit is in
w0 b@soesoscal e range, and can vary from sever aPCTUS20041831803
to approximately 1 mllineter, bridging the gap
between thin filmand thick filmprocesses. n order to
el e B el ML B BB g o
solvent@?%%@ﬁlble gus;pt&ﬁ(ﬁlﬁ@aﬁwdj aﬁﬁ&ﬁn}l it Ry, §’tpretbiBly @&*fd?l%@d ina
stream may optionally be preprocessed prior to
mannekejob shat the depasi sttaitscsomen ijs fluef oertient sodblat eiettiog and caaleecence of
aerosol into the flowhead, The pre-processing step may
the aerMpplgté lrﬁq B eRrdingaus siReqtyieg) ISI"f’ﬁc%'lPﬂ'srf?St In thigimasgery the amount of laser

energy reqij{rr eoaffi} IQe%mIigi gndsv%bgrggﬁon% thé %&9&@% rQ&gg!f dAlFegﬂaYgéﬂﬁ deposmon and

proces:tlﬁga&'tﬁégaer&w $RhIng oﬁﬁonb%e@féﬁ&ﬁféh sinfRbridogély.gas,
and/ or sheat h gas. e target is optionally

ClTedytei of predesising tesat Usag mee fay.and 'epi@gfertdeotrpn tm erft'eal abdl thermal

via a heater, infrared |a or h
oroperes gEire Oaife BRAHR 1T 13RI BN Ry PBIE TReBABTPYEEY 10
mllllwa%gﬁﬁabm%tﬁg ﬁsc‘ee& Rrﬂe&';entsg P Q(?e llaée?‘ eﬁ'hé IE\?@% I%m‘)rlse a contjnuous

t- cessi ng ona conprises th heat 1 ng

wave nidae oﬂ@&@&ddtwdva nidde aniky ;ﬁjhbd abvd rﬁ@ﬂ&ibﬂorﬁﬁlﬁ&ﬁhb’ri@es an energy as low

environnent, irradiating the deposit with
as severialemcrmonlag Bt leser aeﬁrrarts ipesferakiy defiveserhiioitiralergghusingey seges of mirrors

optional ste rocessin lar r ef er abl
and lonih Pgh RS0 F £t B LB G S ey THERSeLIAR SRiPrAlY Pe
r

dellvergool% f@ejvedgﬁ ?sl 8/?\ JE’H\%"}G%‘&? Pé&ﬁlﬁg Ia?.lgl:l'\réggrﬁ? rgﬁe 8;§d?<l?prllé doti& foer and
deliver@d tﬁfo@ﬁrﬁihbﬁb@% fhefatasing lena Tharse radiatioh ist geferablip & algositd of less

retains sone of its fluid properties, so that wetting
than orgrmoicronaMediticatiercofdie lagns beam pete fa&\“@tﬂsé@%er fahgrecegsing on heat-

s A58 b ek 55 BR S0 55mo B TG Bt o
focuseé( ghe EHe%Qrbetoﬂwé)etxpgrtb?on%@{h\é %B&‘im is%ef-f@r%‘é@ eSldecrizte fh@aéduyeﬁi Sbot size,
deposition and processing of the aerosol stream may
and to @iatir tumdtioy. Weinpaioh of thebeasi minintizeseiLisherent Caessignperiation in laser
processing | aser used may vary, and is dependent on
power g¢iessaipg beed prafitel Thh érwmﬁatlormtw@m fesmgre wiRrMAieating of theigrosited

OV\BF ma

line in t&sgv%cﬁerﬁger%erg’sgfﬁa e ttel lget mOt'ﬁ%bﬁY’d aids ﬁt@g Beggétloﬁ%f target damage at

the botrASHROMfHk \i8pstitode Iaser The Iaser may conprise a
conti nuous wave node or a pul sed wave node. The pul sed

weheevaveldagto pt the latr iy prefergplyickesen an trehlesejyamwh vabsarbed by the

several mcrojoules. The |aser beamis prefe o
depositfg|t petdy die tﬁree{ Héakinidpaty tU%F%PQS'HS@@PW@QS%FP“V&?FCF @Fgar%ﬁﬁ& highly
transmfsglv%%afﬁ %nsggrlerlmtlopﬁea%ty ?rnr%gFr%Ht gt e’tﬁ%\g \pe?e%p?h 89{51? Igreglc Y E\ﬁg

embodfitint, @fe mMBES Blal bé Qlﬁtefe@S&rcoﬁ&%% Iop oﬂh@M‘K‘e@&Eebé&loarﬁlﬂnost of the
appropriate optical fiber and delivered through the

heat ddlivéred totthe talget rsdmjmahgantimt@ thrphgh therdenosit/tactiehiniedface. dn another
preferably to spot size of |less than one m

embodw mectarlgptd*ﬂatsqlal lsmghlyggéqrb%%%tﬁlpepl@%qr leaéelery&]] pptf @{g ngosit is weakly
absorbﬂ%t R }Jl ée‘l‘,ase rtR& Sg'p%'sﬁg hgg}e@ﬁlﬂ)tuﬁﬁ%dhé%ﬁ of thermal energy from the

target/deposit boundary. The former case is ideal for laser processing of heat-sensitive targets. In
normal applications, absorption of the laser radiation by both the target and the deposit occurs.

The laser may optionally be delivered to the target via the flowhead. The laser energy may
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targets. The | aser beamis preferably expanded and
collimted before being truncated and focused onto the

wo 200g08981The expansi on of the beam i s perf or meRPICT/0S2004/031803
decrease the focused spot size, and to aid in
truncation. Truncation of the beam m nim zes the

S ot B B S s
so that%:}'reﬁlé? %gkg%%% hdad fé?fdeﬁcﬂﬁlonq SRPSddr ?Qcéésm‘é lh3n tah&néié éﬁﬁédlrﬁéht

icular to the target notion, and aids in the
deposifi@CHna ldserpredessiny e berttaumag smaltantbisslybio ardeeto idegosth btradhses with a
deposit. The wavel ength of the |aser is preferably
thicknesh grsalgr than savarel miseoss, oF Rdrear topild g\r%@pwabs&;rugtk\@s with heights

rangmqj\‘e (8'6 ge?vFr%PgucI:ﬂnan v%erssrﬁllrh%tae e\%s:tSérHJ gﬁ%ou's%e?é %ﬁahé’ Iﬁgé?ﬁ ocessing
may alsd BNl &SbMeviad BEAlednIargdtiAREPRAMR das8 bf sﬂﬂ@fahé’ous deposmon and laser
transparent, at the wavel ength of the laser. n this

proceseing dick lagen ts, préféreblpreireetddaliongine flowheddraxisr erdergelefitaniihe Jewhead
or otherw se processed, and nost of the heat delivered

orifice te@d beris tha pefaso! Pgﬂrtgﬁl@hh%aﬂeroq?aa%ft°8d’"m%ﬁ@q? 't he
RROS t/tar Iy
a‘] aé\ ternat%er%%g rﬁérﬁht@ﬁa?er r&i):gig? %Qﬁ%ptlgﬁgﬂy Eé Hﬁggrg? bg‘%llel to the
target mﬁé@é 8h %hm-ﬂ@ﬂﬁbrb&@suﬁ@&@lﬁd derdssl iverdbled vaths@ it lager hepting the
his case, the deposit is heated through conduction of
target. tﬁteraewlsoleaaelplgy cdiy errendesed; F@rf@tl}t gradptysdeposiigbiadu eptiongiyamelted, in
rmer case is_ideal for ser Froces

flight bﬁgéqosgrg R F"F‘?fé)f flg?cgeéwf @tenﬂty U ATy lClgB’[rﬂerl%(g%iﬁ%%S Exposure time may be
! RPfaSertifiSudnantihitn

mcreaé}%}? $ E)gvkngZeeggﬁo%w\geéJg@f@d/& ﬁgﬂegﬂg@?e Eb‘%? e Ir (:c) nalljg{h & the

feedst6UklpayRE e sbﬁheﬁrl%%nbw @by bd desikdbie th lusavh ela(éJlty'Bhlesérasens having a

energy may l1l2alternatively be delivered to the tar
commert arga piguterspasian.t Prfficians enpirgvfie preferabiyrigprriaddo fhedeadsigrk '61ﬂ'9h’f o

renderdg%@gciis?c}l\gﬁe%{)ﬁaasq?e @‘g?ptr%?oé%e hleg'll n ?) t}?]e sgu?]gtr% % WHHQ'O% cJuglt}\g significant

interfaagit%?maagﬂ‘tthe éj.l%&%s.é b &Bosﬁl@@feb@s‘i&'k {RELOS QHd tﬂﬂ}y p’r}b\ﬁdlng sufficient
perforfed sinmultaneously in order to deposit

periph8ilal hting & shevdubdiraze tb facttittresihegoresithent & mncset\}%flemf surface
mcrons, or in order to build three-di

mod|f|gqt|pmjc'fhﬁ ebogjment W@ﬁebqﬂyge%%qrﬁbmpﬁtsm@m n(? i) crqﬁtec? mRlten puddle
on thelt%g% Ig?rcgl Thrlrs] tlorl)alc@% ﬁw ‘Qt‘?ngt?' gﬂggt%@setﬂgtsbaﬁgggéécfés% Sifdn substrates.

