COVPOSI 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 ectroni csyo amgosowe particularly to conpositions androrubmogeifi®s printing
el ectronic materials onto a substrate using a piezo-electric printer.

2.Bri ef Descr{: tion of the Art Th | enment ati on of cost-effective

e i
consuner el ec P@IEQN%éNWQEES%%FﬂgyggyFﬁ&T%Nﬁ%@{'ﬁ%ti on of new
I C and PC patterning processes. RhgtakigNegr aphy, the mainstay of IC

manuf acturing for the past 30 years, has been chall enged recently by the
need for nore forgiving patterning environnents, such as for manufacture of

flat panel and flexible ¢ sokagsunNFrBrotsPhaysnTRINgct roni c paper,

opt oel ectroni cs, photovoltaics, mcroelectronic nechanical systenms (MEMS),

and the lli-ke. Fiddsef thphwvestiani ng t echni ques, such as M croSt anpi ng,

Nanol mprint, aid .10k Gt e AL ERL A9 nﬁb%gi% hsAnd! ¥§c§ss@§‘fb?nfa8§é&§t%q gttention.
In recent years, ‘I nprovenents In 1Rk et di spensing,. speciiical Ty derived
f r om decrreiatd clastromiks, etd mopagicerly hawenpoaitibhechdnitisods dahmmliogy i nto t he
for efronteie%&mge;nh egl%{s%g;?gsug ployed far hi1 h.vol unme consuner el ectronic
devi ce manut acture, AT ivet s %}pall% S BT PLRY ™Ay addressabl e 1Cs used in

| arge format flat panel displays. The result has been devel opnent of

i nk-j et fzabri %at'%Bn ar chi tfe tures collectively known as printed

el ectronits. W@#ﬁlﬁg&?ai | abl e polyneric blends for use in

conventional mhetmpiehbaiaTicestdeéitbe comkAgbafonRedice nAasfa80Rthapr i Mari |y
and are adjusted to

to dry by ‘fﬁpl lg;mj n% in a gr ocess J;novvn as filmcasting,.

have spedfdPdhsnychgsiop ohper darrdbe PG Arogsssendhelolithogphy e conpat i bl e
Wi th t hesgaiks@UTiIg wahufabRWRY B thd AT ¥R Alds Bb& RhBenp8d reeIRAyitht © Wi th

i nk-jet devices. The properties of the materials, particularly the

vi scosi t yreekior merlopmyiag paiterning ensirapenis.isueh asdoremandartue of Sygond of t he
nozzl es yg@dctifleaRPlays t Bligyd ; tonl ed in the art
are materi al g g ﬁa{% cag?i L%g) ?@ﬁ%%ngg%tgoglﬁép %I ?ﬁ&afc‘%ﬁo}%ﬁpﬁ? %F’ Q&S%’that devi ce
manuf act dpiefoslegtmiq mpehanicyl sygdepa M BYS).ahd thedikge Woyel petyerhiop éethpigiiest ed

el ectroni j 1. Syl i - . . ion to that
o, | URm Ao, SrahE ahd Blkjd DaRENE RS *OPR RdBHELET L0 HO0
i s directaéiehtion. In yseéntiyedss, emponposits indnkjetabypondisg, sepcif@ally daive0 fmt% of a

pol ymer d. ro L. st ing, of . XV, vol.ac and
pol y(di ma%? rg:fsgl?nultng_{elpﬁoég§?,%aaﬁge%gt?€&1%tc%&ngﬂl)0§¥ "ggg‘g |fg/rgE§ntCog nposi tion
conpri si meetifctiplogichiegplolpeal for highpolunte cooduwentletteniandpviveitanafacped, nt  gr eat er

t han about. 1Q nd.a hoili oin eater than about 13Q0C.and ( a | ow
bor 1 ng. B RENSBY Sk R A el e HE FBieRin i do RS Hon 509 Baes b8 g
poi nt | essulthaybeen degitgpmenooflink{et fabkicativgiaghitc@aics enlestiahsadvarast he tot al
wei ght of t hg ]co Qsition. I n anot her aspect, the present invention
is di _reg:tpé‘Bte §'°4 " %hod of produci ng a printed pattern on a substrate,
conpri sing t heust@RSvaliabid JolyReR! Bléddg fdrhee Wdoﬂ(t@ﬂb@al?ﬂ&ﬁﬁt%béﬂa?rﬂc above to a
substrate using a piezo-electric printing device; (2) drying the applied
conposi t i98HCC RAPIRBYINgsHG Stienry Pemitliée SHEYdPhBlEdoRpYsSrEkenvE & produce a
printed Wﬁﬁ%%iﬂg,%ﬁ%r@d&ﬁﬁté’d% Rave specific iR@ei®y ARCGuRLREEBARESs | | becone
e

apparent upon reading t foll ow ng detail ed description of the invention.
that are compatible with these techniques. 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

t he processwborsmmgat i ve (crosslinking) tone; Fi gcr/8sulegpirados patterns
made from an epoxy-based conposition of the present invention; Fig. 3

depicts further patterns from an._epoxy-based conposition of the
present invention; Fig. 4%&¥%§Yf#TH§ﬂN gNT_éPHs made from an epoxy-based
conposi tion ofinbh€aspbM &RE hrefint invention i drecRd AEPh&AELIE bohiRItioRat t er ns nmade
from an epoxy-based conposition of th resent inventjon; Fig. 6

t he
depi ct's pimnEEKg GREO0 VIR G Hesr selpesd Temdksierevmsnssivtingnf 8Pxt he present

i nventi oNyovolac and fbl (diﬁetﬂ?@iu@a&i&i&éﬂ{ 4l @003 {BF DBa SR EnRpBsRBAT her
epoxy-based conposifion of "the present invention; Fig. 8 depicts

pat t er ns embeising Ghhaghigioveslingcpoyd seltierd baying & fiasdrpobtt grdater fanseant 10%vent i on;
the preseut itpinipbAFEREl hal BhuRER bEM PRl A ARSERAIRAR S 20"t rom
an epoxy-fimb pointlossphai 307G and4 bdiheg prigdenthanov eqta tn;30°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. 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 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. 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; woovedsig. 13 depict further phototri med pattesmesgresgde from an
epoxy-based conposition of the present invention; Fig. 14 depict
further phototrinmed patterns made from an epoxy-based cqnposition of the
present | nventﬁ‘%ﬁ;de}mg Pa“@?’@ma‘iﬂig%ﬁiwo?ﬁ‘f”?%gF‘Y’BP%FB’EW HFEessEt t er ns made
from an epguyioRased conposition of the present invention; and Fig. 16
depicts lift off processes for nmetal deposition using the conpositions and
met hods of thd&ipPeisaists fnthes pettesis magefrom ENo rasciRspirsanpposition pEhe NVENTI ON
The presi'};}gsehm(%%[gn i ncludes conpositions of materials for use in device
manuf act uri ng using ink-jet (piezo-electric) based patterning techniques,
col l ectively KiwmwA degict'phototinaniedpaitemsaniide srom aptppotobased eampstiopfoft he

