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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

2



2 26 March 2007 processing technique to produce

tenperatures required for material processing. The

| aser pul se duration lasts for short periods,

limting the sustained tenperature of the target to

bel ow 250 C.  Anot her such process for fabrlcab%qgmrh2007

transistors on plastic targets is disclosed in U

Patent No. 6,642,085, which uses a pul sed | aser

processi ng technique simlar to that described in

U S. Patent No. 5,817,550, but is capable of

limting the sustained target tenperature ﬁp belqw
proggEginiechaye i RPSPGeliSTPRRER ERITBIdNa{eE? PaFeRT Wl S 1P PUse
durd®oh st R Q\Brgﬁeﬂédé lilBhgthd dubtéiFed kepélhter6 biaeeglgdt bbJovSZ50°

Pat ent  No. .064, 684. This process casts ? qﬁ&
Angfisr gijch PIDQ?Fng%‘ﬁbE‘FaE’@ frafisisiers gp Riesfirterasts 'S grolppsddn- S2pAN, o

6, BB which sedla bRk &ISder prddd&ing REARL sintilSr 1d¥8A Weribe®in .9, Patent
tenperature to create an anorphous | ayer. ngfo rocess

Not S Fr5Helt s canabiea ipiing He aifsiziged tg9et e mPHUTe IRhpRY

usi R@hinks ﬁ%césg 6sda ReAh 1 kd¥ehnic Rétsha-brgdigt tin fhadid @é’cl’d&ﬂ lnaJ 8 Ratorfit
pol ycrystalline ceram c having el ectro-opti

NoyfrQ§h584.  Taig progeps aasts llapid etalio-ofggric s§ra(yis 8eg s " S°k§ﬂﬂ‘é° orggdavg
on ma?‘g}ey e [vosmgh@a'ted Wﬁpsﬁhﬂﬁe ek anm%ﬂﬁQﬂaﬁér The process

deconposi ti on conpounds I n_an organic I|gU|d vehicl e
thep beatscysaieatediateR tofaj o iemperpiure kg ioaRlFR] MalingapRtnGRpafigneg area of

pol&c@;}’sgﬁrte HShib gavﬁg g&ﬁ’&&iu& brgﬁrt@i QOES Pt NB. 6036,899) Hydd uses a
Screening, in which is conplete at

o el tot eSO TAro T e o & an rgeni U yghice
to f@rmgﬂ?gcf‘ it sﬁe}éyl%und@stapﬁaed to b @Rfel Lsfg £ QPRMEA frbcess sch\sk B a

powder or powders of specified characteristics
scrﬁwma iRehish bengiag ipaqaiate &t RBRSTALFPS PR 4G can be

depeid Bfbnl 1. 6,Plo@8H Rﬁd,psaél tt&ﬁﬁ&oﬂﬁoslﬁ&rﬂﬁ%ﬁd eﬁ&ﬁtal powder or
conductors on t enper ature-sensitive electro

powdgrsgbtpecifieqieragieiisicein A &eacig Prasaic Mefd{EPY e B ipppted o

proafics 951{2:% 5 QiedvREITb LGSR Jﬁ%@bralﬁr@@ﬁiidﬁ\feeﬁa&roﬁi taiyets. The patterns
tenperature | ow enough to avoid tar %et dam

carchgriterreatt CURRF inl§eceRsts (PRITiPYR APtal FRACHRRTRR! P“p%%@%f”%ﬂ‘ ol
avdd 564t b,e materials, the MBDTM process, described
in, for exanple, U S. Patent Publication

200/3FBERGHD oruentionsiRpees I dapasition of glsptopic ?‘E’I\Igo‘%% Ry

proBM4B & cMiell R, thriaRanidle A5 Phted PRMii¢aiN0g noosnomsat 4Chind ZD0$/02281 24
printing t echni que that does not

whlgla@'a Eﬂﬂn@ﬁ)a?méq‘gth ﬂﬁﬁ@&@t apeﬂcatlgg( tsgﬁlgﬁcv: q‘gggghn &%eptgésfl § es not
rquiFeQﬁ'eefét%f R&buuml dhemivRMAks, o eﬂ%ﬁ@pcﬂﬁ:&p&n&onmsh@ Tdemw t

a variety of materials wt é"’ét{ﬂ nie emaéerlgwasanJMS o

progiees fay beyprq tqfigeosihp vagety gatridly HosT't

bedMuk&do &bBosh AbterdaR QHitH & nb reird th&btm& Ero@s<rges DWKaylpe)'ature
| ow tenperature substrates ofac litate

surses, A DB RO T “Ey e BRE PR 2 Bk

Th&8 R HOGkally elREH&ursdtibssed henopaytpiedaded, yr t&ytchere combinations of
g\&ﬂi&%%gr{oréaﬂlg grggngsor c?%gsct)r?ee\ggvle %/El}ee(ég a§vaaéaq% in thagt F% ﬁrecu?sors lgan

de&hn&me Biplire MStalBENEE) 6 terfiReatufes,C1 5@EH0 201ty e B«acause k&this théigks can
precursors can deco S 0 _pur .

be flepAsitet onmapRiastics 8y thep H‘P %d $°a‘{?§°g‘?’ °B oCnga S Z'Jh% mwﬁg{'yﬁwt gw

me{an}@ d8 @Bursor inks is typically low and is in the 1-10% range. The low yield r_educes the

overall deposition rates.



be deposited on many plastics and then heated to
deconpose to netal. The drawback is that the netal

yield of precursor inks is typically lowand is in

the 1-10% range. The | ow yield reduces the overall
deposition rates. 3 26 March 2007 Met al 26March2007
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aerosol 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 pro;ierty of the deposit is substantially similar to the electrical

property of the material in bulk form. The electrical property preferably comprises resistivity and the
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selected fromthe group consisting of thernal

heating, reducing the anbient pressure, irradiating

with electromagnetic radiation, and conbi nati ons
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Figure 2 is a drawing of the M3D™ deposition module;

Figure 3 is a flowchart showing the steps used in conventional flex circuit fabrication and
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process may have a wide range of temperatures.

Fundamental Description of Laser Processing on Heat-sensitive Materials
Laser processing of M3D™.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



and a subsequent material renoval process, such as
etching or rinsing, with a tool-to-target standoff

di stance of as nmuch as approxi mtely five
mllinmeters. As used throughout the specification and

claims, heat-sensitive process neans any procesg nLh 2007

whi ch the tenperature required to process the
deposited material, i.e. drive it to its desired
state, approaches or exceeds the damage threshol d of
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materials onto heat-sensitive substrates, and then
using thermal or |aser processing to obtain the
desired properties by virtue of the initial precursor
chem stry or |ocalized | aser heating. Specifically,

the present invention can deposit electronic 26 March 2007

materials onto | ow cost pol yner substrates that
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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



transducer and/or pneumatic nebulizer 22, as shown in
Figure 1. The aerosol streamis preferably conprised
of a liquid nolecular chenical precursor and/or
col l oidal or particle or nanoparticle suspension.
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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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centered on the |ongitudinal axis of flowhead 12.
Heater assenbly 16 is preferably used to heat the
aerosolized material to renove solvent or to nodify
the viscosity of the sanple. The aerosol stream
energes with droplets and/or particles and is 26 March2007
preferably entrained and surrounded by a sheath gas.
The sheath gas conprises either or both of a
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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
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are not limted to polyners, glasses, netals, various
epoxi es, and ceram cs, nore specifically such
mat eri al s as pol ycarbonat e, pol yethyl ene
t erepht hal ate (PET), polynethyl nethacrylate (PMVA),
pol ytetrafluoroethylene (Teflon), and polyestery 1%[Qrch 2007
the practice of the present invention, by using
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seaertwdﬂﬂa:gkts mmﬁer deamj@réfaswmxpaﬂ'dee ardeplisiteddefop aelmgemwatew
tion [ oc r &L
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nne ra Iﬂ‘bld?a’siﬁdn @érpetnh@m ®fthe t?w’dreemelom pidi aigia il thegredugiion pfitangsbdagipgedt
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ent on the optica her mal
normal applications, absorptxon of the laser radlatlon by both the target and the deposut occurs.

The laser may optionally be delivered to the target via the flowhead. The laser energy may
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properties of the deposit and the target. The | aser

power nmay be as small as approxi mately 10

mlliwatts, enabling the use of an inexpensive diode

| aser. The | aser may conprise a continuous wave node

or a pul sed wave node. The pul sed wave node 26 March 2007
optionally conprises an energy as |ow as several

m crojoul es. The | aser beamis preferably delivered

to the target using a series of mrrors and | enses

that collimte and route the beamto a focusing |ens.