cessi ng used to Tormvias e ween

Meltmb ﬁfe%&lclle@ﬁrﬁﬁ % de'boéltl'tﬁ\ #a5@n@b 154 Bbddana® LRluckepesidual iress
| aser processing, the laser is preferably directed
conta'aém@lﬁth@fabﬁl@vﬁldeadctmas snakding gepsdefrwwph@aﬁerl@iﬁmé)&dieposﬂed onto

s G R B 08 v

similaff A mpqdl. 0B gﬁmgpﬁﬁ?ésﬁéﬁ Twhic ghr"ﬁﬁ(b&rbf %r%u?ﬂa'té)srlﬂla&éﬁs BSunteracted by

Ivere e target surface

outwaldYorlck @dto tlw&@&%sdrémet@fwebdl@ a@smpa@l i s enabl ed without
the | aser heating the target. The aerosol particles
c dhe Pepositaudatterd opsiructuzg profeply RpBPIsps aég%@ﬂw\@?@r at igppproximately

om s e e e AR i e
compl@é@%ﬁrwngte&. ffﬁhlg@é/se, Pmore material than the desired width has been deposited, after
laser processing excess unprocessed deposit material can be removed by a process such as etching
or rinsing. The desired width of the deposit may alternatively be‘ greater than the diameter of the laser

beam. For example, the present invention may be used to debosit a film of material with dimensions
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i ncreased by slow ng feedstock velocity and/ or
i ncreasing the area of |aser through which the
wo e@d®sBek passes. n sonme instances it nmay be PEBUSHDI/E31803
to use a plurality of |aser beans having a commobn area
of intersection. Sufficient energy is preferably
oreateTABRHER GRS LS8 FRbr S5 BT R EETR g scanned back

and forg‘ngg\,rcéﬁ’ {h@td?sﬁ’g'dta@tbtf th%%l@?és'ﬂgo Sdt@m £ dpeafd sthubluR) BRFth@linprocessed

the substrate or deposited feedstock, that
materidl s;,rembueh froRnNhetaREO N ditegcsef fomeisarikingef thehiepasit rieg atdungor
of the substrate to facilitate adhesion w thout a ) .
examplsidyrng the eraeespea/a chesnical deqospesiiRsdr pintedpg- dﬁpwevﬂr e final dimensions

f
of the cfeBO%traé%gétlg Rt n? rgcﬁpba%%?eeoog Fo aqss?lar eetqgnlsq ac A aﬂ@ﬁg fiuid

pmpmﬁ£Q@mgQ§(km§“ﬁ§ggﬁ of naterlals that can be used as
ep05|t|on substrates. Melting the particles prior to

deposition according to this enbodi nent reduces

. resi dual stress contained within the fabricated
MJIE@@E@@E@@%%—Q@%abllng a broader range of materials to

Examplect. CL Qer%—'lr ce93| f‘fello%c Bl aﬂenﬁ{al HEF&E# &l s. n addition,

e depositable
PRthd &ds€ oiMglib pr@b}@Nreoa‘éédTﬂnbt@f 413/ 1dser thdagniditls used BYaise the
processes in which shrinkage of the substrate surface
temperagireafiine depasittte s ¢aromaesitien @r ¢uing tempatature In s Rieaess. @lcgemical
droplet s read| on i The osi ted e
socomea e S0 o e TREH e E0G SBBOEHSS, AP bl Bogreor
r ursor
oo A B 508 Al et L S
materialitéTihk @6kired ma@ARl gi@tany,ahdé ddcb@apesition procédssalsoassjls erhissior &
material than the desired width has been deposited,
gaseoasf byerodugls eraspTnoeaessinaef PesgureersleppRiF OE kaious tagasiis pessible without
éerlal an be renoved by a process such as etching
incurri ar"?alqgl‘htée desired wi dth of the deposit may
alternatively be greater than the dianeter of the
| aser beam For exanple, the present invention may be
Examghks 2dLdser Siep@ridf Partifle ISuspehsiomtaad iCammardidh Pestessansli loss
13greater than the dianeter of the |aser beam n
c haser sintadng of gerkiclpapReIsions 88 hegtsansityp tasgeinia al§o PRSP ea‘ﬁ@‘ the
present lngﬁrglepf Iingh stn{&ﬂ@p lﬁoc{ase d a gcralt%ﬁbo%fdeé Rgssqg Qr%%tjentj witl?od? %Fﬁlﬁ%lﬂdmdual

€ Unprocesse

particlé€ FFP%I@I%T@ bR dsAecdpahig Bf seldltivR s‘rﬁ@ﬁlg 6ASRu0-coRPBRenNdsttkdongsting of
of e deposit may occur, for exanple during the

low andhzbesstig temﬁpecdmﬂ?ﬁparablesda[cb ap bwineélting point gasstand imeggl, dielectric,
However, the final dinensions of the deposit are

resistiyep gt ferjorpRNelicrIai ISy the dep03|t|on mass flux, the

dgﬁ%ﬁ)u{og gﬁg{"@}’ g,.xge%ﬁf /&%nﬁ?gglr élsggr a&xc&nﬁctor pastes, and may

also bQS?éERJ) Sintdr pelsﬁz% ¢dr o{?kpé]Scstl%hiﬁ %a@rml’éﬂéh&%' o?dlec@l&@ Bh&Riromagnetics. In
Precursors n the case of liquid precursor-based

the MiDe @apositis, procass cothmeiahmastes i-svhigh dypidally ey giecasliies of 100,000

centipoise or greater — are preferably diluted in a suitable solvent and pneumatically aerosolized for
deposition. Laser sintering of M°D™-deposited commercial inks can also be accomplished on plastic
and other heat-sensitive targets with damage thresholds of approximately 100 °C. The commercial
inks that may be processed using the MD™ method and laser sintering typically consist of

suspensions with particle diameters ranging from hundreds of nanometers to several microns. The
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tenperature of the deposit to its deconposition or

curing tenperature. n this process, a chem ca
waele@spsssd ti on or cross-linking takes pl ace duRCT/0S100€031803

i nput of | aser energy, such that the precursor changes

its nDIecuIar state. The change in nol ecul ar state

resy version of t 1 al
inks may ettt B B PARITER ) o sty BRE TS RM R

process also entails em ssion of gaseous by products.

Laser processing of precursor deposits on various
Examplb 81 gﬁesSin&nwwabfveDmmleanbmm_wdlhm damage to the

target. KEIe 2: Laser Sintering of Particle
$@§‘?§éﬁ§”@@1§f RA-depasiier aprAPatgle inks Namrisq baeg upegsia form metal lines

on o PG 14 TR Sk SRFPR P18 a7 BBk B oo

that of tEQ 9uli§ inBiaf [ hdRPsiRERHaS MDD R-ePbditdd n%ﬁﬁﬂ&'ad’ﬁ@%&arl balkGEAliesh can
hout nelting individual particles. The M D(tm

be accqmpﬁsres svith s0Ccapadless of visitié emtitraveles lapgreadiatign.ofnfrared laser radiation

t wo- conponent paste consisting of |ow and high-neltin
may alsp S yBrHOURE" BElPNY SECBRRRIeS Ve ok P ?P%?gptﬁag © @F indgitred o

ielectric, resistive, or ferromagnetic
mewaﬁgP%H%F elas?dfaser processi ng may be used to sinter
CIORWBAdpaAible RS SrbfefabRdp et atfaid fras seBat paRtdiesBYyperbiswis
be used to sinter pastes for other electronic
mamtaumw; emd tab st'u&ﬂheraye@r@ly@@emed overite Cfe@WfdﬁﬁlgWeW'wéua' Rarticles.