pr esent itg%/ﬁl@génpﬂv&\ﬁ%hpone di sadvant ages present when currently avail abl e
materi al s r-use I n conventional photolithographic processes are utilized
i n pi ezo- el ecthig. d 1 dgsetdupkdr photirmgnedgokiming meds frpmmn iepedyarassd cl oggi ng of
print nozzles.. .Theftilnvent rs have found that epoxy, Novol ac, and

pol y(di rre('toﬁ‘yf’ﬂfl?ﬂ%r ?r?rﬁ%e)“ Wﬂ‘fml) based conpositions can be made for

i nkj et conpat irid. [12 dypictandhe photbeinuivedasatitine madd frymaurepaky-behel conposi tions of
t he present inventfi gn can be used in lift-off techniques to reduce critical
di mensi orfSMPASTHR P IREPEHHEYEHBe modified for absorbance and conductivity
for a w de vaFigly defictaphdr RbtoRitdmed patterns hadd@faakalepodyltaisepnposi ti ons of

the present inventjon are conprised of polymeric blends including, but not
limted t@MPapaRyofthe yesengigvetiopesi ns, Novol ac resins, and PMGL material s,

sol vents, and rgptk agabe s bhobRimmetiattbme fiadd heth aRlefo-gPRGEd | cal Iy designed
for use 3 wth piezo-electric printers. The conpositions of the present

i nvent i orfoapeTidghes the mgsememye§ionpr obl ens associated with traditi onal

coating met hogsy 1I0&iGAIRRS phoBRRuRld falEnb RYEOELARN ehoFLRREES the need Tor
spin coating and the defectsS associated wwth it. Spin coating by nature can

cause a ampesiforoff tereresensingentionzandi nconpl et e coverage over topography,
filmvariatio : [ Je Ayl y Ar ki ic effects
across the ragfgug&lg?j}' ((é){s gﬁ%@ﬁ@%&%&@g&égﬁ#ﬂghﬁ?@g %ﬂ%ﬁ%odﬁpg‘?ts)lﬁttléﬂos%g& of the
present inmilens obthe pameriahyengdn. m nate t hi s 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 tHETAHEDPESGRIPTIOMN OF THE INVENTIObposi ti ons of the

pr esent invenh:i]on arg. al so t-effective eatly reduce the

ol ume. of cheRPERFEhra A T ui semohi e obPatAR RadR udhial: o

gener at echanvfatistag odifeihkgedbichgeloatibidsed mtbmingaadhnigined, keltectiody , and spray

coat. known as “printed ¢lectronics”, The formulations of the present invention overcome
disadvantages present when currently available materiais 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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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 ecti vel wamatosspeci fi c areas on a substrate. fteueompesd | ons of
the present invention provide versatility with thermal or UV cure to
elimnate process steps in conventignal coating nethods. The

conposi t i"b‘ﬁ'splﬁﬁo -algplicgirintaant ThefommesiBensf 15 Nsrsenti B tHOLANFECM G Vasistst er n

resol ut i Qi plobRER:EITRR S \Jl@lrtrddﬂﬁﬁﬁ%%%gﬁﬁ&ﬁécﬁ,' e &mpdiRiohé Hahe Products. In
one enbodlnent t he conpositions of present invention can be used in a

process dhyenien gimipye theinged fﬁ’gSPIPﬁQﬂU@BPM wripfgots assopiated PR s SPET  usi ng
photol it r rove edge

Do £y andlorupheled ARCR Uk b bt PRIRL PR LGB SEP

vol ure- ditepssrapay.dinl veridtinns ded ecvipdrtipn ydvaivnaged vmabfermféstc eﬁﬁectml ng.

Phot o-tri I ff profiles.
Lite-of f sy E8Ms8Fa dRSfap b, Inb BARioRs REREBESnt vk P16

t hese netchobdp alimingtedhimpionesysep. det ai | bel ow. As indi cated above, the
present invention is dire i,.ntabl e . conpgsi tion rising: 0.5
P80 weob of " dregrimstobErEy e Pindiin 3p SU5P EBRTR LD RS PP BHE, " Novor ac
and pol y(sdifmf; hiydhgling Raxiibte slebhtrates) & pAled@findeantoriyodenarabplose hirdgoifpesi t i on
conpri si %:ba hi h boi l'ing point solvent having a flash point greater

t han abo %?Pdm 2%o0i i ng point greater than about 130C and (2) a |ow

boi I'i ng poi nt m@bwusmhas/d;me preéent i‘nk/aﬁfan@mdlﬁodoasafet:hw“ﬁﬁﬁ taeyd a boiling
point less than or eq uaI (t) | 3QC, all ght percents baged on the total
C

wei ght ofEreall EPluEB UG AT SRR ed LTSRS P RER & T HEStHied in more
detai | bekfited, versus kh@ cf)éitl’@tm&%%ﬁmoapﬁ'olfehan@ra'ﬁ%%@& ot OMpPOSi tion of the
invention is polynmer such as epox¥ resins (e Novol ac resins, or
pol y(di met hyl éhawn%tleé&) ofthppesen m%wn@r@lq&%mﬁdmlﬁdtt%ewm &¥nbi nat i ons
of these ppalifiils Wil nBle3GrPeh 8 Bild. HRSLERGSKE freBBRHBolcsRR! yBr 11 he
conposition o e 1nvention generally ranges fromO to wt % based on
the tot aladwe\fagnpvqsfotheheoa@@mmow hat dojnet Fﬁﬁwvﬁib’@f}féﬁp@éﬁmmrﬁents 0.5 to
15 wt % of,;BMA., and nore preferably 5 to 12 wt % of PMGL, based on the
total weight of the conpositions is used. In other preferred enbodi nents,
0.5 to 40 wt %bé caxywesitiass efithepesent mesition perviliermsrsatilty efitrthisingl alU¥Yo 35 wt %
of Novol [ e i ased on. t e t.ot al ght of the conposition is
used. Pr gﬁre%glfrg%ét%é Ocﬁé)s\r}(tﬁ mcon emm“ ﬁgzgm s ecul ar wei ght of 50, 000

