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 methods for printing
electronic materials onto a substrate using a pi ezo-el ectric printer.
2.Brief Descrigtl on of the Art The inplenmentation of cost-effective

consuner el ect M%’QSIE@N%M%%%ES&E%F@%\M RACTHENGUREYTHAt i on of new
| C and PC patterning processes. dmggr aphy, the mainstay of IC
manuf acturing for the past 30 years een chal l enged recently by the

need for nore forgiving patterning environnents, such as for manufacture of

flat panel and flexible ‘ﬂﬁ@kéﬁ%uﬁﬁ%ﬂf ?rﬁ‘VENT%I@Ct roni c paper,

opt oel ectroni cs, photovoltaircs, mcroel oni'c iechani cal systems (MEMS),

and t he li.ke. Mmm@j ng techni ques such as M croSt anpi ng,
Nanol npri nt, atte sed attention.

0
In recent year shepfcrsr%rténvgﬁ‘é%rg{a‘teﬁ ?qf;ﬂﬁl lafl%?f’gir%?%ﬁses Oﬁé‘?ﬁ“f’#ﬁ@ﬁ% deri ved
from decremss davtrbmiky, @hd ﬁhlbﬂ:g)asﬁCZIEu’lyh@v&nptﬁuioheﬁhdtzhttﬁodsefﬁﬂmﬁitl(ﬂgy into the
forefront  of net hodct§ %I es d for h .vol ume consuner electronic
devi ce metGiTgRE giEkenasg FPa??‘\ ?t% S‘%?B‘F‘Cf“? ¢E¢ BUE addressable | Cs used in
large format flat panel displays. The result has been devel opnent of
ink-jet fabrication architectures collectively known as printed

el ectronics. BrefDe 9e Alkai | abl e pol yneric blends for use in
conventional gietBpleHBAGERUTEstASMLER c@ﬁMe@@ﬂeHFdnﬁgde@[c% n%§fagﬁ?éjhag“ marily
to dry by spinning in a process known as filmcasting, and are adjusted to
have spedfd todhgingestigatiop of new 4G apdBe p@@%@iﬂéﬁrqsassaﬁr&i@k%ltmwhmtbe conpati bl e
with the S@é?jm‘fl , e e xﬂﬂﬁﬁ e wth

i nk-j et 3?\;{1%5 I?’h&ga%gfr-ag%\eﬁ%(?%sth% R Msﬁ 1I(ia‘(irsfba séhralﬁe ?é%?arl 5)} tjﬂh

vi scosi t yeedior fraceflorgviss @Nter@mﬁe@vawa&; suph a%fpemamef@m'a‘ec)lfﬂg@ang} of the
nozzl es t | L t ed in the art
are mat e%?lg e)hB %@JQ,H o I%g) %ﬁ%ﬁl %e%&o CS#‘? EII Eglga m?ﬁ n gorvsﬁ%lg 't hat device
manuf act umemslegtamm mkélaMcaI&dvtam‘s Q@EMSf) ank ¢henlghwl )Nodd\patthnmg teuhiniaues)

el ectroni g ues. i S |nv ti el.ie olutign to that
need. | SRR A DRRIRIES Hhd Bk SpfEnng S8 oS BpaCefnvent | on
is dir ectaeehttocn &n Eremtyedd, ampmmsmth iminkjecdispensing, BpecifitaBy Harived o of a

pol yrrer | ect ed. m t he ou onsi.sting, of & Novo c and

pol y(di ?fﬁ?sﬁllrhpwfiﬁoaébwqgﬁﬁeﬁgtegg’ wleghrplogy gétﬁ/f\‘? nposi ti on

conpri si mgetictplogicBie@bloped for Agghpeiuate @ﬁbdﬁ@dﬂ%leb@&h@@ev@cefdm’iﬁukhcﬁﬂé nt greater

t han about. 10C and a 0| | i ng poin reater than about |30C and (2) alow
boi | i ng PERAL: f%l?ft F?awmlgﬁd reﬁ%ﬂé@ﬂ%tﬁeﬁtm |aggedfoppa Hatppackgisplayspdbe i ng

pOI nt | es&ultRaibedh d8@IIMdnOolidk et f¥ricatVvdl BEHitcRBFes 8t Py REbwHast he tot al
wei ght of the corrp05| tion. I n anot her aspect, the present invention

i s di r ectPBtet §legi'¢ideShod of producing a printed pattern on a substrate,
conpri sing th@u%xﬁ%v&“labléﬂ&lrﬂ&ﬂ!l}%ﬁlﬁ t5NRe B LAbakl al‘};ﬂ%ﬁﬁ!og} ?ﬂeabove to a

substrate using a piezo-electric prlntlng devi ce; dryin appl i ed
conposi t ideyiee @Wf@qnnﬁpﬂtﬂt deseney pomatiivgo ﬂ*‘.\’é’}’diﬂﬁli@dlgc@ aposetsikonwhes produce a

printed Mtcgsrnn aresawﬁfstep% ﬁaves wch @&fsﬁya u%&%n&&ﬁgags ﬁﬂws" become

appar ent upon I’ I ng t et al escription i nventi on.
that are wmpatlbic with these iechmques 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.



BRI EF DESCRI PTI ON OF THE FI GURES The foll owm ng description of the

I nvention will be better understood when taken in conjunction wth the
following figures in which: Fig. 1 depicts a schematic that denonstrates
the process for negative (crosslinking) tone; Fig. 2 depicts patterns
made from an epoxy-based conposition of the present invention; Fig. 3

depicts further patterns made from an g{polﬁq based conposition of the
present invention; SYMMARIPET, _Ef 1f'*‘_é-FFIC)FS‘é\tterns made from an
epoxy- based COmRAS hipeONthehpres&iR ERRANS dirYRNb k PRntable compbdifon, > depi ct's
further patterns made from an epoxy-based conposition of the present

i nvent i oncomprising: §5 4o 6@wife of & palyipat seleeted fioautae grovpcensiting pT ep9dxy - based
conposi ti Q@v&kc 4 SSERLIAIMMEREECRd 46-99 5 Wi Qf a Gol9ERI Lyt her patterns
made from a‘rllotcher %gggxy-glgs%g 'corrp)(’)g&? t‘}(?ogng %V%%eag?ieggﬁﬁﬁ%s&%t I on;

Fig. 8 depimprisingdi}ahiglbeitivepdiniomvantbtieviok adlaBapsent meatgdlzntabont IPCt he
present ipQv oo F oot rther S froma

Rovol ac- bAETBeBlkpony: restck bln pfuf ERAE'hy (2l BRL bERFSINERERMET 2
phot ot r i nifestl poaut tesy than 3RCend r doiliag peipoiess-thasadqodng 63°Cj dhwaghtt he present

