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decrease in inkjet drop size, have vaulted this technology into the forefront of
methodologies employed for high volume consumer electronic device manufacture,
primarily for color filters and addressable ICs used in large format flat panel displays. The
result has been development of ink-jet fabrication architectures collectively known as
printed electronics.

Currently available polymeric blends for use in conventional photolithographic
device manufacturing are designed primarily to dry by spinning in a process known as
film casting, and are adjusted to have specific viscosity and surface tension parameters
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.
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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;
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Fig. 16 depicts lift off processes for metal deposition using the compositions and

methods of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

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

In general, the compositions of the present invention are comprised of polymeric
blends including, but not limited to, epoxy (e.g., SU-8) resins, Novolac resins, and PMGI
materials, solvents, and optional functional additives, that are specifically designed for use

3



Fig. 14 depict further phototrinmed patterns nade from
an epoxy-based conposition of the present invention;
wo-r@9/03B6clepi ct further phototrimed patterns PeEdEsSion®mMmos99
an epoxy- based conposition of the present invention;
_and Fig. 16 depicts lift off processes for netal .
with piepmsleetiis printarn gThheonapasifins of Srepraseat IYERERISOSICQRRa variety

r L Jion, .. DETAI P
of preH R b i Bt e e Mngiilons of e
inven€ibn BBin@atédhs nked fdSPini ddatly hitEtherle fdcacdssdiated Wsthrig Spin
ink-jet (piezo-electric) based patterning techniques,
coatingoly Rafpie\eN FAREAWRIAY © Yo TCR Pe PRI COVeTRgs Over

topogféflﬂgl%hﬂﬁ k/grqlftio%g dhg'?o a@ﬁﬁ%n 'vQPfgtﬂ)tn:s Oé’hdoxyaﬂaﬁglrﬁgnetic effects

vant ages presen en currently availa
acrossriieandiat sf 4 substrate, amd the hikenThe nahp@ditd el oftthopresgitiiicvention
processes are utilized in piezo-electric based
can hglpeligHpats gus BROSRISHRPs, particularly cl oggi ng of print
nogzl c%?nyoli!ﬁ%né Wﬁ@?%s@nthﬁ\)/&ltifoﬁ Und Bt coaRARE ¥n aNPUOKBGety of
hyl g d (PMd) based

and pol y(di net utarim de)

surfagesnpolsidingditexitda sulizératead 8 pincnoatim ¢ at ordp igpadralby coat hardasudfaces
th cag) be U%/ gr thermally cured. The conpositions of the
A GRPESRI™ {4 ent i on can be used in lift-off techniques

t Q"}{eQ_@H'g)%si@iBhi oLk g@ésgﬁﬂﬁ{/éﬁﬂi%niafb A8y t&setfetingd, frthab@ey
modi fied for absorbance and conductivity for a w de
greatlygeduoeyhevolupglof ehemisals usedansbiedued the levelscfhpearidonowaste

f the present inventign are S f . pol ric
eenered s ReRR P atTE BeloR BioRe BB 4, fl et O

STHE)cohipdkifisns HOMe ipesseritifiéhtion phsinGWcontadtidtical reduction, by
. solvents, and optional functional additives, that are
printigg gplyrwheae pgeegeasy g éhe deyicey davs sugisaldiks: rpgisiopipgovides an

advalgééeerg\)ﬁ Sther %tiﬁ%{ﬂ;&%&si tﬁ%}aoqfot tsé]@ctR}'eF}S@d?% s%&%’fﬁeqéﬂe&non a

rcone a vari pr ens assocl-ate
substtateadi ti onal coating net hods. The conpositions of the
[ e the .need for in co

i nyention elimpat S ting.and the

d §P§‘P8§‘§‘BE? %{1‘38 PEGSER IpYentigRpROY %Y‘r‘rﬁ‘ﬁﬁﬁij “’g%i‘ttﬁf’%naé A
cure H¥MREnAe PRIk Xefin d6H RGt iS4 ¢oRtiASmEMEAP! et e cover age

over topography, filmvariations due to evaporation

v diheaompositioandf tha presbitankdntioniatsogfreide gvenues for pattern
resolution improvements for increased precision of the final products. In one
embodiment, the compositions of the present invention can be used in a process called
Photo-Trimming. Photo-trimming is the process of using photolithography aligned over
ink jet printed features to improve edge acuity and/or produce very high resolution
features, with all the volume-dispense and print selectivity advantages of inkjet printing.
Photo-trimming can be used in multiple layers to produce lift-off profiles. Lift-off profiles
can also be generated without photo-trimming. Both of these methods are shown in more
detail below.

