WD 2011/ 011142PCT/ US2010/ 039415 METHOD AND MATERI ALS FOR REVERSE
PATTERNI NG CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] None. 5
BACKGROUND OF THE | NVENTI ON [0002] In the m croel ectronics industry,
t he requi MeréHE/81M43r i ncreased circuitry for a given chEPUSIXMIIRHS
driven to smaller half-pitch nodes in order to increase the process
speed and inprove the chip efficiency. Mcrolithography techniques
are key to reducing the size of 10structural features. The depth of
focus and resol ution depend on the nunerical aperture of the

|'i t hography appardETHOINANDEATEREAESFUR REVERSBPATIIBRGENGAS feature
..si.zes continue to decrease in size, it is particularly difficult to
pattern round via holes or contact holes into photoresists. As

feat ur egrdsés RERERENCRNED RRPAGEENAPHL INT8Bsisbeyond i n di ameter this
task beconmes extrenmely difficult to achieve a snmooth round shaped 15
vi a hol ¢0@] Nese.appropriate dinension in relatively thick film of
phot gresi st. Therefore, alternative approaches to formng via or
contact holes in a nore etch resistant filmare desired. [0004] In
this invention a "rever s8AQKGREUNINGFTBTOIN GETIGN enpl oyed. The

reverse rn techni que.invplves using a photoresist.to pattern
bosts | MG Feihg RO ar EQIAGes O SR RO E o B 0] BEEaA] Pargh Lo o given
appr opr icaipsiAiHEasid@no Ohalld) @alRpfth hatlePR dredMe thektSidtBe problietRic@shdt , a
silicon containing material is coated on top of the patterned post to

cover t HEPNe thechpfficency. pEeroipioeraphy feohiiaenps key (9 Edprineidr fize sf

car riped shﬂﬁ%&?f&%l}ﬁ%? ThOalpi BEroPNUNA &S usibn HSpeR@bn B! HdReBed Aperfid &the
coating, the silicon containing filmw !l be subjected to a | ow

t enper atlihagraphg bppeeateoandriheeagidngtholivight and slightly crosslink the
resin. | cases. furt her re_is.require nd. 25.gan. be r.f orned
e 5o BRI GRS Srhh e dafeds? TP HaSPBRer RNy REpRp LA
pat t er niuighdlaspircahtagiholee 8o phatoresister At eaturanef enallehandr@pansespantaad n
of the photor.esist into the silicon containjing resin, tw) dr t ching
Cechnt qEEoraY 6 dspsi o oas i somes SURBEDHIIB] o e 2 spoatsoylabinege

I on 18t CRjid B BEhE YPrevritkd Wmefsidn intr@latr@l € thidRan ik ofpRStofkisi. CIRFQE] N t O
the top of the photoresist material, exposing the entire top surface
of the pHENaYEsIPEroaches& HEpmgyietcRniaidipleydn 3 Mok gderegstapiddmere
reactinbg%?_etch reci pe containing 02 to etch away the photoresist.
An WO 2011/011142PCT/ US2010/ 039415 alternative "reverse" patterning
appr oac H00®&!] tho thirsie ventiba g Erey oilseibpadtein g tedmiqraternpbyeds The Fdvelse pattern
descri bed,herein.,ln this .alter LVve . Q he first step
1o to LaeiEhe Mok rah SRR B bR IR SPRstE PR B0u Dose
sol Woi orholed. ‘Agkcthe bpmkpridtddinghsion ofthe et by fadeihb®udinga piotdrbedst, a silicon
photoresist, materi al_, exggsiqg %h ent[zg t op sur%gfe of the )
S5phot or SP{PIngRenal 4§ coged o dORY éE%PaétS}P @O R CUEHTe SRIE PRYHE for

nodi fi eqltpgmiasla,lthipgmg@qs@siﬂmrﬁ@su latsolventahaF it fhOfrds@8ismof édiiBidint h vi a
hol es w the size and shape of the post that were patterned into

t he photdftesspaing. thpailiceneantainipe fim milk bhsubiscisd daa fay EPEIRRIS prebaksfier
the via CE"RIL. %ff%@fvt;:l?tra'ﬂd gﬂéfﬂly%{'&gllﬂﬁ{rthgfe'sfnl E@Lorﬁll@ya@ésfulmal%qgreggﬁé@ dpe

typical "reverse” patternrng process, the alternative "reve
pat t28r nicag bp patemsd withromhb aghsios pnde thpaneley A \posatment. &n ptrovasddsi st
than patterning typical process, in order to transfer the reverse pattern of the photoresist into the

silicon containing resin, two dry etching techniques are employed. The first etch step is to
use a reactive ion etch recipe containing CF4 to “etch back”™ the silicon resin to the top of the
photoresist material, exposing the entire top surface of the photoresist. The second etch step

30  isto use a second reactive ion etch recipe containing O to etch away the photoresist. An



10via holes, this process provides a way to pattern a nore etch
resistant silicon containing resin than alternative approaches.

[0005] In order for a silicon containing material to be useful in

al ternati WO r@verise patterning, it nust nmeet several CcPCT/EBNHNO3HIFST
it must be carried in a solvent such as an organi c al cohol or ether
that the photo-resist is not soluble in. Secondly, it nust be capable
of being cured by 15 nultiple cure nethods to allow for the formation
-of sel ect conpositions that can be etched by different etch nethods
such as ,pgHARMS dVB8ESpatielfn Sdpdrdddh isAd did 4 BRakdlible til€orCHitebal e SiiNbe
...composi tion rmust be soluble in TMAH to wet "etch back"” the silicon
resin t @efchbed kgseins It this apmabecppoachgitedimstgtch $spis& ¥§ the entire top

surface Qo tligiAIbRLE Sy ab B T THEARE MHLGERDus b gRidABRAERHIL At

certain si qui oxane resins neet these criteria. 20 BRI EF SUMVARY
OF THE IsNvENESDNo fe0osdf thtplotomsigmudterslpaposigtde ewire g sudecect the

