COVPCSI TI ONS AND PROCESSES FOR MANUFACTURI NG PRI NTED ELECTRONI CS BACKGROUND
OF THE INVENTION | . Field of the Invention The present invention

rel ates to conpositions and processes for manufacturing printed

el ectronics, and nore particularly to conpositions and nmethods for printing
el ectronic materials onto a substrate using a piezo-electric printer.
2.Brief Description of the Art The i npl enmentation of cost-effective
consuner el eCCOMHGSITRNGS ANIRPROGESHES FORMWSURACTURING PR]VTEDL | On of new
| C and PC patterning processes. Photollth aphy, the mainstay of IC

manuf acturing for the past 30 yedf$C %%bn chal | enged recently by the
need for nore forgiving patterning enV|ronnents, such as for manufacture of
flat panel and flexible displays, LED displays, electronic paper,
optoelectronics phot ovolB KSROHNP 6 BIE ISKENTHN hani cal systens (MEMB),

and the Ijke. dNgystmPaleEEd N9 techni ques, such as M croStanpi ng,
Nanol npri nt, %‘ﬁn%—gﬁ“pa@ rning, have received nuch focused attention.
In recent year’féieprqsmtmnmmsiataa to mmitbhsmelr}xbwegfsesﬁpemnhfataiﬁng derived

from decr nkj et ., dro ave vaulted hnol o into the
forof r o DO AsIraSh B o By B iimitiiens B e Reds TRURB AR oot oni ¢

devi ce nedaefranit urageriaBronfed subytrdt@tsie®d piczd-tledtae pridad addressable 1Cs used in
| arge format flat panel displays. The result has been devel opnent of
ink-jet fabrication architectures collectively known as printed

el ectronixs. Bnef])e@ﬁbﬁ@m,ﬁtgegytal | abl e polymeric blends for use in

conventi onal ﬁﬁOt ol I t hographi c device manufacturing are designed prinmarily
to dry by spi nifHEPIPReRIARNR] cey-akisetis caasumer rlegteaiq drylceaprgutacirablsust ed to

have speqid foGhd/in$&agition ARew IO LEEPE phBORIng Br&@gswh%f&ntﬁo@?éph% conpati bl e
wi th these techni qués. However, these materials are not corrpatl%l e wth

i nk-j et dedmstyof IGmanpfetyeng fas shextast Heyonest kasibaenschafiensed caseatiy by thhe

vi scosi ty, [ of the
ozl o5 o ERECIERRE BB AURRRLA A AtoPma (AL OF ABARS 7 N ar
are mat elﬂﬂéﬂSlehaquptaan Lﬂ)dmbﬁr@nct&mxwapbr ppthelp@tonpmphomvsltaos,t hat devi ce
manuf act v e n ri nt ed

el ect ron?’?z‘glro'? lee éﬁg‘%&g%&} Sgﬁlglﬁ\% ndtﬂ%elfkl%e\\fge el pa %mmg%ec {#'Fn to that
need. S@Mmmmsw&ammmmm and Inkhem pateniag hacdt l;ecélhﬂi modsfetdsed nvent i on

is directed.,to rintabl e ositio W % of a
pol yner sgfmlofleg“ %FW?W&’ Py ngﬁ’Bﬁg’ilglflfh‘g%f’s"é%égvlfocﬂﬁbg?‘b&g ’

pol y( _dl rmltedfrydsg lxruinﬁ.jet dﬁﬂog@)za, lﬁﬂdvﬁl@te@%:ﬁtlemn%dgg uﬁoﬂ(ﬂw&ﬁanmh“poy t ion
conprisin a. hi 0 g po sol vent_ havi.ng a as int greater
than abodit hiﬂé@@&ﬁ‘ae 583?4 *"ﬁg 8de SfPRSTRET cleRERMIIkstRe SOk (2) a low
boi I'i ng pamram}ae} Mﬂ&{ﬂ&w&d&&d&eﬁsja%hCQQdeﬂﬁn la@eSolANadRGelaiihiAsbPhd | NG
p0| nt less than or equal to 130C, all ght percents based on the total

wei ght  ofospl Baschssp deyelqnient of ink-jet If%?“&ﬁﬁ’c“r?é‘imé%‘b@&Foueﬁ%‘@lbpkfé%’\é’(ﬁs i nvention

i s direcbaghed Gledtrdiidshod of producing a printed pattern on a substrate,
conprising the steps of: (1) applying the printable conposition above to a
substrate usi fyrrent jayaigabld edyméres eddadorige mespneestional phefelithagrapie appl i ed
conposi t i produce a
printed g%?%"e‘?ﬂq’éﬁ"%‘)é‘“ %l%és@érg%nwpﬁr%mg}%rg@%ggyngglg? ﬁ"?gglégsé‘g{;“‘t‘g& |1 becone
appar ent filpostingaai are adiusteddd lmwspg:tﬂlrewamlséxjamﬂmcfqutzmm efangdt@s i nventi on.

BRI EF DEFRLE I&r%‘at%:e J;Fﬁth%ge%ﬁm:qties. However, these materials are not compatible

with ink-jet devices. The properties of the materials, particularly the viscosity, surface

tension, and evaporation rate, cause clogging of the nozzles used to apply the material to
substrates. What is needed in the art are materials that can be implemented with ink-jet
printers so that device manufacturers can take full advantage of the newly developed

printed electronics techniques. This invention is believed to be a solution to that need.



The follow ng description of the invention will be better understood when
taken in conjunction with the followng figures in which: Fig. 1 depicts a
schematic that denonstrates the process for negative (crosslinking) tone;
Fig. 2 depicts patterns nade from an epoxy-based conposition of the present
I nvention; Fig. 3 depicts further patterns nmade from an epoxy-based
conposition of the present invention; Fig. 4 depicts further patterns nade

from an epoxy-based conposiginMmAsy DFerHE BSeRptTIowention; Fig. 5 depicts
further patterns made from an epoxy-based conposjtion of the pr esent

i nventi on: In ongiagpectgthgdpgsent dnysaEEs ducsietie srrpiab sitighoxy- based

conposi ti Q&nﬁﬁmﬂgh@ 56 @@%’ﬂ% o'f@\é@l%iepéb]ected from E)'e%rouB c@ﬁ:ﬁétfﬁrg%f Ejatfxtyher patterns
made from anot her Eﬁx - based nposi ti on of pr esent i nventi on;

Fig. 8 depioelac gehmo ¢1§mﬂwtﬂéutwlet¢ﬁh angbdPhé “ts%s%fa SERWGSMPPYHOBT t he
present i @éfrﬁﬁ{sﬁr@t’l) a high boiling point solvent having a flash point greater than about 10°C

and a boiling point greater than about 130°C and (2) a low boiling point solvent having a
flash point less than 30°C and a boiling point less than or equal to 130°C, all weight
percents based on the total weight of the composition.

In another aspect, the present invention is directed to a method of producing a
printed pattern on a substrate, comprising the steps of: (1) applying the printable
composition above to a substrate using a piezo-electric printing device; (2) drying the
applied composition; and (3) optionally curing the dried composition to produce a printed
pattern on a substrate. |

These and other aspects will become apparent upon reading the following detailed

description of the invention.

BRIEF DESCRIPTION OF THE FIGURES
The following description of the invention will be better understood when taken in
conjunction with the following figures in which:
Fig. I depicts a schematic that demonstrates the process for negative (crosslinking)

tone;

Fig. 2 depicts patterns made from an epoxy-based composition of the present
invention;

Fig. 3 depicts further pattems made from an epoxy-based composition of the

present invention,

Fig. 4 depicts further patterns made from an epoxy-based composition of the
present invention;

Fig. 5 depicts further patterns made from an epoxy-based composition of the

present invention;

Fig. 6 depicts patterns made from another epoxy-based composition of the present
invention;

Fig. 7 depicts further patterns made from another epoxy-based composition of the

present invention;



Fig. 9 depicts further patterns made from a Novol ac- based conposition of
the present invention; Fig. 10 depict phototrimed patterns nade from
an epoxy-based conposition of the present invention; Fig. 11 depict further
phototri med patterns nmade from an epoxy-based conposition of the present

i nvention; Fig. 12 depict further phototrinuned patterns made from an
epoxy- based conposition of the present invention; Fig. 13 depict further

photot ri med paf tsafeprisPAHEE MABR RBMENWIY¥IEISRM BRFPAGHT 61Qhe flesdnie present
i nvention; Fig. 14 depict further phototrinmed patterns made from an

epoxy- bas@¥e¥8hposi ti on of the present invention; Fig. 15 depict further

phot ot ri med [oRdePR s BRRer R A A a RN 2 RRSSEC-6RRP eShhdRibnr thdre present
i nvention; and Fig. 16 depicCts |ift off processes for netal deposition

usi ng t hebressppseéniipains and met hods of the present invention
Fig. 10 depict phototrimmed patterns made from an epoxy-based composition of

the present invention;

Fig. 11 depict further phototrimmed patterns made from an epoxy-based
composition of the present invention;

Fig. 12 depict further phototrimmed patterns made from an epoxy-based
composition of the present invention;

Fig. 13 depict further phototrimmed patterns made from an epoxy-based
composition of the present invention,

Fig. 14 depict further phototrimmed patterns made from an epoxy-based
composition of the present invention; .