deposi tion proces nmer.ci al,. pa
Simultagps HOPSRIP L 81 S HITO QY VP SEGE AT ST roy FEerat ot bt dappa loge wit
greater%ul‘, PE&EIh&T Ilaes & gs@ﬁ ak; § ?Q&r}él &do%’if iGFan r&ie@on?dé%ﬁlé’rpﬂ)r@cess
vent an umati cal [y aer-osol 1 zed for deposition.
Simultah8&8depdsitioe éxhd’@ntéffngl\zﬂf {betnahopdaple sikicad also baresettaform Ithcee-
can al so be acconplished on plastic and ot her
dimensigpaltmigresiictuiep on hegtgensiivaiargettilamage t hreshol ds of
approximately 100 C. The conmercial inks that may be
processed using the M D(tmnethod and | aser sintering
Example¥P TER L ¥ricG RS Plashls SHHBIRRSI ons with particle
diameters rangi ng from hundreds of nanoneters to
SR ¥eE @hbdtiingang fits:. prddest idveintideshasbyen uset tedfebrichietthia filen trmtsistors on

limted to, conductive, resistive, and dielectric
plastic faggetpy wih @%Ti*?@e th@&ﬁ*ﬁF af @Pr%'ﬁ?@y ‘Eﬂoﬁ? &3 ﬁgSBefC‘fﬁP”y the invention can

Na t
be use%Of %glutlag-gass f%oalcatlgﬁg oaré?nllc +§ fl!rpntgnsl'js?o?'se(lgﬁlr'gtcgg fLeQ%IS?Q%QQ{L such
as PEﬁ(Boliié?ﬁﬁng?ér@dhtHala@QDEm pBI9SHrbonaRS hdiyeuRretidhieing (PHIG, and
| aser-'sintered nanoparticle deposits preferably

polyesten Mhéadplicatisn efttma/M?ﬂT@sromrto fahiidated® TH T recab @lsk bﬁetdahded to glass
Laser sintering of M D(tn)-deposited nanoga&tlc es

frgets TEhm P aSaFCA 8P POY PPESS %wacasse‘&ﬁm‘ﬁctgh ol e ppBlgaton
requnre? O%?—? aa%f'lca\{loﬁ '11% greg%nt H‘!vgﬁt%}{ ICgljlk ﬁgo AREG t d@e?béttt &5burce and drain

rare aser e use aser

electro@dsNthe bbt@%le@l@oo@%‘lﬂﬂl@é date in@lﬁatorg Cﬁmellb@thstab emalaospprixinmately 4
of the ink is tailored to the wavel ength of the |aser.
microns can be formed. The ratio of the channel width to channel length is preferably held to 10 or

to

greater, to reduce the occurrence of fringe effects. Other configurations include an indium-tin oxide
(ITO) gate and a polyimide insulation layer. Metals that can be deposited for OTFT electrode
fabrication with near bulk resistivities include but are not limited to palladium, gold, and alloys thereof.
In each case, the conductor or semiconductor material is deposited using the M®D™ flowhead and

then processed to the desired state using laser treatment or thermal heating. The invention can be

15



The nanoparticle ink is preferably deposited in a
fluid form so that particle suspension is maintained,
wa@resobus1d aser is then preferably scanned overP@h©S2004/031803
deposit to sinter individual particles. Sinultaneous
deposition and sintering of the nanoparticle ink nay
erfornmed to depgsit, lines wt
used o RET T SRS RS SPTEBoN & g R s ST TG BT S 2
pentac&%ﬁ) S, tlvh?ﬁ‘ cﬁ‘f GRS sseditdHblh %%@Fhﬁ:oﬁ*&}&ﬁ’r% thédfin SRk transistor.
tering o nanoparticle ink can also be used to
fraktAerivore e@diMPERSireseas cani uerussd tolatiriaste $otbthe OTFT backplanes and the
heat - sensitive targets. nple 4 : TFT Fabricatiaqn on
requlre@plagtmab intesgpanegisfesdiaps gRe P'éﬁi%’éfpﬁié‘hpnelcﬂémﬁ'? tegyque for fabrication

h b .
of mtertfopgﬁcé? %r{ pg?sglg%%seg ?%ndfl Ve f)gl mer, ?%Hx&q}a e %@'SRII’[IGS Eblgg % ?td%ast

severalQholR R tRads R: 61 Bﬁlk]rﬁ@altﬂwe%T@roﬁéS %rftﬂagtﬁ]b?/)h cabBifle of depositing
i nvention can be used for sol ution-based fabrication

on plastd tacgegaive @ teivimicrdn Wide $iverigersomnest lih&TiRVIng yesintivifidseappigkignating

targets such as PET (pol yethyl ene terephthal ate), PEN
mmxﬁﬁepwbﬂwﬁﬁnate pol yet her et her ket one (PEEK), and

eyp?é?'seﬁtr Ih\éFE% &RPAQO%%HSQQ ooFabﬁJa% 54 égrﬁcmnmrfmﬁ &S5sidtds on various
I ca can al so e exten to gl ass

targetstuﬁlﬁgﬁﬁ SmorphéusRiliesrasiSardassetlpgee8édosifittprpéeasiegs t he

organi ¢ sem conductor as well as the netallization

required for OTFT fabrication. The present invention

can al so be,use% tQ deposit the source and drain

5ﬁmﬁ¥¥%€$¥5@@%§£¥ﬁé—§%¥e electrode and the gate
' 'ﬂ‘?eLHr@steR{ inveggkg%?ﬁ be Ll Eeépai?éeféé@’n 188 aftPHaR Hé‘ﬂ%ﬁaﬁél )ﬁlsﬂlay

m crons can orne ratio o t he channel
(FPD) ¢iRuighaufay FPB Rptithtibs splbﬁﬁ@ loabdnglidye bldcttical di@nemag Deta:t erl metal
to reduce the occurrence of fringe effects. Qther
structucas rﬂfat @un intérennsedt Hessukls liges. PRI GAIdUCHYepRiaY thﬁhfe)'te@ gigrals to the
o 35548 BB B A PG R b Peerosr
metal p}?&% I‘SOF eShetd 'n‘e{hépbl%éle IIHRCAFQI%IKBLBF a%ﬁn@ibﬁ@tbn'tﬁeﬁ’@&f @6k an electrical
dium gold, and alloys thereof. n each case, the
mtercoﬁrﬁd&dbﬂl\héﬁm tiog o Riraudintheatepositatneteriallis then @h@prmscpslee dr sulgieneg to its
the MD(tmfl owhead and then processed to the des
final staie t6iB0 & oA §r plakabhealing BRORRSR (135 Pan g put Hrpitgd T ?d'am“ of
ent on C

b
the de@égggh %* e (Jﬁrhogﬁrr :I'd'5 alflgr(ia’ \gntﬁ & V%?é’nft 8{{9&%«% l%n' lg%er | %‘ﬁgn or h%atlng the

organi ¢ Sse
deposnﬁﬁ aQurRSAR! ARBB&NRLE 6Mlé§aﬁ}{ng Vdtl @RuchAss iR GPDchéiﬁt@fiQﬁgﬁlﬁbantly
formthe sem conducting nedium of the transistor.
differerfffromhiepoatting metdh struvtuB¥stamblaok tergsts Spedificely, indeaiFRYrepair application,
fabricate both the OIFT backpl anes and t he re%ﬂired“
care mgtdigtiakes & dqpﬁ%‘%ﬁ“é TR tae 'maﬁe"%jlsaﬁ?t 'aﬂﬁf I9snhggipgal deposition,
cracklr]gn?rg) Sy adhesn Fdces H&DO%CL{ %Ftlﬂg (AN oWh @@shé\oasthjufﬁnreojnd the end of the

onnec S on ses con

pre- exi@h"lquHe hﬁ’éﬁﬁmfeﬁt&héérﬁa\’dﬂép’o@ﬁor&ﬁaﬂc&h} itthe ﬁ&cols@aﬁ theslep&i 16d material is
thousand tines that of bulk netal. The M D(tm process

too low; e thetreaterieg flgws @itacthp tidet 206 dcl@p@sdqnomgtO@ﬁSUfﬂpla@thle@ht at the defect
targets five to ten-mcron w de sj

site. anpﬁ@%aprh@jhp%@ 83y QFCY |fe@(c%§§ﬁeé%alf§@pw6d (o) tr]ec 8quc%(s:i¥e, particularly

at the junction of the newly deposited structure and the end of the open line. However, the MPD™
processing parameters may be adjusted to deposit the correct thickness of material to allow for
material deposition and processing without cracking or poor adhesion.