si |l sesquioxane rgesin. c Qsitions Jin_produci ttern .
S ubss r atpg?téfeﬁ]ﬁi' C ellffﬂ gﬁ{ﬂg P&.t ¥0n |eéh dt ea\%e(? e’ E?hr%gtnﬁofdéﬁ%r%@ce%g ' O%ﬁses' rg Grts
wi th a stagty atiBcdnavdinglm widtvichioladvighht eize esd sitipd @iy pdshnewsnre The

si |l sesqui oxane resin is appljed 250v t he patterned photo-resjst and
cured atatifidedyiniorthy phateresisc dhe 5@8%18%15@% cap mss%tosﬁftg%aaﬁf i Eeel n

on the patdRbLReIMbhacSiticl1bRE. CORpABDwith AR t§pitdl CRALONS A prbdesd
will be subjected to a | owtenperature prebake to drive off sol vent.
| n or derthe Bternaging frayerse @atteayiag FEOCpHts Buph picf HEDAEPBIRSFEE R PROPTFEISE thie

si | i@.on FAMA BENFodeES bidvidk w8 % E&'ﬂiarlﬂ(g’e%f‘cﬁﬁ‘és P sifitdh SARERYEsin
The first etch step 1sto use an aqueous base solution to wet "etc
back" t hiean3Msrnaticoappraashas. to the top of the photoresist material,

exposin entire top surface of th otor.esi st. The second. st.e

AP re U dnddT RSy b e R Elnale BBE LT HhornalfE s ERE PR o
20|11/ 01lmaﬁmw&wlﬁﬁ%Eﬁstﬁa\ltvamsttﬂ&e:aﬁh:laﬁmﬁ ediait sﬂdhfaw :aiil grghﬁliﬁ alcohol

si | sesqui oxane resin. The resu is.asilicopn resjn filmwth vi

hol es t & SUpLdatipgPRgtogrsishs nph@thﬁ%%m tsﬁaqndfﬁe%témﬁahwﬁao R QR Y

photiar esh@liple THE oie@ifds kd Nbw fol MeGaMnaten UB &Ikt QorhpdhiiBRS thhf ANSE 8ichd
via hole pattern onto another critical |ayer. 5BRI EF DESCRI PRTI ON

THE DRAWMWifSNt[c@B0dthdds gudhens halicops Baen (¥, tahé Opr agdsisndlyeps cofed iastnm ng
a pattern on a substrate using a base sol ubl e sil sesqui oxane resin
usi ng a awetphgtoromustéxerlgble pamTMeyEhtawst “etch back™ the silicon resin to BEPAIL BB

DESCRPTI OF. THE, 1.NVENTI.ON.10] 0008 L. scl psed rein, i. .
o | seoqUTaiRs PSR EunsrE RO oharint PRt RudSeRy el ayeess 1
( RS Oo_ X412 béd foue)dth{tREsdi0 GiBse SR (HANg vepiis (iSet0hebe x)ifedo.OR ) Op
15(Ph(CH2)sSi 0(3_02(OR )x)g where Ph is a phenyl group, Me is a
met group; R is hydrogen atom or a hydrocarbon

BRIEF SUMMARY OF THE INVENTION

[0006] This invention pertains to the use of silsesquioxane resin compositions in producing
patterns on a substrate, typically an electronic device. In this process one starts with a
substrate having a patterned photo-resist layer thereon. The silsesquioxane resin is applied
25  over the patterned photo-resist and cured at the pattern surface to produce a cured
silsesquioxane resin on the pattern surface. After coating, the silicon containing film will be
subjected to a low temperature prebake to drive off solvent. In order to transfer the reverse
pattern of the photoresist into the silicon containing resin, two dry etching techniques are
employed. The first etch step is to use an aqueous base solution to wet “etch back” the

30  silicon resin to the top of the photoresist material, exposing the entire top surface of the

photoresist. The second step is to use a second reactive ion etch recipe containing O to etch
2



group having from1l to 4 carbon atons; R is an anhythi de cont ai ni ng
_group such as a 3- succinic anhydride propyl group, and RL is a
hydr ophilic group or a hydrophobic group; and s has a value of 0, 1,
2, 3, or ¥NO301hed14 value of 0, 1 or 2; wherein hi theP¢EEHIMAINES a
value of 200.1 to 0.95, n has a value of 0.020 to 0.5; o has a val ue
of 0to 0.5; p has a value of 0 to 0.95; q has a value of 0 to 0.5
and mtn+o+p+g= 1. Typically mhas a value of 0.1 to 0.95,
alternatively 0.2 to 0.85. Typically n has a value of 0.020 to 0.5,
al t er nabwethy pﬁot@?e@mf l@a\Qn«cheIﬂﬂéb daMe fesiaTha rasalt wen silficod réstn Hlnbwith
alternatively 0 to .0.15. Typical has. a val ue of 0 to_ 0.95,

al t er natiakolss te sigs @drtsape?f BiedapY tf;fatqverragatfﬁl ngd i thefPhetopegish Hie resulting
al ter natf"lﬁ{%g Y boOude® tcpfuﬁtgm t&ﬁgtgp{ﬂglvmmolé &t&ﬁ%ﬂ?%ﬂﬁ? 1:1¥t1c%1 ﬁ}‘fqr ogen atom
or hydrocarbon group havi ng carbon atons.

exenplified by H nethyl, ethyl propyl i So- propyl n butyI and

tert<butyl. Typically F@ﬁﬁ I e above fornul a
in +g+o+p+q 1, homevé$§%%§D§%€$ 8%, e aﬁ?i kﬁwggrecognize equal s
(=) ne@mmwaﬁnmoxlﬂ@ﬁfoysmqgﬁke$ohpsanﬁmsgh$e&quboxamﬁun@$Mmgnmym

also WO 2011[011142PCT1U82010103 5 contain a small anmount (i.e.
| ess t hapiuigoylsesquigtans st wsigRenetherd YHCHEFPLUPPREr 0, 1 or 2 oxygen

atons attached thereto (the remaining atons being Me, Ph, R or Rl)
or a small nunber of SiC bonds due to the various factors involved in

their fornation and/ oPERAHEHT RESCRPTIQON OF TREINVENTAANy dr i de
cong! (Aheg40croXBUR! €3 AGAONTE LR cEORLBIIUIRG GQUPS S ncl ude