Fig. 15 depict further phototrimmed patterns made from an epoxy-based
composition of the present invention; and

Fig. 16 depicts lift off processes for metal deposition using the compositions and

methods of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention includes compositions of materials for use in device
manufacturing using ink-jet (piezo-electric) based patterning techniques, collectively
known as “printed electronics”. The formulations of the present invention overcome
disadvantages present when currently available materials for use in conventional
photolithographic processes are utilized in piezo-electric based patterning techniques,
particularly clogging of print nozzles. The inventors have found that epoxy, Novolac, and
poly{dimethylglutarimide) (PMGI) based compositions can be made for inkjet
compatibility, and can be UV or thermally cured. The compositions of the present
invention can be used in lift-off techniques to reduce critical dimensions in devices, and
can be modified for absorbance and conductivity for a wide variety of applications.

In general, the compositions of the present invention are comprised of polymeric
blends including, but not limited to, epoxy (e.g., SU-8) resins, Novolac resins, and PMGI
materials, solvents, and optional functional additives, that are specifically designed for use
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention includes
conpositions of materials for use in device manufacturing using ink-jet

(pi ezo-electric) based patterning techni ques, collectively known as
"printed electronics”. The formnul ati ons of the present invention overcone
di sadvant ages present when currently available materials for use in
conventi onal photolithographic processes are utilized in piezo-electric
based pat {fk piepdel&Aid P iRt@S ThO adrhpEitons bbthé RIS NFetfonveRbnRAz2HES. The

i nventors have found that epoxy, Noval ac, and pol y(di net hyl gl utari m de)
(PMGD bas@fretiempoassediaekswith a%é"f}i‘h’é@“ﬂbf“emﬂﬂ%efh%ﬁﬁﬁ’aﬁlﬁ'?slq te and can be
W or the ] ; . Iob i e38ld | nkhLHN can be
used in I%$§#%¥Fﬁﬁg% ﬁ?%ﬁ%g%?§99§?5?§ﬂ§??@?ia t%%nensfgﬁ@y?hEQQVices, and
can be noefiafinglly fatwre siyseubrahersictrnf defealdyachi asiingpnipinte epvgiage overr i ety of
applicati |n. e 1L 1.0 : - i nvention
re compr oy S RAEAYRle o TRoRLbS R BhabpRURREERR | U0
(e.g., SlacBsstleshdiss ofMovbitame:, pektheBke. dFfic deMpbsitiatsarfitial jgesesiohventibs, and
opti onal gatljlnclti ?nal tatjj‘di ti Ves, that are specifically designed for use 3
with pi e8GR SFRAPIRGPSHUE “Phe conpositions of the present invention
oxercome a varl"lﬁtcys?l@ésit}nm@bfeﬁ@rcaaii@lijeaﬁﬁchlw atllra]mwoadi(ajg oronaidecasitiyng met hogs.
The conpositions of the jnvention glinmnate t nee or in cpating an
The der borbuisSopedre doubBithunal,Siin cutipe i By Reteanb baRbaelRs 1o fory
of def ect@maseialbedpud AgONPl et e coverage over topography, filmvariations due
to evaporation variations, and variable kinetic effects across the radius
of a subst r at efhegampesiiions ok the prosentapeptay a7¢ alse cost-etipiveriadattheynvent i on can
hel p el i niBaf&edude heRRBRSS chbifRals used and IR cSARRARIsr ARAr s Wage PT €SENT
invention al sSo allow coating on a wide variety of surfaces, including

fl exi bl e geubratefdatessys obpi epatingmicthgds apin 6patyroberrtepapnd spEdy0ahar d sur f aces

t han can be s s i1 : Jnyention are
al's6 cost - of f ocoBbsitons of e B ARBAR Y RG1cXon B R K ) &
used and priating enlyvdheteeetssargon thezlgrideuEhiwagesalglérearedisien previdsusn ot her

coatl ng ”%&QRQ 2 v%ro Lj)tﬂer%Bg; rﬁ&k&(ﬁ&ha?ﬁg Bot s%fg?liée Sht fﬂ%@i&ib.areas on The.

conposi tions THe presen"{g I'nventton pronote contan nation reducti on, by
printi ng wmhityatenvher e necessary on the device. This surgical-like precision

provi des an adyant age.over .ot her coating nmethods that not .selectively
coat specifi cdli’]eé’g‘?g%sﬁtwé‘sgﬁglé’tpfegfré.mvcnt“%pr‘m CXgRY \fvﬁlggxgrrmlolr e present

i nvent i orcupy ©\eliflenaverSadss $tedsyin Wbrivientidiel ¢dmlin@mellvdcure to el i m nate process
steps in conventional  coat i{,{lllg@mst hods. jtions of the

) The conpos
present i nventin§RORPEYIs 8 d %W@Bt*QWS%H?YIE? ﬁ"e%%g PLRAUSH i nprovenent s

for i n_CrQ@ﬁﬁﬂioﬂﬁﬁﬁi&%xﬂé}l@forEx{lﬂaaﬁéd’}ﬁ%ciﬁé:{)@iﬁé fnal pfodage. Brgedi nent, the
conpositions of the present invention can be used in a process called

Phot o- Tr i #HOAEenpR ompepitipRyR] thepresvat ipy otias sane wied Hy? BREISFAlteAogr aphy

al i gned Gl TGl AbloXGHnihE AIHE FRcds® of IRMEOMB IR RY hlignc@RJ0r produce
very high resolution features, Wwth all the vol unme-dispense and print

sel ect i viiakichprinipd g@sesdd impiryeadsp peuityiand/or Fiedess-ver e rrgolelen be used in

mul tiple 1.0 L ft- : Of ] oL S ' ..can al so be
gener at od-By ehotl RATEVERe dhphs i PR sp R bl B BT o e
det ai | bdlihotw-trimming casbd used dandtpiahayes, to phadugr leb-effiprofiese i ftendf profilds r ect ed

to a pri | e, conpositi.on onpri sing: 5 0 ol ymer sel ected
o hgzéi%ﬁﬁ%ﬁ% 171 FETELY T4 SPucetsfiet %S%’?%u)%fﬁéﬁﬁg’f‘% B T e
an - i a solvent conposition conprising a hig oi ling

poi nt sol vent havi.n flash point. greater than about 10C and.a boiling

poi nt greater Atsﬁlé‘hc f"’“x??fdﬁ’esgﬂ‘d“?*’é‘?“’%‘%ddwc%?‘l?%’“%"35? RS 8Nt havi ng a
4

comprising: 0.5 to 60 wt% of a polymer selected from the group consisting of epoxy,