Processing of material in the form of precursor inks, nanoparticle deposits, or combinations of
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that of the bulk netal. The present invention can al so

be used to fabricate inorganic thin filmtransistors
wW@RoogasIseus targets using an anor phous sili conPCTKSZNH031803

| aser post-deposition processing. Exanple 5: Flat

Panel Display Repair The present invention can be used

o repair defects in glass and plastic fl
the oty g0 gnepey Cegi e Posto et g or-porieappieDig PR nan
approxﬁ@fegg'oﬁ Shw Bf la22 B&Uﬁ%1 @rlls%tdfddg AseiYSBHs BRYhEeford bedided to
nmetal structures that orn1|nterconnect | i nes, bus
procesd tit@%ls for FRIMpepaiportigliadsiov plagtiat Theedepbditad matwalemysmo@,mial kit is not
to the display circuitry. Using the M D(tn)process
limited igagieri gpid 6PRASH PN @dwmé@%'dw’fh%é W'@b%?% %EP"&\; approximately 5
mlcrondep03|t|ng a nmetal precursor, a netal nanoparticle
S nk, or the like, or a conbination thereof, forning an
el ectrical interconnect between the open circuit. The
deposited material is then deconposed or sintered to
Example6s Ffek ICrtuiiamtientionsi ng a | ocal or gl obal heati ng
process that can include, but is not limted t
.Trhpaun@tlr'zaﬁorwndtmf@"'a%ﬁagﬁ rpany; Alaotrpnig ggvices Frspd E?na” increased
transmopg c?a ({ll%%l S prlnted n n? d Yagggeg{tmh&gg Br];rﬁ%d"c?nﬁﬁ%gfﬂ Jﬁgtg grlemble targets can
be used %Fm%e%ﬁe&fonél%a{ Pin@ gndbyadonSitérdBly kHdaSe thd si€Ehd weight of a given
circuitry is significantly different from depositing
device. IRExaircuits plge toabisthe nrob)tl:czelmkoftaamz,yetrcsws‘@sweéleﬁe Mne%ﬂhlewagnlwde of the
the FPD repair application, %are

iraloBR gL PP 1o CBBESRTRE RS PR = Bh ST RaETIoFLPY B PEEd on
i
flexible & %qu s rgo%%f?c?hﬁ ‘s?u%néitqflﬁcg%gg %R&Enggg%grc?éggb?zl{a)?ﬂggﬁggllows for
the pro&ﬂﬂoﬂ &%oﬁétﬂle &fns@rh@ apd ere@isdl SbVicty siegs. cahesasf danoelats, cell phone,
mat eri al deposition may occur if the viscosity of the
computgesplossring didsrmpeesniakprsi andtagbulpegs, anﬁl@p?fﬁ%ﬁg rAQD disPlay equiRsRst:

onto the tar oes . not fficient
Presenfiy {theposh porpm @%tP%‘ﬂfg %Prfc@t'o”(?f g%’k rﬁiﬁ' Seﬁ'gaq%%g]ruhl" esi on
I
photoi{Bfafticiibedss, {FAFFS Ao aloRlorh MoRPRI Idto ek afpdiRb bt rosst,
exposuPLHTaisd rb@id terblighCA sk, davelloprhent estchingf aridresisipemoval. fh'bese processes
However, the M D(tm processing paraneters may be
are tlma@prwgmm ang fefusisatontof thp eagloeandretexpeistyr: nTé'§§fQ9PSSn@é§°equ%{Ptes

e, e el Sl R P PP B B B TBEET L Beoson o o
hand, pﬁr@ﬁo@éé @b ué@oftahﬁast(@gs”bﬁg sted @éf‘pHElﬁ&{ prbdekSior RBRARET bfifek Srcuitry.
posits, or conbinations of 16the two, with good

The pr&éhﬁb\:eﬁrbrtuea girexs Sadéifhe ppdcasd, iacd thareiped sl;mnmes tb@need for lamination,
acconpl i shed with | ess than_ approxi mat el 3{_ m o

photo rerseang Siasce piseinp@nd inpesencistrs maleist waRt bR gMEafoalizaton

procesg Rrege]r rr%gt:ar%a gseﬂvree st OC Zss %Js{ﬁ]teg E | Fﬁ%t?er,%cin’ésv\gg ”tr%%"f’épg for the

more cbﬁ\féhﬁ%@b phBidlithbgrapHid Jarl)degé ted to, silver, gold, copper,

I ndiumtin oxi wth [inew dths as small as
aﬁmamplummmfyhdawsmﬂe progesss to the fabrication of flex circuits can also reduce the

processing time and expense for the manufacture of multilayer circuits. In developing the M3DT™
technology, the present inventors have developed a Virtual Masking™ tool (VMTool™), a CAD-based
software program that enables computer-controlled patterning of an aerosolized liquid or suspension
of particles. Using the M3D™ process and VMTool™, it is possible to pattern the insulator between

flex circuit layers. This would eliminate the need for deposition of an adhesive and subsequent
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Exanple 6: Flex G rcuit Fabrication The

m niaturization and nobilization of many el ectronic
waleawsoesihas | ed to an increased transition frpoT/US2004/031803

circuits printed on rigid targets to those printed on

flexible targets. Flexible targets can be used for

~three-di nensi onal packagi ng and nmay consi derably
laminatiprugiiRhe PrYions JeuibB¥ewei ght of a gi ven device. Flex

Nl ] i | ircit FADFiSatibPRES4 be
R B S R ek b Rt
reducedS 610 8mE Bades N@ishirdasapgsceniMIiod ™ eangizbssitithey pati@rried insliewdayer

effect on circuits printed on flexible targets. This
requiredr bethveen ithser-flimessions! st lRYRE:-ease i n robust ness af f or ded

by flex circuitry allows for the production of

portabl e consuner and nedi cal devices such as caneras,

Examglg?:nﬁé)doqw)r?of@tﬁ! éndﬁ*iémﬁm conputers, h_eari ng ai d_S,
pacenakers, and anbul ance and operating room di spl ay
aaeIMPDE RipparRiue samitd ysed toepoitdituid owieowanteedvesgrsfforgold and
fabrication of flex circuits entail mul ti

a -ste
platinurpeisd WiroUhGEReEn ATCPBFUEOE BSTSRRY P MefalleraigeTia iR Foppoat of 2
retal foil to the kL '
ot s 5 o k3 BB P 2k g s e
dropletsSh AihthBforAdiposifi tRé adrdEPdtAd the TGS ETHRIPRMBBSEBetAGECaN be used for
time-consunmng, and fabrication of the mask can be.
direct wetepéorsd ureplatfhe tpcesowtbdineridths arcameall g5 EgmeaBriosimatelyig micron fo
~only part of the original netal filmis used [0 the
five micggng.def t@r_getqrﬁvgh Werrﬂ"%ﬁfo @geg%eé Wafl ﬁBPrS)f"ﬂgﬂerﬁgﬂ dg
Qrefete. i sRhBPASHRRIRSH thbtAdH f
NABBRER s LAF R ot BPOIEHERT, (RISl BPucRRATI hurkih o
depositin?&&ﬂbht@ Rlakc targlis! ®6ld pre@dtshir inky &/ppallytass decamgoditive tarhmraiures
el mnates the need for | am nation, photo processin
that arecseestalhahdred dédrerg, abavrdhe #remags dueshalddemprigtaieiohplasiiqs push as PET,

The entire nmetallization. proc refe y L equl.
PEEK, @m Fi}EI\{, [F?Feé‘lé’d@{g gﬁgl:lrs%[ p?sﬂlogaf qo?cﬁ Elalpolpﬁ\rtlﬁl{egg}rd énl{g,’ &g%%tﬁ\é of
L el HERS plefradi\Gith Tt & PEING FréMalto 20 nanometers, can
nanom%{%rosﬁkgldlatﬁh%gr apﬁ{ec rapr){}@ess. The aglpf;ircati on of the M
significady IBvePthe sieBsihtehperafued) B albvdor lasbr rbesssiog pidDMs-derenited gold
al so reduce the processing tine and expense for the

h
traces qrelpwremperatae plestipg iheYNedpEIEcR HFestPE ESMASrEGRRYIBY AF 2R WL 1G] °C- In

t technol o t he pr.esent, | .
genera s HPPRLRIe TR BT CONPY FF hfj e FEELGRE0 e
the preSdt hV&HiEn BInARNRBY foh BitecBAiO Bt IIEAIBR Bt Risti6 Girgetal | ed
patterning of an aerosolized liquid or suspension of
particles. Using the M D(tn)process and VMool (tnm), it
Is possible to pattern the insulator between flex
Examplei8; MuitiLaverlaductor Thi s woul d el i mi nate the need for
Ltion of an ' i '
o3PSy Bl 2% BE el fafleB HRBRGHFR! sl ARG But o
limited RMASRIoRGarRcafdditbrs | INGddiRRdadaise of piraativell lege workiogltistance of the
fabrication would be reduced, or, in some cases, .
M*D™ eppamitiafteadithe $drges éasuivibb @b 6t eramoree fhedfi P ™ precgss mag pagepd to

i nsul ating | ayer . ) - ;
deposit material onto non-planar surfaces with height variations on the order of hundreds of microns.