As indicated above, the present invention is directed to a printable composition,
comprising: 0.5 to 60 wt% of a polymer selected from the group consisting of epoxy,
Novolac and poly(dimethylglutarimide); and 40-99.5 wt% of a solvent composition
comprising (1) a high boiling point solvent having a flash point greater than about 10°C
and a boiling point greater than about 130°C and (2) a low boiling point solvent having a
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butyrolactone, ethyl lactate, methyl 2-hydroxyisobutyrate, PGMEA, cyclohexanone,
tetrahydrofurfuryl alcohol, propylene carbonate, 2-heptanone, NMP, diacetone alcohol,
and combinations thereof. The low boiling point solvent has a flash point less than 30°C
and a boiling point less than or equal to 130°C. Examples of useful low boiling point
solvents include methyl isobutyl ketone, cyclopentanone, 1,3 dioxolane, tetrahydrofuran
(THF), methyl isopropyl ketone, 2-pentanone, pinacolone, propylene glycol monomethyl
ether, propylene glycol monoethyl ether, methyl ethyl ketone (MEK), toluene, and
combinations thereof.

When the polymer is PMGI, the amount of solvent in the printable composition of
the invention preferably ranges from 85 to 99.5 wt%, based on the total weight of said
composition, and more preferably from 88 to 95 wt%, based on the total weight of said
composition. When the polymer is Novolac or epoxy, the amount of solvent in the
printable composition of the invention preferably ranges from 60 to 99.5 wt%, based on
the total weight of said composition, and more preferably from 65 to 90 wt%, based on the
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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 O to 10 wt%, based on the total weight of said composition, and most
preferably from 2.5 to 9 wt%, based on the total weight of said compositioﬂ.

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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trichloroethyl)acetamide; tris[2,3-dibromopropyl]isocyanurate; 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. o

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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presepegefeacist s tﬁ;@u&he 20iddpes pet mpmpﬁ:eaqslpmmdeqea%w@rcaftcpﬁgmsﬁmn
comp})ﬁggg {)g{)#troqnige H‘ﬁm ng}ogglﬁ)g] Sgﬂ&qé &89 ngﬁ{:dre & sltrﬂ%zru.:lds such

as sulfsit acidHbych dsh@lu@ﬁ@ﬁﬁfdniﬂ@‘id hisd Quitfoald dted, eaflieaieid] o8 tiktures of
as nel am ne or nel am ne resins. Exanples of

ﬂ““¢@@ﬁﬁ%4é|ally avai | abl e nel ani nes |nclude Cynel 300,

Ofhe o t ?5 Qc%égnerg’t%p uselihd @he &m O@t%&ﬁxnﬁt oh a[ﬁ%%rably

also use |cular
ranges ffrom P& 6 ivatd, dased dnsthé tdtalg#zgigl@twf sbldl confpositien| moke fdréfedably

from Qi VeSS oru s 451} VDGR deruRgieR] B most prefesaby from
0to 3%@/%56dséﬁ<&§ ?ne tSRF wRIBhY BE sfd ?&ﬁgés?ﬂldd"ker i ncluded in

e printable conposition o e invention ranges from
O Adﬂlﬁ@lal\mgrecbeme dudmastdyes,tpbasticizensi ﬂembxhhexsasv.dface levelmg
co sition, nore preferably fromQ to
agents SUTAGe Ve AREN S ST B B Py Ao i TG SH the
compBEﬁBﬁ bR M eint&iitn2 Thesadit¥nkd 1n%?e?l%§1t§3£}etu§&ut Rt @Mange flow

i ght of said conposition. The printable conposifion
dynamfcstonehffwetrﬁwbgtmatmayﬁat@o ad;btwmi amgrydlr:mte thad enayrbedoflyded in

ener.at or erat.or ctivated
the ¢ %Chstltl(tn of gthe 1nvenﬁ oni 61%?11 I gnélgﬁegﬁ%(%x}opgﬁ (%r ngpo%%n%ué% e
compbmegmateaalsh@hfml dieil @ clyige tiad fahctddnal Plapetties ©f k) et
ei ther thermal or photochem cal cure usi g tenperature

deposited dpmp pgyand thegeplémrp‘(ﬁ@p%nts wRvided buithestrgirplecompangyts @f the
orig R RRAARE ArOSAR DRIl b s ATRREL b Rl

alteredlhyahs ifvhuseorbefaranbpartidles andier qatpdsitel haﬂdpylrtmlle inatdrials include,
t.he halo en ni ons

| esqf such aniqps a C ex,. .
but ar&fn G ied e IMPTOVARg lm capductiuitn facrggs: hﬁgqja lielegyric
const%aﬂpﬁ ?es1s§kht\é§f‘lm El%rmﬁ' re&ﬁlamceeﬁyod{lﬁtloﬂ_ bf bé‘k ﬁl%eﬂ@etlve index,

, as wel |l as P, and As. Exanpl es of
bulk ﬁlmn nwbhasum ipropestadst mchmedldamryd)f @llaﬁbmbmipglaalt a;tlamzi

prefei o anadst f GeB A Bnd bereiisn i g pdo b8l 300y

weiglitUgdsed ba ke @M gHNof BIR:QDBtHIBItB) &M PreférfeddnmbbdsAkAtS; the
nanol;aarrt?cr{gst ellrf:d/gruclofrr?prgsﬂer:n ng’naolpgftlc?enr%atenals 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 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 8 hrs at 100 rpm at 80 degrees C