3-succinic an and others, wherein R s selected
from any a"@M@SKR )ﬁggagg s, W th 0-4 carbon atons. [0012] Rl is a
hydrophilic group of a hydrophobic group and is selected to tailor

the 10 hydroQ@gtgé,%k@Rqrpphob|C|ty of the resin. Hydrophilic groups
may be exenpllfl bit' not linmted to, substituted phenyl groups,

ester groups _R@ oups, and nercapto groups. Substituted
phenyl group con east one HO-, MeO-, Me-, Et-, d-, and/or
ot her substl ?p cﬁ§}or groups nmay be any organic substi t uent
cont ai ni ng at &' lest er functlonallty Exanpl es of ester groups

ar ous Q?ree;ﬁp%r@arﬁﬁ sEBRObENT havi ng_hydr otar bor uni ts F."'niiéher
o ough SRR Al LEOE BN ey SR LA Bl PR
wher ei n gaoup Having fib2) 1 b 4cdtbon atoms; R is an anhydride containing group such as a 3-
succinic anhydride propyl group, and R1 is a hydrophilic group or a hydrophobic group; and s
has a value of 0, 1, 2, 3, or 4; x has a value of 0, I or 2; wherein in the resin m has a value of
20 0.1t00.95, n has a value of 0.020 to 0.5; o has a value of 0 to 0.5; p has a value of 0 to 0.95;
qhasavalueof Oto 0.5andm+n+o+p+q=1. Typically mhas a value of 0.1 to 0.95,
alternatively 0.2 to 0.85. Typically n has a value of 0.020 to 0.5, alternatively 0.025 to 0.2.
Typically o has a value of 0 to 0.5, altemnatively 0 to 0.15. Typically p has a value of 0 to
0.95, alternatively 0 to 0.75. Typically q has a value of 0 to 0.5, alternatively 0 to 0.20.
25  [0009] R’ is independently a hydrogen atom or hydrocarbon group having 1 to 4 carbon
atoms. R’ may be exemplified by H, methyl, ethyl, propyl, iso-propyl, n-butyl, and tert-butyl.
Typically R’ is H or methyl.
{0010] In the above formula m+ n + o + p + q = 1, however one skilled in the art would

recognize equals (=) means approximately equal to (=) because silsesquioxane resin may also
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to 6; ¢ =21to 200; R =H -C(0)CH3, alkyl, or other organic groups.
Exanpl es of pol yether groups useful herein are

- (CH2) 3- (OCH2CH2) c- Owvke, - (CH2) 3- (OCH2CH2) c- OH and 20

- (CH2) 3- ( e@HaCHR #20Ac and - (CH2) 3- (OCH2CH 2) e- OC( 0) MePCEHgR0106/039415
-(CH2) 3[ O( CH2CH( CH3) ) 1cOH, - (CH2) 3[ O( CH2CH(CH3)) 1cOCH3. Mercapto
groups have the general formula HS(CH2)r _ where s is as described
above. Exanpl es of nercapto groups are nercaptopropyl, nercaptoethyl,
and nercaptonethyl. [0013] Hydrophobic groups nay be exenplified by,
but not ckiwhbefhafl Amofhd (PEaEsk thallNOGHY S GRSt FhichHivESIHRPOS, or 2
cycloal i phatic groups,. fluorine containing aliphatic groups, fluoi ne
cont ai NbREses YEnGalktdhea thegetd (thel RSnaidixaarpine Beig M, PRITLE & poraugpsllus ef ul
herein are, propyl, isopropyl, butyl, isobutyl. Exanples of

cycl oal nphbtiof ST bups dhetehavaias faciord opelmed/in, th&cipohatreaptl/or handling.

substi t y.cl open substituted, cycl ohexvl . .Exanpl.e of fl uorine
cont ai niG LTSS P EFSRLe srdlie HEPE g eS 0SS A Gng bisyi
[0014] Exameliemcahichakydige psphlyl herein may be exenplified by, but
not limted to: (MeSiO(3-x)/2(OR )x)0.80(RSi 0(3-x)12(OR )00. 20,
R=000 and/or its derivative with an open structure 10
MeSi 0(3-), 2(0W 00. 45¢RSi 0(3-x)/2(OR )00. 05(Si 0(4-02(OR )x)0.50
Ro" 0'o and/or its dedfjvative with an ofjen structure
Me5i 0( 3-8 1nz "SIO(3-x)/2LQ¥¥? 0(4-02(0Wx)0.75
MeSi 0(3-x)/2((Q 80(BSi 0(3-x)/2( (PhSi 0(3-x)/2(0OR )x)0.15)
15R =000and/ or g oef i vative with an op € ructure wherein in the
above resins R is Mgl or H [0015] One netthod for producing the
si | sesqui oxane resi n9 nvol ves t he hydr ol yst's and/ or condensati on of
the appropriate silanes. By this nmethod it is possible %hat resi dual
- OH and/eBy othexs whgrein K dpeglertaddrqny ansglipdaiicinkasesmathy &4 cbagatgms-esul t
of inconpl ete;hydrolysis or

[0012] R is a hydrophilic group or a hydrophobic group and is selected to tailor the

10 hydrophlicity/hydrophobicity of the resin. Hydrophilic groups may be exemplified by, but
not limited to, substituted phenyl groups, ester groups, polyether groups, and mercapto
groups. Substituted phenyl groups contain at least one HO-, MeO-, Me-, Et-, Cl-, and/or

other substituents. Ester groups may be any organic substituent containing at least one ester

functionality. Examples of ester groups useful herein are -(CHy)»-O-C(O)Me and

15 ~(CHj)y-C(O)-OMe. Polyether groups are an organic substituent having hydrocarbon units
linked through oxygen atom, represented, but not limited, by the following structure:
-(CH»),[O(CH2CH2)p]cOR’, or -(CH2)y[O(CHpCH(CH3))p]cOR’, whereina=2to 12; b= 1
to 6; ¢ =2 to 200; R’ =H, -C(0Q)CHs, alkyl, or other organic groups. Examples of polyether
groups useful herein are -(CHz)3-(OCHyCH9).-OMe, -(CHy)3-(OCH2CHz2).-OH and

20 -(CHj)3-(OCH,CHj)7-OAc and -(CH»)3-(OCHCH2).-OC(O)Me, and
-(CH»)3[O(CHyCH(CH3))].OH, ~(CH)3[O(CH»CH(CH3))]OCH3. Mercapto groups have

the general formula HS(CHp);. where s is as described above. Examples of mercapto groups

are mercaptopropyl, mercaptoethyl, and mercaptomethyl.