Dal t ons or Ie?s“he;cd:ﬂamsmpms(gf tp@ﬂnyymrmhasmaarmbmmdcaamms Ghpatsdrn 20, 000 Dal t ons

or | ess, r a nol e f 90, 000 Dal tons or
Psss S il fupp B Mo enes nkcprat D5 ot Brdtty dhaRe ot the i moent Lon
conpri seembbdimed)the@oMPoshiiond T e ipgdatnt Dfvehtidr @ampasddtih aprocasictaliad a sol vent

conposi ti rjsi | east. qne hi gh boili i nt sol ve and at | east
oo’ Cow BEPETIRGRBIsEn PG GBS i A PR oo AR Ip BB e YR #88 a f1 ach
poi nt gr eatjer prtnlfeﬂrfeaiﬁ@yfo ikpfovaREzPachRy hidhg phaiuad vél-?/(ﬁ gesolipa about 130C.
Exanpl es of useful high boiling point. solvents jnc e gamra but yrol act one,

et hyl | adeestres, Wi el e Volmyadisnspssosmnnpt st vipadeantagss of gikisk aRvig;

t et r ahy dipbdlifiiinihg @len@)@ IﬂQéd, in RLARNE BP&s Wr@@’tf&@tll%of?pxlaﬁ%aﬂﬁﬂgff N¥fos

di acet one al cohol, onbi nations thereof. The | ow boiling p0| nt sol vent
has a flé%ﬂ%sbfr@rﬁefmé@é Vvtitﬁairlf BoC-tEmeiag. bféqﬁfhnﬁﬁ@i%’dﬁﬁf‘k(}@eﬂé%‘nfmmﬁﬁ sorequal to
130C. Exaggg{ 18S.@f useful low boiling point solvents include nmethyl isobutyl
ket one, cycl opentanone, 1,3 dioxol ane, tetrahydrofuran (THF), nethyl

i sopr opyl ket Anedicateg ebtventhin eresgit irmeotione dirpntaliy laametaglecooiposiberonet hyl

ol uehe. R E0E 83 L BO L AURRED M er ChCLe bR B BB 0

anount oNosdhwaMpqumd1MMyfg1mmhmbﬂe)3 achAPO8. EMt%mfcafsotvhm dompesitioron preferably

ranges from85 to0, 9 the t t of sai nposi tion,
and norec%nfl%'fsél’rga@ l?'fgég\é:\ﬁ 9918§§5’ge\5f/[1h i @‘Hﬁl 'V\fﬁ'gg ‘?‘5’? af%?b‘ﬁ of said
conposi t amha bdﬂmpmm%rmrmrabma 180N @2 1of lo@fboilihg dolie seledi Mkvifg asol vent i n
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 weight 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 conposition of the invention
are included in a ratio optim zed for the particular substrate and

pol ymeric conposition. The solvent ratio is optim zed to form honogenous
films dependd mge/ossrdshe contact angl e of the substrate. pétiussodiisdoher
optim zed by sol vency of the solids system The conponents in the sol vent

systemw | | have varied eva(goratl on rate (vapor pressur;l] for this

opti i zatﬂaéhPOlpﬂe%Séhwﬂyc apha baiing/paint less thanas el Bpt3ork.2dav48t desired
drying & p%%eﬁ@%@seﬁ%ﬂ%ﬁ&@ta?@@i httdf%lﬁ cotPosENEHbh of AW ROINbORAISA vents are
conpatibl'e up to 50% of otal solvent conposition when used with a

pol yner td@aqnbnémraowpedlbrﬂbw wei ght < 15,000. High boiling solvents can be
formul ated wi t . ss of
nmol ecul ar wei gﬁte %r{)g&gﬁ%gﬁte&? lge %r&ta?)ged%@ ? %m&%ﬁﬂhe %&EP{{% i ﬂé%@{&kﬁ Surface
tensi on adpwiygenss (B)g (Sﬁ She'omjmqmsm,Dop@y@imethﬁgiummenm)éi’i\/léjﬂe whiddf er abl y
optim ze se electr rinti r.fac ensi on of
t he conpgas%%[ 5% ll5rt}§’f"”'ler a q"é’nl?agﬁnse%étﬁesgﬁ?igglgﬁgn az‘%f%gg{é‘ébéd 1tf§§5§r gyﬁleés/ cn2, and
Vi scosi t yamasm{rfgbbed knythe nomim;troam@ﬁxeoﬁveabmugenizﬁuy2ang5sfr:ah Otshte 6pr i nt er

operatin erature. : e pr osi-tign of .the i ntion may
oo opt PP 3h et weigh o % Riiopifeh dpdRaE el amRPaeRinReR | s an
am ne comﬁmm’dofsmlem}) laﬁd ﬂa{r@mﬂa&b@rs uasalzgrm% of PEISH Nisasedeathp togd wakght of

com*rerm a aval | abl e nel am nes | ncl ude 300, 3, . 350, 370, 380,
1116, E‘i P"@“%%‘ﬁf‘f’qu I plherprelgred rpbpd! %ﬁ‘&is are ‘Oﬁgr"ftl&‘t‘tf "Pﬁﬁcﬁf eferred.
An ex a”D'e@oﬁ,sf redin Qe nh oz bl pefdrabl ¥ s@ a5 \ﬁb/yé?ﬂ%\ldlacl(ﬁ eﬁmdesth ivakedbhfHe (et hoxy
ment hol at ed glycoluril). Benzoquanam nes, Cymel 1123 or 1125 are

al so usefiefpl Yf‘?‘&hés’lf fhicampositipuis At bl ‘(*)‘5 §°VWR%P°1VWEW hrgaanqierulane

printabl %&QNBP% éomam)fns bhRsd, MEEPSAYIRI R 38Sa Mo%l@r \Rzélgﬂt%f%%o based on
the total weight of said conmpoOsition, nore preferab fromO to 10 Wt %

based on L}aent ¢stless, anditghPMEH pelymgr h@r@ﬁ@fﬁ?‘t‘i‘%h"el@ﬁﬁf Prlepeedpisy from 2.5
to 9 wt % basgge Qffydd ﬁse?iq;l e phfta8lcofd oﬁ%rﬁofqﬂm‘éédtfoh%m rises fro rﬂﬁ
printabl e conposition o e’invention may al so optional y |nc e an acid
gener at orte 95h% twordsglyef tespwpositian, bed iaetspiventedmpysitignompiising at leagst phot o- aci d
gener at or, r TAG to
enhance el ?hgg’%?ﬂlggﬁaﬁy%érw%% 'gd(e) él?'rtlogg Jl%é%h%g&hpm?gﬂ@e@tg% 3{061} l'i ght,
respecti \peiny sol@mit bam sdsh poimbgrelter lemphhmyew“@smth(bb@tag pdmggnacrathmr s of ink