The beam nma tionall
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fiber to th Th AL Qodih 2
copp PGP PO O GT TS S ELUR Sl ARl

thmgésfgl'eﬁtatﬂhaa Beverkl rtididhs,|ofiB erler fmamiv trpqzeejimdngorfamt,qutqrqsal!ﬂel@lghts

t I .
ra@gz{;r{‘\ g%g(gl]rrq?‘goen%}%éfvg? d’glfurg/e?eés Slmugar?%l gsnt‘oﬁ%rgﬁgs&prougg g
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dispiieg bccu aser may optionally be
slﬂhﬂﬁrﬁy (et Spay brixesdesin ghith shinkage Hidhefshsiifie gHface T rauntezpsias by
ternatively be
°‘f§‘%‘l""i1 @é? %u§¥‘ithe ‘iaﬁ'%e grﬁﬁ‘ : e;{?eaﬁ?goog pg%:t ation that is
di f free expbsitéd pattard &retrdclgeatefe@hly esimpisaa desigpdmisdiidhat is gpriopjaptely
a ser| lob br@id liRRes
"5 PSS ?\e ﬁﬁ"‘g?’ °§t§e k3 %%? goat{‘ég&rgg%%&%ﬁe nt tﬁ%'ﬁ 0sition
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d to d t st s 3
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of riMEiIRE THE deeirs vidih af thesdepasit inayratiesnaliyety fae gf@tqj fhea the diameter of the laser

beam. For example, the present invention may be used to depos:t a film of material with dimensions
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rangi ng fromseveral mcrons to several mllineters.
Si mul t aneous deposition and | aser processing nay
al so be used to formvies between target layers. In
the case of simultaneous deposition and | aser
processing, the laser is preferably directed alxWarch 2007
the fl owhead axis, energes fromthe flowhead
orifice, and heats the aerosol during flight and
after deposition onto the target. In an alternative
enbodi nent, the |aser radiation can optionally be
grga?ér P\Fﬁﬁﬁ&langﬁr &k %Eer%@an't Rhis @ HEEsePblah RG S teredor bdaated back

processing of the aerosol is enabl ed

anmmrn@mr the Prsirgdatse of thecigpdsihig PRUS® 2 spesifigavcturer Red tagdnpragspsed

%@H&\F 4 ran&lg hqu'gert SR @:%chseps%l% Erﬁlﬂlﬂé ofthe &t ln?‘y OCCUf for

eposrta or optionally nelted, in flig

exemmwgehqp@cessersaé@ﬁm ieAf deseriAopiio ghfintering: HALSVER, “‘? *29?' dﬂ‘ef‘s'“s
of§1ld gdogﬂ %os@%@é%e@éy the daBositidPARESSHAK, Eneltdr§BBspaRY arld he fluid

I ncrease sl ow ng feedstock vel ocity and/or
propetiessithe ﬂﬂgoth%ﬂ"éa of laser through which the

f eedst ock passes. In sone instances it nay be

desirable to use a plurality of |aser beans having a
MipAtApplisation Bxamplés | nt er section. Sufficient energy is

3 L L% r¥ro ok kel chbificd Bedsbock in-flight to

sEocR aeposrtaBIe and pronote adhesion
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I LOYhe Rardh FMolebiR Bbte FeSME tHRTcoretEibrast e precursor
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t he fabrlcated structures enabllng a broader range
e Bt Lagdr Sintering gf Aggicl Buspensions and-Commercig P Aand loks

mat %%]éepé d&ermd df a@t@g 's&s'p&rglonstoh Beat-SERANLE fa%&s claRsé ﬁﬁirtﬁmﬁ theCs
eposi able particle will behave simla

prectinecions prieasintsrinsreseses . Repdeg ﬁ’agsrﬁqr%rssa@wf"er'r?é%w'dua'

paﬁHQsc‘ tl'ﬁe%’%”%"&gs@ﬁ CaphiSie & QR 5AEANS OF dd¥o-comigbriomipebtd &ﬁs&ﬁhg of
to the particle dropl et spreadi ng on

low efpichish melting ienperelui parficles sy @t Iy @e'irrg@f'%trgﬁtﬂ ) ggﬂp‘%‘%'e%% a
re%&ﬁé r,,qgm%#;r,gtrg,,ragggs is approximately the sanme as the

I aret er the | aser beamso that direct irradiatjon
of theer rregesying mpydbe|upegite sinter eAmmercisl st &NdodrPRTSE- 8] MY

al%]orl)eL 4% P ;?asteé tbr JHRF Gechidhlc@latefdls slidhaB drtal@&'rcﬁiﬁﬁlfd?@dagvmﬁ In
een deposited, after |aser processin SE5%
B 0400

thelMiR tseasiienrasess Femmerpial pasies a whiendypically hpve Yiserates
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posrt may al ternatively cgreatﬁ? Jasti
depprition. {L#per sitiesinpeof MID™tepesiiRgl cpraarsyial '"'ﬁéah‘r'“r‘és PoCETAFASY o plastic
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mat eri al |nen3|ons 13 26 March 2007 reater
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and forth, over the desired area of the deposit to
pattern a specific structure, and the unprocessed
material is renoved fromthe target. In either case,
some shrinking of the deposit may occur, for exanple
during the processes of chemnical deconposition T March 2007
sintering. However, the final dinensions of the
deposit are nostly determ ned by the deposition nmass
flux, the target speed, and the fluid properties of
the deposited material. MDTM Application Exanples
inkEX% A luBe, But ate AS ARt P08 AR5tV GesRive Mt @didstricy foraliationsc al
Precursors In the case of liquid precursor-based
materials, laser treatnment is used to raise the

Ex3rfiRE rl.?ster‘-glrﬁengd of MM 88868 Nanbfribid Brksdeco n’p OS [ t io n or
currng tenperature. In this process,

declorgs sigteine i Bp- dwa@%"ﬁ“f’&?ﬁ‘f"ﬁ@ksthak"ésg bfﬁ"éf&eé’ ‘%‘Ef&‘ e InRR

on L%P DLhsitRE taboBiS She 1843R 4 B¢ed rﬁhﬂé&x&d&&os:&h@fe&b@ 6xhib% @Eistivities near
anges its nol ecul ar state. The ch ang in o

o 0 i 5 TP TS EMEDTFLGT o B A GUEPRes oo

be g@ rﬁ;fluéh@!ﬁ with@od MR oA&S b vRfle mt%rnblé'thaser@ﬁ!xoﬁ ain*rayed Iésbreadxatlon
econposi tion process also entails emssio

may slsehsyeedtiyy lapsr eiblerios & nenoprstsles. givectert Br shyoRien ff Fl&-‘d’l&f%’?’e" to

&,QEQQQ& SruRksyari ous targets is possible wthout
e|ncurrlﬁng dgnage to the target. Exanple 2 Laser

Si nthempnaperiste inpjg prefecabls d%e%‘b'ﬁ%ﬂ%@maﬁﬁa‘a@?ﬁ‘%?‘ﬁ?‘*&f'“ Is

manﬁJa@ §nd4|%qas!eﬂ§<t§en lpl%%?aﬁly §daFHe@ biePBe @bos @rsihleﬁlhtﬁndual particles.
suspensit ons on heat -sensitive tar get S is

np@gg?qg depogiliop pndisiftering lgftg%r@mpam?w%lﬂﬁy BﬁperfPrWeq tﬂ 8eposut lines with

gre§ﬂenhl%ésg ﬁaﬂfn&%ﬁo%lted Bsi @Ql skrfhi deb&lﬁa%d H@&ﬁpohlﬁ?on (ﬁfo&’ﬁi ed
out nelting individual -particles.