20condensation. If the total anmobunt of units in the silsesquioxane
resin containing -OR WD 2011/011142PCT/ US2010/ 039415 groups, exceed
70 nmol e% then gellation and instability of the resin may occur.

Typi cal | y whhenigbiisesqui oxane resin contains 6 to 60 noPEPAIST0104039418
containing -OR groups, depending upon the synthetic routes. [0016]
The sil sesqui oxane resin has a wei ght average nol ecul ar wei ght (M)
in the range of 5500 to 200,000, alternatively in the range of 500 to
100, 000, alternatively in the range of 700 to 30,0000 as determ ned
by gel  pey1RRalRshHe Bl QRSN G0 BB ¥x SARIARY bP IuRhotd BhigGI b AMpRAR eroups

. pol ystyrene: st'andards.” [0017] The sil sesqui oxane.resin is typically
pr oducedontainingd - Bt easleons ecyeloalaphatit senps. fingiynesentagiin saliphgftargreunsy fluorine

silicon ot i JNGL t t han
2 conor SO RIEER AT E R0 SR LA L ale PR By
condens atopoipyl, datyt, iswbutyh yExenpls ef cydlogbipbaic@rags hreinsire, sedgpenoptane

per oot “BASEH bR HE DR PE G By o Pt Qo A uE

al t er nataiebysuguseru BeiBt §BB-tBEaS@PlopylThe reaction may be carried
out as a dual phase or single-phase system é0018 Useful organic

sol vent $004 Exampleapiyesing waiuh erelypayRsrexpmplificdcbys put nobliggited ©d

al i phati suc - pent.ane, ane, n-heptane, and isooctane;
cycloalﬂ%ﬁﬁ%ﬁéﬁyﬂﬁﬁﬁhggmgg%ﬁﬁb@ﬁpgﬁgg&ﬁh cycl ohexane; aromatics such
as benzene, toluene, xylene, nesitylene; ethers such as

t et rahydr of . di oxane, ethylene glycol diethyl ether, ethylene

gl ycol dinethyl € ; tones such as nethylisobutyl ketone (M BK)
and cycl ohexanone; substituted al kanes such as

trichl orpet hane; GhlOg@”atéUmﬁ&ﬁQ&%Eﬁéﬁ&H%ﬂm%Foﬁ%?ﬂRQﬁE?e”e and 20
yl

chl or obenzene; esters such as propyl ene glyco nomet et her
acetiat e Wi A 1y ((DES Rsiseobuipra ORr.ofpk’ i onat e; al cohol s
such as net han FS e?ﬁg%%l,{iﬁgﬂgsoﬁ&ggggglQxﬁgefdﬁmgﬁlicone sol vent s
may be exenplified by, but not limted to cyclic siloxanes such as
oct anet hyl cychMot et r asil oxane, and decanet hyl cycl opent asi | oxane. A
singl e solvent may be
25[ 0019] The reactb'
carried dut at any~te
significant gellation or cause curing of the silsesquioxane resin.
Typi cal Il‘flesiﬁ’e-x)eé@m)d2@@356%(843;i/E(@R(’)lng.(mSlQ(cltxeﬁQBF)aiCU/‘ISe in the range
of 5 Cto 150 C, with 15C to 110 C suggested. [0020] The tine to
formthe sil i oxane resin is dependent upon a nunber of factors
such 30as the te the type and anount of silane reactants,
and the amount of caglalysi. Typically the reaction tinme is from
several g nutes toQsev n th

| _.One.skilled i t WD
2011/ 011142PCT/ US2010/ 03341905{#?%'ltsggg%%ﬂ&eﬁtgﬁ'agmﬁ “g‘«[é‘feerm ne the

time ne I .Ahe kO o , .+t hat may be
used tocl\?g%blrc%{’f)mﬁﬁm's e§é¢@3ﬁ£@g%ﬁ%§¢ﬁ?gﬁﬁg@oﬁ¢i% ited to,
nitric acid,\sulfuric acid, sulfonic acid, hydrochloric acid, acetic
acid, and oth N Base catalysts that may be used to facilitate the
reaction include, but|] are|not Iimted to, sodium hydroxi de, potassium
5 hydroxi de, cesiu dr oxi.de, tetranethyl anmoni um hydroxi de,
t et rgbut yil anmoni unPhy diloxi A€, atdrdrets vl anive eithanopen hbers. [ 0021]
Fol |l owi ng conpletion of the reaction the catalyst nmay be optionally
renoved. “Witapicthe ahove &spbiRnds Misor Eat al yst are wel | known in the art
and woul [doj 91 ChddRethRIfoF Blokiddhd BB silSbdui AR sRAMin WM R the BRI &/or
conbi nations thereof. Large anounts of catal yst 10may riegatively
i mpact tdesdaisetion dfitifecappfoptipfe sdaries.cBythiy msthad dpraskible] thatydsadyal -rOH
sol ution
a

S @duce t he sil sesqui oxane resin can be
r e1dgo itk dewgvagise vithdoepemdiuciveuse

n%}l)‘ﬂ SoR! %ill remain in the silsesquioxane resin as a result of incomplete hydrolysis or