I nventi Onperccnts 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 fo 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. 1 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 patterns 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 compostiion 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. 11 depict further phototrimred patterns nade from an epoxy-based
conposition of the present invention; Fig. 12 depict further
phototri med patterns nade from an epoxy-based conposition of the present
i nvention; Fig. 13 depict further phototrinmed patterns made from an
epoxy-based conposition of the present invention; Fig. 14 depict

further phototrti d, patterns e from an epoxy-based conposition of the
present invent ‘%’%epms?a“ﬁ’i“@magggﬂ’@&i cfvofaﬁ’rh@%gr"oﬁlﬁ?ﬁ%‘f“r‘?f e¥3t t er ns made
from an epQxywhased conposition of the present invention; and Fig. 16
depicts lift off processes for nmetal deposition using the conpositions and
met hods of thefigriedgists fopbameiteans mptefgm epoprechased pERpORioTIHE theNVENTI ON
The preseftsdneftopN i ncl udes conpositions of materials for use in device
manuf acturing using ink-jet (piezo-electric) based patterning techniques,
col | ectivel y Kngv@ dgpict photaitimehed peftarpsgnidedrom a!h@wzrgm@ﬂaemmtmoft he

pr esent ifﬂgg&ggnqghvglytﬁ;ncone di sadvant ages present when currently avail able
materi al s r use I n cobnventional photolithographic processes are utilized
i n pi ezo- el ecthig.d 1 slapietfughértpboinmymeépdisimguesle fparani epukabdsgd cl oggi ng of

pri nt noz‘[zlme - hgf&gvggtn ES-have found that epoxy, Novolac, and

pol y(di ne qmﬂ gltu ari rﬁ)cfe"} ( () ’based conpositions can be nade for inkjet
conpati bi lity,Fiand degint faethdhphototrirhmedpdtieynsenade dromldneepoxyypoed t | ons of t he
present inventi.on n be used in lift-off techniques to reduce critical

di mensi on%onipr?Sng\‘/P‘itgg?reﬁ?{g"B'ﬁ'h“%‘e nodi fi ed for absorbance and conductivity
for a wi de varhigtiy depiceRphérghbiogitfimed patterns nfhdg 88T &l epoky¥Base@nposi ti ons of

t he present invent tgn are conprised of polyneric blends including, but not
linited t‘i?,mpéft}BR’g/O% ¢ gresengipveiliQiasi ns, Novol ac resins, and PM3 nmaterial s,

sol vents, and mptibQegkt fiHAGIheReImAEHpdieMBImadt R Ar@oPBsid i cal |y designed
for use 3 wth piezo-electric printers. The conpositions of the present

i nvent i orfoBwpasitionel the Prepsnéinyedfonpr obl ens associated with traditi onal

coating nethogsg, ll'fa%piE%HQéripﬁlbﬁﬂﬁmﬁéd ﬁﬁéﬂs%a%@%&%n?épb@-ﬂ@s}:@ the need for
spin coating and the defects associated wwth it. Spin coating by nature can

cause a \enipesiffonf thepiseans inygrtipnasnd nconpl et e coverage over topography,

filmvariatio O BYARP ' Lati ; i ic effects
across the ra i%gH§F lgtsgubsté‘g{:éesgége{%ﬁ;‘%tﬁedcpﬁleqnql%ﬁlg\{@%%p@&%ttI?%%@%of t he
present imethedsiof thegamesetahyengbi.ni nate this process step. The
conpositions of the present invention also allow coating on a wide variety
of surfaces, including flexible substrates. Spin coating can only generally
coat hard surfaces thaRTAHEDBOESERAPTIEN OF THE INVIENTIEOMNpOsSi ti ons of the

pr esent invenﬁﬁhgn t-effecti.ve, (EFeatIy reduce the

ol ume. of chert e AT EoT B St s ubeaTPhu T pePeledi Ry i Rsad o

gener at edpanvéicBiisg akihg inkcjea(picag-cletriapbised piiethisp@thniques, celectiodly, and spray

coat. 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 patteming 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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The conpositions of the present invention pronote contam nation reduction,
by printing only where necessary on the device. This surgical-like

preci sion provides an advantage over other coating nethods that do not

sel ectively coat specific areas on a substrate. The conpositions of
the present invention provide versatility with thermal or UV cure to
elimnate process steps in conventional coating nethods. The

conposi t i BHE PSEO-eiseirip padterst Tha Gaprastivnaridbe Pl BecHiP8 RYEEOTER VAR er n
resol uti opr drHREAY LREM& &% trh&ﬁé:ﬁﬁé&‘a@n@ﬁa@%&é OfheQbmpb&tidsRaknadr oducts. In
one enbodi nent, the conpositions of present invention can be used in a
process chNerignplimineteths paer ey, SPPW@?@&W el dedpcispstasiatadnoded sSBin usi ng
photolith t rove edge
et £y andlor oy alr IREG R ElarldhoddEfecRlobM & o BRI BRcke bR 0

vol une- di ®pegismhyafid zﬁmahonssblle etcwdwnayma‘cbmamrag@si \afiable kinetic gﬁqcm | ng.

Phot o-tri l I ff proflles
it ot re eyl diffraidaltiht iR e S R R Bt hberRba 1%

t hese nethmdsmamaumh@Mn;nmwﬁnm@ detail bel ow. As |nd|cated above t he

present inventy s direc rinta |t|on onprising: 0.5
Poc80 we o6 of e grpRert S LR el e ek R GA hy EABHRE Novor ac
and pol y(gi:rﬁa&tsh‘yiblgﬂmg Aetibicdedstrarn dSHA c&Bind et %I?Eer&reﬁ@h%ﬁﬂfardﬁﬁﬁﬁ@éﬁ;l tion
conprisin @')@b hi gp boi ling point solvent having a flash point greater

t han abouf™&® P58 %o | i ng point greater than about 130C and (2) a | ow

boi I'i ng poi nt BRlc¥aPssiftaybNte reféemﬁnh@ﬁtmxmea Bko bassfftdian, inQfat g a boiling
point less than or equal to 130C  all ijhtg‘ercents based on the total

wei ght of S'E¥DIeRERPES ISP cﬁe&wa!épsqdweéée B HeEs o Bizardeus ¥asteed in nore
detai | bedef¥tated, versus Sih€r ddaling m@ﬂH&Q@ﬁHEo&meQ@nW brﬂit gpdy%oﬁtonpos' tion of the
invention is polyner such as epoxy resins Novol ac resins, or
pon(dlnethylémﬁﬁamPW#%@W0(ﬁﬁ@ﬁ%mﬁWHWEW“HF@“WﬁGﬂWﬂWHWﬂWe“éﬂﬂmmcﬁhb|natlons
of these ymer in the
conposi tlﬁoﬁrqlJ l%g%? @ﬁev’%k%?aég%’ég%g‘%ﬁ& ﬁigg%ﬁgg‘%“ %r@c”s‘?&ﬁro%geé)ﬂ% based on
t he t ot al adweritegstover othdysodtngposthads dirt d¢ notrspleetivshedoet specifieptrotipment s, 0.5 to
15 wt % of, E%ﬁﬂ and nore preferably 5 to 12 w % of PM3, based on the
total weig of the conpositions is used. In other pref erred enbodi nent s,
0.5 to 40 w %Ik chiopasitams of the}pmswtme@nmn @odderpereatibtye el tlotyal BN 35 wt %
of Novolacn%r F 0X 985| i based\pﬁ%}gﬁ taI ght of the conposition is
used. Prefer & HEORSR BFRR T %}ﬁ %gﬁ% 8 ul ar wei ght of 50, 000