As an example, the M®D™ process, followed by laser treatment, has been used to fabricate functional
three-layer electrical components on low temperature targets.
A three-step process has been used to fabricate a ferrite-core inductor on a Kapton™ or

alumina target. Step one was to deposit parallel lines of silver ink directly onto the target. The lines
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requi red between three-dinensional circuit |ayers.

Exanpl e 7: Deposition of Gold and Plati num The M
wRaospagspar at us can be used to deposit |iquid POI/Es208031803

precursors for gold and plati numonto various targets.

The precursor is preferably a netallo organi c system

net al It d S I :
ver oGETRTEY Bl e L AFR AP FRER, o s
laser 8584 So & dERR! @(‘Srﬁiubtﬂefs'll\'/éahﬁlrebeﬁ'ﬁ&s@ WiRR0&drigriBg ohBortion of the
aerosol onto the target. The precursor method can be
conductieetthcbo thatlivill aventually tweappérogal al fepite porat | Silven donfactamdai(t0Q0 micron
linewi dths as snall as from approxi nat one . mc
bt

square) were pige agded i e first faver: Jihg OISR YES i h? JUyP agmanganese-
zinc ferg el %ﬁrk%n A P\f/%pé?tfnﬁ)ierﬁ?érﬁhr}é gﬁlagg ogerhtggggrgag&tﬁ\)seg%gs bagefbwder was

densmédj%%%értnin@% I5RE Beekstrg déﬂ)@ﬁpwh‘bh mgltaichelglasy Theglastfiowed around the
targets. CGold precursor inks typically have

ferrite pletiadesp Gsiningom demsepmetik unatesiat Biiar eepknds eWE@ iﬁ"ltﬁ Lﬁ?@?‘@d’n step was
degrees above the damage thres

repeatqH SHYE L SIE P PR COREERS SSA SERI B oci NPl Ine lengs were

about 1505 % fo?)ﬁ Aerasl Etb;? Qafto &bk ch@ﬁ‘&P@rdFabGAa‘F st fheks "(‘)K@r the ferrite
consi st of nanoneter-size gold particles preferably

core, cMrfeBhr@lt@fF%t WIdSriyirdNirangl dilved iinds, toocrééle iana@ire iSees thecdaposition head

significantly lower the sintering tenperature, and
standoﬁldlstampa‘ iorseverganillipeigtse § 49 w@tlyﬁﬁy Wg@ttwngfe?ygg a tnglam@tsq gized curved

sutac S Stk 3P L U o AR orr of sevrs
ohms. ?I%‘ﬁ(jjlﬂ cd W& '}‘Jﬁﬂﬁzrd)rfenﬂé’sném%et(b ChiGs Dasedgawirgl i nks can
e netal sintering tenperature so that the
PFiG€ Ashdvidveermictograph aﬂarbeduo’&eﬁablﬁ@teddjsmg d:He Mﬁnﬂf process on Kapton

nmetallization of plastic targets.
target :mnr hq firgtdayer of|sfivh dnesreapiies :Mhrsg@eﬁf i &?@é‘s@ r?fﬁrynsalsg%c'% fo prevent

shortlnﬂ 8&'9 o-e?ﬁ F(rgﬁgrt% on ?Tébvgf 8) rt@é/ fgﬂgeq%g’stsrlal\'l { %{{@8 IasgrcsI Jﬂ&l pgf mggore
The topﬁs(}éléfs&ag%gnaltﬁ%r lifdsad ly P.@éuy m;'rlfférgrﬁ/ey\@ﬁ ¢0-510 rﬁibl‘éﬁ a&%@nf@fmal surface

m apparatus tromthe target (as nmuch as 5 nm
(in thlsQésthH’r&é coré B4) ti/cdnechtipr mtters silvealneb donrsrmindustod e@ilgadi The bottom
mat eri al onto non-planar surfaces wth height )
electrogeinea o1 i8YRS OO ATPHAl GpERE; oS il TGIOBS! SAPTeHTEAEH S0 migeong Contact
pad 32{'? i E-Frlhgqg?re ﬁg en?#pl e%@ﬁ% n%rﬁ gAc a%ﬁ@qntp}é nLa@(Wm helght of 400

PEEN UL unct i onal
mlcrong ha%s dré\%%ﬁlel edrRed frbrh 3l mdngaNReSARE FortiXide @ blREPSIWaIERI TR
targets hree-step process has been used to
inductdnad tiresdfan M*Det-fabtietedondeciorutintdon Kantoa lSI@p‘(V@ rﬁl(ﬁlgw e prand reveals

alum na target. Step one was tq de 05|t el
2 cradit 55 PO@AT S RCiEERIEN O 5 M RR e s TP R gt o b Mz
DroXi de, 1 micron thick
The q%ﬁt\/\%fg’b - C S@é‘ﬁﬁ}( n&%%?ﬁgﬂw%es were | aser
treat ed to form dense, conductive silver wires. These

Wi res conprise one portion of the
Example 9: Miniature Thermocouple

The MPD™ process has also been used to fabricate type-S (platinum, platinum/rhodium)
thermocouples on tantalum nitride (TaN) targets. The platinum side of the device was written on the
left arm of the thermocouple. The targeted alloying ratio of the platinum/rhodium arm was 90% Pt and
10% Rh. The devices were electrically insulated from the target using an adhesive Kapton film.

Thin films of platinum (Pt) and platinum/rhodium (Pt/Rh) liquid precursors were deposited
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conductive traces that will eventually wap around a

ferrite core. Silver contact pads ( 000 m cron square)
wowees/03dsso added in the first |ayer. The seconPCHUS®04/031803

was to deposit a m xture of nmanganesezinc ferrite

powder and |ow nelting tenperature glass over the

conductive |ines he powder was densifi n
onto angr Ry U PLASHTTHE LS GETTTPos OIS B YR e gIaae e e
state. Sgpugleg;legﬁ’iﬁ%gr{chﬂﬁgce{’}ﬁ&ﬁﬁ?h&%s uEed tbtcféalp fhretNaS!oﬁﬁlm %9(!' t@]pﬂgnote
a dense matrix material after cooling. The ferrite
wetting@APaGHebibO B thd BPiand@ERh pReat& . L3sarehahichlipriessdiny dotieVedigectrical

the deposit to about 100 microns. The ferrite line
propertiee nefr it gl Péamjf’t/afsd@unmmt@r@e NRRRUreNeRgs wgrpélﬁe%w'@twely

it co ctiv ne
ceterm DR B ARG OGSO RBHL P 1 T TIPREIT PG s A g for one
arm wa% ubytRhed dnB 8o 1ds8r &dcBAbSsel hﬁus%?bdedur@'v\fég eheh PEpedRR R el réMaining
ead standoff distance is several mllineters, it is
arm of the ktatrhaceliple. Shaplteesdctionsrdr the leade thabcanmédt thaseﬂrehorstp zodact pads are
curved surface. The resistance of a typical coi

of paﬁ'@%ﬁﬁ mtea?% @W?WQ%P%WWWBW%“@HOT [7Bd Siedifier gpd over the
jUI’ICtIOI} H%S a(jesuét {l}gse Wlé\t-(la_rhsgctl nd r%/ﬁ%)rl]lggo gy%(?(g?g 4éﬂdﬁr5€\%£g)gm1lg§d @ygs%ng
paramé?érs A ghro g YRdvRY o ﬁ@kb%fa%ﬁbﬁﬂe Mﬁérsﬁﬁtldnhﬁ aMdbdbLpIE Q@EFh a20f the lead
Kapton target 36 he first l|ayer of silver |ines
wires. Trlan:{fugure%mows & bingdth garssitioa fromn €48t/ Rimjupetion $§ trslatfl¢adc40ewhtcft \yas
event shorting due to e|lectrom gration

|lver 1o
deposw@%rsfr 81 P PERY @S 1eph R whigh WeR oRoa s O Ve I o %4, Diposiigg of metal
v s R 5 8 BBl b B2 o
crack|n§ léf tﬁ@@&o(ﬁpﬁsddhh&al GiRYS @ this@kdrhdl€the aeposd 4ickhesstoihaeiie fidibto

bottomsilver lines, formng inductor coil 30. The .
approxmm;cm Bl G micoue. Métaliztionf repuaiynerarestas tfa‘wi@e$slmqwbed@ﬁa§@d by using
trace mnth rOX|nater 50 m crons.