Novolac and poly{dimethylglutarimide); and 40-99.5 wt% of a solvent composition
comprising (1) a high boiling point solvent having a flash point greater than about 10°C
and a boiling point greater than about 130°C and (2) a low boiling point solvent having a
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flash point | ess than 30C and a boiling point |less than or equal to 130C,
all weight percents based on the total weight of said conposition. Each of
t hese conponents are described in nore detail bel ow The first
conponent of the printable conposition of the invention is polynmer such as
epoxy resins (e.g., SU-8), Novolac resins, or poly(dinmethylglutarimde)
(PMED, which are known in the art. Conbinations of these polyners may al so
be used 'flasﬂ%%inﬂ%ﬁlsth&h@O"@rﬂﬂH@tboﬁ’mg?gin)’ﬁﬁ'srthhﬁ‘oﬂéﬁﬁai&@W@' kil @Bigef the
invention generally ranges fromO0.5 to 60 wt% based on the total weight of
t he conpoRir¢atsPasadronithe tad mefabt ?%Séldéi?wai‘*ﬁﬁfht%ﬂd’@f theperoppopgs ¢ PME , and
nore pref of PM3, based on the total weight of the
conposi tl%ﬂséﬁ%&énﬁg&%&%ﬁl@el {ger preferred enbodi ments, 0.5 to 40 wt % of
Novol ac or epoby firgsspmporantiofibe prigeldf comprisytion®f the igBtipWAs@blyNoY sicic or

t t d.
e or abr § PPREERE By G HSpiaf ELR or B SRRSO EMRE | o or
| ess, t hearepmown qnohqm’rercmmnalmbémadeepolymargmay alfo Bé)us(&ﬂﬁ dosird¢doriheor | ess,
d the PNG | .
The sol velltoaEetreora s colpanieh SondBuion R bHa s oI ot e ses
from 40 twt29dabbdayth\@ial Wexgﬂf oftthecampgeitoht idnoreghefeiral mmtm@m ogagposi tion

conprising at, | hi gh hoi | i oi nt | east, one | ow
boi | i ng pgi Wt""ggﬁ\é‘ and gn‘iegrﬁ bhe P B f?g &“ﬁ?%ﬁb@ﬁ@oﬁ tofakyvejght 9oi nt
greater tdﬂéﬂorﬂmmong-@@s@d" dndtHRe plefdid raﬁrbaam@hea@ 8o 401y, aPRBold3RC.
Exanpl es of useful high b0|I|n3ppo int solvents include gamma butyrol act one,

et hyl | actPareresipptnhmors psferablyy 3o btiviie af Eovqﬂw;}ow@wah@s%@h@

t et rahydr@fugt &)%B?) ¥ eRer, ai Sl e

di acet one aetll co f#ﬂy&“ﬁé hlfnloir?lfatsﬁfgons tr?ga?)([e}g The cr))\l(;]vl%@{cf'laH In ?)Im nt sol vent
has a f|a\gﬁglmfﬁﬂ,ﬂofwsitm@mless)@eeﬁmxmtﬁwmbrhmgawlwlar aeight B0 equal to
130C. Exagp u i sobut yl
ket one, cyc}ogggﬁliesash%ﬁdft% 5}\@”&}8 W%rggseé)&tb feét&rlglﬁlv f"z? gg&% ?EE%ME ﬂ%%}

i sopropyl ket dike solzerpemcanohrepmmhhamh;mmeon pf ﬁnpyri\eneorgioyrwlsesrfmmﬁ&t hyI

et her, pr g nonoet h t | ket one ,

t ol uene, tgg S/ni? ﬁﬁtiogrt]}ée(foﬁx 031¥1?n lsas%np(yo %EI?X crg(nel?nsmsgaék%l? t he
anount ofor&@xhghdmtlmgrpoiﬂneolpentmhfabﬂ leascargiowiboiling pofnt tdieent nVientiigioboififigf er abl y
ranges from 85 to.99. % .based. o h ht of said conposition,
and nore P&r‘&ﬁ@r%msrﬁaﬁ\ﬁwtﬁﬁ &ﬁt @ﬁ ‘géé‘gfdangﬁvlﬁrl PSF&#’%?SHP of said
conposi t i Bout 1abemn EfmmldfmrwmmgMngmnmrsoﬁaﬁxmclwh@amﬂ@unt of solvent in
the pri ntabl e conposi tion of éwlie?ghnventl on preferably rangﬁg from60 to

99. 5 wt % Pubgelaciors, ethyblagtateame ydrepyisoRptyrate FOdE L] GRlohgREMor e
pref er abliyir y&mﬁﬁﬁsrf’lchlc%o%r@pyﬁﬁé;%b&ﬁtet Meﬁandn@tﬁMPV\@i'aéﬂﬂéneC&icoﬁ@l' d

conp05|t|on be under st ood by one of inthe art, the solvent

in the pran P&‘BP’é‘a%ﬁﬁ*@fé‘?ﬁti dhe leay/bailing R splyp h@h&ﬂ*‘%‘\rﬁ?"&é‘ﬁﬁ&ﬁéﬁ@§ f or
exanpl e tatrlfi%%ml gﬁ ng ésé’@mn B eiRi 6 I§@’lCV%ta§lples ofusefuTnﬁN ﬁ&i Tf%g(g Bt that ar €
part of the r|n 16 conp osition of the invention are Inc inaratio
opti m zedOfverﬂs mvéadparqthsdaﬂomtylsmr eywé)pammfpm Wﬂrqxelan@mﬁ@byctrbfymn The

iglnilggi :a(?roélrg %@hﬁ@%bg}géﬁgert&}% 58 I?}I S fur Mﬁe@lﬂ%%ngggﬁgﬂhsol Ve cy of t he

sol i ds sw@teemropﬂhme(gamptmemeﬁlyﬂ ptheh erefipl e/thyitkes);nsﬁdh:iﬁu tb!uexhﬁaami vari ed
evapor at i Qn.rate | t}/ergqr pressure) for this optim zation. Preferably, the
sol vent mxture "9 ?l m zed for desired drying & surface tension

condi tions. | I’Wlmrtﬁdf ﬁdlymbx(lWPMﬂIL thngmod:t\aelscblse:arilethe(pﬁpabielmbﬁpoqi)tldrﬂ)ﬁO% of

the total, sol vent Siti wh mer. that has a nol ecul ar
weght < RO GRER B rR B dno LS ek Besle BY et R el SR ange-of
0.5 to 9%hfpnfiod, @h@ho&&}it&i@ﬁbly ¥ @0 38 ) 59196 bab@ll QHE ltal WRIMPbE salut there is
a trade off with dr%/1 Surface tension and viscosity of the

CONposi t i“BmEOBoR W her, @ﬁ? YBW‘" BNOVElaE PEFROFY R Bﬁ‘f’Pﬁ‘ﬁti’e@ YR i 8e in

pi ezo- el gphiable dBfdpBiiliftdo AN VBRIV prefiiabldGen ?Pr%hﬂﬂh 9boshas RSkt i on
preferably ranges from about 28 to_about 33 dynes/cnR, and viscosity is

pr ef er abl§e Pl wright ofrtgid compagen. andmpm IB‘F%W&{Y o 5p g 9 wivdysendan thy

t enperat ure. The printable conp?5|t|on of the invention may al so
optionally include a crosslinker. Preferably, the crosslinker is an am ne
conmpound such as nel am ne or nelam ne resins. Exanples of commercially
avai |l abl e nel am nes i nclude Cynel 300, 301, 303, 350,370, 380, 1116, or
1130. dycourils are also useful and are particularly preferred. An exanple
of a particularly useful glycouril is Powderlink 1174 (rmethoxy nenthol at ed
gl ycoluril). Benzoquanam nes, such as Cynel 1123 or 1125 are al so useful
crosslinkers. The anmount of crosslinker included in the printable



O her useful acid generators nitrobenzyl esters, and the s-triazine
derivatives. Suitable s-triazine acid generators are disclosed, for
exanple, in U S. Pat. 4,189, 323. Hal ogenated non-ionic, photoacid
generating conpounds al so may be suitable such as, for exanple, 1,
1- bi s[ p- ehl orophenyl1] -2, 2, 2-trichl oroet hane (DDT);

1, 1- bi s[ pnet hoxyphenyl] -2, 2, 2-tri chl or oet hane;

1,2,5,6, v aAEwi i DESRRET i

1 1-bis] %f’ %‘ﬁf“g’fgﬁiﬁéﬁgﬁ ‘Eﬁg{)gﬁlﬁfcm o‘r‘%be"t]‘ﬁgﬁ'ge;o%,gﬁ-gdi ARfihin the art, the

(t ri chl orehentipithe prowabisehmenositike nay arrdyde niek thah hwe odbpasenty) fos etalmphe ;

2-chl oro-8-._ (4.1 yri di ne;
o,o-dietH@F?6®?%$ggg%???%%%%%gPZ-pyridyI) phosphor ot hi onate; 1,2, 3,4,5,6-
hexachl or ocycl'Ohexlapds tha dre pat ot the pfiotablp kempéditidh, of 1 invention are included

trichl oroethybacetamde: .tris[ 2 3-di bronmopr | ] i socyanur at.e;