Dal t ons or Ie%gcbrhposepmxyijhebw@aﬂ ihastia 219l eoullasvenstsght pakm20, 000 Dal t ons
or |ess, PM3 %)cg mer has a nol efu]&aé a@e ht of 90, 000 Dal tons or

| ess. 150 ‘*ﬁ?@ HOBIOY RIS L8 feTsas iRt ART Bnal BIAYEEFt Mot t he i nventi on

conpri sesnftoaimeht) thecoR ol tiomyo N \WR) ;glsﬁemqﬁvénlﬂen caAskd inprogd’slcdizda sol vent
conpositi 350 nprising at |east. one hig gm | ing poi nt sol vent and at | east
one | ow B ﬁb‘“ﬁ'&)‘?&'\t Brivaming iprhc !’fi"@‘ﬁ’sﬁ SF'I%‘OB%H‘W@BWW REY a fl ash

poi nt gr qat RE pﬂirh@(ﬂfeﬁtlﬂfﬁdrto Heo R o8 a BBy lah 88 RBLRYe vaFyBakeFeséiash about 130C.

Exanpl es of usef ul gh boi'ling point solvents incl'ude gama butyrol act one,
et hyl | adtaiyres, “ﬁ’é‘tfﬂﬂ’e valuperdisrgise apslpr aeiecuvpmmnt%wﬂdnleﬁtamﬁee

t et r ahy drgbiyiiinghe BhARNRL iRhARNEENRsIBDRABALI o A RGRLANGRS T Mles

di acet one al cohol, “and conbi nations ‘thereof. The | ow boiling point solvent
has a fla»sfh«ifs@bmemaew Yitent B06- emtrseng&cﬁth<ngh€pem¢thor%ee§ sbdvamironorequal to
130C. Ex%gai S1,@f useful low boiling point solvents include nethyl isobutyl
ket one, cyc opent anone, 1,3 dioxol ane, tetrahydrofuran (THE?), methyl

i sopropyl ket amel;dz@atqdeibbm;qugreqenmawhozmes dupcteqbyd zep:mt@lycmhpqmrmnet hyl

et her, pr l.ene I eth t.h net h eth et o

t ol uene, SR "?’Jntét%fad"*?o‘% r?e"r“’&%‘fe’" Shidikd ffW%éh‘“y%rﬁ %’P‘?t&ﬁ o ACI t he
anount ofNosolav emt pal p(dirhehyguntiatide; MARPAESLS Wb obi sdite cmmttioan pr ef erably
ranges from 85 t based on the t I wei S osition,
2nd or ¢ CHPEFRPEED § iEPAH1S REGT S8 vGl 95+ b Be oI REER L D SRHGA of - sai G
conposi t iaffa b8 pdiREerPAEMART aboSt TNOWOhRL(2PE 1RPBXiMng fadﬂﬁt RRHMavifp 50l vent in
the printable conmposition of the invention preferably ranges from®60 to
99.5 wt % based on the total weight of said conposition, and nore
preferably from65 to 90 wt % based on the 5 total wei ght of said

conposition. As will be understood by one of skill in the art, the sol vent
in the printable conposition nmay include nore than two conponents, for
exanpl e three, four, five, or nore solvents. The solvents that are

part of the printable conmposition of the invention are included in a ratio
optim zed for the particular substrate and pol yneric conposition. The
solvent ratio is optimzed to form honogenous filns depending on the



Surface tension and viscosity of the conpositions of the invention are
preferably optim zed for use in piezo-electric printing equipnent. Surface
tension of the conposition preferably ranges from about 28 to about 33
dynes/cn2, and viscosity is preferably in the range of about 10-12 cPs at
the printer operati ng tenperature. The pri nt abI e conposition of the

i nvention nal 1y include a osslin Preferably, the
crossl i nkfsh |f’§méf?s%‘g‘&h%0 g@l‘fﬂé@ﬁ@l‘“%lﬁﬁ‘l’?“ﬁ%“ K t‘b 30161 dhvright esi ns.
Exanpl es gdrcn@maBidGinahd ﬁbtaﬁtwgha@fls@ldr&h@mm@s EARE b heseRoion@fare 301, 303,
350, 370, 380, 1116, or 1130. Gycourils are also useful and are
parti cul af9s§ribse of mpreadstailslosanpl e of a particul arly usef ul glycouril is
Powder | i nk 11%@&%9%&&4@%1@9@&9@ %Mﬁﬁlti&h'o'ﬂhe 1&%6&9%8 RcPEifeh such as
Cymel 1123 or 1125 are al so use crossl i nkers. The anount crosslinker
i ncl uded a‘irﬁpmereﬁ;m Eﬁ@,b‘ilé??bmglgﬁ rasos, @pommﬁlﬂimmtamdp)dﬁy@),fwmm 0to 15
wt % base erahly fromO
fo 10 wt ot RRiR Ol %“ﬁ*f%%“oag?gﬁ?ﬂe%f RRGALE W, RR AURTTIE
pr ef er abl qmdunt)ofﬁ I@J)Bmtrcbn Qlewb%lodﬁtiiwe&f timfmtlfhmm gt:lwlra!loﬁa@@‘s frofm (‘o‘ﬁlodﬁo

conpositi The. prin |t| nof t LNy ntlo al so
opti onal I‘)Q/rp/l r‘?g?edd) he h'O% nggé tﬁa crf“c)ireé’é%el}r Oﬁﬁ(}e’%snaﬁc?l vat ed
by i ght (Sew@/o pf}él\d@rh,cﬁndme ﬁrewwy Ao \or%IMBMGm; bab;yd e die t¢tel Weightaf

t her mal - rat or o to.en e,.eithe r hot ochem cal
e os Ge faflSBRGRt RusE] 150y 5‘?‘?(““’*58%’%8‘3?1‘39‘81 s ol W% oBfio Bl
enpl oyed @ﬁxpf@hpmrﬁo:g@meramlgnet@ﬁs Witk ofﬂbv@ﬂfwbiy RBIS, thseddﬂﬁthb nventl on.