20  condensation. If the total amount of units in the silsesquioxane resin containing —OR’
5



removal is suggested. [0022] In the process for naking the

si | sesqui oxane resin, after the reaction is conplete, volatiles my
be renoved fromthe sil sesqui oxane resin sol ution under reduced
pressure. WBugh1/uk£t i | es i ncl ude al cohol by-products, BRDESWIVEIHS,
catal yst, hydrochloric acid 15(chl orosilane routes) and sol vents.
Met hods for renoving volatiles are known in the art and include, for
exanple, distillation. [0023] Followi ng the reaction to produce the
si | sesqui oxane resin a nunber of optional steps may be canied out to
obt ai N RGPS k&R TYInRED Sren@BilfidnMnd HRtaBASRY sBfle FRIMMA ocdBS ITypRally the
concentratlon For. exanpl e “the. si | sesqui oxane resin may be _
concent rsesghigxang EFBVIORGIns [§eio 50 meda ehenits TREAREZHGR grows) drgsitding
removal and nunerous nethods are well known in the
art (e. “b&a&§FWﬁF %ﬁ%ﬁkﬁnder heat and/or vacuun). Once the

concent r[&ﬂl:ﬁd) Aheotilsehpisihsesiqbaox wnieht asiage n@mhlaswm@hiaﬂ%\e)rmahmanoe of

Col vant b oofCpleiae SoFyee phaffyah boh AR h AT RRET ame

ot her t RaR0,bHE Bekicahinedi5e geliparmidadion eacinh@praphperdgisiing®1 Haectiohend i nal
product, a sol vent exchange may be done 25by addi ng a secondary
soIventEﬁhﬁq?%ﬁﬁWPﬁﬁf%he first solvent through distillation, for

exanpl e. Jmﬁw ik Qimkduyoxahbf%sﬁﬁssty{amﬁwﬁ%aﬁcream @8 ple@e:ﬁ:@ oY S RlvGRNARP
adj usted by renoving sone of vent or adding additional anounts

of sol venitabl§ oaani} opgikiernd isele¢rs dud dersmet ¢pniain afupstiongligosp other thithgjcghol
pat tigrn va{lc}?mﬁyp Litiphe M@E&&E}%}Q%ﬁ%}@ FAIDE ieﬁaf% %ﬁgr%llﬁpcpﬁy' ng a

coati'ng co I on-over atterned materia
coating prortqmglthe msesqommnes:essn The solvent is generaly hised is bh smegUiod%A vedd

(R S o Fags Eovg e e i e RS on b Tl gty T &

wher e PhydightpeRBRNThe S4a6tikih mMEbd Griged it m/a il phie oﬂmﬁl&phi}sd EEgEN at om
or a hydrocarbon roup having from1l to 4 carbon ato

anhydr i d80 Bﬂrﬁsﬁf‘%P‘rﬁ@“lﬁﬁﬁlﬁﬁiﬁ%%ﬁb%gxeﬁﬂ@f@%blbﬁf %O*AIHHS?HB £ d@uweéﬁ;ﬂphaﬂcs
group, angy %Ll—béltﬁlehlyaﬁl%oh'ﬂebﬁn& %Q&'Qoéﬁtaxfé &Wﬂfaﬁﬂ{h‘ﬁgé @cﬂ@géﬁlh%en@w S

has a val ue of 0, has a val ue of O, wher ei n
| n the r®§ICM01ﬁhm@» alomtle%wgh ambepzcrtt}, Blwsge, Xﬁleﬁagn%ﬂwl&mj@ﬂms sOcp®0 t o

v a| ue O.Ptg%ah% g%ll-gﬁa age tegl %m? ’Ol_yg(ilhﬁahﬁ ml %ﬁy@ne%}#gj (ngé?d éi]hé'las a

a 'sol’'vent “for carfying the
resin suchomas seh aahmdi‘yhkobotyl hﬂom(mlBK) and cyclohexanO(w,|ha)ovolp‘eub@mteﬁy, an
activator, such C rator, Cld ener at or,
Toan am s b s RichisrocBng Yalaer PRSP R B R E EalERE! T on <o
produre @nlstbeddert EdteOfuch @@piopdletiglied nﬁihoﬁlhﬁylfdt]ieﬁhceﬁﬂé (EEMEA), isobutyl
material coveting the entire patter ially renDV|n8mm?e

cured siFPREHEg8¢ PIRgYL BORKGS @lcphRls E‘E?é ag Eﬁeﬁ’é&@ Gharoh and fsprip
pat t er negsJmtsalchad qolx%g(s\(ﬁayr IR PeFiddNS, fnhtrn%E hrﬂﬁéé R smekaies flch as

thereby formng a second patterned in'the cur

octamethylcyclotetrasiloxane, and decamethylcyclopentasﬂoxane A single solvent may be
used or a mixture of solvents may be used.

25  [0019] The reaction to produce the silsesquioxane resin can be carried out at any temperature
so long as it does not cause significant gellation or cause curing of the silsesquioxane resin.
Typically the reaction is carried out at a temperature in the range of 5 °C to 150 °C, with 15°C
to 110 °C suggested.
[0020] The time to form the silsesquioxane resin is dependent upon a number of factors such

30  as the temperature, the type and amount of silane reactants, and the amount of catalyst,

Typically the reaction time is from several minutes to several hours. One skilled in the art

6



silicon coating; and (VI) optionally, further transferring the second
pattern onto any underlayer. [0025] The coating conposition typically
contains a solvent. The solvent should be one that does not dissolve
t he pattemmeivoatizng. Useful solvents include, but ar@CHoB201é/es0418d
to, 1- 25nmet hoxy-2-propanol, 4-nethyl-2-pentanol, propylene glycol
nononet hyl ethyl acetate, 7- butyrol actone, and cycl ohexanone, anong
others. The coating conposition typically conprises from10%to 99.9
wt % sol vent based on the total weight of the coating conposition,

al ter natyiet oiB% fuiffucthmife B2 A ARILASROMISROAAL AOALE HRARA]

.. The coating conposition is appli on substrate having.a pattern

t her eon thafypiydbs Iusq;d tp esiliep gherra@céwn ylcaldsebﬁt esmetbmnged Wevitriceacids gefrigs

si |1 con-,pasel A RN dld AL 960! 18 RRReBadlay] t%thﬁtnff:@%%q dgor
use in the manu ur€ of a senr conductor conponent. p| cal he
devi ce ctofqarhtaeﬂqeatache]aﬂtlwa,éau‘samnoolntdu@:tuovmdilmyh!ydl@m@b aoqai;s.lmal ity of