Novolac - roll for 8 hrs at 100 rpm at 50 degrees C
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sul foxonium salts or seleniumsalts. Exanples of
suitable preferred oniumsalts can be found in U. S

WP2109/088386¢ 6, 190, 839; 4, 442,197; 4,603,101; aneCT/US2008/010899
4,624,912. Substituted di phenyl iodonium canphor
sulfonate conpounds are preferred oni um PAGs for
arttampements thai arg eehadsrted @méwe@trmtth@mm@an ashled with the polymer

t I f a SUIt
to el e Biastbish A BB Bet bl SIS elifRizs

flexibilierlsedadtgnts) 3ad sohe @ AlGs Phot opol ymer Scn ence and
Technol ogy, .. 4(3):337-340 (1991), for disclosure of

s} ablAfte digsehitioa, @R@@le AP GEPTR eTBRATABT handysld haasensitive

comsl RS ShB0 BL SOETUAL YLl FSBAS ses

mixeR(€f @0 peh)s Mikamail eorﬂﬁl@&:ly’:ldlescﬂ{/eib (d(brﬁpém&dadldﬁd bt this time are
Pat. 5,344,742 to Sinta et _al. Oher useful acid
TAGs, grasliriksrss dies 3nskheab sansitye BAGS. and the s-tri azi ne

desy VatFl ﬁﬁgn §Ftﬂe%%h§wﬁ %%%drél?onas%hgmg S/rb%tv%h%d% §uit

di'scl osed exanple, in U 4,18
differkiat| ogreriatedbiioy - iadmakic sclpﬂmet xsqmsdntgd e lfoitowsg conpounds

R PR eR R P ERT 1S5 S3oiyhrShy 516 it of psrymembrane o
remO‘lle %ro?sl ﬁirﬁéfﬁ&t@ RXRRemt hitra%og n?ecﬁa{ il hgﬁeﬂﬁtthH@formulary

5,6,9, 10-hexabronocycl odecane; 1,1
compg$1b¢@nﬁb|@pgmélze varies from about 0.01 to about 5 mlcrons depending on the

R e T S —

througtke bbieasive) froth @kaet .01 Qﬁﬁbﬂiﬁf 0.2 Imigtdnk dopendzntd eQot@l solids
(trichloromethyl) P yridi ne

contegt f-the salngon. oO{lg slg lgd iy the ﬁ{tdy(aﬂ@re‘gygma9 that other pore sizes are

1,2,3,4,5,6- h hl | oh
aBOFB%$§@ 48%P%9§E%£Pophenyl]-2,2,2-exac orocycl ohexane;

t rMiocdtilze oled dbolvi @oripasitides in a piezo-electric printer, the following steps
trls[2 3- di br onopr opyl ] i socyanur at e;
are usgdy i s[ p- chl or ophenyl ]- 1,1 -di chl or oet hyl ene;

trd ?fekak&air&rm&mhhdge teld. agbﬂﬁatlmqtehiaﬁafnd@e '?I%d%l # DMC-
anal ogs, homol ogs, and residual conpounds. Suit

1161 G hofibetbylcygefutlyansringingo tieddl phirs teasedieifronta smumﬁlled with
oGS P L e TSR S5 g o i
modu$e!i THRIPr¥ssaripdY 8€the Mluld Mo DIeRAS kid ienifg dtliRe jeRWRhb@iles are
ali gne%ua%g s?lgppce:ﬁct:oée?ﬁezr T2he ﬁlf‘édficatt'tgfléealts) rt}?erlrlo aﬁ O%xlle%htg );ftl %re3n00rrr]1?n 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 jetting,

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

additionally coated with various metals such as Au, Cu, Ag, or various oxide compounds

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



benzoin tosylate, 2-nitrobenzyl tosylate and ot her
al kyl esters of organic sulfonic acids. Conmpounds that
w@emwenst7es a sul fonic acid upon activati on are PENESRDS/§10899
suitable. Also, rather than a thermal acid generator,
an acid may be sinply fornulated into the conposition,
Faleying deppsitipnm pf ﬁlﬁtpioff)émré@mWéltlé@ﬁﬁéfSWaﬁleﬁ%mh ke cured by air
[ t
flow, 5115 (EEL oot ey R o UG b hsure
deperﬁﬁxrgaqsdnt the BorRpogieae adionsvapsration tseodthetsbient system in the '

nposition. Suitable acids include e. tron aci ds
compgﬂaﬁn a5 VaeHred ks mayi rgquisgahadditionsf thepmal lygureythe
systelﬁrb‘#teﬁﬁle 19??1' ll:_%)g)%'g?rrguﬁl o#én‘g)c I?éé'hxg: éﬁg?%’{‘%?k wﬂf afsﬁ?r??ome

casesmmrpmselthe xate affcurdrer ¢chewacdl irenistaroefod lt}a:bctqatmg.nges fromO

based. on t total t  of
ﬁgﬁﬁsgwg %Wmn%v@nmfgreeuné{mtgpnf%ﬁg dlﬁeerﬁe@vtmfa v#igteat on
meth(gdlesdc‘ﬁtzﬁl @h&zdléle&ﬂ'c)jm%@ﬂ@? ShéiL&@Rg tﬁ’é}{iilam laser in I}]]et
preferably TromO to wt % based on"the total weight
methays, gamgmgommsn ¢dating, s&ddg¢ dispesirig) grasdiessviating, ftdxogsphic

cousy 55 B, SR hEy P o R R el h o s
with ]%1@%—@1@Emcrﬁﬁﬂ/oﬁ|t}&@rnbpadd%|lh%?ﬂﬂd jet privgteigonposi ti on of
he invention. These additional ingredients are useful