Onium salts. tha re weakly nucle ve, been found to be

parti cul atPTabwg‘&Ftt% peconResH P§§SB‘§) f’}e?flhﬂnﬂ‘gﬁiﬂﬁ'ﬁgcQPWﬁ asipglgeterc onpl ex

gm ogs ofwaghéglfs@bo@ gamﬁfoaxeaé qmepag ﬁdlix'?&rha%%oﬁlﬁ wefglqaf ofezoajmlpe Sg Agn
e i as we as B, an

Exanpl es 10#ltogpx lsss eﬂddh? BM@@FW%P@% wnalegHlargyighs of ApPAPelions eeleshi um sal t s

of group Va ang.eByivkf u@é&in%@&ﬁtdbl@éoﬂﬂﬁ%hgﬁf)f B ifed@N @mphidds Frap! €.

hal onium salts, quaternary anmoni um g’ oni um and arsoni um sal ts,
aromatic t@QP#SMXJWI%Hqféh%ﬂ@wmml%md\lsmp &DteoMPOsiGen e pIiRinEt {egst Exanpl es

f i 190, 839;
% a2z, 1077 SREBEALGHiR RV I dohPhaTRy bR phfhy ipens TBlc tiboilife Lot
sul f onat epodr rwimcm digs aﬂahmoeft ereated thonabomt PRGsanfi@rbodingi poatt pester then _
conposi ti.g 1§t1%Bék5$ Yé% '%uzhﬁ’&rﬁ r%sélﬁrlh%o%&ltﬁmgﬂgtd € ondlhS. Qther suitable

PAGs i ncl u sul tereean Fes may al so be used.
See J. thmplectiymteemﬁbhaamanahyﬂ Mhqulsogytyrade(, Bﬁl\mﬂ c&dmh@daﬁ&ie) for

O bet or o Rtishanifoohth hRREEE: caft s Rl I R R oL

SI phia (paahdlcuelsnemwnfsﬂmyéo@xyhe Mo@lﬁ@poﬁ?ﬂ@é]@émeﬁds sﬂhg‘hqmatteaesl?e@ﬁ 3a1(13| al soOI
isclosed iin,U.S. Pat, 5, 344 er yseful aci
gener at oragdﬁ.bPlﬂlasaﬂme%@m%eq"éﬁaqéﬁf‘g ixﬁﬁnp&i Pheschias ‘i‘\’/B‘E‘P%EOm‘Suu tabl e
s-tri azi nelvaftk theORIB aicllyP isSbhdyBccitine CéyRRPEhtaldDE, IEXITRbAe, kdirakl FPofubat -

4,189, 323. Hal ogenat ed non-i oni c, photoacid generating conpounds al so nmay
be suit atﬁrg Y yégsoplfogy 1@%5'!%3 gcntqnone pinacolone, propylene glycol monomethyl

1- bi s[ p- %hle@rp?d};}f‘é'wgycgl, rg@r%ethryl SREORLBYNARA KeldRT IMEK), toluene, and

1,1- bls[pnethoxypheny 2-tri chl or oet hane;

1, 2, 5, 6, SOIREXENEY cycl odecane 1, 10- di br onbdecane;

1, 1- bi s[ p-chl , h

(t ri chl or onmet Wlfbmﬁéync%%u% i€ gf(dlﬁ(e%htg h}gﬁ% %@ (g;{g}féﬁ %lreg)glhﬁggﬁ npos“ oorfe
2-chl or o-tl&-in(lqntlpc ptqﬁqrertmlgbg frepp 85 dié HBS wt%, based on the total we;ght of sald

0. 0- 0t et e adch: SAPRLISILOLR HHRYE L DoPgeag Rl SIS ol 3. 4, 5. 6

hexachl oroc exane oro richi ypacet am de;
tris[ 2, 3cdmpesitmmprghe the sdgmamMetac 2 a}oby,sthqnamhthrmoﬁpﬂeamyih]the 1,1

-dlchloroet Iene tris i chl roneth S tr| ; t r I, SOMer s,

anal ogs, e Sgubosifiog 4‘%@? I(S‘l\j%ﬂ 10848 ﬁ%ﬁ‘ﬁ&?ﬂ%ﬂ ?%Bﬁ%éo gﬁgt"gg’c Hed@her at or s
are al so t}fh tsal Weight dfRailubrpedriorah®mbreApeeiab Bt fram 6Nas90 #864248 anbe 0232972.
A variety of known thermal acid generators (TAGs) are suitably enployed in
the conposition of the invention, such as CXC 1612,
2,4,4,6-tetrabronocycl ohexadi enone, benzoin tosylate, 2-nitrobenzyl

tosyl ate and ot her al kyl esters of organic sulfonic acids. Conpounds that
generate a sulfonic acid upon activation are generally suitable. Al so,
rather than a thennal acid generator, an acid may be sinply fornulated into
the conposition, particularly for antireflective conpositions that require
heating to cure in the 7 presence of acid so that the acid does not
pronote undesired reaction of conposition conponents prior to use of the



The conpositions of the invention may be made using the foll ow ng
procedure: (1)Dissolve the selected polyner in the solvent systemin a |ow
shear m x environment by rolling (50-250 rpm) or using |ow shear m xers
(<1000 rpm. Solution may be heated to assist in polyner dissolution into
solvent. Mx until polyner i s corrpl etely dissolved. Exanples of typical mx
condi tions are as follows: -.roll for 4 hrs at 100 rpmat 50 degrees
C PVGL- r'6fal weight & Sﬁ’tdscoalﬂ"’i‘b@lr i begpdersigpd by oxe Nkl dhearh gl for 8 Ms

at 100 r pgpadt §Qh9ﬁr§l{tﬁﬁ§c&1;§)smon ma 1@%Qﬁlﬁ@ilﬁntub@5mﬁ;5cﬁle&9tfo@éﬁ %g::ked by

heat in the mx can be added with fhe polyner to the mx during ssol ution
inthis sfthé}ﬁ foyndiye arypsireslysptscan i ncl ude: plasticizers, flcxibilizers,

surfactants, apfd S/ agﬁpﬁe part of the Dintab1k SbmPb S dfttlﬂeqﬂvenlcﬁgf? brelilGudlax to

roomtenperature an sensitive conponents in a | ow shear mx -
envi r onnevita mijo eplmhiperdgfol %p@ﬁ@ulﬂmﬁlstm’ce usli pedynhagiy cotmpegitior. x"@resm(vemooo rpm.
nts added at .this Lare TAGs,

Mx until 6o rgpoa)?&%e\é GRS omogena R&dmg Ontile congact ﬁ"@l ra fon of the

crossllnkers es and
sol ut i on. subkteatd. i Ilttsrfaatthanropsmtmdrby srayerﬂogof/ﬁesadjstssastenu ‘tl‘hdcdnﬁ;mnem in the
manuf act ur chene i s sented as

o

Caut o St it w B R i S R isR ) P! s o b IS Oimigionn movr ane

t o renovePgfepsdy, fiaf olveh ixureBtdptmized e debitddriaing & suefdieteididd depend on the
formulary c

nposition ore sjze varlesfroma 01 to about 5
ni crons g‘r‘l‘ﬂf’%g‘“@ﬁ“?ﬂe{‘]’f"o‘{)"éll'“gss(? VERS AEeFRPRALLIG PP fchg)g}% e fola SO]?"ﬁ’é‘ sol ution
is final &dngosiiief witeh Odd bNe SRndrRkl: Bad NhOBNarBv R 15,008, fHigm about 0. 01
to about 0.2 m crons dependi n%éon the total solids content of the solution.