R s R s R T T

is typi Q-@H}o)hc@ PROkDESS, shoh@y@erst hat has been applied and patterned.
Typi cal | M Fat terned ghot oresist is formed over an ﬁntl reflective
coat i ng [O#R1d Follewmg crmpleBoneft the Frasiraik casdyd gy be sPEsglly eemovetlet hods
for applpflfgsBfeRROMARSdagliyst a@tweizqénb@m M€ 2RQAk Wagidandudear dmask
| ayers are known I n the art. Methods for 10produci ng a pattern in the
phot or egiestralizajey, swippinglos wakhwwhingorichmbaations[tyaod] Lavee amenrts afcatalyst
sition I
aCI %genné‘%ya eQertlve? %JHJ %’t tﬁe? gH% (flisfg ?}fe tﬂ@ tsﬁ%ﬂc\{gglﬁ) %ﬁ‘pﬁ%g ﬁfl&]qn s{?@ﬁ%& ﬁﬁﬁg (13
Typi cal Ilymbhﬂ 1sagntggas&ﬂor | s present in the coating conposition in an

amount of 20, 000 aI ter nati.ve 10 t p sed on
t he tot a\[fm%ﬂ@ﬂ‘t Pé‘?cefsanP S(':‘B‘?f‘Blblgi‘ 1, fé‘fldgéz’ﬁf‘:tf%f%m?m aci d
gener at qro1dt§esan@oameluaabdvmlﬁ hxelsﬂse@@lﬁaybin@ m@fn ©aitieh ahddlgecubedii b dine.

noi ety when heat ed, .,_ during the bakin stea([f)’ or the resist flow

pr ocess. SuFh&platiles ﬂ@i‘@eﬁeﬁ@l;ﬁ’b’d’l&%@éﬁn@”ﬁ@s st ipailone ped

genefsat @hlofogﬁérfé Bk 5}?{3@}&50 ShoAGLY BV g @Siaglegﬁl@%@%ﬁﬁrﬁthe art and
Exenpl ary nonionic t ermal  aci generators include but no limt to

cycl ohexipdluge, fnrgkemplesdistilotion.e, nment byl p-tol uenesui f onat e and

cycl obex 6 0lisopr i i €..Ni : )

benzoi n [%()hZél t110\1;1112, ol R a& tg g&éﬁ%ﬁ?% Qfogs!qﬁl%:;(gt?ezl‘egﬁ atn{llqlggln(?f)ék)tl&ﬁﬁ &E}i

di br onopmepye Jardedoub tct dshtaz ttimealé’esqmﬁxane rexirein thddesatdiph m es tlesired of

organi c sul foni.c |ds dL enesul foni ¢ aC|d dode nzenesulfonlc

aci d, ox%an?P“é‘EPIH Sasq“ﬁ’ﬁ%p‘ﬁ%? ey EFBI“CCI& AR

aci dzo 2, élfent. rm&u&@maﬁeﬁ 1Sb¥ DR ot 81 arddruneek eyl oda pletval Ienen
sulfonlc acid, 5-nitro-o-toluene sulfonic acid, 5-sulfosalicylic

aci d, 2,5-the wbfery Kisulationamdesdigpiragdios vagupm)- Ongsithe eassensestian 8{f oni ¢
acid, 3-ghlonphenzens Iesal':'l]lé(@‘?@h CerBf e HRRERER 05 ]%Hlfu%l\ﬁt}%é Game
2- quorocap | 'napht hal ene sul foni ¢ aci d, dodecyl benzene sul fonic
acid, 1- ommpﬂth@[lveﬁt Bobkpaticeagesed, Alternatwely, if a different solvent, other than the
2- met hox droxy. nz enze | f i ,
and. m it 160 Franie FRlr PARBRIETOE il RRlcE adGh i RlnbI] pE RS
|im 25t obyledtieayd meyeﬁ)weﬁmﬂcremcndc ﬂqlaéﬂa:hyblamt rﬂ&os@ distillation, for
dodecyl benzened] (?Ci.ﬂ f oni chaC| d triet h | am ne 303 sulfonate .salts,
such as By onafly ing Esig congeatgrion Mgy Fan o msz?ééwmo"é?ec e
het er oar yt thé @olgentbmdenw Nd@ionalairdiak bEscketinf.onat e salts, preferably
car bocyclic ari/ f onat e

[0024] Also diSClOSCd herein is a method for forming a pattern on a substrate wherein the

method comprises

30 (I) applying a coating composition over a first patterned material wherein the coating

composition comprises



WO 2011/ 011142PCT/ US2010/ 039415 salts, optionally substituted
benzenesul fonate salts, etc. The carbocyclic aryl sulfonate salts can
be unsubstituted or substituted by, for exanple, one or nore of

hydr oxy; opoe@anaiii4gz substituted al kyl; optionally subsPCTAIBWA0/039415

al kenyl; optionally substituted al koxy; optionally substituted
carbocyclic aryl e.g. optionally substituted phenyl, optionally
substituted 5naphthyl, optionally substituted antiracene and the

| i ke; optionally substituted arallyl such as aral kyl e.g. optionally
substituted gnzykesaMdxdndedid &ﬁnplﬁemoﬂﬁé imRal Iy substituted