Simyitaneens derosfiop afdAIleEn of thasnenepartifis ek <an #isedp i“??@ t°6?"" é“’ee‘

di }Q@onglmﬂﬁmges Doshi8esMtirgld Ng of . | ow and
Igh-nmelting tenperature particles such as

| ow-nelting point glass and netal, dielectric,

ExdniR 45 VY EaoricBifon bEHIA késC Materials. Laser
processing may be used to sinter conmercial lrtes St o
andineearmyediesnt. harreseat inveren gageen uedig R Sindim HrEy9t e’}

plapc@%g%ﬁ wif ﬁan%tg@ﬁ(esfﬁﬂd@&%&p%ﬁhﬁtemoed 15&#’(5 Ssédlﬁ&llﬁ&e mventlon can
dielectrics and ferromagnetics.

be d@ﬁ @S?%”F‘Qi’r?aifﬁ @Er@gt@n of OFgATEPIR fi thrarﬁggrts é%TFI' s)\m P%(Me targets such

as F’E"p('p&ﬁkhg/lynel?@ébﬁthé(éte“) @R Joly&h‘iboﬁefte Wth@'&&:rketbﬁﬁ(PEﬂOJ ®é Or
greater - are preferably d %ln a apl e oa

i, PRI BB AT P SO 3680 o pe xndod to s

tarGLRPRR pIobé?,Qean h@b‘éﬁ%n@ér&kﬁﬁﬂ%a&f seNBEﬁFﬂﬁtoﬂéﬁﬁm bd tBtdmetalllzatlon

commerci al inks_can al so be acconplish ast i
i RSO A" O AGH P D8RP AE S g TR oS o

eleEtrbE&Sthﬂéadﬁalleod@ Bﬂrﬂ@@aﬁﬂfslﬂﬁét}( d.e.&emngtme soainserpcixaktely 4

I nks t hat focesse usi n

miqropg g4n be fWeéf%ﬁ‘é‘"‘t"ny’ ghapnelvidtiyR&he 3?8 '8’19‘“ X D'?era'L?;hhg ?ﬁl’s?e“

gredlef, B rdadeltheCb@rréhSdTRihg effedisd Ugubrﬂ:gnfbu’rﬂlmshmndsr aﬁdﬁxum#m oxide
nanoneters to several mcrons Q g q 3007

(ITO) gate and a polyimide insulation layer. Metals that can be epOSIted orO Iec ro

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 M3D™ flowhead and

then processed to the desired state using laser treatment or thermal heating. The invention can be
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i nks may include, but are not |limted to, conductive,
resistive, and dielectrics fornul ati ons. Exanple 3,
Laser Sintering of M3DTM Deposited Nanoparticle Inks
Laser sintering of MBD ' -deposited nanoparticle inks
has al so been used to formnmetal lines on 26 March 2007
heat - sensitive targets. The | aser-sintered
nanoparticle deposits preferably exhibit
resistivities near that of the bulk netal. Laser
sintering of MBDT"i -deposited nanoparticles to near
e n{ﬁrﬁéo@o'n ,\Qé&%?’eﬁosﬁn%f aP&gAfe SHBBhdustng fatifal, Eucd B MV
Pess of visl or ultraviolet |laser radiation.
pehtadenqapf@deW&'S‘@h candyelPraqepsshto fafa e samisendyeing Sedipy Hihe frsEpT
Si n% hér ?Igre qp‘le l\ﬁ“@mg}a@e{sg dafi bESed B kabiRBte bllRihe HRE AREIBHED bAdARE
is tailored to the wavel ength of the
remewectn@netemn@mr glpse pred faple disriayp Qo eAmIon poRaigpRLT fRbeRtion
of |ngrc§1ngét¥3n%[a£t9£ s c%ﬁhu&tb@ﬁolyﬁn@r& tuhiell RvSHSIRIGHS bOighi a8 at least
nmai nt al ne | aser_is then preferably scanned
segeyab thoustn ticiestont pftbum @etai iThe MiD™ AREPSS |cefuaafmqb/a? %P%Ieé'édems't'"g
onslagty. a g%{;%\%‘lé e %E.Qﬁ%ﬁé ke ﬂ@n@oﬁé&‘l‘n@g HaRBy redistilife€ approximating
anoparticle 1n be perforned to deposit |ines
mammmﬂwbﬂﬁﬁker thlckness than |lines deposited using a
S e r Ll'?e pnggrg 91§éntxAnQ:Qn é'm)q)e qg& mléété |h<9§bn9 tHRHCH® Bansistors on various
taneous deposition and sintering of the
tarnamspaart resFrbous milicotiinang 2885 PesEdepesiien RFeFHE-m t hr ee-
di mensi onal m crostructures on heat-sensitive
targets Exanple 4 TFT Fabrication on Plastics and
aingg ah Pay e Regal , the present invention has
b ee ?helﬁ'eggnt Fn@ent oﬁ L, b @éeﬁ to réyaipdefféclls M glabPdAE bidtiONaBpaRé) display
plastic targets, wth damage threshol ds of
(FEp)sraoiky- Bating FHD Bodater shimpa.er hagleq: plpstrica| ppaps meypgeur on metal
strh:?\}ﬁgs%alt B & nn&ﬁlnééstﬁg life® br a%?éoH&dctQ@ pddaR @ flatfraulRE kigalsitdxRe
: organic t Imtransistors (OTFT's) on flexible
display gredity. @smsifhe Na%m prgqesq BROP PPy acep BRLRSHERTERCRY gepositing 2
mftgplecupsg ¥ héh Q%@Jﬁ@le ink Ql KEMB &F £dohBihrdie tRA&T, (orFifgeh eleduid

yester. The application of the MSDIM process to
mtérgmmcgmer(yﬁmpgn qireut- The deyogied realgrial fpdheq dfcembqs%pscg sintered to its

finhi 3aRGLi g a IJJaleor ngglq'\gﬁlﬁg &&st%%ﬁ inbiud@ ikt iPFoPFRESto, tlrhﬁlatlon of
organi ¢ sem conductor as well as the netallizatio

the deqesit witjaserypdiatimriTadiaesy Wit diyragpt or fgygedpplasendiztRy QHFF‘B'H the

de&%ﬁ' m%lfu?‘r%c? Qhé'lécﬁgqutz o rgﬁﬂr%sn'\e‘al gtrb@ur&@r“ﬁ%nraﬂl@ is@lg@ficantly
ectrodes, the gate electrode, and the

differestflomdeRositingmaiatsEictures AR targets Spenfipally &n ‘%F%EP&?PF'&%?’&FV”'

ca% md.ng%bg Rl Gdbhit Qr% pfo@ésgﬁng matddBsoltral ihsariednt hh@.ardaaﬂml
to channel length is preferably held

crajk'wpf@mf aghgsipnegesciat opgeat e fptiPnafbe d%’f’s'tf‘f 1 Hﬁ‘@e fhé 8?{“ the

&ﬁrrg tifrd Edridhe %ﬂer@aﬂ&pésﬁ&‘ m%co@ﬂf the VGbLddiipof ihé déﬂk@lﬁdﬁ"ﬂaterlal is
TO™ gate and a pol yi m de insulation Ia

tog lnmso thaimaledal frus 679 Pearostand doprnet @P%S&Hao*d@ e“f DEigPY a&‘S‘t‘ i?eé‘?‘ft

sntF‘”C‘i‘J&kzrﬁbeﬁlE p&%dhesfoﬁﬁéy%éuyi\‘ &xb RS mitsHal iL&hBiieB thithetie@ct Bifd] partlcularly
to palladium gold, and all oys thereof.

at tha fhctiones e nevikdepasited sEeHe ae?rth%eeﬁffé'@ﬂmﬁ‘é'% FowReg e %P
pr%(g&?lg bgr%téﬂs% de Loﬂj@le&\@ Qéboiltl tR\WhRBGhidkRds of iaRAal RME&E S e d
(0]

e desired state using laser treatnment or thernal
méterialtdeprgition BRdprposssiss Wilhei cragiRg pr@oor gdhesion.