One oki | 1 BlingsolYeals£as bognyla ot e afAyS BORSY pldpel wlvees regagdiegsso

possi bl e §{Qholbi&ar widhh ibat ﬁﬁe@gsatrade off Wih Hilidd dfe t he above CO”DOS' tions in a
pi ezo-electric printer, the follow ng steps are used:

pi ezo-el ectri og%fﬂpwewmw}dt\ﬁmw ofghgrompasipreeafithe imagndion afe nraﬁEtabInge model

# Dl\/cj-lGl(thnﬁl.%edfijo{ Ts%gn %&zﬁ@i@&ﬁh‘hh%{t#ﬁﬁ{ﬂeﬂg ﬂr%?faQe tteﬂﬁ ol bt the P&ﬁéashf&ﬁ ”eed' €

froma syringe fi appr e conposition
mat er i al prefesAbbyniaygds djoscabot 2&h0Iab0mg}3tdbreeSfdrruud1dmwQ$le’ is Prefergrlp ssthe e port of

the fluid, (#lagmﬁ (altzl"@ﬁgptggk pg’x;ati%g %% o] m)dul es are aligned and

snappedto hefl en &l lowed to sit for 30 mn to
al | ow any ent rEpgpedtadlercotmpositdt ¢fﬁhamymtfonmmytaﬂm apoamdllysnclude a

crosslinker. Preferably, the crosslinker is an amine compound such as melamine or
melamine resins. Examples of commercially available melamines include Cymel 300,
301, 303, 350,370, 380, 1116, or 1130. Glycourils are also useful and are particularly
preferred. An example of a particularly useful glycouril is Powderlink 1174 (methoxy
mentholated glycoluril). Benzoquanamines, such as Cymel 1123 or 1125 are also useful
crosslinkers, The amount of crosslinker included in the printable composition of the
invention ranges from 0 to 15 wi%, based on the total weight of said composition, more
preferably from 0 to 10 wi%, based on the total weight of said composition, and most
preferably from 2.5 to 9 wi%, based on the total weight of said ccmpos%tion..

The printable composition of the invention may also optionally include an acid
generator. The acid generator may be activated by light (e.g., a photo-acid generator or
PAG) or by heat (e.g., a thermal-acid generator or TAG) to enhance either thermal or
photochemical cure using temperature or UV light, respectively. Onium salts may be
employed as photoacid generators of ink jet compositions of the invention. Onium salts
that are weakly nucleophilic anions have been found to be particularly suitable. Examples
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The proper waveformfor the solution is selected, and the proper voltage
settings for each print head are also selected to achieve the optimal drop

velocity for the specific ink conposition upon jetting. The
substrates to be deposited onto vary by the required application, but can
i ncl ude typical sem conductor substrates of Si, GaAs and other I11-1V and

[11-V nmet gl.ass. Flexible substrates can include various plastics such
as PET, 18&0 W&W the drlngangompigragion pediyalend tahgpéavalspidaetals gr samndar d

seni condugb@ss, BHB&kH, .88, SHJ@Q BSABIGATRY TR 3ddD £OPA! dd GOALRS g h vari ous
netal s such as Au, , or various oxide conpounds such as | TO’ antinony

tin oxideP> ahdsTEGENDlgs of suitabifopriiomisigs alediosi-disgemivn salt*ﬁeané@nylmalts of
conposi ti ans, vh b ﬁqatawgsdnmf#ﬂg %H§£9T£%Me 3 extnb@\g] haﬁﬂﬁirﬂ% gy Via a

convection oven system or using ate, or expoéure dependi ng
upon t he @vtpoey ammnmamdphmspmxmpmmd ar@cmmraséts;ﬁromhta: sltibmemtsakkg/mdem in the

conposi ti d._i ksma reguire a Lt naI t her mal ke to fully
cure the Soxoflu B bR, PR B ee bich0Rnchilf] e oS0’ &

curing wifobndindasi iut sNxma6 msw npm eaxet @08 Ot nd 4;624,@1112 eswmmtmm cal

resi stanc he coat i ntable c Siti f t he i nvention
may be m‘gﬁ%"ﬁ‘%‘t‘ gqrﬁu%cefﬁﬁloéf\’)foﬁgﬁggﬁfiw,g ag’lP(f?fO‘ggdo ‘?’H‘f{“?@t @5 ezo-el ectric)
met hods, arﬂ&fdﬂ&dk%g:ohiﬁ&ﬁﬁ@{s odiifk ihwesieibn, iparticelar predlfonehs salft @MRE AgtabRCr een

coati ng, I’ISI coating, fl ex? graphi ¢ _coating, and the

e dis
li ke. The %‘3 g@fi’tﬂﬁa Onéfe teﬁ‘é’*l ﬁ‘Hg ?qnéﬂ?xaﬂ‘%togeaéw% L4eiWetises fned for use
with pi ezmmairﬁg&rrdr Scigid/ 208 TehfbIRY, zﬁ@ﬂmtsaﬂm@m lf&kd;k&ésumf@h@db‘ée I n

addi ti onal errbodl ments, substrates printed nposi ti ons of the

i nvent i orPuifRggtc F‘ﬁ@ﬁu’é}é‘“B‘I‘?&t"&‘g@ifﬁoﬁéﬁéﬂé’ﬂ%ﬂ@eﬁﬂwlﬂ% @ﬂtﬂp%ﬁt&@nw@x@ process
known as pb@tcQhl 't-BHﬂyﬂﬁ{)haT@LéluEﬁé%ﬁﬁ&ﬁﬂdx@ryQéeYeﬁé EXRAsH MdtdnBe pR’tsteL ned

substrate with rou a hi'gh"resolution Iithographi c nask.

Briefly, a$pedigsinsedin Snﬁﬂ%@%ﬂr%é@&lﬁ@%aés on the need to (1) inprove
pattern edge @Hérttﬁéeif.l C,ld %@ﬁkﬁ{or LitBb&d Ifegﬁt‘suﬁrﬁlsthgg%a%ﬁ iy daitlngs desire to

pattern, selectively, eso Ution teatures using already printed
pat t er ns. Sifaple Slrlmmlcbgescm@nmrﬁ distlhead, fve momgtle, an BsS. Phie4 pRH32Ss for

negative GGrosslh nking). sél?oQ?acxd ngeneratmé]e({n)l,p %Pc? Siidl Oeg?fcl?ens(?ut E-Qu%g qf, the

present invention are u nanu uring pr &s¥€es
i ncl udi ng:xaﬁphpbuﬂdsisalﬂowphdnwl 22, 2neichibaethane(DIY 1 Adfifipi n Transi stors

T ort - nibot My et 2 SteRisl 1 S B hixabrobFedsiel T3En T Compound
se{ri colnduhbmmogﬁ:!aha,aat blﬁ{lﬁ&hﬁm@[ﬁeﬁ%ﬂ pnﬁirlaﬂ@bétaamql 43&%%(&0 2tr an?‘ i 3} ors.
ggc:agguli @ﬁ?rymgﬁégp ﬁY‘Bg] IKEBQ‘?“Z ’Eaéhlgg%lﬂﬁ%t,:‘kﬁstllﬁm}engéf YOf¢b~ of f process;

creati on (afchiréiaekgy ppiing batdingylfe(3,4 smldrsfzh%ﬁ 19 BhosBRGH@YonRRY | ces:
Enabl e ggacture processes in Batter% & Fuel applications Displays:

DLP Di spl Déprehioresiclghexaps N Adi mﬁwefqph@ml u‘?e% ar e

trichloroethyl)acetamide; tris[2,3-dibromopropyllisocyanurate; 2,2-bis{p-chlorophenyl]-
1,1 -dichloroethylene; tris[trichloromethyl]s-triazine; and their isomers, analogs,
homologs, and residual compounds, Suitable photoacid generators are also disclosed in
European Patent Application Nos, 0164248 and 0232972, ‘

A variety of known thermal acid generators (TAGs) are suitably employed in the
composition of the invention, such as CXC 1612, 2,4,4,6-tetrabromocyclohexadienone,
benzoin tosylate, 2-nitrobenzyl tosylate and other alkyl esters of organic sulfonic acids.
Compounds that generate a sulfonic acid upon activation are generally suitable. Also,
rather than a thermal acid generator, an acid may be simply formulated into the
composition, particularly for antireflective compositions that require heating to cure in the
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MEMS: Sensors, actuators, resonators, mcrofluidic devices; PM3d can be
used as a sacrificial |ayer support for use in 3D MEMS devices Printed Wre
Boards and Printed Crcuit Boards: Etch resistance for processes

Passi vation | ayer: Back-end Packagi ng of devices. Photo-Trinmm ng can be
used to increase resolution for MEMS, M crofluidics, Nano-inprint and can

be used to enhance any of the above applications. EXAMPLES The
fol | owi ngPEsENHPEasidodha! Hacearirbdpes Botinromale padesiredyigaction oA OMRRFtdN t t he

scope of the,dkmS ehb: tbm’c%ftth&ébmp%'s tiopaﬂxﬁlbﬁ:@gldQﬂ{cﬁ%@%%gﬁ%r@ra%dphdﬂe' ght and
all tenperatures are in degrees | st us unl ess e@g icitly Stated ot herw se.

Exanpl e 1assuHpoigpcidasist a spulfqaw atid and sulfoniga @X@w(as@r @)migbmgscdi ti on
was made /Sé)lhgt@gélgg the follow ng ingredients as outlined above. Conponent

Amount  (wt poxy SU-8 Resin 27.8 PAG (Cyracure)
The amount of acid generator used in the composition of the invention preferably

ranges from 0 to 6 wt%, based on the total weight of said composition, more preferably
from 0 to 4 wt%, based on the total weight of said composition, and most preferably from
0 to 3 wt%, based on the total weight of said composition.

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 wt% 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 systent in a low shear mix
enviromment 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 — roll for 8 hrs at 100 rpm at 80 degrees C

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

8



1.4 lexiblizer (Polyol 3315) 3.25 Surfactant (FluoroN) 0.0 Sol vent 1
(y-butyrol actone) 3.375 Solvent 2 (Methyl |sobutyl Ketone) 64.125

The above ingredients were conbi ned as descri bed above, printed onto a
silicon substrate, and cured as described above. Images fromthis
conposition were exam ned by el ectron nicroscopy and shown in Figs 1-4.

Exanpl e 2 - Epoxy-based Conposition 2 second epoxy U 8)
conposi ti on waSOHRIENE hah pregt ‘l‘f&"feﬁé‘yf}‘%tlf%mﬂﬁ@x|°?fb?"e‘iﬁdé4ﬂ"§h R?ﬁﬁ“l‘fifned

above. Vb seddMde i higH & Tﬁ&ﬂl's %tePMh2B80Pic28Y b&SindBaP bREGRLAAT head

printer, this conposition produces thicker features for singlé pass by
changi ng flpebidigrgentiaciants, epd 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 1s 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 5 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, e.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 ié.selected, and the proper voltage settings
for each print head are also selected to achieve the optimal drop velocity for the specific
ink composition upon jetling.

The substrates to be deposited onto vary by the required application, buf can
include typical semiconductor substrates of Si, GaAs and other -V and 111-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 Au, Cu, Ag, or various oxide compounds

such as ITO, antimony tin oxide, and TiO,.



Conmponent Amount (wt% Epoxy SU-8 Resin 29.5 PAG (Cyracure) 1.48 Surfactant
(PF-151N) 0.1 Solvent 1 (y-butyrolactone) 6.9 Solvent 2 (Cycl opentanone)

62.1

The above ingredients were conbi ned as descri bed above,

printed

onto a silicon substrate, and cured as described above. Images fromthis
conposition were exam ned by electron m croscopy and shown in Figs 5-6.

Following deposition of the polymer compositions, the coatings may be cured by air
flow, thermally via a convection oven system or using hotplate, or by UV light 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 some
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 emblodiments, 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: Lift-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
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Exanmpl e 3 - Novol ac Resin A Novol ac conposition was made by bl endi ng
the followi ng ingredients as outlined above. Conponent Anmpunt (wt% Novol ac
Resin 24.6 Crosslinker (Powderlink 1174) 4.67 TAG (CXC 1612) 0.31

Fl exi bilizer (Polyol 3315) 2.87 Surfactant (FluoroN) 0.025

Displays: DLP Displays - Deposition of 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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Sol vent 1 (y-butyrolactone) 4.725 Solvent 2 (Methyl |sobutyl Ketone) 62.775
The above ingredients were conbi ned as descri bed above, printed onto a
silicon substrate, and cured as descri bed above. Images fromthis
conposition were exam ned by el ectron m croscopy and shown in Figs 7-8.
Exanple 4 - PM3d Conposition A PM3 conposition was nmade by bl endi ng the

follow ng ingredients as outlined above. Conmponent Anmount (w% PM3
Resi n EXAMPLES

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

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
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10.99 Surfactant (FluoroN) 0.01 Solvent 1 (y-butyrolactone) 50.7 Solvent 2
(Cycl opent anone) 32.1 Solvent 3 (1,3 Dioxolane) 6.2 The above

i ngredi ents were conbi ned as descri bed above, printed onto a silicon
substrate, and cured as descri bed above. Exanmple 5 - Conducti ng
Nanoconposi te of Photopatterning Epoxy for Active Matrix Liquid Crystal