{wadditenpd embodmwma mlbﬁératm painfedavigdheompasitionstod she invention
.Fur r.edi t.hat _ma
hat iAo BER beskPfirs R B RanS R e Ry e,

This prabep afivol eds@Spoding) ﬁﬁQﬁ&Elﬁ‘ﬂeG ShiftrateORiiip U/ Lighthiodph alhsgh
which directly change the functional properties of the
resolwtm lghograpius magk Brlleﬂx the PRela-triABRIBS PFRsicss/SHENeR the need to (1)

oMY s B Gl OMRRSHbR ) (DA 8,

selecm\l'ediy higlereaclvaoit &geoushsinghlrede printedigagetnacFusilahoos a
nan icles and/or co osite.n 6’3} e materials

scherafic, tﬁ%t lempnptralesthg proqessior é‘&galt’de ﬁ‘gi? Wé ene m

Conushpbitibn ahd SlepiRsids RS tRYbrkseht InVeatid £€ LS4 in a variety of
constant, filmresistivity, filmthermal resistance,

manufastiuringt froeesegs ibeludingi | m ref ractive i ndex, bulk film
mechani cal properties, and nodul ation of bulk film
bi ol ogi cal activity. Preferably, the anmobunts of such

Compdd Sefni@nduiter fdheRtrar Eiftsled THAsk®rakauifadhde; 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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wei ght, based on the total weight of the conposition
hi preferred enbodi nents, the nanoparticles and/or
W@ wpo3s7ee nanoparticle materials are incl udedPCTUS1068/010899
conposition of the invention in amounts ranging from
about 0.1 wt%to about 10 wt % based on the total
Displgys: JpkP Sisplays -Jdenssiion of §poxphas LORPESIUGtBISs of t he
i nvention may be made using the foll ow ng procedure:
(1) Dissolve the selected polyner in the sol vent
MEMSyY sﬂ@ea)ﬂsnaoaudt@w eb@ators] niicesTuiidioderitts; MM GO Lan hgused as a
é%ﬁ pm or usin | ow shear nixers (<1000 rpm.
sacr ld‘l‘)i'eé ﬁuﬁ’ﬁﬂt for upreuy HY MEMgdevices i n pol ymer
di ssolution into solvent. Mx until polyner is
conpl etely di ssolved. Exanples of typical mx
PrintezioWikietBaands axdePraged GlrcoinBoardpo Eych resisfahcd for pdodesses at
100 rpm at 50 degrees C PMd - roll for 8 hrs at 100
rpmat 80 degrees C Novolac - roll for 8 hrs at 100
PassﬁanZEh%ye'i_’O &@@eﬁ@?ag&%lﬁé%fﬂaﬁ% hat are not affected by
heat i'h the m x can Dbe "added wth the polyner to the
m x during dissolution in thls step These typically

PhoteS fimofiie ks Brdo ke fesoluibMER S oy RN RS -

1mpr1ﬁ9z9ﬁl1 daﬁfHéQ{séd W énhansk afbMeaibosenpplicai@nsonponents in
a |l ow shear m x environnent by rolling (50-250 rpn) or

using | ow shear m xers (<1000 rpm. Mx until

conpl etely di ssol ved. Conponents added at this tine
are TAGs, crosslinkers, dyes and heat sensitive PAGs.
(3) Filtration of the solution. The filtration schene
may be varied to suit different manufacturability - a
basic schene is presented as follows: The solution is
pre-f Itered through a pol ypropyl ene, Teflon or nylon
menbrane to renove gross particulate matter. The
filtration nedia will depend on the fornulary
conposition. The pore size varies fromabout 0.01 to
about 5 m crons depending on the total solids content
of the solution. The solution is final filtered using
t he same nedi a
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t hrough a pore size fromabout 0.01 to about 0.2

m crons depending on the total solids content of the
wa@elssne One skilled in the art woul d recognP@BPUS1va$/010899

ot her pore sizes are also possible for use in this

step. To utilize the above co 03|t|ons in a

pi ezo-el ectric printer, EKAMRIGES owi ng steps are used:
ﬁ‘a ’I?fé%rq‘léﬁ ng%(r'él:n 5435*@%1?{“%@5}\}@59%%1"81‘% ho Vl glié scope of

the presen@ invehtion. nAHr;ia'nI gnd péreiithgesfard by peight hxlitEalh effPetatlifes are in
a syringe filled with approxi mately 1.5 n of the

degregy rplsuisunlsss e"lﬂ*@‘%ﬁtéﬁeﬂé’mwl%l owmy injected, filling
the fluid nodule. The pressure port of the quid
nodul e and the opening of the jetting nodul es are