he
an iteraiiye, mathpd ﬁéﬁp%ﬁ ﬂngmﬁWP§%%¥?@”mférrlte core 34 is a 5
I%@afb@gﬁoﬂ? o%rtn MS@MWIEMhQﬂogmpIQE sHON IRFRLRTYSThe

and 1's pre era formed froma manganese/ zi nc iron
correspdsdifgcLaveciod asmamwpms thefmezoupielwith arefezerse tengpedturanf MC is also

D(tm-fabricated inductor_printed on Kapton is shown
ShOWn-@ Ratgiwgs fakesfrora AH °¢ /AL T@egeumowaﬁ&hﬁ?@a"se? ggysthat is very
similar Ilfgtﬁr'er_gtgr?c% %r A Qheﬁ,'%oe o g“er%(é:/ern [‘)ér('l?v()erlggh@l? legéalrﬂgﬁ 3‘%3)9{% slope

of the sQ:ﬁ"\rdal‘E%Gllvg (681 8Omeec 5@rsM‘lz 73x56'aﬁﬁm €) fom bb @ A UCEThe difference in
ernocouple The M D(tm process has al so been used to

output frap bé dat te theyse o (gfdrartce tammergilra bi approxintaéal 2AC, rather than 0 °C.
t hermocoupl es on tantalumnitride (TaN) targets. The
pl ati num side of the device was witten on the l|eft

rm he.th jargeted alloying ratio
Examgii%mt (MI eteﬁliza&on o?[é{ﬁr ?I gtgﬁérgturemfg S 90% Pt and 10% Rh. The
OeNd iRRBtioNaF & 1R BEd for malaliiyation siiiattie thrdetsoadthnectrableglymers (bus
using an adhesive Kapton film Thin filns of platinum

lines, efdetrydeariotesbatecisLett. ). eptistion ¢RiasRIe) elddirgrit dorprosenip gaip gircuit board
wer e deposited,

deposition of embedded passives on circuit board, fabrication of vias between target layers, and

metallization of epoxies. Indeed, the M®D™ process has been used to deposit and sinter silver on

polycarbonate target material. Because of the high processing temperatures needed for

decomposition of the silver precursors, an alternate approach to the precursor chemistry method was

used to reduce the processing temperature required for direct write of metal lines on polycarbonate.
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19onto an insulating | ayer of polyimde. Laser
deconposition was used to drive the filnms to the netal

W@ t@bsm3988anpl e cl eani ng and surface nodifi cati POT/AR04/031803
used to clean the Kapton film and to pronote wetting
and adhesion of the and Pt/ Rh precursors. Laser

Pt
This apﬁ)n)%gﬂ % %\llts Qfgef&g%f%( n %ﬁléaee %F/g F@l c,eo&g)ogé:oaéf ngnl;o%e%r-s'izg§ silver

ur-pol nt
particlddBaspeh@BNES adMRb & d6RA6h. trAe Addibh anaﬁqbfée&fyhéiﬁrwemwae abptBximately
degree of deconposition and porosity. n printing each
50 nanglrevtrer@e The bse qrﬁa@empamcleﬁ@mulem taprintwiver ihep osto tadeiv-tempperature

n Ia r de cedure
terget o 56 SLBREHAS S any Buscihe (ol SoGscIng st atpgpd:e. @ hghly
conducT&hemétgls QIFe%@)Q E»hélé‘ %luﬂfnaﬁr@%e' r?e@g ﬁ)rtdgt%ﬁnpggﬂf}%ﬁi rérn&/al of volatlle
junction to contact s are of particular interest
orgamma/ehteaﬁb $0$péndig mddiunt & b RgeFous, ad Wit tr@muca&miagtdme
other lead over the junction. As a result, these
polycarbpiiaig; geedt adhRgormeneriptio ies Regn Spraeieiralgd inshkfeYieus iudy: deposition and

prosos R PRS0 0N T THLE FRLTT O 1o 7 PRI H 8L gooric nk can

be depbéﬂ@@ WP hehsttw 1%‘1\%&%&{ BsnomBRR-sizb gé‘r‘ﬁ@essm&’sat é Ia%@PMA}& r (<100
transition fromPt-Pt/Rh junction 38 to Pt |ead

mW) thahdceh neiaamaggp paydasdniite;rsatl neadlktetzcitdl lﬁl‘bpémemrelpeaﬂbleﬁlﬂlth laser
whi ch was deposited over junction 38. Deposition o
S'”te”“ﬂemmngé psiRtpred siyet g Rihedycatensip pie hAYM Indigugss 82 a”d 8b. The

reS|st|V|t¥ &qheel%esn %T%RQ%E)S %X%é’ buﬂ< gscl)stljv‘?ya cﬁ #v% YR %(fsc %%Fn?% f?‘ne sm erlng

econpose
temperbfﬂﬁé |§I §W§dlrﬁatélp H 8K Sdiich & sﬁdﬂﬁil’:éﬁtl? ﬁ@h@'@ﬂ\éﬂ\ thé120 °C damage threshold
approximately 0.2 to 0.5 mcrons. Metallization
of polycaglgpmetei ng greater thickness nmay be obtai ned by using
an iterative nethod to deposit and deconpose severa

| ggp@rr@ssibp‘ﬁ arrlisatiops IRFIPes, P gFs et firgiteddp, agditive trimming of passive
electropg E&onné‘r% 'a%@lﬂgrgosh QFF ?ﬂR&PfiﬁR' gété %‘é%.éoﬂ%fz r%’lrﬂgterrals 0
pondi ng curve for a standar rnmocoup
chips a‘v‘\ﬁ blBstfés el aﬁarmaterrr@aﬁﬁnatakgea. of 01is aI so shown. Dat a
was taken from21 to 177 C. The device shows a
characteristic curve that is very simlar to the
standard curve. The slope of the experinental curve is
Examplg 41p, Pre-pracessing giDepositign Materials ope of the standard curve
580 5 e o U e
Droplefs ®f gat0mRetiRAPAIAVE ﬁreﬁéatélmftﬁ?éyl Jitdr @eytepdsition appdrated, and the
than 0 C. Exanple 10: Metallization of Low Tenperature
tempe@‘aregétf@ dehesiteehneietial gvas rised eappsedmately Sehedegrdes £gtsius Miagf

astic ets and WV curabl e y

substef GRS EPUG AR IEG coBP Lol MeupBRuRreBlig ol gpe Astum
tetrachgﬁéezt'g:btﬁrle Eil ﬁ I{“I g&%‘#ﬂ’g&)gasg}t \ﬁ/:é)g&%ﬁrogflcﬁ g;'.lﬁh%at gﬁ erred laser
treatabfe&bé’tdar&&hhcﬂll’detlﬁt att a6t liaftbd@eplatinamgettachiayd; §old wn'dchlonde copper

metal I'izati on of epoxies. Indeed, the M D(tmprocess
formatdy gilvepeaetate; Sbvgr Ritatdcpaun titapaie ard gurinumioxider on

pol ycarbonate target material. Because of the high

processi ng tenperatures needed for

Example 12: Ultra-High Density Interconnects

The M®D™ process has been used to fabricate Ultra-High Density Interconnects (UHDI). At
present, the minimum high-density interconnect linewidth attainable using coniventional mask '

photolithographic techniques is approximately 50 microns, on a 50 to 75 micron pitch (spacing). The
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deconposition of the silver precursors, an alternate
approach to the precursor chem stry nmethod was used to

w0 e@aos9sthe processing tenperature required foPCTHUSMO4/031803
wite of netal |ines on polycarbonate. 20This approach
entails the use of a nanoparticle silver ink conposed

trend, h%(/ve\l;]eqqﬁ Fﬁ%t cﬁéﬁ?nqi?%@ h\égg @Jﬂr’«g 5&4‘ %}% loSV\l/‘I-S s?nﬂra% p@r‘c{eﬁﬁ y cnrcuntry

queous sol ut1 on dranmeter 0
i.e., I!néw&h@ﬁ?ﬁ Qpﬁrmﬂﬁﬁély 166 M3NEoRY. Qﬁléjettlﬂ_@ﬁ’astb%ﬁn Qif;edﬁto deposit conductive
nanoparticle fornulation to print silver lines onto a
lines ortopastie@pe plheUipe-tenapegritre tragethesingcornding Holyrmpobalytioasidrhis method
has the faollow ng advantages: .the desired materi al

howeve(flylegls Ilneé VHﬁhd?ﬁI%}IVl %e‘hta‘ﬂ@fq U)etonj(gt té{p%s nMere éeéwveet;ag%pgtal lines
deposxt\@/{i) FE‘PIIQ?%% gg?géa t{f]\lg Maﬁms%ﬁ{’!g&ﬁ?ﬁ g&@ﬁét |hl@f§ttlﬁgg n&ﬁé‘&)t\é%evﬁéth of

approxiafatehopoenig®ns.and wi |1 not chemical ly degrade
pol ycar bonat e; good adhesion on plastic has been
deariyasiinglut thelM; D™ prseeatios sersusqd io, dapegiight dansityametal lines with a