- heteroaromatic or heteroalicyclic.groups preferably having 1 to 3
rings, 3 to @Meliy gRAORNS), N each ring and from1 to 3 heteroatons
such as coumarinyl, ‘quinolinyl, pyridyl, pyrazinyl, pyrimdyl, furyl,
pyrrolyl, thlpgmdgxkﬂoaqgjyl oxazolyl, imdazolyl, indolyl,
benzofuranyl 10benzoth|azol tetrahydrof uranyl, tetrahydropyranyl,

pi perdi nyl, @pﬁg@gl{Q@RgQ%rrollndlnyI and others.. [0030] A photo
acid generator 1s a conmpound which is capabl e of generatlng an acidic

noi etsy mhen , €.g., during the baking step or the resist
f|OM/pFOC€SS é@ﬁ ’chg%gygenerators i ncl ude sul fide and oniumtype

conpounds tors include, but are 15not limted to
di phenyl |od?®gﬁﬁgﬁggﬂ ggﬁﬁ@%hate di phenyl i odi de

hexaf | uor oar i fd tngm henyl
p- met hoxypheﬁﬁaﬁiﬁlfslq ng}ouhgﬁsgea I?%ﬁgerllgtﬁ{t r |p;fHI at 5(% %F%lddlg

p- i sobuthyfaahyh gtopp hindne{rowilgh drepibop atogst Rmryﬂfnqhmmlconuamﬁﬂﬁl eyp
tri phenyl sul f oni um hexaf | uor or phosphat e, it.ri phenyl sul f oni um

1
hexaf | u@ﬂ@h%%%&t%lmq guhptrle I EOHP A Rexnt %Plﬁﬁh& SR a Bhydr ophoblc

oBIE™A s o umelChete, and 200, butylsaphehyL el fontum Lt ate

gener at iHaga aiue 6f W €0.DEaL 106 2 QEue ¥ POSET0t005; \has € vQIue ofliifol N fHAE 2
baking step or the resist flow process. Exenplary anlne crosslinkers

i ncl ude ‘Bie R 8tto PPrig %@d atV@fv§|°§79<5<r e iapd ot Hﬁlod’eﬂy‘d]e— esins,

mel am ne-f or Ry dehyderor @eﬁiﬁ% thP GRELGHARSIH A&HbosRledRRyde resins, and
ur ea- f or mal dehyde resins, 25N, N, N, N—tetra(alkoxynethyﬁglycolurl

N, N, |\| N- tetr é(uapgmﬂgtam)apt)@nq;@mhﬁsm]the1ma1\pqmi §¢nerator, a photo acid cenexatm
tetr Q@ﬁ%gggg%ngjgﬁolurll N, N, N, N-tetra(et hoxynet hyDgl ycol uri |
N, N ra(n- propoxynet hyl ) gl ycol uri

N, N N I\l-(tflélaua@g {}mroommgwm‘tpbgmbamtom@dme ] Iculed silicon coating on top of the first

N, N, N, N-tetra(nbut, coluril and

N, N, N, NHaEFl?’S‘é pagstp %P@B‘H fetin.

N, N, N, M(Wjﬁaﬁmtyh@ﬁwﬂﬁ& Ba)élaaieﬁcsﬁﬂcm tdatih 8 tEM@bicaht Rputdak of AR firstadenar k
PONDERLI NK from Cytec 30 Industries (e g. PCMDERLINK 1174). WO
2011/ 01 PPHePEsRASHAN 0/ 039415 [0032] Specific nethods for application
of the CRHTdRGiLOMPEft gm%etdqnitaﬁl SRSl ratEnd QQCHIQ‘PpatlQde 2 e QLA
limted t0, spin-coating, dip-coating, spay-coating, fl ow- coat i ng,
screen- pﬂmnmmﬂqﬂandﬂbthers The typlcal nmet hod for application is

Spi n coalyNg.... TYRI cally, A i | ectronic

devi ce, EYE%PEE%H’395?%868§gﬁfggm ea%ﬁpﬁ&xﬁﬁ@%%o gn&ﬁﬁ gnp05|t|on to
St he sur[625 Tfe coings:pinpnsitien @bfeeltymntmscheml\met m@@aﬁﬁnt@mﬁd bdiene that
coating co o tioon _has been appli sol v isre e nd, t he
coat | ng TG SIS e BEOEH FARGE P o HETR A b h BT WER e Pr

act i At ofethxyts ?dp@rY&rzﬁﬁle@@M ERthiR, (RORNERG1YcBY Rbnddtdhyl 3§ Ladel€:, v-
coating conposition to cure pendlng on the functional group on the

si | sesquiiutRaldetons ghdcxpltherengeriopgpdersi Fhe Beaties spoBeLtiaiypipadlycur i ng
10 mec h%ﬁaﬁaﬁ@s&eﬁ(org ?0‘? Yo b@@%ﬂ% soffent baagéc%rf B8 total weight of the coating

composition, alternatively 80 to 98 wt %.



[0034] To thermally cure the coating conposition, the coated
substrate is heated to a sufficient tenperature for a sufficient
duration to lead to curing,. Curing may take place for exanple by
heati ng t WD 2or0EUizel ectroni ¢ device at 80C to 450C f oPCOUR010403605
m nutes, alternatively 150 Cto 275 Cfor of 0.5 to 5 m nutes,
alternatively 200C to 250C for 0.5 15 to 2 mnutes. Any nethod of
heating may be used during the curing step. For exanple, the coated
el ectroni c device may be placed in a quartz tube furnace, convection
oven or @hbPtescdadns E@nsbsAdnhOippRbAbES suts R4S ﬁlvlﬁaéj patelPReebi.i Tgpically
..occurs when the coafi ng .conposi.tion._is exposed t0. a radiati.on source
such as thevsubstatedy a semiserthctordiyices puchise silicpnebasty feviess piyd galkivra grseiids-
radi ati
ol ter natrioar o e AR bl W OB b ROURED ypicaty,
365 nm itle: desied coiBpuidea bl least auh ann@mdwuc taysr andcl phaelityerf otheylayers
mercgry/xenon and xenon . to ger. Wga e ength radiation is
used:; Campﬂ%%%""}ﬂﬁus ?ﬂd.ugtwgﬂ%aa% dHS UG R AT S er to the
coat i ng [GO2TPTSE pitRih biPthe REARGRIUBRS 8¢itd iO Ryp@fally A @hdrabied o @ thabbidsl been
exposure of the coati n%d osition is t?/pl calw))/ achl eved with | ess
dr dapigel