Processing of material in the form of precursor inks, nanoparticle deposits, or combinations of
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26 March 2007 wused to perform sol ution-based
deposition of an organi c sem conducting nmaterial,
such as a pentacene precursor, which can be processed
to formthe sem conducting nmedi um of the transistor.
Furthernore, the M3DT.t process can be used to0 26 March 2007
fabricate both the OTFT backpl anes and the required
el ectrical interconnects for glass and plastic
di spl ays. One conmon technique for fabrication of
interconnects on plastics uses conductive polymers,
have resjstivi shéaglg as hle@@ig;,t.ess gaveral
thet“fﬂnﬂ@a?ﬁ%? acdﬁfﬂg%é"tg%ss an o?‘asgm%%t et al on%s MBDw process
ap&@(ﬁrtafe?rab(:c rmgonaseSpowapadxheesn@fdiodagm@ijwgan :;z’refﬁP S%TSP?:‘:
ets fi M, 64 Stid ¥&rial iy GEIGRNREE hot
Propgss §terﬁ5v‘i'E§D 1PR%i°8 ?s\?f)rtﬁlag@ ﬁ%pfpgm mating that of the
limlddltd sile; gakd, co%earrdnrsomm oxdde\imiinewdihcassmall 23 grARimalelég t o
fabricate inorganic thin filmtransi stors on various
migFget s usi ng an anor phous silicon ink and |aser
post - deposition processing. Exanple 57 Fl at Panel
Di sal ay Re alt The present invention can be used to
%ﬁ%@ﬁ%w ass and plastic flat panel
di Spedyhiatuik=iiEd)ane mbtaiestiorr of marDeledtiagic FRpshabied te at ingsygsed
in or hand] | l.e RGNS LB YieRSiEtHgetO8hn
"a'i‘?é'f"h%m ‘gf“l‘tﬁ%‘f‘tﬁﬁ? lgf’ﬂ%ets °c§?°§né {nlnn{é@énconnec'ig i nes. bus
behided %I‘ithree-glnﬁﬂjbnﬂ patkbging and eapevndidesably tegzp the gigg 30d WS’S*@ p&|oyen
to the displa | Distly “@PJMM RRAS S the
deyjcepdex °W“Es<ﬂ’?g 'b%‘e&g PP ”z?lt(':og)séfarr"?leg?/EJ E%'Str epai r ed 4
vnb@ﬂf(h@ Srhdtsh(fhgs tEat maﬂa&hgemgle Grgets bave a fr 'ﬁ%?;?fe%@é%%‘fr Rripied @&
I n or a _conb old&d 5y @ BiloWSfor
Rt PR 717 Gl FIHPEPE DR oy oL e Bl Blodr
thel RN BirfaglcorBuinerahdunedical diirensudeas SAMRISeMerrdess ol efloagy

to its _final te u hihg
et o el Rk Sl hea
Présbtig eaidst@Bm@dn metHaefodiapicasiontof figk titpuils gafails amydstar i on,

irradiation wt iver NadpBSBh of t,
PhptaffiogrpRhig Rroogsy: @ J(;'%{iuf’er?ga pon O%m%ﬂﬁfé?%tﬁ&f Srpﬁsz\tc e a'lr'ﬁes
exbRGB ﬂ‘it&lllétisafwoﬁgﬂpaiaﬂd @geldmbraletcstth endresistrgMevRy- Thpe processes

circuitr, ant| v e dr 2 §,gggn
st e el 7 o U e e s 1

was 8 SinkRialylherpéithe o&qﬂ'pﬂ netzbflin i§ Piged indhercicuitn JEe MR P'&‘k’?n"ttbf other

deposit and roce; ; § ich@nt
ha%?ré?qs%ﬂthed@%% g n}as ess one%teg@i%?s&%ﬁr%%& f%'Eérﬁicg{d dﬂggfeo r:} c;tg/gs

The %se@ﬁﬁlurﬁtxoraits ati:l‘aet gdwmmomas ofd ﬂuerpéorﬁ@mastﬁsttwesct fPrRotiRgHQ

assétla a etafikA6H
e RRPErTIe BB PP GG “Ea el el (38, e BBt

préteRPeefct By reditee bnl}ahreq @ps auwids quiipgd ingtiguferdaglongwitrdths stges for the
nt o and does not deposit to a

0
m%?“f‘Yee"P&ﬂf’“"& ‘@"hﬁpg Qféce%se defect site. Cracking and
p 00 Mheaphlieationst trmWDTb proagss t the ialvisation of flecisgujtsan plso reyp e d

0 sl fmdieh eel 2 ! irddits.t 1R BevbibPiig te DT
S b H B ikl D tteront

teéhhdil@y tﬁdcmemhvenbds bavk/BEFIMed p Vet Masking]™ 9el (ARt B} & Chgysed
#ggalsrﬁ aq e%ﬂglfs co ? er—%ontralgd &Qérﬁu‘?gqf ar :«Q}ogéﬁﬂa@ figtid@F suspension

mat er1 al deposition and
of Bﬁrﬁu‘ee IBinGihe w:rrthMss@ndaWpﬂg* itip pqseitdlg to aaip@dhe gsulator between

flex circuit layers. This would eliminate the need for deposition of an adhesive and subsequent
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Processing of material in the formof precursor inks,
nanoparticle deposits, or conbinations of 16 26
March 2007 the two, with good adhesion to gl ass and
plastic targets, can be acconplished with | ess than
approxi mately 100 mWof |aser power. |nexpensi Wg March 2007
di ode | aser systens can therefore be used to process
materials for FPD repair on glass or plastic. The
deposited material may include, but is not Ilimted
to, silver, gold, copper, and indiumtin oxide, with
i new ) % rlm&urlh as approximately 5 mcrons.
lemERioR ST R "B PR €% G Cli t Fabri cation The
m NFuathertfdre, adne mmcmn dr drmvtgl nkqdecin fveie! ek cireritfporieatientyaulg AP ¢
evi ces has  depblitibiHatidrf8 inkdiBRG 1
’edﬁ‘fef’ @l i'"tsgm%?ais??t 38'"&‘39 ’m§ Pfg{-ot%gf%etd %0 those B’r. nted on
recuite@ $énldet thtadrdgy@bgonallekceikipvetse t ar gets can be used for
t hr ee- di nensi onal packagi ng and may consi derably
reduce the size and weight of a given device. Flex
ExiboleCrtl Db@sifdnatGak b Pieinthe producti on of a nore robust
device, since the n L diutarblelirébhd 1Qasid aHad
shoTt’Y(’@’!3 RharPaRRS LR usg'%krd &gl‘s‘:tdle'{idar get ?s,r\é ave a P
plalifiMA vaautdsemgetsome@recwr i S’efF}‘FWﬂ restpligyproanid WW@WS“ ofa
This reduct SosBE thdrERRSBnd Haats th
mefabﬁgg'fsﬂ‘é%d 3 aé’f°f93?%‘°éde'bqnef' %pgg&h%r%sw tr y&g ows for  the
drdBkt@ d\lﬂﬁﬁtlba'ﬁre dépogiting tha béreﬁol@m the teeoet. Enedirentsep’ @sthod&@weeé%s’ for
aner as Gal ds 1B g (6 QRS
d"?fé‘%‘(l"i ‘1%50"‘; r gigtinumg g?:ce?mnﬁ'glﬁeg' el 2o oAbl an%:bgoxgr?dgoperlat i %g
fivd meBAstibradgetywite qamapmnetholds ﬂa@s@mdpvox"t‘w 4% common
met hod for Xt brbahkbldipddnMetnsd @r
mul F3noRgt lﬁbasﬁ‘?%(’tkf:& e(r)ad‘?aéeé{ne? t|gr%)rcess Bnd I ncl udes
debo@afﬂgrgati br(knplz&fc target® Galll preayispr inketyridaly fF‘&Pr‘{‘j@l‘“”%’@'b@@?ﬂ'ﬁt%?‘?
Sl Ceshditbriferathd P HgkcsBudhas KET,
"‘%@éﬂ%ﬂi}’é figfed deeqfeefg&ovf tﬁe&g agtreghsisst rrzgﬁ{)ava M These
PERK| Qaesae Brechaiing predurser dema&qu g9y, Nagergrtiplg gnid IpkELPRSIRINGOT ¢ he
mask fetdd QRS Rorth B0 A5BRESE, 38
najoqetes s‘ze§?€%aé“°?c%nfrgr§raé{ﬁ¥uhl—? etﬁe 'gg?‘?g?nal metal filmis
sxgbliﬁﬁﬁily marttmm@nmgaemaeratumd WRDR ST precessing ofy DI risPasited @pld
08 €S ad o Brd TRl e Riured B&io® biBout 100 °C. In
fmaﬁﬁaﬁv? BABF 8 %%ggw?&ﬁmﬁ rfcatléﬁﬁo#rflex C|rEU|try
geildn, trprugsset ndnopartivie hasedmetdl inkecaniiowss the MelRAfef g fRMASTLESS at
and therof or Gdte rBIAARRA s Al tlaraaa nation,
e SES BT OC ecgngble%%d% ﬁgetr:rtl Cal et ch hi ng’? and t he
associ ated material waste. The entire netallization

grqcse_ml.%%fr@gu@@y requires only three steps, and is
re 3, along with the stegs for th
NDr ThedJDV@rILEsO maM also hotsed o pladge myPYered Siiches incleging b not
hmggcﬂ? ||nc?ualtors Y cg{> ckof€in IX&R‘I%&EQQ 3% rdiflivdiy18rgd vidirig@Riahce BY the

s can al so reduce t hq processing tine
M“al"i‘thp&xemslfrsla trfeGrget (REmyPh AL TBrE eruToEe). 41 MARIT' Propegy @Y be ised to

deB?s 8 glg{er{alsonto non—@%\éleéu REGkn Hqg@\t WRETWon the 6880 HaBYads thﬁhrons