j et conposi L iumsalts tht 4&Le weakl y nucl eophilic
L one habelqi3R dhfes STHER bR voe Pl &k it PRSP e € "oF cien
ani ons arbatyirdiectdrel aggnaaﬂepheuylamwﬂ&ymﬁb\dmm BPOMEA chelpliexwadnent metal s or

o e b deafaro BERER fond] propdendhenite. L ipranghe AR isefihe e, &

di aryl - diad2 osthiifatiak tHeredN AT oW Bosl Hgtpdin® fol énd Hils MiashHOinBlesd ar®ECB and | of

the Periodic. Table, for exanple, halonlinn salts, ernary anmoni um
phos phoni?dfi 4 g paiBH P hALReaudl 49 bR SR AR 10 PRI T oxon! um

salts or ssRbRNNURS Bleth$) 1s51¥1ﬂﬂ1ﬂeﬁﬁe Qiycigyéritaa#éh@ %) &B%lﬁrﬁ:dteﬁﬁﬂyldmfﬁ@ht s can be
found in U.S Pat. Nos. 6,190,839; 4,442,6197; 4,603,101; and 4, 624, 912.
Subst i t ufEdFH Pﬁﬁyhyppfpbﬂmqnﬁa %eﬁ&%leve emaﬂdﬂ@c em@bjlﬁbwﬁeﬂé mangmsthek er r ed
0”'“”1PA@ﬁwF? p@ﬁhb%@%&@ﬁ&k%ﬁ ﬁQﬁQQ§HBMQﬂ§dQ&nﬁ@@ﬂFﬂY%&Bh@Wnﬂpart'CU|ar|y
sul fonate sa er suitab F i ncl udi ng sul fonated esters and

sul f ony| exbkeivndsiemdy al so be used See J. Phot opol ymer Science and
Technol ogy, 4 Lo at e PAGS,
i ncl udi ng bengg%ﬁ%% g?g;%% J?%ﬁﬁﬁgﬁéf&gﬁﬁgﬁ“?%pﬁﬁ132%%@%&?%&3?0xy -
acet at e #rednvenbon yﬂeftaih@hmng@ﬁm 88 e widhyhased/n the etta tvesighPobfagd r ed

sul f onat r | 4 inta et al.
Gheras PP e nd R arep SR T BD e Bhsed Bn o f Bl XY G

deri vat i vesposBinnt amhee tBe pcrly:azmmeloacladomney,alhmmmﬂm ef disel mslead for
exanpl e, i .S, Pat. 4,189 323. Hal.ogenated otoa

Goner at | A ER oA o Uiy rian B gt Fon s 47hFs R e

1- bi s[ p- el termbpéigytkaid cdmBositidne MdneetphaaablyBIdh) 65 to 90 wi%, based on the

1, 1- bi s[ pnet hoxypheny11-2, 2, 2-tri chl or oet hane;

1,2,5,6,9, 10- hexabr onocycl odecane; 1,10- di br onodecane;

1, 1- bi s[ p-chl orophenyl1] - 2, 2- di chl or oet hane; 4, 4-di chl or o- 2-
(trichloronethyl) benzhydrol (Kelthane); hexachl orodi net hyl sulfone;

2-chl oro-6- (trichloronmethyl) pyridine;
0,0-diethyl-0-(3,5,6-trichloro-2-pyridyl) phosphorothionate; 1,2, 3,4,5,6-
hexachl or ocycl ohexane; N(1, 1-bi s[p-chl orophenyl]-2, 2, 2-

trichl oroet hyBacet am de; tris[2,3-di bronopropyl]isocyanurate;

2, 2-bi s[ p-chl orophenyl ]1,1 -dichloroethyl ene;



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. M x
until polynmer is conpletely dissolved. Exanples of typical mx conditions

are as fol lvoassoobpagy - roll for 4 hrs at 100 rpm at 5@cdegihergods PMA -
roll for 8 hrs at 100 rpmat 80 degrees C Novolac - roll for 8 hrs at 100
rpmat 50 degrees C 8 Conponents that are nat affected by heat in

the mix caw! peighigisadwpmpositan. A5l Wikde updersiprd by sne@fiplildn te@8olbeiti on in this

step. Th%ﬁeﬁ%ﬂitwrlrﬂab%rﬂﬂaﬁl&ibw&h RlcRRb ok Z@hStwd éo%ogérlté, £5 example.
surfactants, and sone PAGs (%) After dissolution, cool the mx to
room t enphreatfovie fisey@r g $9dventssensi ti ve conponents in a | ow shear mix

envi ronnment bypr i - . i i: : O rpm.
M uncit comteravulgabods aor ek Bidifbs B of IEHMgPAS B, [
cr ossl i nkiemsgticdyéisnizaddontba parsengi subsiateRAGpoiymeric cori@ysitianl Thasdleentof t he
solution. The filtration schene may, be varied to suit diff nt

ranu act dppicpl ARl BnPEnGERoRE b ashalaita fe il AR e

sol uti on dubstfaree-If is |firétee dptithizedigghsodvepoyt yfthomfide aateml efieaomponanyd ianharenbr ane
to renove gross partjculate matter. The filtratio ia will .depend on the
for mil ar yolsnEsePR b Bveu sl P e ik (e RSB PR 48 bou: 5

m c ][ onsI ctf&eiefwiyr,lgle@mv&heni%m@ls oﬁﬁhizg(ﬁ(ﬁﬁﬁﬁil@@ﬁﬁ@ﬁg &h&rf&@h&ﬁsio}ﬂn. Thg sol Bt ioon
is fina iltered using t sanme nedi a throu a pare size from about 0.01
to about WNtigit ﬁ%“"&’g’d%ﬁ OHﬁ‘géﬂl"P'H%afPG?‘&Pa‘g’éq f 30ttt o ek sol ut i on.