25- m|0|r%8 gr?ﬁ%\tsl(g%rg? g?h(ggn [elﬁg ° ﬁ:g(lﬁrlbtg E\fee? rpl\é\ﬂotg I'\}vu{%er%c&%%gtgat\ceg \?vlere d%posned
and Iasgled%‘a@n%c%ilo%g' uéédqg%fﬁ% Iﬂ% fnalllF?ngatﬂ lirh?:ur@&‘e%omposed precmirgccn)r was

nanoneter-size particles sinter at a |l aser power (<
rinsed A the lrbetdD@Sy opaibnala bagelapaldy Ths pobasks @f depasitidheraliowlat bk laser
el ectrical properties are possible with |aser _
decompgsitipi: pasneidag Im\wgﬁhaﬁm aproxnaiel é@l5%ml°0@ﬁ A AR exagple, 25-micron
. ol rbonate. are shown in
printeBO¥ETRD i et rae e wileh Siisc o Bt Kot using he
M’D™ bid8s3t TM faYgeRia gdhil of €6- m.&ontmeSpﬁmégmmo ﬁqiaﬁm%bmr%rdnr&ly.m.de is
tenperature i s approxi mtely 18 whi
possiblg wiiimbftinézedtprocebsirgherantdmsn t he 120 C darrage t hreshol d
of pol ycarhbonate. Ot her possible applications include,
bihe same liprytidth pRd ineflepsity 'Sacz?a$lfe'? yEng A9-nfRPHE géhovb%%'g?%erconnects

deposnthi S5 m fé) %Z}%R/%QP @%ﬁ%y gﬁicagcﬁ‘g O hl étr%%sq}:e zﬂ)a lht% oﬁ‘ WQ to deposit

pastes an n’con rial's onto
and las@rl 6 LbriBicta Ghike 'oh fdw fePperbRNRIyAeHT Bhd ﬁng%ﬁopaﬁmm Was' deposited
Pre-processi ng of Deposition Materials . Atreatable
into 35 micadzri widerlinbs po et I?MMA\NZdlsse ipk wmﬂﬂerdalfowemqmy for 5 suiutdsla¢ 80 °C. Atter

latipumtetrachl ori de. | ets of
crying, 850 i R 00 {faé?ravasf@ﬁ%%.?t% tag dentelp assenehet 20 mms norder to

sinter t 9591% zgrh mat i %fs%d ré'%@gnﬁg]gf é mg%té’rﬁ&ngfztf b)ag égo Ohms. This

was ral sed to approxi nmate

correspdewte%sfegfalvsy bfS16vii@hra s DISIEH i@ leds eatapproxifateBMRQaMBEr than that of
di ode | aser then conpleted the deconposition of the

bulk silysirat Theideresits ﬁd@ﬁwcbw"d@thpcﬁ"\/m& @aiﬂir@tanmdmsi\ﬁ t@n@éefdesi red
p@%‘tern For ni cs, a cations,. pref el %F
B s BHrOoh R BPH SomHBrd, G CBEl UPCPRISIET (G to these
preferre‘ﬁoo errﬂbé'ﬂ?hbmg mofh@ﬁ re?rﬁ)%lﬁlghtg €eanY Q&lﬁev%ethﬁa%é)rrégﬁs CORREbns and
rmat e, silver acet at e, silver nltrate barlum
modlflcbtidhabalhe paase nigihwantionuil O iothdousHz alvosk ekilsd: in the sraiatd gl intended to
Density | nterconnects
cover all such madifications and equivalents. The various configurations that have been disclosed
above are intended to educate the reader about preferred and alternative embodiments, and are not
intended to constrain the limits of the invention or the scope of the claims. The entire disclosures of all

patents and publications cited above are hereby incorporated by reference.
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The M D(tm process has been used to fabricate
Utra-H gh Density Interconnects (UHDI ). At present,
w0 b@sos9si4rum hi gh-density interconnect |inew dp¢T/US2004/031803

attai nabl e usi ng conventional mask photolithographic

techni ques is approximately 50 mcrons, on a 50 to 75

mcron pitch (spacing). Theddtrend, however, in the

HDI circuit industry has begun to demand Iom#cost

ultra-high density circuitry; i.e., linew dths from

approximately to 40 mcrons. Ink jetting has been used
VW@“%Q@@%%ESlt conductive lines onto plastic and ot her

| ow-tenperature targets using conductive pol yner

solutions. This method however yields lines with

rEsi StAWethog for tBsdsitiAg £ mblri&l oh QhargbtNE n¥iHoR cb@BristgitivSsteps of:

than netal |ines deposited on plastics using the M

D(t n)technod;@gsﬁtinmarmﬂﬁwimami nk jetting is limted to

i newi dt h of a |nate 50 mcrons. Contrastin

the M DXt n)?ﬁPB Bt arosgh e ity b PesbigaTe an serosorft and

hi gh-densi tyofEtl d raaaﬁn hibbs il 81168 o dsR Y Poflal at o

a 50-mcron pltc Twent |ve m cron w de precursor
proceséifi G herure agepambiel cht I@Qldad Rigke las GedpmEge Thresianl WmPerature of the

used to define the final linew dth. The un-deconposed
target; gicecur sor was ri nsed fron1the target it may

optionally be r osition . .

£ol | oved by® resulte Sediutron i HedbomtedilbriaRiyginter o on
electrlcfagﬁ?é'ﬁeﬁpﬁftﬂéh%"l@lllﬁ/bﬂkfBFPn 50 microns. As an exanpl e,

25-m cron i nterconnect lines with a 50-m cron

spacing were witten onto 1-m | thick Kapton(tmfilm

using the M D(t g% process. The targeted goal of

19- m cHsineihesef pleim 1 weareiptherpleptsical REPRSHY §?§ﬁ?fisﬁsgr38ﬁ“"ty

polyimde is possible with optimzed processing

paraneters. The sane linewidth and |ine density is

POSSi bt H&hdtof OBim TWBBIER tr taaeMS n&iplavigd,. | nt er connect s

deposited on PMVA for a polyner display application. t

illustrates the capability of M3D to deposit and

| aser-fire conductive inks on | ow tenperature g

The siTNPe’PetH%‘Epr‘a?"f‘i1c‘1‘"é*“‘?'?1ﬁ‘ev6€§"a€%ﬂlﬁ‘r§?h9'8&ef?“?ﬁr%t Ris l6ss than 200
oc. Mcron wide lines on the PWA. The ink was then

allowed to dry for 5 mnutes at 80 C. After drying, a

50 mW 532nm CW | aser was focused onto the deposits

and scanned at 20 nm's in order to sinter the

nanopalhe etbed of thaim freviegindle perobd tstieate carfpriges pne @mepre materials

selectelp gl}g[%;tgg Q;Foe%% g?nvg%g gg'j%?ﬂlgi]@ m%le\x;ﬁ-lgl eﬁgcra[ %rgg ??%gﬁrt\é) co?]oidal or particle
suspen@BRd Oxi mately 10x larger than that of bulk silver. The
deposits adhered well to the PMVA, passing an adhesive
tape test. Al though the invention has been described

in detail with particular reference to these preferred
efhbodu Thermoghodmf gleim &whrselin if@rﬂe@selaﬁeae fHrégrecoteises gne or more