D spl ays -(AM_CD)....and..Active Mitrix.Qrganic.light Emtting.D.ode Displays

( AMOLED) Thﬁ@ﬂnwhe?%t epoxy conp05|t|on Aﬁ@BPb@ﬁﬁ@es nanosi Zed

conduct i Tg—ﬁmw e TO—Tondpctimg TanoTorgosT te™(5=100mmm
di anet er [ or _nonodi sperse nanospheres) to ink jet pattern_both rigidjand
flexible conductlngAGKEmmnmtprs |n pi xel s for ANLCDi&ﬁﬁ AMOLED

loaat 1 o
™utTOTl

appl i cat tens- T4 s—t-hen—epployet—to—achjeve-eso
required| for pat#@ﬁﬁtﬂﬁdﬁ%zprC)tranS|stor C‘orrponen{)lT
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.
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Amount (wt % Epoxy SU-8 Resin + 0.1-10 wt % | TO nanopheres di spersed 29.5
PAG (Cyracure) 1.48 Surfactant (PF-151N) 0.1 Solvent 1 (y-butyrol actone)
6.9 Solvent 2 (Cycl opentanone) 62.1 The | TO nanospheres (0.1-10 wt %
are dispersed in a solution of 29.5 wt % Epoxy SU-8 resin f 62.1 wm %

Cycl opent anone. The renai nder of the conponents are serially added and

stirred wmmmm&w_&zu%owmmwm%mmwl tered
to 1 micfon or bett dremponent Amount (Wt%)
PMGI Resin 10.99
Surfactant (FluoroN) 0.01
Solvent 1 {y-butyrolactone) 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
Liquid Crystal Displays (AMLCD) and Active Matrix Organic Light Emitting Diode

Displavs (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 AMILCD and
AMOLED applications. Photo-Trimming is then employed to achieve resolution required

for patterning the I'TO transistor.

Component Amount (wt%)
Epoxy SU-8 Resin + 0.1-10 wi% 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 ITO nanospheres (0.1-10 wi%) are dispersed in a solution of 29.5 wt% Epoxy
SU-8 resin + 62.1 wt% Cyclopentanone. The remainder of the components are seiially
added and stirred at room temperature 12-24 hours. Thereafter, the whole is filtered to 1

micron or better,

Example 6 -- Conducting Nanocomposite of Photopatterning Epoxy
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Exanpl e 6 -- Conducti ng Nanoconposite of Photopatterni ng Epoxy
Nanoconposite light blocking dielectric filmconsisting of Titanium Oxide
(Ti @) nanospheres, (5-100nn) dispersed in photo and thermal hardening
epoxy for permanent applications, using the general fornmnulation recipe
described in Exanple 5 and substituting Ti O nanospheres for |ITO
nanospheres specifies this exanple. Exanple 7 -- Conducting . conposite
of Phot opatterﬁi’%‘"EBWﬁhghtb]“kNgr@éﬂ pangisting of lfaniugy/ ?“’yggﬁ@)sti ng of
nanosi zedngiokpHeres ABNOOAMY Ei9hdrded ir¢ HTROSId thaRRl kR Por P AR permskndnet er ) ,
with photo or thernmally hardened epoxy, for use as noisture resistant
barrier | aBRiicationgusipethegeppral BHrgulationaepine pescrilediip Exarplg S sehistitntingg
nanosi zedpghd 4 j ' ositions for ITO

speci fi esTf(??i lksa%g?g%glé g{r Iggh%%gh%m%%oﬁﬁﬁﬁ%%?ﬂﬁ g'I\lfa)mocorrposi te of

Phot opatt em ng Epoxy A nanoconposite antimcrobial, antibacteri al
filmiayeg, a5k stone, ol AARSIARdo AV Ehn@hingiHoygy nanocomposi te
conmpound, “Th b5- M Nanospher es or equr val e photo or thermally
har dened epoxyA paehorneposi®bamipt bBy& consifingtod ndiroisized sitjca and/or zddae i nk | et

printed epox Sif+.on_of anple 1. or 2 b ubsequent | y. patterned
W en Ov | Eames TR aSIoohefore FRBERE vin Bhod s TP apind RRER S R et

t hi s pr ocasmeistargxhgitant basier lageral Usgipatkatnpld s the basicadcias, @ad bubspruadgict t hese
i mages as_out.l i ned above. Two major features .of photo-trimjng are

| nor eased PRUEH TG At LT TSGR RSP DhRESTPn e

Phot o-tri sgmdpte.can al so be used in a Lift-off process where a printable
PME conpositions are |ayered with a printed epoxy or novolac formulary to
image it and further increase resolution. Results of the photo-trimmng

process agpgangioun ctdhdﬁé;tg@-Na%oécﬂn?oE%@@ﬂi#%@gnerhéngng@E{ Processes for Metal
Deposition As I ndicated above, Lift- rocesses can be used for
control | ed metArauspepesitesptinisredippptiretahiinuercosrstigsfpearesesd such as
phot ovol t gj\eSor sMeEFranodohBStebfpBund™th £X66HR FanBhpHehls 3r LREHMAUGHHSI Ng the

conpositions and processes of the present 1nvention is shown in Figure 15.
A m cr ogr Blpte erthepmiajly harderfed gpoyty pody@®i gure 15, Option 2) was created. The
under | ayer was made from PM3 Ink printed and cured (Exanple 4), and cured
at 110C for 1 nm This product was coated with a top layer conprising an

epoxy i nkExanipie et Rhoth-Eummdng Exanpl e 2), and then cured at 110 C for 1 min.
Devel opment tifik (i APRE S PPox YRS mpokitin b Eafipidd %6r IV (RS y

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. Two 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 further 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, Lift-Off processes can be used for controlled metal deposition
in compound semiconductor applications such as photovoltaics, VCELs, transistors. An
example of this technique using the compositions and processes of the present invention is

shown in Figure 15.
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WHAT IS CLAIMED IS: 1. A printable conposition, characterized by:

0.5 to 60 wt% of a polyner selected fromthe group consisting of epoxy,
Novol ac and pol y(di met hyl gl utari m de); and 40-99.5 wt % of a sol vent
conposition conprising (1) a high boiling point solvent having a flash
poi nt greater than about 10C and a boiling point greater than about 130C
and (2) a low boiling point solvent having a flash point |ess than 30C and
a boil i ng poi nh nmieregrapheie bifi-@ffipatfile Figge ), Gptionveivgherepied.cBit s based on

t he total ' ' it ] I i £ of
claim1l, a%%?g?%“gg?ﬁg%g?ﬁﬁgﬁéfgk gp?gé@%@%ﬁgﬁgatﬁgfﬁﬁ%gggggﬁgigtﬁgrises
from 0.5 foo 1 bEnwihs phaieetdysrconted withtaadp lapérghinposing an ebogpmpasitddomd 3. The

printable_co sitian of .claim.?2 in_sai | yner..i s.. .