I nventors ave devel oped a Virtual WMaski ™
At a0 @xample/NREOT DTIg)ocess, falliiad bilaserreatment, has been used to fabricate fu ctional

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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software program that enables conputer-controlled
patterning of an aerosolized liquid or suspension of
particles. Using the MBDTM process and VMIool TM it
is possible to pattern the insulator between flex
circuit layers. This would elimnate the need f®§ March2007
deposition of an adhesive and subsequent 17 26 March
2007 Jlam nation onto the previous circuit |ayer.
Furt hernore, hole punching or drilling needed in
typical flex circuit fabrication would be reduced,
wegr_ra Joﬂmaﬁmo(;ﬂé&é wxd@l i H?cr@@ﬁnﬁld andS1obE RicrdMdTiR @hdiM 16 lhes were
6@ t the patterned insulating layer required
ladge m@e fo form alenseli gedyative Fiver Wiep-cTiPTe Wity SPEPrisERueRArtian pf the
cor%&@%iratcésq émll e ugllym :Bluﬁct 4 RE cblae sMBPkb a8 Radsaidds micron
e use deposit liquid nolecul ar precursors
safiapd) were blep agdet! in fhe frstilayennTeafeesnd aien s &° Gtea?sg @ {nidureofy @anganese-

zifd ' e%é":go@g& abdsloa nn%tn% t@rmeyat@e SRt Bl Re QSrd@NQinsY Thé B&wder was
a nmetal salt dissolved in_an orgwg
demwmcanmrrmasap@mnerﬁea@v Waieh Meding gizss Jhegqrs Sqyed afpgd the
ferln:?tg ?Lrﬁclﬁg hx‘grmrr@rep Bl hadih mgthﬁag 'é\’ter b&Rfifdr ernd 68as idbiotibntshB was
osol onto the target. precursor_net hod can be
rensstedjsemt timej o uiidupihé tlepogiifto glzsptoﬂ 0f friciprat TheSHtE fiagdrgtns were
abgﬂt tI&)() lnlrr{]lg)@f ﬁ;ehfﬁal ARp a8, ldepf3§t doh RENEBRIORAS IsiIVBL iR sYov @ ¥R ferrite
ve mcrons, for targets with damage
cotehq'owumg @gheg;négtmeq pardiiel ﬁllvg[rymsotg cage the yosl4 (Pimeg the deposition head
%%Béﬁctellsciegerg 315!9@&&0* d rélaﬂ%@ smpfe% wid ot b BfiiRReLside® curved
SHhe precur sor position method for depositing gold
sudaee. Ghpfesisterice of aitypjest goil ogysratpd ypieec e 151009 Wassont Ko er |°1 spveral
oh 9 i gag \9§§|7tnk| ﬁheh%g‘gl%rt@twaﬁgwast%1 vz sever al
Atin egrees above the damage threshpl d
t enfigires shpws ayhicrpdrapt piiap dusigtTpbrigaiedpping the IbiBRYErocess gn Kapien
target F& ln%é‘?LsﬂdePSf Stz ;qugpgﬁk!tnbég ftat st Mn%nsMﬁQQﬂfob}e@ne
consisting o nanonet er -si ze gol d
shgrtno bt eestrpmigrition aftsiiver twhe farritg{ciappdaverdsrinadasgfisHigTO OO Pt o
Th 9) Ege'? gfrégéo%gl%ﬂveﬁﬁ& i tﬁ:lncglplwtnlteg Akl %Olsw\ﬁiﬁroﬁ kM coRforhaRk08
fe ﬁp ature, i | aser processing of
(inyBIoAde} fereitp 0w 843 th combdy the battarp allyer ines.| fSHing iB¢HSaT &Y 3y Ehe bottom
eleg ro%éc' nescd? la%%ﬁe%% fgﬁ @Q@tratc&r\nﬁtﬁ d oﬁa%ﬁf&@ﬁa?élm%roﬂ§ doft¥ét
general , the use
pam smopmn tsqft@tiee Fmtsw- Yhistac x 16 FARGeciagle W‘E?\ﬁé‘?ax't“H'é he{ght of 00
mng'&ngt ] i% H&e@ﬁ?ﬂﬁe@ﬁ&“ gm%aéﬂﬁtnc irdnl3GddUne §|Ss|§tpodm@r\/ fat i on
can e use or direct wite netallization_of plastic
indugiangedueye ofi2r AR abrgati nducton PERfRsyoN KARIRICE HPWIThED d reveals
a P08 B rBBY oI hPRsdHRmbBRH 4 RicBiidAAY hhefBhyd fonl AYR foard0 MHz.
structures i1 ncluding but not |imted to inductors
The pudlitrfagierof anerosstorgdperyelt was et Sp¥ause of the
relatively |large working di stance of the M DT"'
apparatus fromthe target (as nmuch as 5 nmor nore),
MMiature ewweouplgy be used to deposit materi al
0 nt FhelMPHks QJo@egé‘ﬁas §IHJ de@f&sd tWaBrQatQ O pladm] ptihuditiodA)

t he order of hundreds of m crons.
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 (PY/Rh) liquid precursors were deposited
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As an exanple, the M3DT" process, followed by |aser
treatnent, has been used to fabricate functiona
three-l ayer electrical conmponents on | ow tenperature
targets. A three-step process has been used to
fabricate a ferrite-core inductor on a Kapton""2¢March 2007
alum na target. Step one was to deposit paralle
lines of silver ink directly onto the target. The
lines 18 26 March 2007 were approxi mately 100
mcrons wde, 1 mcron thick and 1000 mcrons In
on oeangv Jlattnng'@r drbdi Fmde\’\@agg de&n?;%%ﬁon%?@%@g dfive e @i todiRNRRN
conductive silver wres hese wi res conprise one
staie Seriprplegrfinatandsurfese madifcatioy wastupeddeaiean tha Karjgn|fijm. and to promote
we%\{wg%%fiﬂeglyn oMheP: s04 %greﬁjrsfogﬁ kdr &eﬁggl %roceg‘é Je?\é@ﬁlevgﬁgcﬁéal
mcron square) were al so ad in the
prépiertigstnedr \ataf bulkT and By rfaurwetp@r%@eawem@ﬁd@wwse& tafugliaiyely
de%f'mx ARMLARNES S o brﬁ%sn{ R5hd dofRsit) AVEIRfng BLH db W 1Bk dclir@8for one
enperature gl ass over the conductive |ines. The
arp @aiizposigd gnd fd@ﬁ%?ffdﬁ@ml?@?d Thisamsedyeg was thersrepealge foraayemaining
arrq %RI%S% céMBie MRlsb&ths bhEs s s conI&ﬁthL&%o% tb oAU Bads are
the errlte particles, form ng a dense matrix
of naﬁcelamrmresapn@pad@weﬁ bie Wften qrider tedinption. endfbpdit Brderdeep
jur\@@o%. AJ aergsgjf?tﬂ%ge lﬁtg’ge%{ o‘?‘: arg Prméso Jré?:kuhbuérldqé&gwetclaﬁmge Prgé'sgmgt 0
about 1 m crons. errite I'tne lengths were
pagebelers. AIGOCH Sewsl aomgogrsrhef tiejintpsiection of g threnecquple aqyessang the lead
wir%g nlqgﬁdij}e\éﬁomg 'a @Q&Wans%*otll s d Pt—H/FG\%ctBX % to H]@ad&@ %l‘cﬂ Was
core, connecting to the underlying parallel silver
debgsited girst, #nd tootiRA faem)idad 42 whith wassiaqesiied; aqes Jl’d’é’ﬁ'@)%ﬁ Pereviopefagtal
laygs%g%lt: nggs %{ n?cpef:!ﬁan a%ewﬁﬁl}(o‘:r‘é'dggno%tus 'mgFgl&rléd td u‘hac’ce‘btabie
atlv y Si to wite over a mllineter-sized -
crq;lsms\péﬂje degemroged @etaﬂfﬂe Inteisgxarprigfoadepssit ficknossiiviagrefrgiefd to
ap| gm&&;oeﬂo ﬁé lnf&.%ni Dlleé(llzgt%h r@eﬂln&@éatgﬂu&ﬁgs r9£yd)€ Bthrted by using
ever al e I nductance was 7 mcro henries and
antitbretivgInetodd tredepgse and dooginpagppever #ii-e 4 shows a
M CHQLARM e oh RECERcatl ARMhdeapRE sHSWIIOFiduRer. MRDT

process on Kapton target 36. The first |ayer of
com¢spanging dujvefora yiangard eesS thermospuplerdlis yreferppce tempsfaturggf 0 °C is also
shmmc bag §I;S 1Sddh frdnﬁ'l 8810 17 PecfH &AL shoﬁpQEﬁai’a&g‘lsﬁtﬂﬁN& Hat is very
el ectromgration of silver to the ferrite/ gl ass Ia¥
simflgntt theystndareeun; Tie BpReRtihupeYRRNiE e s withip Esst‘%’ﬁi 3t 5i/e5:s'o8
of ﬁtb QQA&EP@ Lun%' ('} ¥510°liiviRE SerduS 7.7 KT G L roWieE tot 1@ﬂ°03 \Tﬁel'dn‘f@rence in
-500 m cron nonconformal surface