One ski | | @ehpbsitibh@héi isedRith @ poBARY M Bastahddle QNN NeidhPk @ 508 ERigh € al so
possi ble for use in this step. To utilize the above conpositions in a

pi ezo- el dWiljiesolyentseaybe f@ﬁé‘*]g‘é@ WéiaagnescE s ta PR St dotal solvent, pegardless
G DL 160 S PE P SR e i By T & The 1111 port the noedle
from a syri ngdufthed teubian and vigeprityef tetcempositigns of thsfintentiorgapedereblgn. The
the 11 ui dRatdbhel ) REbEletic ploddd imble sl fn B REFSSUGE Do
snapped trogfetahbyrrangbhgoni dbbeic?8darbaut Ay dyries/ctfiend aiskositds profesably indhe 30 min to
vever or miFOR o RERE 3P Teient & Bk PURInL BRI OZS) Vo age setti ngs. Tor
each print hedtheariatable sompedittot «f thd iovantibn emg alsbeptdpiallyaichdeap vel ocity for
the s peCicfrci)sglixik%zls rggpa%ﬁir, Iil;eocriloslgl?n o -S%E]tahlri]x% compound such as melatnine 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). Benzoguanamines, such as Cymel 1123 or 1125 are also uscful

crosslinkers. The amount of crosslinker included in the printable composition of the

invention ranges from 0 to 15 wt%, based on the total weight of said composition, more

preferably from 0 to 10 wt%, based on the total weight of said composition, and most

preferably from 2.5 to 9 wi%, based on the total weight of said cc}mposition‘.

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 {¢.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 substrates to be deposited onto vary by the required application, but
can include typical sem conductor substrates of Si, GaAs and other I1I1-1V
and I11-V netals, glass. Flexible substrates can include various plastics
such as PEWO RET/@Gs7d6apt on and Myl ar. These fl exi bl e substmwatoasoiasye st andar d
sem conductor substrates such as Si nmay be additionally coated with various
met al s such s Au, or various oxjde corrg?%undé such as | TO, antinony

tin oxi dedt Sufifmang sre ‘hehqoﬂgﬁlcPﬁﬁﬁeﬁ@"‘H%"p‘ffsji“fﬁl%‘ﬁ Plakalery grelateer pt?Brrpom tions,

t he coat ingsis TeyexBfpeySE Enbye, di rAlf bewn Txhgf ’B) hYCrYHE a8d €QRY Rl 9B, oven
systemor_using hotplate, or by "W ht exgosure dependi ng upon the

conposi t ifoAGAS/ Bramn)essd seitablsronivp éaltsfarq Haykdipgwiim s3)is pahpmpmisples of

CONPOS t i Gy WVarfiis qgahd"'ﬁ%nmftﬁ@ﬁéﬁdd?c%lé‘ﬂﬁ'eRérQﬁlé'haioﬂﬁﬁl{T&'ltsbake to fully
cure the system after the initial exposure. H gh tenperature (>120 C)

curing wiquetegiagoanmonpirephoagiesivnnandeaspaiunhsalip.aremasic seiforsurp saltstradi cal
resist a”‘-‘s‘ﬁlf&ﬁonhgz?sa?@%} SdMhiu saltsT‘%ﬁarpﬂeP&@s’Hkﬁ)l %a Ehxﬁﬁ% sAfts Li%e! NVENLI ON

may be dispensed In a vari et ods suc pi ezo-el ectric)
met hods, fow indl.$idat. h@sn®l9(b8$@ #A8R19T; Hépe,ﬁ{)matuhe,ﬂzé 9132( a‘?rqbstltgt,edscr een

coati ng, di spensi.n yure coatin ra &oating, and the
like. Thed?i eh gés?qotnlmon(s‘a’?ﬁhogJ %“éﬁ‘.“ vgﬁ?f)ouﬁl ?r"%é%%"{:‘?%f".“g’é“? Fﬂbgesl gned for use
W th pi ezantn&lﬂeﬁtvelcomﬁmﬂﬁm of tmenmhu@ndﬂmbulh@saﬂfonmk541610@311 sitels In

addi ti on ment strates printed with c S|t|osof t he

N ent | o AGTRSRATE ibnaid £555 A Sukbr Bk Sheofeh P SR EE st 8% o & o ocess
kn gw? ats miaaipetymﬁmlé}g:te ai[ﬁﬁ‘@ohﬂﬁl@@ﬁ%?s)tﬂwalw eB99e)g mzs&g)sﬁﬂaef patabrr ned
subsirate ou

ith UV | gh resol uti o I|tho
i of |y, eHoEAGS s eslt e Srpal e pRE el s e TRy ove
pattern edegcagdt-bityf ha'—%hblﬁ&ne&ﬁlfdhﬁfﬁﬂﬁ -t Eﬁet@ﬁéﬂ .Qa'lfoﬁzﬂé PAGg aflesire to
resolution features using al ready printed

pattern, seI ectivel
pat t er ns. 290 48 clof@%%ﬁ%% %?%ssemn%glt‘és’@lﬁaft‘ aHenmonstrates the process for
negative (cr Oﬁﬁér'ﬁ;k}éfﬂl@cuf%éﬁ&ators nitrobehP§ ¢ &%?Qﬁ'tﬁé QRi.2hd aBlalieds of the

present invention are use in a vari ea% manuf act uri ng_processes
i ncl udi nguitedapdigrineIeid seperatarstass dingipref et enempla, i SoP4t. 4,K891328nsi st or s

TRNUF 80t g for R GRBnRC MRS ARnBafll SLEOLAL bR bl Bl AR aTON.

Lift-OFf: can be use epOS|t|on I'n conpound
seni cond%@mpieabﬂFhlifa{Chbnmhstuth&Q tppidorovtbhne DEY); MGELSEP transi stors.

Opti cal E&&ﬁéfyﬁﬁénﬁ@ 0 P4 hﬁﬁﬁ)m%flafg%rd e?&LerEE%’clo%%@a%%Jf on of

encapsul at1on stvat’i ayer’ et al’ nin a ’|| -of f process;
creation tbﬁromodha:erh@grmum{pg:hmoghgn}ﬂbz 24di@lrnro&tlea‘nle,e4:44dwhlorcEaer gy Devi ces

Enabl e ctur I O & Fuel ap catjons
2009/ 033&5& @%@Fﬁ‘ﬁ%@z& 3&% h‘f/&a hlﬁ?&‘“ﬁﬂ ‘é}yosle :Pf)fel 4t| on of epoxy
as suppor(tndatolrméthbﬂppﬁﬁlhﬁ, o Sehiabyls-(3aG6-trahie - plyﬁsﬂmp\ﬁ(mplmmthhﬁmef | ui dic

ggx: gg: ?%4 5C631 ﬂexg%hlggo%gclghexane %I%{ sfp ghioro;aiﬁ/ yi]%tﬁjf-ort for use in 3D MEMG

trichloroethyl)acetamide; tris[2,3-dibromopropyllisocyanurate; 2,2-bis[p-chiorophenyi]-
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, Z-nitrobenzyl tosylate and other alky! 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