Examplé hrdipoapdasmitppapodibget her. The filled cartridge is
then alloyed to sit. for 30 | ow entr.a
ai‘th ERPXY, égﬁr@ ‘E%ﬁ’)?s’f 18Ry ‘isﬁéggr?bzlﬁ%%‘lmg' H’éafgﬁ%‘ﬁ%’rg mg‘%&ents as

outlint@vgber m for the solution is selected, and the proper

vol tage settings for each print head are al so sel ected
_to achi eve the opt|ma! dr_op vel ocity for the specific

A AarmAacd

| ||f\ CUTT Pe | llvl t Ull Jclll ||\- |||C OUUO TAaltCTo ©
deposi tﬁ%‘f‘lﬁ’“\?ary by the fequired adiﬂ"lot'ﬁf f%‘rﬂ’ybut

can 1| ppbi¥SULYREGA! Ssem conductor substratgsgol Si,

GAs and other 111-1V and IHV netals, glass. FIeX|bIe
subst rﬁAés(CQaacuwc)cl ude var| ous pl asti cs su¢l4 as PET,
£ 1 - vyt A

ot AT SO BohaA Doy subs{rat cs such as S may be

addi tSu%ét'ahb’(P@&%ﬁ? W Th vaifious netal s sygfy as AU,
Cu, Ag, or various’ oxide compounds such as [ TQ

anSotmnyl (y-hutymlat&oneand Ti Op. Fol I owi ng depd§isti on of

hoa ecrirod

Solvent £ Y1 EoR ORI o & cpmvecti on overtbbat om or

using hotplate, or by UV I'ight exposure dependi ng upon
the conposition and/ or evaporation rate of the sol vent
sy@temm/miagmiimssmoa ¢ongnned A¢ deserdetdiabkve, maiyltedeqmcb aeilicon

t I b to | | t.
substEYfe, 308 s B8 edcBBed Ryt fhab ot s S Botifigh PR GRmiged by
electroH fliBds¥¥plyl andlsBOwh in FRIIE -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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cases increase the rate of cure or chemical resistance
of the coating. The printable conposition of the

WO pwessszeth may be di spensed in a variety of neR¢iDts2008/010899
such as ink-jet (piezo-electric) nmethods, including
thermal and laser in- |m‘ net n

had;_sLaan_ng,_scLee
coat i ng C@ywlﬁg'é di spensi ng| gravure cémung(wt%
f+exo ating, andtihe ke —The—T STt ons
of th§P°§¥§FJt$§ﬁ Wre specifilcally desi gnedit?g use
wth ppg@(@lﬁ&ﬁé c and/or thermal and/or {ager |Ink
jet printers In addl tional enmbodinents_ substrates

pri ntS@Cfamtf(PEol"ﬁdbﬁl tions off the inventionOtlhat

acher et-ators—ray be—stubjecteg—to—=a
pr§8£vse§t Eﬁ%%yﬁ(ga‘ﬁﬁrbet otriming. This pr oced? i nvol ves
exggg,leﬁgz( 16hnt@bned subsirate wth UV l¢gnt through
high resolution lithographic mask. Briefly, the

photo trimm ng process relies on the need to (1)

if g %\f)ggg att e tie g'%reet (%)E#tﬂlé%q {sod’ePgir@éitez{bg?ﬁ prm?ed onto a silicon

substfu®d, Al iRl Ms dBé(ﬁ'Bedl a5@}el tTfapes Rath Uhig Totpositiod Weedehamined by
printed patterns. Fi 1 shows a schematic that

electrgn mjgeoseanyeandishewprinEigsS-6.or negat i ve (crosslinking)
tone. The conposition and nethods of the present
invention are useful in a variety of manufacturing

Exan{pl®8 e@®ldcRdsttli ng:  Conpound Semni conduct or
manufacture: Lift-off in Tran3|stors manuf acture; PMd
caﬁl\mo{%@arﬂag&a% wag made by blangding the §plloysag ingiedisnts as

outhrg:hfai) f. Lift-off can be used for Controlled Metal
eposition in conpound seni conductor applications such
as photovol taics, VCELs, transi stors QOtl cal

El art r nni (‘Ilf\h ac nrnhllf Act il Ny | . Hann¢\|
=—e et oH€e€S—SsHern—as—raRttHagtHt+h \.u |_|_|./q V%I

of encaf<UMBYNERt / passivation | ayer; Amoynt (B8 t i on

ina iy VO@;ngsrlpcess creafion of a backgypgnd
grating light reflectiomn. Enerqy Devices: Enable
nmqshnkan(onpqlﬂha]sseM)i n Battery & Fuel Ced.b7

epoxyTa‘% §G§;§o} 1 triJcture IVEMS: Sensors, uat ors,
FeSPRALAzr (BUIFS18GH ) di ¢ deyices, PMI Cam gg Used as
a

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



use in 3D MEMS devi ces
Boards: Etch
Beckug2908/010899

sacrificial |layer support for
Printed Wre Boards and Printed Crcuit
wo ewpessInce for processes Passivation |ayer:

Packagi ng of devices. Photo-
increase resolution_for

MENS,

Trimm ng can be used to
Mcrofluidics,

Nanoinpﬂﬁnﬂpﬁnﬂmtcan be used

to enhanceAawynt)th%é

d.bUVU dgﬂﬂdgrﬁll SUTTS E/\I-\IVI"LED

iIU 1 UFI UVVi LLL®) lp)b?”pi_ED dl ©

i nt ende FTﬂstrate but [in no way |im he scope
of thwirpcRAe(MudoNgntion. All parts and pegogent ages
are by weight and all tenpenatures are in degrees

CelSolvest hﬁY bstyrré&qwm@u tl y st

Medmhawséobmmﬂel

coﬁB]é'gﬁtt?g(;y‘&%osm'@um)by bl e

I-\II C[JUI\_y \ U
di ng the foII&%

I NggadeAnt g, ﬁﬁld%ldnle)']ed aboy

e. The above |egged|ents

were conbi ned as described 4

\bove, printed onto a

S|I|confsubstrate
|
i R ADeEh B SRR

substfRD%Hd Bae8ds GedtPBsd hb@sfé 2 A

and cured as descri bed above

OSI t.i %gla eﬁcnt%gf%

ned b ctr
V& psint ed on 0 asl 1con

second epoxy (SU 8)

conpositi on was nade by bl ending the follow ng

i ngredients as outlined above.

When used mnth t he

|nt.ﬁ 5&

LLL® LA~

onto a silicon substrate,

Ox1d§&)l%€1t) 08nn rﬁ%iﬁ(?\%%n& sge i%

QNEUI%BIQQnO%g{nD%EItelgﬁ lﬂ'lo?&paﬂr
AMIGD) and, Ac

* Wer e conblned as descrlbed above,

?Mnm 1am
MpOSI

printed
) a s rate, and cured as described _ )
aﬂausamkm@@@gy COBRPIINPE u@@m@@@ﬁ& m@nsm eoréi%ahmmbmlubv Tin

O?II’IO
IOﬂ V\B

ngc"?(sgggge Sanospheres)

to 1nl@|e9puiteﬂgbd§thel did bxhcbﬂbilglel cgdedingniaasis®routgixele ti)raﬁtM‘L@D and

AMOLED applications. Photo-Trimming is then employed to achieve resolution required

for patterning the ITO transistor.

Component Amount (wt%)
Epoxy SU-8 Resin + 0.1-10 wt% ITO 29.5
nanopheres dispersed
PAG (Cyracure) 1.48
Surfactant (PF-151N) 0.1
Solvent 1 (y-butyrolactone) 6.9
Solvent 2 (Cyclopentanone) 62.1

The ITO nanospheres (0.1-10 wt%) are dispersed in a solution of 29.5 wt% Epoxy

SU-8 resin + 62.1 wt% Cyclopentanone. The

remainder of the components are serially

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

14




The above ingredients were conbi ned as descri bed

above, printed onto a silicon substrate, and cured as
waele®ensdied above. | nmages fromthis conpositi onP@EDS2008/010899

exanm ned by electron nicroscopy and shown in Figs 7-8.

Exanpl e nposition A PM3 conposition was

n&?f@ownm%tﬁdighgblpﬁ@ng@ml@ﬁmﬁ g§lm ﬁgmseﬁirtgrﬁféf iggiugy Oxidedd102)

r
nanoBIEHE 180T YRRLRS TR Tt B BRI AR A To I EHen:
applichesng, Iubmg tidbgareral FxramphttorbrecipEdestided i ER@nplengidssubstituting
. ..of Photop tternlng Epoxy for Active Matrix Liquid

Tio2 @P‘%SPEFWE? S anpsmicres)speFifentis Mg ri x Or gani ¢

Li ght Enlttlng D ode Displays (AMOLED). This ink jet

epoxy conposition incorporates nanosi zed conducti ng
Exambledi tfvdhiductixg NenddompositoofiRicttopagtenang Epoxwsi t e

(5 100nm di anet e nonodi sperse na eres ' nk
s T R p e G SR
compb§1ﬁ8§§ GLWoan dphteBhefep)] vvﬁ%@@ﬂhémﬂgmardened epoxy, for use
applications. Photo-Trinmng'is then enployed t
as mogsthricaonstantdalmirilayery &guiglednipde 5 patlteehamcrrgcmh,@nﬂ‘smustltutlng

| TO nanospheres (0Q.1-10 % _ar .
nanosiged 31 affbion HESTus PRI TSRS e datiohe sl ShediRa his
examplé. 1 wt % Cycl opent anone. The renai nder of the

conmponents are serially added and stirred at room
tenperature 12-24 hours. Thereafter, the whole is
a1 Conducti ng

o e P s onposi te
I |Aghzinohbmpk$1tegamlimbmbtaﬂ |amnbadtmal mﬁu layerrcgngﬁtng éfomanosized