mate f Varbat ons anp np %ﬂ tr%ns of the RLE éq tal
”el SrﬁPé‘ﬁfta e8Hrofi {1 I8EPSRNT BLT ¢ BBk PILWse 3 oIREA fpgte
solutiofRGndtd] phste:] Sth&BGEHodaRicle suspension; a ceramic precursor; a ceramic paste; a
resistor precursor solution; a resistor paste; an inorganic semiconductor suspension; a polymeric
precursor solution; a colloidal suspension of metal, dielectric, or resistor particles; and any

combination thereof.
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cover all such nodifications and equival ents. The
various configurations that have been di scl osed above
wae@siosasended to educate the reader about prefreT/E820841081803

alternative enbodi nents, and are not intended to

constrain the limts of the invention or the scope of

t ﬂe .Cl ﬁ'.é?ﬁetth“& cfgm i E\)/ﬁergihsﬂ@ SPALE reQr.fn c@rlnt;risgéﬁr%glgﬁ O?Bg'ticles

publ i cations cited above are hereby i1 ncorporated by
having fa@fifctdt @Cles2REA-AphdRinert 10 wicenai med is: . A nethod for

depositing a material on a target, the nethod

conprising the steps of: generating an aerosol stream

depositin he aeroso| streamonto the target usi an

B os of ™ Hehodat 35l D Bhuh i Pkt ohi REser 1S WA
transddcBSESr theurRiicabfosdibioRBt erial at a processing

tenperature approxi mately at | east as high as a danage

threshold tenperature of the target; and a resulting

el ectrical property of the deposit being substantially

s9-mi | afhe metaer diclain # vBerin Serserselieigrmpriees ga eapylailown

bulk form 2. The nethod of claim11 wherein the

el ectrical property conprises resistivity. 3. The

Meg. hodTif m&théad 87 claindB &lhBieth thd 8erbddl #8 borhSisBO AP InAdHHerosdi-laden flow

The method of claim1l wherein the damage threshol d
surrounderhbg pahentiegassolvaiss corlines tRODNE. ackosoadeniievhod of cl ai m

1 wherein the aerosol stream conprises one or nore

materials selected fromthe groups consisting of

! JIHL“ dTrqu lm%ﬁ'\%ld aorf .c?atl}l?rg \%ﬁ‘élr iR rtﬁg Léhﬁ'tg:grsi?oﬂp f&cﬁs%lsgtﬂé %@llosarstream to

particle suspensions. . Re method ofclai mb wierein
mesostdddidRrasRl stream further conprises one or nore

mat eri al s generated fromthe groups consiting of a

nmet al | o-organi c precursor; a colloidal netal solution

a netal paste; a netal nanoparticle suspension; a

Cgﬁ'ﬂ ami Ehepwg@aqi gfd:ilé}lmd'l d\@'e%ﬁlﬂ gd%ge@ feaaturlee%qeéﬁ grleater than or equal to
apmn%HﬁﬁV&BP&mQBEUtion; a resistor paste; an inorganic

sem conduct or suspension; a polyneric precursor

solution; a colloidal suspension of netal, dielectric,

or resistor particles; and any conbi nation thereof.

28%. Thee methedbf sfaire | Tavherainiihe depesiting estepesarinibess piowding relative

C rises droplets or particles
motion o?ﬂ'\ng target an the%erosol streanp.

14. The method of claim 1 further comprising the step of pre-processing the aerosol

stream prior to the depositing step.

185. The method of claim 14 wherein the pre-processing step comprises a process
selected from the group consisting of humidifying the aerosol stream, drying the aerosol stream,
cooling the aerosol stream, increasing the vapor content of a constituent of the aerosol stream, and

increasing the vapor content of a second material that is not a constituent of the aerosol stream.

16. The method of claim 1 further comprising the step of post-processing the deposit prior

to the processing step.
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having a dianmeter of |ess than approxi mtely m crons.
8. The nethod of claim 1l wherein the generating step
W@ oivs03®ses usi ng ul trasoni c transduction or pnRCIEB2004/031803
aerosolization. 9. The nethod of claim11 wherein the
aerosol jet conprises an annular flow 10. The nethod
of_claim5 wherein the aerosol jet conprises an inner .
ok o5 o T gt B BB e pos-ERER0 G2 rBHES an acton
selectetdl?l%% tﬁ@ BFOIUB%&]SEH(% 6fri'm§r‘halq'\%5%9}eﬂhaf%etﬂe £ hBidht &éssur-g,hﬁadiating with
met hod Of claim9 wherein the annular flow focuses the
electroM@ERRI0 Fadadtio g @Mt tembiresastadreofdi mensi ons. 12. The net hod
of claimwherein a deposited feature size is greater
than or equal to approximtely four mcrons. 13. The

hod_of c] ai wherein the itin . .
cBhor T maingl Pl iRy VB SBBROR R S W Bl s gppromatey
equal th BQIIARD 904 b&dnf #&#Mhe ldker. The method of claim 1 further
conprising the step of pre-processing the aeroso
streamprior to the depositing step. 15. The nethod of
claim 14 wherein the pre-processing step conprises &
ptBcesdhe@pbed eirdm dherrd @w&ﬂbofé%gefpgﬁf 5 gregfer than a diameter of a
tmam#%%%%%&%ﬁng the aerosol stream drying the aerosol
Sstream cooling the aerosol stream increasing the
vapor content of a constituent of the aerosol stream
and increasing the vapor content of a second nateri al
t P&t | Shevotethed obreising tiuehareip fthe Hepogiiero gigp a9g rtegRiocessing step are
The nmethod of claim1 further conprising the step of
performedkimMyianeRsYi ng the deposit prior to the processing
step. 2417. The nmethod of claim 16 wherein the
post - processing step conprises an action selected from
t be gr ond metns ostlhimg whereihetien@rbedssiag steg compribes bhigadt lvee process
anbi ent pressure, irradiating with el ectromagnetic .
selectqdeftiinaihe GrPuP aertistnsnas chrinicad AeconResiinns polyrgerizaties. sierggensmelting.
claim1 wherein the deposit conprises a wwdth that is
approximately equal to a dianmeter of a beamfromthe
| aser . 1A meffo8 FRlPd Merdil MeMbrbeEMRbes & nidliaNsdMcted from the
the deposit is greater than a dianeter of a beam from
group t lRendistis@r of 2Polychtvenatet hmilethfyleod aitarerhthatasy, eipalymiathyl methacrylate,

deposition step and the processing step are
polytetrafluoroethylene, polyester, and epoxy.

23. The method of claim 1 wherein the laser comprises a diode laser.
24. The method of claim 1 wherein a power of the laser is approximately 10 milliwatts.
25. The method of claim 1 wherein the laser comprises a continuous wave mode or a

pulsed wave mode.

26. The method of claim 25 wherein an energy of the pulsed wave mode is several

microjoules.
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performed sinmultaneously. 2 . The nethod of claiml
wherein the processing step conprises at |east one
w@e@sossisel ected fromthe group consisting of Pchestooab’1803
deconposition, polynerization, sintering, and nelting.
22. The method of claim1 wherein the target conprises
te el e ted mth Saroun .con i St

S%ﬁca?%onaﬁmod oF eﬁ h eéerllré egrgcp% §i P]%IS =) co“n g?e% del%enlng a laser
beam tBBicAGEMIsRb Rithdd ell a&reéfra%?étam loPRhdS 88 ﬁvurrd?@édﬂ%tdbhcal ﬁﬂyal

epoxy. 23. The nmethod of claim1l wherein the | aser

conprlses a diode laser. 24. The nethod of claim1

rein a gomer of the laser is_ap rOX|nate\%
n%% | i walt '8ethassof ot 1 WEPIRELR BfamLiral Miedaskh Brdelferacha the target apart
i ses a continuous wave node or a pul sed

ﬁmnﬂ%%éﬁ%ﬂ%g§y£26 The net hod of claim25 wherein an

energy of the pul sed wave node is several m crojoules.

2527. The nmethod of claim 1l wherein the processing

s2&p cHpnetiecsof glegim 2eiepuiiingdn setigbnrodss Agnositiorhandtiagegerpcessing.

using either or both of a systemof lenses and mrrors

and an optical fiber. 28. The nethod of claim1

VLT el P PnBRadTd dffiv WherdiPs 'f:‘eratulregs@éecl)f'tl){§5§>63|f Stek E@er processmg is

target apart fromthe aerosol stream The met
at leastdppeixmatelPéerngisroht i ng i n serial pr ocess dep05| ti on and

| aser processing. 30. The nmethod of claim 1l wherein a

feature size of the deposit after |aser processing is

at | east approximately one micron. 26
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