2. 2° i of pOAT AT ARGy e pear by Gar Aot SRRARAL Hi sorven

tris[tri chtoisopaninel ks fdrmileaiogaioua fithd depbddingsan@e sontamahggst thhonol ogs, and

residual c unds.. Suitabl e ot qaci d nerators arg al so disclosed in

Fur opean PRV IABIPRREAOPOR LD SO 1eRp B RaRY b 24dems The SoHponatts iy Rery. of
known t hegolWeht S6tefl GGVl eldpditidbn @ét@g%ybﬁ;ﬂ@sﬁreﬁfép iRy @dinhiBatidne
conposition_of the inventjion, such as CXC 1612, )

2, 4, 4, 6- tiFFlEIDL s rRiTRIR BT BrtBHERIZeA Sy Astiredidodpe & wrfage tepsiobenzy |

tosyl ate @ndiighdan gatdia! 108l BfveR dRbmpattit AR ICs086 bede 1deRTBREAdS t hat
generate a sulfonic acid upon activation are generally suitable. Al so,

rat her t HeRmpPgsitinehen usgd mathgarpdymer drat hagp meleenzrayeighs <SS90y High mul ated into
t he conposjit, (A . j I oY &o/c b require
heat i ng ?ﬁdi*; r @mﬁﬁwwﬁhﬁﬁ% (CARNAR S

pronot e ¢ ' ubthexsfis g b witbdryingtpotent s prior to use of the
conposi ti on. %téh}a&béeﬁsi&c' Svsic%é}’o hee(sogn 0 1}i§.9{t%tﬁe% %ﬁ%t{%& ASresiilyf ONi C

aci ds such as toluene suftonic acld andrsultonic acl ) P e id, or

m xt ur es qftintifrdder metiepical-electric printinglguipmenn tSvaficeatendorgefitee edmyvositiead i n t he
conpositig

n.of . the inventio referahly ranges from.0 .to % based on
Che ot al e BETABha b MRy BeREBHY i PRty i Bt op
based on Iﬁjg@dfﬁb&h 10820t atotlhe Sl @meﬁag'tdhgﬁfhxurand nost prefer ablj)é from I0
to 3 W% bas on the total weight of said conposition. Addi ti ona
i ngredi ent s sf}@ﬁ pggtagwgwpmlw ?@Pi@mﬂomww&OMvﬂawy inghtdedce | evel i ng
agents, sdbdsBRIr \Blctdr iy, Wb SliniaR ¢ HOMRhNIrh 083 R8RS felanBYor2l SO be
included in the conpaosition of the invention. These additional ingredients
ar e usef UrelaBineresnge Fxppnlespheammaecigly aylnde silaningsdedtadedsymet dPPher
addi ti onado1i 5ey, 86 e, 934 N3is TRY 1L Gl?&duﬂf!;ea% 1B SRR GRIRRSLEIQRANQT the

i nvention include ‘engi neered nanoparticles or nanoparticulate conposite
mat er i al sprefgfipd hAdexasenle of apravgarbisciuliglyequsih sl Popidepiak 111 & (ragthaxye i nkj et
deposite ' B h ' | Y/ a
Component & arTRRL B Btih 288 ok o AR NI A TEE) G127 Bre o]

conposi t i @esstiiers. dite aavvaimiiagsslidkyinalutd el ie dhdyyintdbde ¢omglosivo nf b

nanoparti. . and/ or. conposikt n rticle materials include, but are not
T Ced BT R IR T R RRROR, bt o P BTk S e PR P oot ri o
const ant , préfictabiy fe@h Sttd VO vy, hastdwrt the tovalweigs bStaxheeyposividn) aatiinaost of bul k

filmrefractive index, hulk fil chanj cal, properties,.and nodul ati on of
bul k111 e BGraar e P yroeBoinan| o SRS A such addi ¢ 1 onal

i ngredi ents armheadidedlcupmposifdiDefthsSYeddon Waiyahb opbasdig itihudeha atidt al wei ght
of the conpositign. In preferred enbodi nents, the nanoparticles and/or

n
conposi t ERAABFal BS WLEEELFmAY Do aFtivaied Ay iehbCien AMIEHHBEICRIB T of t he

i nvent i onpA@) &BURLS(cz2AGhdRal LR 0P TACMbrinancRoMEr thmat §¢ based on

t he total melght.of t he conposition. The conpositions of the invention may
be nade Fgherpisalicyra usiiedemper seed ey light, respectiyely. Qyppsalihmaybs ect ed

pol ymer idy : i Des ) i TRHH; ol i ng
(50250 1o B B g T R e el ot ed
t o assi stthitprgpueakienuctiophigr ariparhavaberndownddatbe ptigulahy suitapisl Franples
conpletely dissolved. Exanples of typical mx conditions are as foll ows:
Epoxy roll for 4 hrs at 100 rpmat 50 degrees C PMaGL - roll for 8 hrs at
100 rpm at 80 degrees C Novolac - roll for 8 hrs at 100 rpmat 50 degrees C
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Conmponents that are not affected by heat in the m x can be added with the
polymer to the m x during dissolution in this step. These typically can
i nclude: plasticizers, flexibilizers, surfactants, and sone PAGs (2)
After dissolution, cool the mx to roomtenperature and add heat sensitive
conmponents in a | ow shear m x environment by rolling (50-250 rpm) or using
| ow shear m xers (<1000 rpm. Mx until conpletely dissolved. Conponents

added at g¢fldi:éh dniidiR aﬁartﬁeﬂ_ c%ﬁﬁ&&'ahmﬁ%ﬁdwﬂk’xﬁ% ﬁéwavia%fma@wrwe PAGs.
(3) Filtration of the solutio The filtrati on_schene é be varied to suit

di f f er ent™ftals Paeempl Shi Sy Fe, 1%1 ph&ieeln dhdieSs B, BF.dHe Wswelby Bus:

The sol utp,QAd hs. Bk gguaé &L &{@Hgmtsaarpeﬂ gﬁ)@%&Am%aus%hIoﬂmlﬁgamaw0n
nenbrane to renmove dross particulate matte The filtration dia will
depend orgft)lnfeV# Mllauayd B@nqbbgf ttl\rsdi‘nnodm@aqj@rf@r @crameiwhaiw@nfsalmn about 0.01
to about n h ol ution.
The sol ut on I s gﬁﬁgﬁ ﬁog&é%mur}él I(r?ldg&r (%1e nggﬁe gﬁp{uﬁ{%}llughsagbg%d?e si ze
from abowifors(ﬁlium ealmbosﬁlerﬁ)urﬁ salisc Mxasphie pEsvitalrig pmﬁertddemttmt sdltssat beds cont ent

Gl zes ar LB YA TRORE pofSioh a2 R Bdpt. HERRAAE bRl e oove

conposi t|cbpis:nylnodbnmmzmlﬁioe@uﬁlfdn@tep:bmlpbﬁfds atd]ﬁefméd awim@asisaps are used:
A pi ezo-e€l ric printer cartridge rial tridge
rodel 11 ERCTERE omgo o a6 sy Eapet abit BHE S AG ST GUEREUED port ¢ he
needl e f rRAGSAInENEInE 9@ frlalel @teiahd) @Ry XY HethbRdsinaly. absoHe 1@Ed. SB@J.cONposi ti on.
The materjal is slowy injected flllleh_gthefludm)du . The pressure

port of tietapplmyr Rejeineand AachrRioey Al Y- B0 (1 9%).jfet dischepurrrfarédlar e al i gned
and Snap&ﬂﬂbﬁa@@ﬁﬁhgr:nclﬁﬁﬁﬁ%i)bﬂzbﬁﬁo%té rﬂb@%@pﬂeﬁyﬁah}ﬁx@»(?‘tél@(‘ﬁﬁﬁﬂFdﬂyl%'x&) for Bge

mnto aIIowagg entrapped air to settle away fromthe nozzleS

proper weRFEREERs f-bptyk aiéhas@rtahlﬁ’@ﬁﬁuif@lym}féé‘tw Reaterred sulpnaig SAGroire age

settings fiQrai&arty Ry 8t plies 4af4§ 18k8P, g6l ected to achieve the optimal drop
velocity tor the spemflc I’'n nposition upon jetting. The

substrates to (bberche?fobacntbgbngmms m&mbenlayi estes, arelphe s-othzaepleiicaivenon, but can
i nclud LGal d 111-1V d
I'ncluae t%‘é?ﬁgs témecag{hde%(%ﬁgﬁté}rszagga élg%eﬁsfo@cexa%pl e, | ug§ PoC 4?%5' ?ﬁ% an