Oxi de (Ti Q2) nanosphere (5-100nnm dispersed i.n photo
silver o gily¢rdiapegompasHe ﬁq)rﬁgo% WSTImeEé\aﬁ%p@ﬁ{es or equivalent, with

t eral formul ati on recipe

phmnggscr H&ﬂ?ﬁhgﬁgﬁ%&g 5 an substltutlng Ti Q2

nanospheres for | TO nanospheres specifies this

e le. anple 7 -Conducti ng Nanoconposite of

Exa & S Epoxy

The ink jet printed epoxy composition of Example 1 or 2 may be subsequently

patterned with UV light through a high resolution lithographic mask. To implement this
process, a photo-mask is aligned to the printed area to product these images as outlined
above. 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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A nanoconposite barrier |ayer consisting of nanosized

silica and/or zeolite conpositions (5-100nm sphere
waelr@amssssg, with photo or thermally hardened epORYS2008£010899

use as noisture resistant barrier layer. Using Exanple

5 as the basic (e0|§_ and substituting nanosized
SiA Mierosmaah of 2 L6610 erafiln GBSOk, OBlien osr ercsivs. Mo

underly RAEIsab B VB BB R AR e R e g0

for 1 aiiih.i Thie pedduat waaBsdtepwith ral tap 1a‘y|ef Corhprysifig S08sIxStihk gnm‘ed and
a _nanosi zed silver or silver nanocorrposHe corrpound

cured; (Exampledimndahers pered at 1 B} G piilvmine doevelgpmenp Haeimmersion)
1 pol ymer. Exanple 9

was Eﬁ%‘?gl il‘gg%af '},‘f_ﬁeQQE}éyJ et printed epoxy conposition
of Exanple 1 or 2 may be subsequently patterned wth
W light through a high resolution |ithographic nask.
To inplenent this process, a photo-mask is aligned to
the printed area to product these imges as outlined
above. Two mmj or features of photo-trimmng are
i ncreased resol ution and reduction of scum during
processi ng. Photo-trimmng can also be used in a
Lift-off process where a printable PM3d conpositions
are |ayered with a printed epoxy or novolac fornul ary
to image it and further increase resolution. Results
of the photo-trimm ng process are shown in Figs. 9-14.
Exanple 10 - Lift Of Processes for Metal Deposition
As indicated above, Lift-Of processes can be used for
controlled nmetal deposition in conpound seni conduct or
appl i cations such as photovoltaics, VCELs,
transi stors. An exanple of this technique using the
conposi tions and processes of the present invention is
shown in Figure 15. A micrograph of a Lift-Of profile
(Figure 15, Option 2) was created. The underl ayer was
made from PM3 Ink printed and cured (Exanple 4), and
cured at 110 0OC
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for 1 mn. This product was coated with a top | ayer
conprising an epoxy ink printed and cured (Exanple 2),
wa@eaonsssre cured at 110 OC for 1 m n. Devel opnmePCT/UB2088/010899

(imrersion) was ~ 1 mn in 2.38% TMAH Devel oper. WVHAT
IS CLAIMED IS: 1. A printable conposition,

WHAIhE @EASMERRE:by: 0.5 to 60 wt % of a pol yner sel ected
fromthe group consisting of epoxy, Novolac and
pol y(di met hyl glutarimde); and 40-99.5 w % of a

1. s peiffabkusagRsitiodclaedtdrized bg: (1) a high boiling
poi nt sol vent having a flash point greater than about

1 6bToRWE o9 iRIPOhEN G SEISEted oM Ehe arohconsting PSR Yahgvolac
: L ing. pok Nt sol vent having a flash point
and pﬁgglﬁﬁtw%lg%élg%dggd boiling point |ess than or equal
t ;lOIBOH Gt%edfla sobieghtompositént conpadads @) athingh hatiag point solvent
. wei ght of said conposition. 2. The pri.ntable o
havms&fgaaé iPPITS gregfer dhasy é?ﬂoit, l%ﬂanéiafb%%pw giiaper fhen about 130°C
and (P M&ﬂ&&ﬁ%ﬁ}éﬁiﬂ% L1t %@kﬁgg%% PO Is$ Ban 30T LAY _§b59in%§>oint

Vit % base he total i ght "of sald conposition.
less thHdmeormqualt ta B 6°( alipos ghti percenfs tmked on the tofabweight ebsadd
aol.ymer is poly(dinmethylglutarimde) and conpri ses
CompB?IB 5 to 12 w% based on the total weight of said
conposition. 4. The printable conposition of claim1,
wherein said polymer is epoxy or Novolac and conprises
2. f ridhwnointablecoropasttion efzdait brvhenein saidagolymeerght of sai d

ifion.. The print abl sid/i pn. of aj m,4, .
poly (PR B a0 e s ARG SR RETheu el Sl e of
said dohpdsitiont 0 35 wt % based on the total weight of said

conposition. 6. The printable conposition of claim 2,

wherei n said sol vent conposition conprises 85 to 99.5
oow b dsGidiod B M Al gd1 sition. 7.
3 Tr??e r ng?og ?e %%rrb&ons(lsf?% On of cefglflr%élgp% e%glgn sai d
poly(dintetleylglucwimpids) dandaonqoisps fremsS to 12 wt%, based on the total weight of

said composition.