(in
oufpetmev becrlug t9rthe USI9F 2 fefRraRERPRRCRRIUCRERPRETITRT & P\fétPef F‘F’h‘é&
form ng inductor coil 30. The bottom electrode |ines
of Iayer one are fuIIy dense traces with heights of
S Mpigllization ol gw SR 2@¥ht act pad 32 is 1 mm

S q u‘?ﬂ‘eenverE & rﬁéytbg ude® foemgtélhzétﬁn & plastiX targbts BN UVRGHEAGlyRerd bl
a maxi mum hei ght of 400 nicrons, and |sg‘%referablt%ard

lingsoplaiseses. intsreprediia g h ARPeRtio PfRESSHG YRTrIIICicRRPoATHEF OFjP Hedt

deD&%ﬁﬂ&%‘? embEitRd pdsthdl 64 AR Boded faliRatidh ofdias Bdttebn biabildyed b
I nductor printed on Kapton is shown in Figure 5. and

metalizadier) & epoxesyindaath1e MY pﬁs?eéﬂraa pesppsgd [ofgposihand siptersyeieng

pok Srbbnate tsn_;éi QR BYcBush b thd Hidh backBdngdnBRattds Medddaor 1 1o
he quality factor or energ ¥ stored per c
dem\gosgugr qﬁhe silyer|grggursors, an alternate approach {o'the precursor chemistry ethod was

used to reduce the processing temperature required for direct write of metal lines on polycarbonate.
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Exanple 9: M ni ature Thernocoupl e The M3D'" process
has al so been used to fabricate type-S (platinum
pl ati num rhodi um) thernocouples on tantalumnitride
(TaN) targets. The platinum side of the device was
witten on the left armof the thernocouple. DgeMarch2007
targeted alloying ratio of the platinunfrhodi umarm
was 90% Pt and 10% Rh. The devices were electrically
insulated fromthe target using an adhesi ve Kapton
film Thin films of platinum (Pt) and
' fofapdiy i S £ ShnpBYeR GHHa R Rr-WRE S
Thgé%gdsal&%g% ® 19 2%% k‘g‘%é:aﬁb%gof ontpg ean IansJ élt I ng vefrayer
partifles|saripgriden injen aquepgesolutiha Cherperdian diapetenghige padisids was 2eprgxinately
50 hddGmdibed. e b, of VEndPElkad forilef pﬁﬁgnérqneg Ioﬁ@mommamme
SurTace modif1cation was used to clean the Kapt on
targett ¢ampe exterided ¢ goldoand has theyigliewinogevapipags: ditivesiedmatesiel (ieh @ hiphly
E K SO hiSatind tAREd 6B odnd R & Colatil
cong’g Yee"b/%d@qlﬁgg)g&r tF’ca at"|E§Jr-toper ties ngarﬂo t r?at of ~ bul ak‘ePt
orgamicisof¢ntsRhe suspsndingtsidiam caybe Beveens. g v et ehemicgli fegradeed t o
polg:g%malea&ob«y ﬁké/slon gr%la%{ cmapfeelti &ﬁnog@&i&ﬁﬁa %vx&@ Qt@d}%ﬁdsﬁuén%d
orosit printing each device, the precursor
prof:e;smm be eacmpmgd ‘eié edargetiigidatydon thppratue e nefeRBiTis &% ear.
ve dMbSRedVid ABHNME bl o LR hERRGM: S Jeftiod difler LRI <100
m o ernncoup . The 1 ntersections of
mW) gattioest mmamwmnlwtbortameenp peRchukslectics! rREprrtiesere Pﬁ%ﬂ?? Wa'i' lgser
smg}‘lnapgl{c%é{gﬁﬁg ersm{egh 9&/&'%35 om@cgﬂﬁﬁ:ﬂ’e aﬁ‘yschtawrb f Fx’ﬂ@réststa Qrﬂi 8b. The
€ Juncti on, he ot her | ead over
resjsiiviodf the ines ifgnhpaboig 8x the bU"‘tfﬁ@S\@V ofpitvery indlig exerppie. &‘P @"tﬁf iN®ne
tem Qratﬁrre %%EAr&gna @qgo ‘rCe h lsglggﬂ:‘éﬁﬂ%@%ﬂthw 28 Sd (ﬂg\age threshold
ar amet I'gur e hows a m crograph of th
of foly¢aehosatct | on of a thernncouple junction and the | ead
W r mclg&e L ofifofis .@Jm%ut @re%m@.ten i S t.l;ntmqﬂb o 28
Junc lon 38 to Pt le whi ch
eledrepwmp@dm# pmdgiepositigncf thick fim pailes {nd pmvcon@a@g mzteﬂaﬂmnte K
j 38. Deposition of netal
cm¥gﬁ%$§&§?%(ﬁgﬂgﬁﬁk ﬁ%@géggpnnre than a few hundred
nanonmeters nmay also |lead to unacceptable cracking of
 1f5opass fEhalioljdis LN Lhi s exanpl e the
POSI eSS IS erefore held to approximtely
0. 2 tregtaigle x&atumncmm-on Wi prabaredFram eter-selsdje sty el et e r
Drohehtg ﬁ@%ﬁ'ﬁlﬁl éﬁlop& V\ggtp?éh% aptxeﬂzﬁtbnga deatgltlbrt a%Bé?étds,Vé:f‘td the
ep03|t and deconpose several |ayers. The
temgerktiir pfdlte] deppsited maleriaf was raigad WREITIVIMEIlY 5P dgeraes Celsius viaa
subgtg%thB%oH p)l/v%koe?‘ dﬁ&q’%@ trleR cdnl Q{éﬁ fRe Zecorxgbgitlon%ﬂﬁé ﬁa‘@iﬂﬂn di ng
curve for a standard type- &%th ernocouple with a
tetrpcbiprisie torpuke platinymédn the depiesd prftterd. KOr pleptraiics gppliaglingguarefemegtiaternas
trea'ia%}é ﬁ'lgtej idl s‘M&]u@bu%r& £t Mtzii']tg: pIaTrnﬁl té%%éﬁloﬁ@e m&@clﬂmde copper
aracteristic curve i's very simlar t he
formaten iluka padtateygilyas nitra bariyin dgrateend AHTRENUEDONER: | ment aI curve
is within less than 3% of the, slope of the standard
curve (7 50x103 mv/ C versus 7.73x104 nv/C) from65 to
perepneectsn  out put rmay be due to the

thoam £r§Je§srh%Q§En LB RbALY U Pifon BRRAIR-ERES WHBH. &

us eT
r at tqe r than
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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Exanpl e 107 Metallization of Low Tenperature Targets