[11-V neta gl ass var 1’ous plastics such
as PET, F!EaT@en&athmmoamipMdnaard gehbatng édnmombcﬂsalmbaﬂbmmsblamd:hak dodar d

sem’condu 163 t.rat i . be addj.tjionally coated with various
net al s suc%u Aﬁsb EE%OP S?ylﬁ?i’?iéétﬂ'gﬁég?fe@émc@r%@ﬁR‘E?I%?Ich as | TO, antinony
tin oxi denetmdpﬂ'm@arz 22 mchld?oétham&i ng, Smmhémammﬁycﬂmcml y, s

conpositigns, the coati e cure hermal ly via a

convect i dh™8V8 ec@%ﬁg 1&% &a@eﬁﬂl 51251‘3@‘?348‘?4’?5’5? @Q’f\ﬁl“i}’iﬁﬁ? Zexposur e dependi ng

upon the (ﬁ&ﬂl@@&héthﬁﬂb@ﬁﬁ{r@él (%ﬁm&ﬁmbﬁu&hlbﬂidﬁn&ﬁyltshl@on'i:%%ﬁl@%o gystemin the

conposi tion, UV cured (ilthe qui re an additional therrmal bake to fully
1§

cure the (WE{OW%M%PWW PAF 1%%@m@ivrﬁﬁw#élarﬁ@rsabw@matfzo 0

curing vvliliaalss(mmcﬁl@m%yamané mr@mm@mmé@l% sure or chenical
resi stance of the coatl ng. printabl e composition of the invention

may be diEguersetlyasclamide; t@(%ﬁdfbrwe@m@mé isogypoHrages 212rh43[})@!110(qnhe®é} el ectric)
met hods, i NGk el lg%nﬂﬁhnaﬁgrohﬁﬁsﬂ s'ttlf'az el an'ﬁptho%meét k419, screen

coati ng, Syringe dispehsing, grav coa I'hg, exograp éoatlng, and the
li ke. Thélomlqg@,smti|r@,‘mslab¢ontmendsn\S@ﬂthioph(maelmamformb hiyo diedogrded for use

Wi th pi englmgjng%gt&% }}prsm IOBI\F) r an Q}r23 Fser i Rk-jet printers In

addi ti onal printéd wi'th conpositions of the
i nvention that vmtyxd&nphmtlmanaide@q;&emaﬁmsr(@A@meeuimbty egileddtiiotha process

known as phototri hi s | v osi ng .t he patterned
substr at SSUPRR AT ctipouBh s ERE S Y S e R St R ek
Briefly, btamnpmylaetz-hmmypbgaﬁs Snd (ﬁhd:r%&yi)ébtérklef@gﬁdc §ufobib)acidgpr ove
pattern?g) (#JE%/for i nkj ted features and/ ?r (Zéthe desire to
pattern, BihotRes, lwenwﬂaﬁsl i wronrasyalip aregeneigi et @dgy ABPi nt ed
patt er ns rathérGhanla BV a@ld seRenst h:camaqtay deamnps! foah@isted hfo Meocess for
negative (crosslinki nq t one. The conposition and net hods of the

present ICRPBMY WK Paieulpdwefor potirpflestive pereogitions hafreauieth¢rtingdo syigdetdses
i ncl udi ng: 7



Compound Sem conductor manufacture: Lift-off in Transistors manufacture;
PM3 can be used as a di-electric |layer for passivation. Lift-Of: Lift-off
can be used for Controlled Metal deposition in conpound sem conduct or
applications such as photovoltaics, VCELs, transistors. Optical

El ectroni cs, such as manufacturing of LEDs: deposition of encapsulation /
passi vation | ayer; netal deposition in a lift-off process; creation of a

backgr oungregtngé bidid Qthdtitscid &feb 86t Jr@fote BRGS HY E@&i&eﬁcmﬁp@@d@ manuf act ure
processes in Battery & Fuel Cell applications Displays: DLP Dis Iays -

Deposi t i OFPTRHONERIH RYOTAE usq Gfibe ¢omanositien.uPwtabiopsid Ss&%@ S%i‘&&ﬁéztdérsgc
resonat or g suifb%g&hymh Gs %?af(fne SdfontdMad &a@uﬁ&lyw@ (BficAcRias! infxinfbobs | ayer

support for use in evices Printed Wre Boards and Printed Crcuit
Boar ds: Ethoh’am@tsmi& ance for pr ocesses Passivation | ayer: Back-end Packagi ng

of devi ces. oruhm a@ﬁl[ B?u%ﬁ?gth%%o%@?&g’&lscﬁ tﬂ@rﬁgérﬂﬁ)hg)?ef{rrgglyww

M crof | ui di es RO~ can be use 0 enhance any e above
appl i cat i cnges frcEXAMD&ES&a, based oﬁl’ihe tdtalvredghit nfjsadk eomlosionseoiepr&adely t o

Tt o B R R 3R RGP PSR B
Cel si us ubkeswi%XRkédar thy (il ategyght of BaT singsitibranpl e 1 - Epoxy- based
Composi tion 1 Additional ingredients such as dyes, plasticizers, flexibilizers, surface leveling
agents, surface wetting agents, and combinations thereof, may also be included in the
composition of the invention. These additional ingredients are useful to change flow
dynamics on different substrates. Further additional ingredients that may be included in
the composition of the invention include engineered nanoparticles or nanoparticulate
composite materials, which directly change the functional properties of the inkjet
deposited films beyond those improvements provided by the structural components of the
original formulation. Physical properties of the composition that are advantageously
altered by the inclusion of nanoparticles and/or composite nanoparticle materials include,
but are not limited to, improving film conductivity, increasing bulk film dielectric
constant, film resistivity, film thermal resistance, modulation of bulk film refractive index,
bulk film mechanical properties, and modulation of bulk film biological activity.
Preferably, the amounts of such additional ingredients are added up to about 30% by
weight, based on the total weight of the composition. In preferred embodiments, the
nanoparticles and/or composite nanoparticle materials are included in the composition of
the invention in amounts ranging from about 0.1 wi% to about 10 wt%, based on the total
weight of the composition.

The compositions of the invention may be made using the following procedure:

(1) Dissolve the selected polymer in the solvent system in a low shear mix
environment by rolling (50-250 rpm) or using low shear mixers (<1000 rpm). Solution
may be heated to assist in polymer dissolution into solvent. Mix until polymer is
completely dissolved. Examples of typical mix conditions are as follows:

Epoxy ~ roll for 4 hrs at 100 rpm at 50 degrees C

PMGI ~ rol] for 8 hrs at 100 rpm at 80 degrees C

Novolac —roll for 8 hrs at 100 rpm at 50 degrees C

8



An epoxy (SU-8) conposition was made by blending the follow ng ingredients
as outlined above. Conponent Anount (wt% Epoxy SU-8 Resin 27.8 PAG
(Cyracure) 1.4 Flexiblizer (Polyol 3315) 3.25 Surfactant (FluoroN) 0.01
Solvent 1 (y-butyrolactone) 3.375 Solvent 2 (Methyl |sobutyl Ketone)

Components that are not affected by heat in the mix can be added with the polymer
to the mix during dissolution in this step. These typically can include: plasticizers,
flexibilizers, surfactants, and some PAGs

(2) After dissolution, cool the mix to room temperature and add heat sensitive
components in a low shear mix environment by rolling (50-250 rpm) or using low shear
mixers (<1000 rpm). Mix until completely dissolved. Components added at this time are
TAGs, crosslinkers, dyes and heat sensitive PAGs.

3 Filtration of the solution. The filtration scheme may be varied to suit
different manufacturability — a basic scheme is presented as follows:

The solution is pre-filtered through a polypropylene, Teflon or nylon membrane to
remove gross particulate matter. The filtration media will depend on the formulary
composition. The pore size varies from about 0.01 to about $ microns depending on the
total solids content of the solution. The solution is final filtered using the same media
through a pore size from about 0.01 to about 0.2 microns depending on the total solids
content of the solution. One skilled in the art would recognize that other pore sizes are
also possible for use in this step.