4, The printable composition of claim 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 to 99.5 wt%, 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.
17



88 to 95 wt % based on the total weight of said
conposition. 8. The printable conposition of claimi4,
waob@pessT6cai d sol vent conposition conpri ses 60PEDUSHNF010899
w % based on the total weight of said conposition.?9.
The printable conmposition of claimb5, wherein said
sol vent conposition conprises 65 to 90 wt % based on
9. t hﬂle %?Aebl%\gé rrpg(;sn?gn (?faél%mcf 'Wl?e?!ilh's V\hg eSPié{%Ht gdglﬁ%psﬁlo%compnses

65 to DOIWt%’J Gagxdi o1t the edtlewéi ghsofsaldesingsbsitioam t he group
consi sting of ganma butyrol actone, ethyl |actate,
nmet hyl 2- hydroxyi sobutyrate, PGVEA, cycl ohexanone,

t L. al ,
to. e dojbhiitiqn o Ot 1, RHAIK GRPLEATRANE fotnt slvent i
selectleh droeothe gtdup ddmsisfing of githmadangolactonearetiof] ladtae,méathyl 2-

| n sai W boi | oi n ol.ven sel ect ed
hydr% YyEate P %}4 é\oﬁwgfe?’%ag% t%’*?* %%ﬁ%l e&remélene
carboh¥fe! @-B@;S}‘é%}fénﬁlMli ﬁa&kcﬁf&%%@l ah@%nﬂmﬁq{.‘n%%%of THF) ,

met hyl | sopropyl ’ketone, 2-pentanone, pi nacol one;
propylene gl ycol nononet hyl ether, propylene glyco

. O?gﬂ%&}bﬁ%{:&ﬁﬁ%ﬂt& thiy%?let % hef%tgog Il&\é\v/gm&)llg)g pomt Coofvent is
selec&@%tﬁe' BouPéorklsBh ot methil isﬂﬁﬁtyﬁﬁ&@ﬁé %yﬂgpéltanone 1,3
crosslinker in an anount rangin from0 to 15 vvt/o

dloxme@tr@hydrh@rarbﬂdﬁmegnﬂ laopr lget@mﬁomnttan@ne pleacom

propﬁenegé?%)orl] eorn%rﬁgensh e{ }&ﬁ%ﬁ% é[‘éc ’na}())nog{hgi ré"th hn%ei%}éyl ethyl
ketont QMEHK \Weilgdtie, &fd &mldn@tmm@ﬁérémn 14. The printable

conmposition of claim13, wherein said crosslinker
ranges from2.5 to 9 wt% based on the total weight of

12. ilaﬂg% rﬁ‘i‘%g%?)@% g&ltl&ﬁof dCT{i:}rﬁlog;f}lﬁ%ﬁmoﬁp‘fﬁ Oasér&sglﬂ*(&f in an

I n sai ecte rom
amouhhmngingfpont One il § twibig based@mtik t@6I0yeigiXlof s3M3conFmRitRRO,
380, 1116, 1130, Powderlink 1174, Cynel 1123, 1125,
and conbi nati ons thereof. 16. The printable

13. C m%inﬁdb@@c&ﬁp&h@dﬂ%f]olalﬁ{lﬁ h}ﬂ{er&ﬁ’ QR A icRdsS8nIAR r@ged from 0 to
generator ranging fromO to 6 wt% based on the total

10 wikgibghed @f the s9tdl weighbef aaubmmposmon

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

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

15.  The printable composition of claim 12, wherein said crosslinker is selected 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, further 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
to 4 wt%, based on the total weight of said composition.
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17. The printable conposition of claim16, wherein
said acid generator ranges fromO to 4 wt% based on
wo b@owss7eé wei ght of said conposition.18. The PCT/DsZi08/@10899
conposition of claim 17, wherein said acid generator
ranges fromO to 3 w% based on the total weight of
said conposition. 19. The printable conposition of
bl . ' L ain g L .
18 C ae Frbtgb] e il AT, S8R QR aclalh R Bhres from 0
to 3 wiVabhsedianahs totéll veeiplnt dfisarompmuitioace | evel i ng agents,
surface wetting agents, nanoparticles, nanoconposite
materials, and combi nations thereof. 20. A nethod of
OF : . ar PN e
R A R N e i S R S
selected frohmthmgtoupocamsistis of diyes, plastivigess, icgibolizrs strface leveling

rintin evice; (2) drying said applied composjtion, ..
sgentl gy VHEH Pt PRRGPrIBS aRnesg i B BTG, 661 ombinations
theredff oduce a printed pattern on a substrate. 2 1. The
met hod of claim 20, wherein said drying step takes
place in the presence of heat. 22. The nethod of claim
20. soﬁﬂo{n\gﬁ%ﬁmﬁg@ﬂcgngoao ;t)rllrg)tgc? {)at(f‘elﬁrl b9 sfci{)s%patéz B E)In‘g’l%% 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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