The invention nmay be used for netallization of

plastic targets and UV curabl e polyners (bus Iines,

el ectrodes, interconnects, etc.), deposition of

passi ve el ectroni c conponents onto circuit boargg March 2007
deposition of enbedded passives on circuit board,
fabrication of vies between target |ayers, and

netal lization of epoxies. indeed, the MBDT"' process

has been used to deposit and sinter silver on

ate)] %G/élfelb PRRHD! HidkGRLst I Rs 86duiic derRPE RWSEst, AftrahidiLaenditd Bircuitry;
proceSS|n g tenperatures needed for deconp05|t|on of

i Higewddths {erp anpraximalel it 40 mieons) (ks jeftiag has bRSP KESH orleRog)t qoprivctive

s Sfid /i ané &ﬁmoﬁlttér%ergﬁﬁe@éits\(ﬁﬁg cortBifle ;Sdillnﬁres@idﬁbﬁs t7hi€ method
processing tenperature required for direct wite of

hevestes pielp's ingeawith resipfiytisscha a5 192 40° tpgs mpge rRisfvihap gt fineph s
1R PSRRI LGl MPH® tediBlo@ InRddkRR GRMithb & lifited tol NVt IR K
conposed of nanoneter-sized si | ver particles
agrpsiyeiM 8MiFANsan aqueous sol ution. The nedi an di aneter
of  tddfirRe 15:9 it NP ™\FbSes 8 UL b &N kR kRdedosit AGh-dRALRY HBLIGHES with
The use of a nanoparticle fornulation to print silver
25-nigrar ling ity opa ?%wrmwe rTaeriy fve mictqp ide Precyisonyiaces were Arpetied.
aﬁ@asgl‘?ileg)mpémign @%sgdl?@def rfd ItIJe @WI Iﬁlgmém VB LR Sm poEéa %recursor was
desired material (i.e., %_ conductive netal)
ringe¢ feoadie tergatidttmey opsipialy by gﬁclialﬁmgd lheprrpreespf feppsition followed by laser
d&@rﬁ&%%béﬂteﬂﬁd ﬁ%dtﬁsﬁ%‘é?ﬂmxﬂfateﬁq lt(?g()'nlu?ons OA3A @J(a?nple 25-micron
sol vents; ‘the suspendi ng nedi um can be agueous, and
Ptitérponpestlinestyitip BGINPrgn Heqe dere Writsp Pyie kM Bivkikapton ¥ §iBpsing the
e Fr§ée§§n T%a%&t@fﬁobi G R SRI PHRERRAR § 4- ﬁkr%gsdaang%n olyimide is
previ ous stu deposition and processing nmay Be
m&e@%wﬁwmgﬁ@ﬂPWﬁ*%@PﬁEmﬁ%ﬁget hel d at room

te nﬂ‘ﬁé &l Ell‘%Wldh"lQﬁd Im@@éﬁg? ks pbé%lb@ ubififAgC Aure B %o@?ﬂ% infeR6hnects
with i new dt hs bel ow m crons; nanoneter-size

depesited ool RAMASTPI R Relymaftcisglay apalisstiop ofllystrgtestireapshify of M3R to deposit

argl%é' iRQbndAVBEE oR Qlﬂ%&ﬁ&@l@t@ Bbifner. afpd si&dandpAHide ink was deposited
el ectrical properties are possible with | aser

int9i3f fision wige links vtV Shegtk vigp reeliewpd &g 9y S minyirs &t &9 FC- After

drﬁﬁg Y SAFN O3S nEC\@ Ia8er HBGYMIsel GntJ): 1h@&Hp8stts £ senhkd®P20 mHAEIn order to
resistivity of the lines is only about 3X the bul k

sipterghegppopary sof hegpgagHend resisianqe of %cn@lg%p’gonn?cﬁév ag 199t Qpps- nB"s
&r‘é‘:ﬁ'&%g ﬁtal'l’éﬁsﬂi@ o@@@dﬂﬁlcmfﬁ'}n % 1658 tharCapphMaim&tBly G larger than that of
nlflcantl% gher than the 120 C dana%e t hreshol d

blﬂifs s Jhederas 'ée'edcf'h‘éfhe pYY4iratsiEs ARSI T a POt
| NClal4dEoh B! tinvaiiéh AL bebh Bkst®dd tir0detad dlint dakiuldr rréféchélgo Oese
passi ve el ectronic conponents, and deposition
prﬁfmee kemopqimsniss Sthets embpdimenisyica ARFLS Mg SHE: EFYitSI svaﬂﬁf"(’.? and
mbdificati6idi oP e %&nﬂh@ﬁﬂoh &l babio®d th Bosd Rédtie thp aft atdUt i€intended to
targets. npl e 117 Pre-processi ng of Eﬁposition,
R PR - SRR SR B 2P AP UPTS o e boon discioed

eV LRAih B ded o QR@BUHE iR lreald? bbbl ReféHed bAdrHitemdtiad dnd6dkhédls) 4@ are not
Droplets of platinumtetrachl oride were Ereheated as

mtfelpgé?/to é?ﬁstéa]m ti:ed@utﬂg ﬁ'ﬁ §"i"?nf“6‘r?r ta?)ﬁ:a?ea?{ wg z:lalrg?1 a‘ § ?:]'\&re disclosures of all

patents and publications cited above are hereby incorporated by reference.
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tenperature of the deposited material was raised to
approxi mately 580 degrees Celsius via a substrate
heater. A | ow power diode |aser then conpleted the
deconposition of the platinum tetrachloride to pure
platinumin the desired pattern. For el ectroni ¢ March2007
applications, preferred | aser- treatable materials
include but are not limted to: platinum

. tetrachloride, gold tetrachloride, copper fornate,
silver acetate, silver nitrate, bariumtitanate and
al um num oxi de. Exanple 12: U tra-H gh Density
| nt er connects The MBDT prb&8s has been used to
fabricate Utra-H gh Density Interconnects (UHDI). At
present, the m ni mum hi gh-density interconnect

Whatinggimet i att ai nabl e usi ng conventional nmask
phot ol i t hogr aphi ¢ techniques is approximtely 50
mcrons, on a 50 to 75 micron pitch (spacing). The 21
26 Narc hA @exfotl fortdepasiting dvameridbdn a target, tieandtiol cenprising the steps of:
i ndustry has begun to demand | owcost, ultra-high
density ci rCLSF‘tefiF"Q?"aé’°s°'th°ﬁ'@\RHj'f‘HS"af rom
appr oxi mat el §ro% éﬂ'& aQrPso sﬁreg N the tgrget#agr‘%n agro&?ﬁt ciafgﬁﬂing an

used to deposi Ve o 1 nes astic

annQlaF¥Rkath §a¥; he BRAIaPENdAR gds3UrebRAding 4hd fAELSAY the dérbdoMstream; and
pol ymer sol utions. Thi's net hog however yields |inés
With resisti nnocaseegalha!tlnmﬂmsn@r the mater@Bwithi arfaser at® pracessing

resistive.th nes, depo

emERHS PRGNt B AL Ao Rl (Bt s BEeY ng

- islimted to linewidth of approximtely 50 m crons.
Contrastingly, the MBDTM process has been used to
de posn t The éthadehdainy wirereia b ploperty Sf the deposited Agerial iz subsiantially
{ﬂ dth?naSQ mc?n pitch. Twenty five mcron

simi3f 198 PSP St VB fatepal by {8P-e deposited,  and | aser
deconposition was used to define the final |inew dth.
The un-deconposed precursor was rinsed fromthe
t asget ; Thetmetherd obxqietirn & whdrbiythb@rgetis havplamstl. The process
of deposition followed by |aser deconposition has

- yielded linew dths fromapproximately 1 to 50

- migronsy he'ﬁ%th%@ of T PhfereirftRa (Hnfag @ Rrestidid tbrﬂﬁe?art&é:’iﬁ‘ [36&Sthan 200 °C.
lines with a 50-mcron spacing were witten onto
1 ml thick Kaptonmfilmusing the MDIM pr ocess

d
105 or TP Sl e e Aol Fretesf 3 f i v
sene@:ea fran. He Qroﬂ{s‘&&%ﬁﬁdg Rfigha mieRAaFEremicdl Bﬁcﬁﬁ?@an& EdN&Nd! i darticle

l[1Tne density is possible using Ag. Figure 9 shows
ammmhmnr i nterconnects deposited on PMVA for a pol yner
di splay application. It illustratés the capability of

MBD to deposit and laser-fire conductive inks on | ow

t egper ahg!r rﬁetl‘ﬁg L)Véisﬁﬁ 5 wHehSn thé 5@(&& sPeatARMes dobiled 4Hé oVRASre

deposite Into 35 mcron wde |ines on the PMMA. The
matériak gmsatddhram tmlgbunwaudnditmg diraymétaiio-ofganin pragtre; adoliBial rﬁ}-'tal solution; a

After é@ , .a 50 mWy 532nm CW | aser was focuse
meta) paste: @ metatnaprpaftieia susprASiaN: & AYRIBIC BECULSON AfRramic Wstsradg?xst?r@recursor

solution; a resnstor 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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sinter the nanoparticles. The nmeasured resistance of