To utilize the above compositions in a piezo-electric printer, the following steps
are used:

A piezo-electric printer cartridge, €.g., a Dimatix material cartridge model # DMC-
11610, is filled by carefully inserting into the fill port the needle from a syringe filled with
approximately 1.5 ml of the composition. The material is slowly injected, filling the fluid
module. The pressure port of the fluid module and the opening of the jetting modules are
aligned and snapped together. The filled cartridge is then allowed to sit for 30 min to
allow any entrapped air to settle away from the nozzles.

The proper waveform for the solution iéAselected, and the proper voltage settings
for each print head are also selected to achieve the optimal drop velocity for the specific
ink composition upon jetiing,

The substrates to be deposited onto vary by the required application, but can
include typical semiconductor substrates of Si, GaAs and other II-IV and III-V metals,
glass. Flexible substrates can include various plastics such as PET, PETG, Kapton and
Mylar. These flexible substrates and standard semiconductor substrates such as Si may be
additionally coated with various metals such as Ay, Cu, Ag, or various oxide compounds

such as ITO, antitmony tin oxide, and Ti0,.



64. 125 The above ingredients were conbi ned as descri bed above,
printed onto a silicon substrate, and cured as descri bed above. |nmages from
this conposition were exam ned by el ectron nmicroscopy and shown in Figs

1-4. Exanple 2 - Epoxy-based Conposition 2 A second epoxy (SU 8)
conposition was nade by blending the follow ng ingredients as outlined
above. Wien used with the Dimati x DVP-2800 Series 16 piezoprint head

printer, thi spRWRRSIehd MRS Brindrbs @iitlJn@QBé‘Ec?aﬁn% ays‘bé"&ﬂrgd s by

changlng t he solvent System Conponent Anount SU-8 Resin 29.5
PAG ( Cyr aflawethermalig v@ux doartctine oyamrrsysterg PRySige llotpiate, or by UV hght exposure

depending upon the composition and/or evaporation rate of the solvent system in the
composition. UV cured inks may require an additional thermal bake to fully cure the
system after the initial exposure. High temperature (>120° C ) curing will also in sotne
cases increase the rate of cure or chemical resistance of the coating.

The printable composition of the invention may be dispensed in a variety of
methods, such as ink-jet (piezo-electric) methods, including thermal and laser in-jet
methods, stamping, screen coating, syringe dispensing, gravure coating, flexographic
coating, and the like. The compositions of the invention are specifically designed for use
with piezo-electric and/or thermal and/or laser ink jet printers

In additional embodiments, substrates printed with compositions of the invention
that include photoacid generators may be subjected to a process known as phototrimming.
This process involves exposing the patterned substrate with UV light through a high
resolution lithographic mask. Briefly, the photo-trimming process relies on the need to (1)
improve pattern edge acuity for inkjet printed features and/or (2) the desire to pattern,
selectively, high resolution features using already printed patterns. Fig. 1 shows a
schematic that demonstrates the process for negative (crosslinking) tone.

The composition and methods of the present invention are useful in a variety of

manufacturing processes including:

Compound Semiconductor manufacture: Lift-off in Transistors manufacture; PMGI can

be used as a di-electric layer for passivation.

Lift-Off: Lifi-off can be used for Controlled Metal deposition in compound

semiconductor applications such as photovoltaics, VCELs, transistors,

Optical Electronics, such as manufacturing of LEDs: deposition of encapsulation /
passivation layer; metal deposition in a lift-off process; creation of a background grating

for light reflection.

Energy Devices: Enable manufacture processes in Battery & Fuel Cell applications



Solvent 1 (y-butyrolactone) 6.9 Solvent 2 (Cycl opentanone) 62.1 The
above ingredients were conbi ned as described above, printed onto a silicon
substrate, and cured as described above. Inmages fromthis conposition were
exam ned by electron m croscopy and shown in Figs 5-6. Exanple 3 - Novol ac
Resi n A Novol ac conposition was made by bl ending the foll ow ng

i ngredients as outlined above. Conponent Amount (wt% Novolac Resin 24.6

Crossl i nkgfsplb FOVEEF bilayd 1Hpostticd 6f epoxy as support structure

MEMS: Sensors, actuators, resonators, microfluidic devices; PMGI can be used as a

sacrificial layer support for use in 3D MEMS devices
Printed Wire Boards and Printed Circuit Boards: Etch resistance for processes
Passivation layer: Back-end Packaging of devices.

Photo-Trimming can be used to increase resolution for MEMS, Microfluidics, Nano-

imprint and can be used to enhance any of the above applications.
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TAG (CXC 1612) 0.31 Flexibilizer (Polyol
0. 025 Sol vent |

62. 775

printed onto a silicon substrate,

(y-butyrol actone) 4.725 Solvent 2 (Methyl |sobutyl

3315) 2.87 Surfactant (FluoroN)

Ket one)

The above ingredients were conbi ned as descri bed above,

and cured as descri bed above. | m

ges from

this conposition were exam ned by el ectron m croscopy and shown in Figs

7-8. Exanple 4 -

PM3E Conposition A PMd conposition was made by bl

the follow ng ingredients as outliggQNmLES

The following examples are intended to illustrate, but in no way limit the scope of
the present invention. All parts and percentages are by weight and all temperatures are in

degrees Celsius unless explicitly stated otherwise.

Example 1 -- Epoxy-based Composition 1

An epoxy (SU-8) composition was made by blending the following ingredients as

endi ng

outlined above.

Component Amount (wt%)
Epoxy SU-8 Resin 27.8
PAG (Cyracure) 1.4
Flexiblizer (Polyol 3315} 3.25
Surfactant (FluoroN) 0.01
Solvent 1 (y-butyrolactone) 3.375
Solvent 2 (Methyl Isobutyl Ketone) 64.125

The above ingredients were combined as described above, printed onto a silicon
substrate, and cured as described above. Images from this composition were examined by

electron microscopy and shown in Figs 1-4.

Example 2 — Epoxy-based Composition 2

A second epoxy (SU-8) composition was made by blending the following
ingredients as outlined above. When used with the Dimatix DMP-2800 Series 16 piezo-
print head printer, this composition produces thicker features for single pass by changing

the solvent system

12



above. Conmponent Amount (wt% PM3 Resin 10.99 Surfactant (FluoroN) 0.01
Solvent 1 (y-butyrolactone) 50.7 Solvent 2 (Cyclopentanone) 32.1 Sol vent 3
(1, 3 Di oxol ane)

Component Amount (wi%)
Epoxy SU-8 Resin 29.5
PAG (Cyracure) 1.48
Surfactant (PF-151N) 0.1
Solvent 1 {y-butyrolactone) 6.9
Solvent 2 (Cyclopentanone) 62.1

The above ingredients were combined as described above, printed onto a silicon
substrate, and cured as described above. Images from this composition were examined by

electron microscopy and shown in Figs 5-6.

Example 3 — Novolac Resin

A Novolac composition was made by blending the following ingredients as

outlined above.

Component Amount (wt%)
Novolac Resin 24.6
Crosslinker (Powderlink 1174) 4.67
TAG (CXC 1612) 0.31
Flexibilizer (Polyol 3315) 2.87
Surfactant (FluoroN) 0.025
Solvent 1 (y-butyrolactone) 4,725
Solvent 2 (Methyl Isobutyl Ketone) 62.775

The above ingredients were combined as described above, printed onto a silicon
substrate, and cured as described above. Images from this composition were examined by

electron microscopy and shown in Figs 7-8.

Example 4 —~ PMGI Composition

A PMGI composition was made by blending the following ingredients as outlined

above.

13



6.2 The above ingredients were conbi ned as descri bed above, printed
onto a silicon substrate, and cured as descri bed above. Exanple 5 -
Conducti ng Nanoconposite of Photopattem ng Epoxy for Active Matrix Liquid
Crystal Displays (AMLCD) and Active Matrix Organic Light Emtting D ode

D spl ays (AMOLED) . This ink jet epoxy conposition incorporates
nanosi zed conducting IndiumTin Oxide (I TO conducting nanoconposite
(5-100nmfdi aneter orc heperse nano3ypheres) tanmditkeispattern both

rigid angl.flexible con ur'ri.ng transistors in pixels for AMCD and. AMDLED
appl i catifons. Phot oPMGResity i s then enpl oyed to achi0e resol ution

requi r ed|for—patt ' e RO transistor—Conponeng sAmournt (W9 Epoxy
SU-8 Resiin + 0. 1- 5fé\}f\};d&(ﬁ%rdrwnopheres di spersed ZQ.QOSAG (Cyracure)jl1.48

Surfactant (PF-Sobdeh) 1 Or-Hutyrolactone) 50.7
Solvent 2 (Cyclopentanone) 32.1
Solvent 3 (1,3 Dioxolane) 6.2

The above ingredients were combined as described above, printed onto a silicon

substrate, and cured as described above.,

Example 5 - Conducting Nanocomposite of Photopatterning Epoxy for Active Matrix
Liguid Crystal Displays (AMLCD) and Active Matrix Orpanic Light Emitting Diode

Displays (AMOLED).