7



Printed Wre Boards and Printed Crcuit Boards: Etch resistance for
processes Passivation | ayer: Back-end Packagi ng of devices. Photo-Trimm ng
can be used to increase resolution for MEMS, M crofluidics, Nano-inprint
and can be weedsbsszanhance any of the above applicati omsT/usSMIR/010899

2009/ 038766PCT/ US2008/ 010899 EXAMPLES The foll owi ng exanples are
intended to illustrate, but in no way limt the scope fof t he, present

i nvent i onPrepgnpe pipctdssodhay theacideoenps orogpate B‘%ﬁieﬁéﬁ‘id?ﬁm%ﬂ ¢APPopidiRBer at ures are

in degr ee@on%nér'ztk‘ﬁné’r% ﬁ&%f@%@éohﬁ)bglha{n smtaa@ aémmemu@@g JeARtiEs duch
Epoxy- based Conposition An epoxy 8&})05|t|0n was nmade by

bl endi ng ashalfpwr peidi sgh ah@iu@m @Moglcagld@aﬁ wiﬂ)@w %b ic THdB ABRUrARDuNt
(W% Epoxysaghhieridiesi n 27.8 FAG (Cyracure)

' The amount of acid generator used in the composition of the invention preferably
ranges from 0 to 6 wit%, 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:

H 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 - roll for § 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) 0.01 Solvent 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 subsborawessrand cured as descri bed above. | mageectnsmtdivs9
conposition were exam ned by electron mcroscopy and shown in Figs 1-4.

Exanpl e 2 - Epoxy-based Conposition 2 ) A second_ epoxy. (SU 8)
conposi ti on wd<CTRRBEth hatkire pefiakigetedby hest indhie mdx sandresddedntidh % PRIYEET ned

above. Wignpugadining Bistdgtidd il stefPMeB90icaf) dafIndiRiePhiedRREINt head
printer, this conpoSition produces thickér féatures for single pass by

changi ng flexébiBesrsy syrfactapts @ghsome 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 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, ¢.g., a Dimatix material cartridge modet # 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
il composition upon jetting.

The substrates to be deposited onto vary by the required application, but can
include typical semiconductor substrates of Si, GaAs and other I1I-1V and 1II-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,.



WO 2009/ 038766PCT/ US2008/ 010899 Conponent Anount (wt % Epoxy SU-8 Resin
29.5 PAG (Cyracure) 1.48 Surfactant (PF-151N) 0.1 Sol vent 1

(y-butyrol actone) 6.9 Solvent 2 (Cycl opentanone) 62.1
WO 2009/038766 PCT/US2008/010899

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 {piczo-clectric) 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 embbdiments, 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-eleciric 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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The above ingredients were conbined as descri bed above, printed onto a
silicon substrate, and cured as described above. Images fromthis
conposition were exam ned by el ectron m croscopy and shown in Figs 5-6.
Exanpl e 3 -wblowelsasdResi n A Novol ac conposi ti onproassmagieody bl endi ng
the follow ng ingredients as outlined above. Conponent Anpbunt (wt% Novol ac
Resin 24.6 Crosslinker (Powderlink 1174) 4.67 TAG (CXC 1612) 0.31

Fl exi bi | i 2splaypdPiPisghys) Dopagitionof eroxy antuprpart SEHONS

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-Trinuning 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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0. 025 Solvent 1 (y-butyrolactone) 4.725 Solvent 2 (Methyl 1sobutyl Ketone)
62. 775 "file above ingredients were conbi ned as descri bed above,
printed onto a silicon substrate, and cured as descri bed above. |Images from
t hi s conposwbieneete exam ned by el ectron microscopy aog/ushosmosse Fi gs

7-8. Exanple 4- PM3 Conposition A PM3 conposition was nmade by bl endi ng
the followi ng ingredients as outlined above. WO

20091038766PCT/ US2008/ 010899 ConporefMPARBuUNnt (wt %

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 Compaosition 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 compesition produces thicker features for single pass by changing

the solvent system

12



PM3 Resin 10.99 Surfactant (FluoroN) 0.01 Solvent 1 (y-butyrolactone) 50.7
Sol vent 2 (Cycl opentanone) 32.1 Solvent 3 (1,3 Dioxolane) 6.2

above ingredients were conbined as described above,
substrat e, wadowussees as descri bed above.

Exanpl e 5 - Cootwstoosigrosys

The

printed onto a silicon

Nanoconposi te of Photopatterning Epoxy for Active Nhtrlx L|qU|d Crystal

D spl ays
( AMOLED)
conduct i
di anet er
flexible
appl i cat
required

l I/_\\!\an_m\ ﬁnd Ar\f I \IQ I\bf rl V n’ “ nl C LI HhL =TT Tu l LI} IJI \Jub L =4
Th%"’?ﬂ‘?ﬂ%%t epoxy corrp05| tion4 WBB‘]‘WF‘Z‘t €S nanosi 2
Ng Tndi umghby $¥gdesinl TO conducti ng nanocorgasi te (5-100nm
or nmonodi Sperse nanospheres) to ink jet pattern. both rigid
conduct|n5A9K§M%m@$brs in plxels for AMLCD laf¥d AMOLED
OTTS™ V”%hffécuﬁt trpﬁ RS ¢ henmenptoyed—to d.(,[l(i) Ve TESUI utTOon
for patterning the 1 TO transistor.
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
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Conmponent 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

WO 2009/038766 PCT/US2008/016899
Component 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
Ligquid Crystal Displays (AMLCD) and Active Matrix Organic 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-butyrolacione) 6.9
Solvent 2 (Cyclopentanone) 62.1

The ITO 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 is filtered to |

micron or better.

Example 6 -- Conducting Nanocomposite of Photopatterning Epoxy




The I TO nanosphcres (0.110 wt% are dispersed in a solution of 29.5 wt %
Epoxy SU-8 resin + 62.1 wt % Cycl opent anone. The remai nder of the conponents
are serially added and stirred at roomtenperature 12-24 hours. Thereafter,
t he whol e iwofzidstoesred to 1 micron or better. Exanple 6rey/u€andeotshng

Nanoconposi t e of .Phot opatterni ng Epoxy Nanoconposi te |ight bl ocking
dielectric filmconsi stl T| t ide (Tij 02 nanosphe 5 100nm
di spersed in BOEeARAS e k‘ﬁ&sﬁkﬁirﬁé)i’@&%@“?‘&ro gﬂ‘t"iﬁa@b% cations,

usi ng t hengpgmeat, (00 RdiRRed BGIHBR :ﬁ’n@ﬂ%hﬁl%deﬂmﬁéﬁé@ for Sermaent

substituting Ti O2 nangspheres for | TO nanospheres specifies this exanple.