6 cmlong interconnects was 100 Chns. This

corresponds to a resistivity of 16 DOhmcm which is

| ess than approximately 10x | arger than that of bulk
silver. The deposits adhered well to the PMVA, 26 March 2007
passi ng an adhesive tape test. Although the invention

has been described in detail with particular

reference to these preferred enbodi nents, other

enbodi nents can achi eve the sane results. Vari-ations

and nodifications of the present invention wll be

obw ous 5%{%&%‘3%&&&#% M\&Qn t aér EJm frided drbﬁets or particles having

" inténde cover a |cat| ns and

adrﬁﬁﬁ!ér‘éﬂhﬁmaﬁappT&%awmmne.onfi gur ations that have
been di scl osed above are intended to educate the
reader about preferred and al ter native errbodi nment s,
and are_nhot onstrain

i nfent i 81F g H@%ﬁﬁ'&’%‘f tig ey sr?gmmf'ﬁsees e uﬂtasén@

L&ioh OHESanes d%l iopat ents and publications ci ted
trEma o'veaj“ eree y !Zarltlgor porated by reference. 22 26

March 2007 CLAIMS What is clainmed is: 1. Anethod

for deposrtlng a material on a target; the nmet q |
Cofor | SRRl S BB wsrSh RSP g en SBpe eespoobiaden flow
surrciuMe?%gL %‘L a 8%?'; & Hlafdonfines &Qﬁllnéra o‘ B&end&h.0S0l stream
gét using an aerosol let conprising an
annul ar. sheath gas, the annul ar sheath gas
surroundi ng and focusing the aerosol stream ‘
p ri@e e st grethod of glaimt 1 whgreiadiaaonylar geathigas fﬁﬁ‘?%"r"?%ﬂe' °ﬁﬁ" ffpamto
mes %a}c['matma processing tenperature approxinmately at '
% W& gh as a damage threshol d tenperature of
the target. 2. The nethod of claim1 wherein a
property of the deposited material is substantiall
srlm | arThe methodf caimN® whes¢in a Heposigd topturg size of thedeqosi is agjow as
rz met hod of claim1 wherein the target is
app"ﬁ'ﬁ‘ﬁﬁy ‘ﬁ’éﬁ’“cmﬂs The method of claim31 wherein the
damage threshol d ténperature is less than 200 C. 5.
The method of claim1 wherein the aerosol stream .
cappr i esmeind oblaim whergiathederesiting step cemnriers pfoviding telglive motion of
consisting of liquid nolecular chem cal
'heta%Ftea@ErshgaF'gs%ﬁ‘aa'Eol | oi dal or particle suspensions. 6.
The nmethod of claimb5 wherein the aerosol stream -
f yg t.her Thearemod sfeiroierther comprising thewtep of peg-focgesing fg aigsol stream
fromthe groups consiting of a netall o-organic
priorde be @3PeINI S!8P-c ol | 0i dal netal solution; a netal
paste; a netal nanopanicle suspension; a ceramc
precursor; a ceranic paste; a resistor precursor
14, The method of claim 13 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 thatis nota constituent of the aerosol stream.

15.  The method of claim 1 further comprising the step ot post-processing the deposit prior to

the processing step.
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solution; a resistor paste; an inorganic
sem conduct or suspensi on; a polyneric precursor
solution; a colloidal suspension of netal,
dielectric; or resistor particles; and any
conbi nation thereof. 23 26 March 2007 7. The mstNiadh 2007
of claim1l wherein the aerosol stream conprises
droplets or particles having a dianmeter of |ess than
approximately 10 microns. B. The nmethod of claim1l
wherein the generating step conprises using
ultrasonic transduction or pneumatic aerosolization.
9. The nethod of claim1l wherein the aerosol jet
conprises an inner aerosol-laden flow surrounded by
a sheat inhegmeinoll bomi Bvhetsivthd goStprdcbssing Stepedomprises an action selected
aerosol -l aden flow. 10. The nethod of claim 1 wherein
from theegreumsansistindphiaermal hgating.fresueiagsae ambientpsgserre liradiaing th t o
mesoscal e di nensigns,. 1T. The net hod of claim10 '
sleclfgmagnstis 'ag'alb"@p%g F?r&c‘f'a@@ﬁﬁ’ﬁ? % size of the deposit is as
| ow as approximately four mcrons. 1Z, The nethod of
claim1 wherein the depositing step conprises
privvi di Thg metlbdibficlaen twiteraintheodeposit hamprisas @avidttethat istapproximately equal
aerosol stream 13 The nmethod of claim| further
to a digpgieriota kegmimm MeRSF" of pre- processi ng the aer osol
stream prior to the depositing step. 14. The met hod
of claim 13 wherein the pre-processing step conprises
a qfgf. OC EThs mambdet tiaich 1 vihkrimalwidth fthe dpposiois giesttn ting aafiameter of a
. hum di fying the aerosol stream drying the aeroso
beamyfrgmti¢iesebool i ng the aerosol stream increasing the
vapor content of a constituent of the aerosol stream
‘and increasing the vapor content of a, second
maler i Jhe ibadd df Slaiatwherein tHeslepositianstep@hd théa processinystep are
stream 15. The nmethod of claim| further conprising-
perfogmed sigwitaseqysly-post - pr ocessi ng the deposit prior to the
processing step. 24 26 March 2007 16. The met hod of
claim 15 wherein the post-processing step conprises
aroact TR marddecdisd 1 whéreinthe bRca3sing glepromprises it gstohe process
thermal heating, reducing the ambient pressure, i
selecteq fromithe groyrronsistipg ¢ chemica sitiop. ROly@erizaliopyFintegpgy and meiting.
conbi nations thereof. 17. The nethod of claim1
- Whet ei IThé ihethalicyd Gsiintt whergip KHeaeget comiplisds & matlréal selested from the group

appr oxi mat el y -equal
consisting of polycarbonate, polyethylene terephthalate, polymethyl methacrylate, polytetrafluoroethylene,

polyester, and epoxy.
22, The method of clafm 1 wherein the la;er comprises a diode laser.
23. The method of claim 1 wherein a power of the laser is approximately 10 rpilliwatts.
24.  The method of claim 1 wherein the laser comprises a continuous wave mode or a pulsed

wave mode.
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to a dianeter of a beamfromthe |laser. 18. The

met hod of claim| wherein a width of the deposit is

greater than a dianeter of a beamfromthe | aser

19. The nmethod of claim 1l wherein the deposition step

and the processing step are perforned 26 March 2007

si mul taneously. 20 The nethod of claim1 wherein the

processi ng step conprises at | east one process

selected fromthe group consisting of chem ca

deconposition, polynerization, sintering, and

melting. 21:. The nethod of claim1 wherein the

target conprises a nateri al sel ected fromthe group

congi St iTRgmethodtf l:lylﬁq rvmgr@ﬁ%fé prdé‘%lsMﬂtébyéoﬁﬁﬁes delivering a laser beam to

t erepht hal ate, pol ynet hyl nethacryl ate, _
the {acdetusing eittiel erdptb et dsybtem ef lensgscing absand argticalfibery . 22.

The nethod of claim1 wherein the | aser conprises a

di ode laser. 23. The net'’hod of claim 1l whérein a

pogger o :

w'Th efl'?fe; ﬁhég%?ﬁ;vm 4 %hé}g &5 m%gﬁ&‘nﬁ*%’ ?]slp T Eghvérréd\g%{hg Erget ag;art from

the amarstregnuous wave rmde or a pulsed wave node. .' 25

26 March 2007 -25. The nethod of claimt wherein the

processing step conprises delivering a | aser beamto

thg, target uysing either or | enses

e 1 P et b 31618 n i Sy e 4 Bres g

claiml wherein a beamfromthe |laser is del i vered to

the target apart from the aerosol stream 27. The )

meiah od e methad ohc@ih rweteinta feajure sizexobthe dépositafteniasad processing is as
| osulﬂ?&f’é‘and | aser processing. 28. The nethod of
°waEP FMBEtEM AP BYFPPa feat ure size of the deposit after

| aser processing is as 1ow as approximately one

m cron. 29. The nethod of claim2 wherein the

prr9per {The methaidlf aih@dvhinein thet properyriDsefectedirosi the group codsisting of

el ectrical properties, physical properties, and
electriga)propefies phypied prpredies. 300 oPKFALPARSIR®A of claim 2, 9

wherein the property conprises resistivity. - 26

30. _The method of claim 2q wherein the property comprises resistivity.

26