This ink jet epoxy composition incorporates nanosized conducting Indium Tin

Oxide (ITO) conducting nanocomposite (5-100nm diameter or monodisperse nanospheres)
to ink jet pattern both rigid and flexible conducting transistors in pixels for AMLCD and
AMOLED applications. Photo-Trimming is then employed to achieve resolution required

for patterning the ITO transistor.

Component Amount (wt%)
Epoxy SU-8 Resin + 0.1-10 wt% ITO 29.5
nanopheres dispersed
PAG (Cyracure) 1,48
Surfactant (PF-151N) 0.1
Solvent 1 (y-butyrolactone) 6.9
Solvent 2 (Cyclopentanone) 62.1

The I'TO nanospheres {0.1-10 wt%) are dispersed in a solution of 29.5 wt% Epoxy
SU-8 resin + 62.1 wi% Cyclopentanone. The remainder of the components are serially
added and stirred at room temperature 12-24 hours. Thereafter, the whole 1s filtered to 1

micron or better,

Example 6 - Conducting Nanocomposite of Photopatterning Epoxy

14



Solvent 1 (y-butyrolactone) 6.9 Solvent 2 (Cycl opentanone) 62.1 The
Fro nanospheres (0.1-10 wt9% are dispersed in a solution of 29.5 w % Epoxy
SU-8 resin + 62.1 wt % Cycl opent anone. The renmai nder of the conponents are
serially added and stirred at roomtenperature 12-24 hours. Thereafter, the
whole is filtered to 1 mcron or better. Exanple 6 -- Conducting
Nanoconposite of Photopattem ng Epoxy Nanoconposite |ight bl ocking
dielectric filwagenspsitt ngmm‘loctmgmawaﬂ:&mnd@né&%fﬂ&ﬂmpbemewdz'ﬁ 100nm
di spersed in photo and thernal hardening epox or. per manent appl | cations,
usi ng t he"y@sdiess, (FJORRmheisrsrseA ée plgo enckiee é%arﬁfﬁuwwy@ra’eaﬂ ent
substi t ut h]ﬂ'ﬁc{!ﬁo u@ﬂ@@%éﬁﬁfom!aﬂlmea DASRIGIISS FRRAF S /58 sﬁ@tl&tﬁéawm e.
Exanple 7 -- ductrn noconposi te of Photopattem ng Epoxy
nanocorrpo@lqzeﬂabaf@h@'ﬁs foay"é@ nmggfg@&&ngc@s fh’aﬁé@n&léd silica and/ or zeol ite
conpositions (5-100nm sphere dianeter), with photo or thermally hardened
epoxy, for use as noisture resistant barrler Iayer Usi ng Exanple 5 as the
i plahd: Condsetinpifdnneprmpnstes o Rt opial zeolite
nanocorrp03|te |t|on for, 1 TO f| a nple 8 --
Conducti ng Nan'gggpr?ggswsm lamlsf'nla ercoﬁ%emgr?f%%' t51ze§s.ﬁc %,&? Zggﬁégorrpom te
ant i m cr olzinglogitiand (Shidoharsphdre ﬂiahmek)ayv&h phoms»r Sﬁm@lﬁfm&nememymdugl | ver or

oo o o P GRS e i B GBI G MR o

nanosized silica and/or zeolite nanocomposite compositions for ITO specifies this

example,

Example 8 -- Conducting Nanocomposite of Photopatterning Epoxy

A nanocomposite antimicrobial, antibacterial {film layer consisting of a nanosized
silver or silver nanocomposite compound, in 5-100nm nanospheres or equivalent, with

photo or thermally hardened epoxy polymer.

Example 9 -- Photo-Trimming
The ink jet printed epoxy composition of Example 1 or 2 may be subsequently

patterned with UV light through a high resolution lithographic mask. To implement this
process, a photo-mask is aligned to the printed area to product these images as outlined
above. T'wo major features of photo-trimming are increased resolution and reduction of
scum during processing. Photo-trimming can also be used in a Lift-off process where a
printable PMGI compositions are layered with a printed epoxy or novolac formulary to
image it and finther increase resolution. Results of the photo-trimming process are shown

in Figs. 9-14.

Example 10 — Lift Off Processes for Metal Deposition

As indicated above, Lifi-Off processes can be used for controlled metal deposition
in compound semiconductor applications such as photovoltaics, VCELSs, transistors. An
example of this technique using the compositions and processes of the present invention is

shown in Figure 15.



The ink jet printed epoxy conposition of Exanple 1 or 2 may be subsequently
patterned with UV Iight through a high resolution |ithographic mask. To

i npl enent this process, a photo-mask is aligned to the printed area to
product these inmages as outlined above. Two maj or features of
photo-trinmm ng are increased resolution and reduction of scum during
processing. Photo-trimmng can also be used in a Lift-off process where a
printabl e PM3 A enep@apll bONBifROE préiie (I gureil 5 fORidard) Mae dre@@@XTher novol ac
formulary to image 1t apd further increase resolution. Results of the

phot o- t r i WflcHyyep gt wade ?*@P%gwipﬂnwﬂ@g.cwf xapple ) wdyred at £ G 1

Pr ocessesfuf 0hniletrsk pRRRASIAsiBited with a t51abadopptisify ARy ikl Sim&d fndpr ocesses
can be used for conFroIIed nmetal deposition in conpound sem conduct or

appl i cat | e Eemplg),pnd thopsnrediat $10 gdior § miny Ravglepmns timpginagepipile of this
t echni que Lag.: MRRFA LY processes of the present invention is
shown in Eﬁu?%lﬁ@%%o A%ﬂn:lﬂgirogg?aph of a Lift-Of profile (Figure 15,
Option 2) was created. The underl ayer was nade from PM3d Ink printed and
cured (Exanple 4), and cured at 110 C for I mm This product was coated
with a top | ayer conprising an epoxy ink printed and cured (Exanple 2), and
then cured at 110 Cfor 1 mn. Developnent tinme (inmersion) was -1 mn in
2.38% TMAH Devel oper. What is clainmed is: 1. A nethod of producing a
printed pattern on a substrate, conprising the steps of: (1)
applying a printable conposition to a substrate using a piezo-electric
printing device, said printable conposition consisting essentially of: a
pol y(di net hyl gl utari m de) pol yner; a sol vent conposition conprising
(1) a high boiling point solvent having a flash point greater than about
10C. and a boiling point greater than about 130C and (2) a |ow boiling
poi nt solvent having a flash point |less than 30C. and a boiling point |ess
than or equal to 130 an optional crosslinker; an optional acid generator;
and optional additives;
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(2) drying said applied conposition; and (3) optionally curing said
dried conposition to produce a printed pattern on a substrate. 2. The nethod
of claiml, wherein said drying step takes place in the presence of heat.

3. The nmethod of claim1, wherein said optional curing step conprises

phot ot r Wit igclaithedlie net hod of claim 1, wherein said

pol y(di methyl glutarimde) polyner is present in an anount of 0.5 to 15 wt
% based on the total weight of said printable conposition. 5.The method of

claim ay WhehShBpsdbepBahotheh bR haH LA Whileke RONYIBA iR MaRREt 10 an
amount of 5 to 12 wt % based on the total wei ght of salé printabl e
conposi ti on. (. Thepplenhegriofabid @inmokitiontie p silrstete wingol piert-clegnppsintingn i s

present ,in an .gmount.of 85 to 99.5 wt % d. t he total i ght of i d
P Pot b e B TRl oot op ST e e B & Cner i nosal d solvent

conposi tion hpoR{@RRMyldiNaAMI@TPURnef 88 to 95 wt % based on the tota
wei ght of said printable conposition. 8.The nethod of claim1, wherein
sai d hi gh bokkdlvgntpomppsigen vemprisise 6laladdglebpilingpeiphgelvent having a flash point
greater than about 10°C. and a boiling point greater than about 130 °C and (2) a low boiling
point solvent having a flash point less than 30°C. and a boeiling point less than or equal to 130
.
an optional crosslinker;
an optional acid generator; and
optional additives;
(2) drying said applied composition; and
(3) optionally curing said dried composition to produce a printed pattern on a

substrate.
2. The method of claim 1, wherein said drying step takes place in the presence of heat.
3. The method of claim 1, wherein said optional curing step comprises phototrimming.