Exanpl e 7arPlicatioRy ueing Hg aregse demptiation sece @%ﬂ)@%ﬁt@@mpﬂf’g ppbsepstituting - A
nanoconpoqs;dzenap fhér@éfol' Wﬁarﬁ%ﬂr@f@%%bé@ﬁie@fth@%gﬂezed silica and/or zeolite
conposi tions 00m sphere nmet er w th photo or thermally hardened
epoxy, for use as noi sture resistant barr| er layer. Using Exanple 5 as the

basi ¢ 1 eCk g eNd &isdink WehBRBARSIFRGo Ao BALOr zeollte

nanoconpoSIte conpositions tor xanpl e. Exanple 8 --

Conduct i ng Nandoswpospdsde bﬁxﬂaﬁeﬁmpmm@n@ nfnaRpoxed silica and/dr zealitsconposi t e

ant e m o ofl oA (HRELE thille ShhIUh AR ARANS) BLING, RlaBiAIRES FG%eeT | ver of
ul va

si | ver nano osife co nanos eres or with
phot o or ashmcnsmxlelrgsxdtmm Hﬂnadawoklymgﬁbcymplbﬁ aEﬂwruabze r&ipe; arl&mbsmﬂ%mgmn ng

The ink |j r| nt,ed sition o .be subsequent |y
patter ned""‘V/\l»0 ?FdO{}‘CF. &ﬁ?‘”%’ﬂ‘f’:%ﬁg'??"amﬁi’%‘ﬁ c?lgg%ﬁ%f[}{?‘f g‘hrle Sﬁ%%lﬁr??ﬁh c mask. To

i mpl enent edaltipke. process, a photo-mask is aligned to the printed area to
product these images as outlined above. Two mmj or features of

photo-trinmm ng are increased resolution and reduction of scum during

processi n&ianﬂtﬂ O-Clon i p Haf@dnpbsie: df@hbt%@tehﬁnéﬂégx& -off process where a

printable PMd conpositions are |ayered wth a I nted epoxy or. novol ac
formulary to i‘hB§EceRPosHeaFtmemebirl, |aw&aef&§@ fﬂ’é‘é&%f’?‘&ﬁ““&@%‘h’l‘%@s‘éﬁ? t he

phot o- t ri gyt Ng sW&ﬁmoﬁf)@m@Q@Mﬁodnﬁ ikisgRonR nhflospkdIBY QuitBlent, Widht O f
Processes for Metal Deposition As indicated above, Lift-Off processes
can be usBwtorathenally brdegd praxyipobdPssi tion in conpound seni conduct or
applications such as photovoltaics, VCELs, transistors. An exanple of this
t echni que using the conpositions and processes of the present invention is
shown i n ¥ampled 1 Rhoto-Tnmming mi crograph of a Lift-Of profile (Figure 15,

Option 2) was : i nted and
cured (Exanpl éﬁﬁﬁﬁagt é‘“g&r 8%@“@5?@%#%@] t’@m EM%UH g@em\r}\%as coat ed
with a tq;attbtaybwithbfwblﬂgmm«y@m tegioveyoiutmn 1phdgnapdet meadt. d’tanmqjle(lﬁnaulml e 2), and
then cured at 11 [

5 380 TM&M’%&%’/%P@%@ Imask lS allgned to VeeprP er(riea%a t%ipp(%ugtit es qt%!l,‘gag)‘is g\{%ﬁnédl mnin

X

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, for use in piezo-electric
printing techniques, said printable conposition consisting essentially of:
a pol y(di methyl gl utari m de) pol yner; a solvent conposition conprising
(1) a hi gh wonrémwngsr@oi nt sol vent having a flash point greats=sos/télga about
10C and a boiling point greater than about 130C and (2) a | ow boiling point

sol vent having a flash point |ess than 30C and a boiIinE@3 gi.nt |less than or
equal to 130_(:;*’_x gcregepiopf L‘gr%ﬁqﬁﬁ?@l‘gﬁr"a{hs’&}i’f‘f”(ﬁﬁh‘i"asaﬁ’f? _‘gé‘ﬁ’@r ator; and

optional gdiidjey Gs made frokh ®MRE 1RK Bﬁﬁt@d GRIReSH Bk ffpiet), gh@bwrbdat Woegei n sai d
pol y(di met hyl gl utari m de) polyner is present in an anmount of 0.5 to 15 W%
based on fonémimt Bhis pidugitvasodied withp faptlaysr eoppiisingsantapery ink printpdandgr j nt abl e

el 2SAlOPCTO! VR, SQRRPRIAI A (RmRffRgnt 10 an

composi t i Qe AlexGhak ), hnd MARLHI
amount of 8§ﬂié 9@.glmf@6 Egsedaon the total weight of said printable

conposi t i was. ~1 min Ae3836 ThAdbDevdopgposi ti on of claim 1, wherein said high
boiling point solvent is selected fromthe group consisting of gamma

but yrol act one, ethyl lactate, nmethyl 2- hydroxyi sobutyrate, PQGVEA,

cycl ohexanone, tetrahydrofurfuryl alcohol, propylene carbonate,

2- hept anone, NMP, di acetone al cohol, and conbi nations t hereof
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5. The printable conposition of claim1, wherein said | ow boiling point
solvent is selected fromthe group consisting of methyl isobutyl ketone,
cycl opent anone, 1,3 di oxol ane, tetrahydrofuran (UHF), nethyl isopropyl

ket one, 2-pentanone, pinacol one, nethyl ethyl ketone (MEK), toluene, and
conbi natWIoAd 18 KBrAIdED I8. The printable conposition of claim1, wherein
said crosslinker is present in an anount not greater than 15 w 9% based on
the total weight of said printable conposition. 7.The printable

conposi §i on AfprfkddRRapodhiBh ol usdih $i&H A& i d@iting FedhREEE kaildrijhblanount
not greater than 10 wt "% based on the total weight of said printable
conposi cdmpnsitioy, compistingrassanéipileoonposi tion of claim 7, wherein said

crosslinker is 2sent . i n._.an. f 2.5 to 9 ww % based on the total
wei ght of saleO]g{ |11Hthﬁ1g@Q%rggrba%g$@P%lﬁg 9. The printable conposition of

claim 1, wheg eilver abdlpédidgsddniiBing (3) & BighGbtithgfpobmsbivenigraoing actmipsintng of
met hyl at ed nel ami ne crosslinkers, alkylated m xed_ ether nel am ne
crossl i gteatessthap gbouh kD E{ st hbselpepeiTstenthan poug A 3L §) andiiét slovabeilingt ed
m xed e g;-qgglngﬁ} oL OSS bl p ik 58 8haf Sa& boxyl at ed
benzogugﬂg{ﬁoﬁgﬂégos In %ﬁ?@@%ﬁ%@@i%g??%ﬁéﬂ @E?ﬁg}g} . fowgl'ﬁgﬁg{i nt abl e
conposi t3056; of claim 1, wherein said acid generator is present in an anount
not greater than. 6 wt %. based on the total weight of said printable
conposi ti on. an optional crossiinker;

an optional acid generator; and

optional additives.