Pol vt et Bieable iy et an T8t i BoREATRLEb pmenion ¢ e
total wei ghi ~0fmis &i H3eMPosHID@Bloperd. The printabl e conposition of claiml,
wherein said polynmer is epoxy or Novolac and conprises fromO0.5 to 40 wt %
based on the total weight of said conposition. 5. The printable
conposition of claim4, wherein said polyner is epoxy or Novol ac and
conprises from10 to 35 mt % based on the total weight of said conposition
6. The printable conposition of claim?2, wherein said solvent conposition
conprises 85 to 99.5 wt% based on the total weight of said composition.
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7. The printable conmposition of claim3, wherein said solvent conposition
conprises 88 to 95 wt% based on the total weight of said conposition. 8.
The printable conmposition of claimd4, wherein said solvent conposition
conprises 60 to 99.5 w% based on the total weight of said conposition. 17
9. The printable conposition of claim5, wherein said solvent conposition
conprises 65 to 90 wt% based on the total weight of said conposition. 10.
The pri nt HATISfASIMED: of claim 1, wherein said high boiling point
solvent is selected fromthe group consisting of gamm butyrol act one, ethyl
| actate, nethyl 2- hydroxyisobutyrate, PGQGVEA, cycl ohexanone,
tetrahydrdfurfﬁmﬁmméédohmb$ﬁmxgbw$@m@@®bwbonate, 2- hept anone, NWP,

di acet one al cohaql i j . i nposi tion
of Talaim 1 undsss SE080 SPTBUDEL! Raich BERERL wopg consfe B pBLE A8 TP OL
group consndpaly(dinodthyigitdayimideyabdt yl ket one, cycl opent anone, 1,3 di oxol ane,

t et rahydrofura F)o thyl i sopropyl ket.one,.\2- t anone. . pi,nacol one,
propyl ene gl ycﬁo]qég;l;g%{?é) ﬂﬁm@f ﬁ%‘P?‘)Sﬁ%FS’QP’EH%‘"%PQ%‘ ﬁ‘%’ﬂb"&pﬁ’%ﬂt S%lfﬁngr , et hyl
et hyl ket ameéng MESh poind breaeethamtdbut D0T0iandk beitisg bbiar godter théh abbbhel 30°¢ nt abl e
conposition |l ai m.1, further canpri.ssing.a.crqgsslipker, i.n.an anmunt

g no. 1 AHEe fa bl a5t RNE A ORUR 158 ABREOD: A GiBRBER i on

13. The prds$iihabbeeq@@np 0S6°C] ANweikhiGletichs based Wh @lcabal Hailchk ofis@gs! i nker ranges
fromO to 10 wt % based on the total weight of said conposition. 14. The
pri nt abl eC@ORASBYNt i on of claim 13, wherein said crosslinker ranges from2.5
to 9 wt% based on the total weight of said conposition. 15. The printable
conposition of claim 12, wherein said crosslinker is selected fromthe
group con3i st i R msintadagempggtion afplaimzg whersgsagiaplymads 1116, 1130,

Powder | i nio ¥ dififfetn MRIafimide} 474 cohtRes 8 03015 R, BRSd bRRHARE weidf-of ThE

printabl e conposition of ¢claim1l, further conprising an acid generator
rangi ng f saphed@npositienwt % based on the total weight of said conposition

3. The printable composition of claim 2, wherein said polymer is
poly(dimethylglutarimide) and comprises from 5 to 12 wt%, based on the total weight of

said composition.

4. The printable composition of ¢laim 1, wherein said polymer is epoxy or Novolac

and comprises from 0.5 to 40 wt%, based on the total weight of said composition.

5. The printable composition of claim 4, wherein said polymer is epoxy or Novolac

and comprises from 10 to 35 wt%, based on the total weight of said composition.

6. The printable composition of claim 2, wherein said solvent composition comprises

85 0 99.5 wi%, based on the total weight of said composition.

7. The printable composition of claim 3, wherein said solvent composition comprises

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

8. The printable composition of claim 4, wherein said solvent composition comprises
60 to 99.5 wt%, based on the total weight of said composition.
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17. The printabl e conposition of claim16, wherein said acid generator
ranges from0O to 4 wt% based on the total weight of said conposition. 18
18. The printable conmposition of claim17, wherein said acid generator
ranges fromO to 3 W% based on the total weight of said conposition

19. The printable conposition of claim1, further conprising additional

I ngredients selected fromthe group consisting of dyes, plasticizers,
flexibilizers, surface |eveling agents, surface wetting agents,

nanoparti gl es, ' : L. [ ' 1. -0 A

met hod ofgbrodE@%ﬂg&%ﬁﬁgﬁh%ggg%éﬁ%%?ki8ﬁ£§ﬂgﬁgggpggg% oﬁ%p?éﬁﬂ%m? e steps

of : 6§ o) OCapih. \piseg on ltiee tptal weighl o seidpopodiicon of claim 1 to a substrate

using a piezoelectric printing device; (2) drying said applied

conposition; (3) optionally curing said dried conmposition to produce

a print edlfat t 8henpoutatde sabsdsitahef clain Thehdreh kod high boilap poi2dsolvdneisei n sai d
resence of heat.

drying step t s place in the p The neth of claim 20,
wherein s écﬁﬁ:teglg‘{eqnb |gf%{[fr°f’ﬂ%3t§l§ 86 e Sptgg)gac?one, ethzy% 1acta(ta'e, metthy? g~
hydroxyisobutyrate, PGMEA, cyclohexanone, tetrahydrofurfuryl alcohol, propylene

carbonate, 2-heptanone, NMP, diacetone alcohol, and combinations thereof.

I1.  The printable composition of claim 1, wherein said low boiling point solvent is
selected from the group consisting of methyl isobutyl ketone, cyclopentanone, 1,3
dioxolane, tetrahydrofuran (THF), methy! isopropyl ketone, 2-pentanone, pinacolone,
propylene glycol monomethyl ether, propylene glycol monoethyl ether, methyl ethyl

ketone (MEK), toluene, and combinations thereof.

12.  The printable composition of claim 1, further comprising a crosslinker in an

amount ranging from 0 to 15 wt%, based on the total weight of said composition.

13, The printable composition of claim 12, wherein said crosslinker ranges from 0 to

10 wt%, based on the total weight of said composition.

14. The printable composition of claim 13, wherein said crosslinker ranges from 2.5 to

9 wi%, based on the total weight of said composition.

15.  The printable composition of claim 12, wherein said crosslinker is sclected from
the group consisting of Cymel 300, 301, 303, 350,370, 380, 1116, 1130, Powderlink 1174,

Cymel 1123, 1125, and combinations thereof,

16. The printable composition of claim 1, forther comprising an acid generator ranging

from 0 to 6 wt%, based on the total weight of said composition.

17.  The printable composition of claim 16, wherein said acid generator ranges from 0
io 4 wt%, based on the total weight of said composition.
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phot ot ri nm ng.

18.  The printable composition of claim 17, wherein said acid generator ranges from 0

to 3 wt%, based on the total weight of said composition.

19.  The printable composition of claim 1, further comprising additional ingredients
selected from the group consisting of dyes, plasticizers, flexibilizers, surface leveling
agents, surface wetting agents, nanoparticles, nanocomposite materials, and combinations

thereof.

20. A method of producing a printed pattern on a substrate, comprising the steps of:
(1) applying the printable composition of claim 1 to a substrate using a piezo-~
electric printing device;
(2) drying said applied composition;
(3) optionally curing said dried composition to produce a printed pattern on a

substrate.

21. The method of claim 20, wherein said drying step takes place in the presence of

heat.

22, The method of claim 20, wherein said optional curing step comprises

phototrimming,
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