4, The method of claim 1, wherein said poly(dimethylglutarimide) polymer is present in

an amount of 0.5 to 15 wt %, based on the total weight of said printable composition.

5. The method of claim 4, wherein said poly(dimethylglutarimide) polymer is present in

an amount of 5 to 12 wit %, based on the total weight of said printable composition,

6. The method of claim 1, wherein said solvent composition is present in an amount of

85 t0 99.5 wt %, based on the total weight of said printable composition.

7. The method of claim 6, wherein said solvent composition is present in an amount of

88 to 95 wt %, based on the total weight of said printable composition.

8. The method of claim 1, wherein said high boiling point solvent is selected from the
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group consi sting of gamma butyrol actone, ethyl |actate, nethyl

2- hydr oxyi sobutyrate, PGVEA, cycl ohexanone, tetrahydrofurfuryl alcohol,
propyl ene carbonate, 2-heptanone, NWP, diacetone al cohol, and conbi nati ons
thereof 9. The method of claim1, wherein said | ow boiling point solvent

i s sel egray dongstitghe gymowpbudpekicsne nghdflactat hy¢thylshhydrytyikatutyate,

cycl ope ne 3di oxol ay t et rahydrof yran (;THF) ., met hyl, i sopropyl

ot one. PSR arbmeth B R BBk Y S P et S TRt nepBREAGE | and
combi natNMPsdibredRicohdQ and BenbiBhthRM tigfredd! ai m 1, wherein said crosslinker
is present In an anount not greater than 15 w % based on the total weight

of said printable conposition. 11. The nmethod of claim 10, wherein said

crosslipker i i.n_an . : . o on the
Coral wer ont 10F HIREUS el Ao RO Lid Ry SRS int QREoER, ooy EFER T,
wher ei n ggaiptoasiohn) dfimkahyliisobntyd ketohe,iciclaperamauef 1,8dio%olond, et@hwiro¥orabased on
the total weight of said printable conposition. 13. The nethod of claiml1,
wher ei n (58 Y 1g5tlpd d30prapat keteng drsaiagans pB1relRee. gredy stuhketens (Y Esy.

et hyl ag Qelﬁém%i&c{t%ﬁﬂq?%@ s, alkylated m xed ether nelam ne

crosslinkers, tetraki s(nethoxynethyl)glycoluril crosslinkers, alkylated
m xed et her benzoguanam ne crosslinkers, al kyl ated m xed ether carboxyl ated

benzogu:wam crgs Iintqersl, nd.corg)i nations thereof 14. The nethod of
o i 1 0uner e AU AEY ToRRErit g veeyrEe T an  BAHE! b Eregibat er
than 6 yans Wageshsedon IR @l fbightsdala #intsaé dodpdsiiabl e conposition. 15.

The nmethod of claim 14, wherein said acid generator is present in an anount
not greater than 4 wt % based on the total weight of said printable

conposi tion. ., 16. .The t h of claim 15, .wherein sai.d acid generator is
o ecent ' aTERSIRE ST g 0. br Spia oS Ehlad e TS SR E R vt o
sai d pr ihablwe %osHed bk tteRotalweibhtofaidathiefle edapdsition. Wher ei n sai d
additives are selected fromthe group consisting of dyes, plasticizers,

flexibilizers, surface |eveling agents, surface wetting agents,

i Cl it eri . ' L . Th
a4, s RIS T, T e M ST PR s 0 e
wt %, based on the total weight of said printable composition.

13.  The method of claim 1, wherein said crosslinker is selected from the group consisting
of methylated melamine crosslinkers, alkylated mixed ether melamine crosslinkers,
tetrakis(methoxymethyl)glycoluril crosslinkers, alkylated mixed ether benzoguanamine
crosslinkers, alkylated mixed ether carboxylated benzoguanamine crosslinkers, and

combinations thereof,

14. The method of claim I, wherein said acid generator is present in an amount not

greater than 6 wt %, based on the total weight of said printable composition.

15. The method of claim 14, wherein said acid generator is present in an amount not

greater than 4 wi %, based on the total weight of said printable composition.

16.  The method of claim 15, wherein said acid generator is present in an amount not

greater than 3 wt %, based on the total weight of said printable composition.

17.  The method of claim 1, wherein said additives are selected from the group consisting
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19. The nmethod of claim 18, wherein said oniumsalt is selected fromthe
group consisting of diaryl-diazoniumsalts, baloniumsalts, quaternary
anmoni um oni um salts, phosphoni um and arsonium salts, aromatic sul fonium
salts, sulfoxoniumsalts, seleniumsalts, substituted di phenyl iodonium
canphor ofdlésppatieciaondlexibilzersandfee dhihat agens, flrbceofettingGgeifine met hod of
claim1, wherein said acid generator is selected fromthe group consisting
of sul f GABINSHIA %?@Po@ﬁ?sﬁ@ﬁwt%k@s: eed goalinatpns Bsreett osyl at e, t - but yl phenyl
al pha- ( pt ol uenesul f onyl oxy) - acetate, 1-butyl
al pha- (p-tol uenesul fonyl oxy) -acetate, nitrobenzyl esters, s-triazine
conpound$, 1 Theicthiqeahlamdp mdnsei] sadj i@ gendraht isroenheansali DDT) ;
1, 1- bi s[ pnet hoxypheny1] -2, 2, 2-tri chl or oet hane;
1,2,5,6,9, 10- hexabronocycl odecane; 1, 10- di bronodecane;
1- bi s[1p: chhge opeAHlcdnd sdivaBlef ARt NANa sal idsetbictld I FRIM® tiredgroup consisting
i chl oronmet hyl) benzhydrol (Kelthane); hexachl orodi nethyl sulfone;
hl or of diaryltdigzehivor st imaniup yalisd gwdernary ammonium onium salts, phosphonium
di et hyl - 0-.(3, 5, 6-trichl -.2- i.d . i: , -
(?( %[Sﬂlg)%%lcs%}l aromgt}cosﬁEﬁlllunp%klf,f,¥¥%ybcﬁ%ﬁ§ B%ﬁﬁﬁ[ gélghﬁrﬂa@%%ﬁz _SE’f,)sél,hE?d

tr

-C

O_

2,3, 48 %rocyc exane; or opheny
[

2

r

richio agshy BedaiancaaphdrisuEb@itScdhiyuaigpno pyhbinagesahetat e;

- bi s[ p-chl orophenyl] -1, 1- dichlorocthylene; tris[trichloronethyl]s
i azi ne; and conbi nations thereof

20.  The method of claim 1, wherein said acid generator is selected from the group

1
(
2
(0]
1
t
2,
-t
consisting of sulfonated esters, sulfonyloxy ketones, benzoin tosylate, t-butylphenyl! alpha-(p-
toluenesulfonyloxy)-acetate, t-butyl alpha-(p-toluenesulfonyloxy)-acetate, nitrobenzyl esters,
s-friazine compounds, 1,1-bis[p-chlorophenyl]-2,2,2-trichloroethane (DDT); 1,1-bis[p-
methoxyphenyl]-2,2,2-trichloroethane; 1,2,5,6,9,10-hexabromocyclodecane; 1,10-
dibromodecane; 1,1-bis[p-chlorophenyl]-2,2-dichloroethane; 4,4-dichloro -2-
(trichloromethyl) benzhydrol (Kelthane); hexachlorodimethyl sulfone; 2-chloro-6-
(trichloromethyl) pyridine; o,0-diethyl-0-(3,5,6-trichloro-2-pyridyl) phosphorothionate;
1,2,3,4,5,6-hexachlorocyclohexane; N(1,1-bis[p-chlorophenyl]-2,2,2-

trichloroethyl)acetamide; tris{2,3-dibromopropyljisocyanurate; 2,2-bis[p-chlorophenyl]-1,1-

dichloroethylene; tris[trichloromethyl]s -triazine; and combinations thereof.
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