2. The printable composition of claim 1, wherein said poly(dimethylglutarimide)
polymer is present in an amount of 0.5 to 15 wi%, based on the total weight of said printable

composition.

3. The printable composition of claim 1, wherein said solvent composition is present in

an amount of 85 to 99.5 wi%, based on the total weight of said printable composition.

4, The printable composition of claim 1, wherein said high boiling point solvent is
selected from the group consisting of gamma butyrolactone, ethyl lactate, methyl 2-
hydroxyisobutyrate, PGMEA, cyclohexanone, tetrahydrofurfuryl alcohol, propylene

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

5. The printable composition of claim 1, wherein said low boiling point solvent is
selected from the group consisting of methyl iscbutyl ketone, cyclopentancne, 1,3 dioxolane,
tetrahydrofuran (THYE), methyl isopropyl ketone, 2-pentanone, pinacolone, methyl ethyl

ketone (MEK), toluene, and combinations thereof.

6. The printable composition of claim 1, wherein said crosslinker is present in an amount

not greater than 15 wt %, based on the total weight of said printable composition.

7. The printable composition of claim 6, wherein said crosslinker is present in an
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11. The printabl e conposition of claim210, wherein said acid generator is
present in an anmount not greater than 4 wt% based on the total weight of
said printable conposition. 12. The printable conposition of claim11,
wherein said acid generator is present in an anount not greater than 3 W%
based ommbing nbogahtemthighd wofs,dasa qurthatodiveeigho mp emd piintable cogipoTiien.pr i nt abl e
conposition of claim1, wherein said additives are selected fromthe group
consi sting of dyes, plasticizers, flexibilizers, surface |levelling agents,

suface getting. AURMIS coIFRIRM d1FdifSH, WHIRDE ONP Bk{I Bk BBk PfdsdhtSn aRBhount
conbi nations thereof. 14. The printable conposition of claiml1, wherein

sai d acviR.jen@ratebaiel cuthotitalweigitof said Brintphle compasitible conposi ti on of
claim 14, wherein said oniumsalt is selected fromthe group consisting of
di aryl -di azonium salts, haloniumsalts, quaternary ammoni um onium salts,

phosphogi um aRgpaitsNe boihSidnSof ctdi@ME biheresivbdi® Blovslinkal ik Selestud fromahe um
salts, seleniumsalts, substituted di phenyl iodonium canphor sulfonate
conmpoungeup aersissiveiel metyated mplamanst crossigkergrdopated Mpmdethes ML on  of
claimal,, L N.SAal: i I:6..88kh: . ] p consisting
ot "sul 78RR Dk Je TR n Bl Ry RS b Dl B RHERGE Sl IR D Ly pheny
18 al phazdprahahirenesylifiery bhivigdedansicdether tarbastydted benzoguanamine

al pha- (p-t ol uenesyl f onyl oxy) - acefate, nitrobenzyl esters, s-triazine
conpoun@??ﬁﬁkﬁﬁﬁmgFﬁmgﬁﬁﬂP%ﬂﬁ@ﬁ9l]-2,2,2- trichl oroet hane (DDT);

1, 1- bi s[ p- met hoxyphenyl]-2,2,2- trichloroethane; 1,2,5,6,9, 10-

hexabr onoeyel odecane; 1, 10-di br onodecane;

1, 1- bi s[{p- chllbe pph@blelchnPogtidn ofitlaino &t wizarein said acid generator is present in an

Sl oncAm i B 5Bt b RUEH ot 1oy rria s o Tl AR s
5, 6-

6-triehloro-2-pyridyl) phosphorothionate; 1,2, 3,4,5,
hexachl orocycl ohexane; N( 1,1 -bis[p-chlorophenyl]-2,2,2- trichloroethyl)
acet am the; tFhesprintablelcempesitpmogieldinsidle phaigintagd acid generator is present in an

2, 2,2 HRGFISGRRILEL 3 bk S LSRR NS0T e omosion.

12.  The printable composition of claim 11, wherein said acid generator is present in an

amount not greater than 3 wit%, based on the total weight of said printable composition.

13, The printable composition of claim 1, wherein said additives are selected from the
group consisting of dyes, plasticizers, flexibilizers, surface levelling agents, suface wetting

agents, nanoparticles, nanocomposite materials, and combinations thereof.
14. The printable composition of claim 1, wherein said acid generator 1s an onium salt.

15, The printable composition of claim 14, wherein said onium salt is selected from the
group consisting of diaryl-diazonium salts, halonium salts, quaternary ammonium onium
salts, phosphonium and arsonium salts, aromatic sulfonivm salts, sulfoxonium salts, selenium
salts, substituted diphenyl iodonium camphor sulfonate compounds, and combinations

thereof,

16.  The printable composition of claim 1, wherein said acid generator is selected from the

group consisting of sulfonated esters, sulfonyloxy ketones, benzoin tosylate, t-butylphenyl

18



17. The printabl e conposition according to claim2, wherein said

pol y(di nethyl glutarimde) polynmer is present in an anount of 5 to 12 W%
based on the total weight of said printable conposition. 18. The printable
conposition according to claim3, wherein said solvent conposition is

pr esent alpim-gntorenes fooflo88)-4c0ta85 b1t alphs-€ettadnenchdiangtoaly)-aesitght of sai d

print abxllig'oge%r;?lo c;,ssietré,osqi‘iazine 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); hexachlorodimethy! 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-dibromopropyl]isocyanurate; 2,2-bis[p-chlorophenyl}-1,1-

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

17.  The printable composition according to claim 2, wherein said
poly(dimethylglutarimide) polymer is present in an amount of 5 to 12 wt% based on the total

weight of said printable composition.
18.  The printable composition according to claim 3, wherein said solvent composition is

present in an amount of 88 to 95 wt%, based on the total weight of said printable

composition.
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