t han 10@PPIEHANE Rptteate e Pafrpsd ke dosican wgpeiiseyive
ml/ cnp %atm@%ﬁéﬂ 2Morrle8 G361 a nHREnARRY Men @f FSORUL r}@etﬁm&sﬁ iyl thbat
cures will depend upon the amount of activator in the photo-resi st
and the pho'mesmshantup tiyo peating aebhesdmhskilawery e kxprosiadhe yt.t Metheds fong
TN SR ki SPAL LB0RONAAR) LA BogHACSE 0 2 radi ation
source, e desirable to carr a subseq uent t her mal

t r eat merfio028p ’I}he osmih g cbmgos@tmne)pitmnaﬂllye:om@ssas an 3&[»@@13 7s]=:£ebuad Grooethertral

transfer the revers attern of the first tte eri.al

Ly cal P5ESpBPE st Bitc depeionan e Pilih T HORVD Tty oSt

et chi ng pr@eitnh Ge@ohile RWRPsiByn B dlraynobdt of P to 20,000 ppm, alternatively 10 to
2011/ 011142PCT/ US2010/ 039415 et chi ng techni ques .is enpl oyed. The wet
etch st d8-0°4 ppw. brsed athgdeialotriey 6 BiccarlingeomgOowbtn " et ch back” the
cured sir bo‘%m RO Bd efndrf6r 1§ QEoﬁEoﬁH%\rH‘z&{ﬁ bafBlclo? LARG B LE hbidl
expoSing the entire top surface of the first patterned naferial .

Al t er natredisty vénen beaged, ¢..idoringthe halkiag tprocibateaishilowy porasst dhetimal aqid ch
back" t

Smat er | A tEESaR b hOABE AR Al dehetioh AiCheid Phelbdi 3t oL A8

mat eri alg c,eneﬁlﬁ)tﬁB;S]Exﬁmplaspmmdmsﬁlemal scitl geneseora irgdeie ihdt mceiamtt itoveyeloGmc@tee h

reci pe contai K the first. patterned material  The
Dol s SR I el o T LR N R Nt A
of tie fk'a:if""&iat@@iti&éﬁh@ﬂc%l eehRlin todfl@e CHHiGAb&EIZY t6QMt€,aa4(2 39 can be
used to further transfer the via hole pattern onto another critical

| ayer. XOpowgpieryerdidi-BilaineLseitione. the %!hglfeéﬁef% Hgreonis sPEPHerHAIT At o the
under | YiledRYIEmc FRY, dQ@ec?/gEﬁM@sqlfBﬂc Q&Q%ﬁc aid %}ﬁﬁc hay| plnggpmﬁc

desired architecture. ES 15 [0040] The foll'owi ng exanpl'es are
i ncl udeohCIdocampiwﬁsltfpmp@mérﬁ)ﬂa,ﬁ1tnmn@slb@ﬁzen¢1@ﬂﬁ0m¢@mds bnsomqpyblhbluhaier@e

appr eci at kil | nth t '

di scl osg Egmg%ﬁékg;ﬁlgm tﬁue\/\ff“}%ﬂ‘coalc Fow %rﬂggsr es h%?i 89 e%i Hl{}}éﬁg}gﬁmzew

di scBversatfoliy adnb,e‘bnmmbmzeme dutfofitnctl) bmlmbénzema sulfemp fa@idf S—bmnmlbenzhae

18 pr acPIfERE SS i RTOPRORE DR gk ionl et h P Beat BT, o gt of

t he prespphhOi-Sehiami Rid, 20naARKNvECh il 6xyt NBkn AP BEnedRREESIE &did,pad rRde
in the specific embodi ments which are disclosed and still obtain a

li ke or sgltyriapdymiztaist fherapf .t laisthamabactd srgemtashineiyde Prhpehtimyio Al |

percent a(ﬂ)ﬁ@ e‘ﬁzérf@sﬁ’lfomc@mdlt ethPRmiR! sh2 VMo yBrea ik &sulMBid R]S t‘ﬁ%ﬁgfaﬁnne
met hyl , epresents pheny represents cycl ohexyl, and

r epr?é)serﬁtdk sulfonapydlts, Wa%&@aml agyl1e.g. pheqyla@pihyd aptraceRyli esoBO

heteroaryl (e.g. thienyl) or aliphatic sulfonate salts, preferably carbocyclic aryl sulfonate
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WD 2011/ 011142PCT/ US2010/ 039415 [0041] 90 g of toluene, 54.49 g of
met hyl tri nmet hoxysilane (0.40 nol), 49.6 g of tnethoxypropyl succmc
anhydride (0.10 nol), 294 g of nethanol, 71 g of water, 1 g of 0.1 N
nitric acwd warellsdded to a 500 nL fl ask equi pped w t hPET/EB201W§eH S
inlet and outlet, a nechanical stirshaft, a Dean-Stark trap, a
condenser. The mi xture was stirred for 1 hour at 5 roomtenperature
and then refluxed for 4 hours. After about 200 g of solvent was
renoved fromthe Dean-Stark trap, the tenperature was raised to 72 C.
75 g of s4ipl sepRaPsbAHERE bEReiRBIfGRACHNS, cANThE REbbERRE R silRnatd BAts
.process of renmoval of 75 g of solvent and addition of sane anmount of .
sol vent Ciinbe psplsiifuses o subshbed bt ifor crpaPIE SO BOHR ¢ diherptionallioo C.
The reacy i . ' | WAk : e dto
e e R e P S A
Exanpl e s@hstiltqll c4fboTyic@byl @3 si@ionlly sdsaiwd phenyl, detidnedly iswistipitech an

t f 5 42 0 f t hyl.i sobut vl . ) f
ety PraRb RS oyt s MR IRE o b R S B s
anhydr i deality0 e @28ptizabl)y, subithi8d gerafy! dreltthalkitd) axd/sitioatisy ubst@iedol ), 80 g

of ethanol, 55 g of_ water, of O. itric acid re added to a
500 ni fIPGERT abaﬁewlmclic %PPRS&@'@#W%[WH@F‘“&A&O%{ °\§§, t0 § THSPERRe
stirshafif eacl A8 aRd BbAI Ko 3 RR 0o BORLR AS &umafing, liNd1HE pﬁﬂ@l,sfs;irﬁzﬁ@d,
for 1 hour at roomtenperature and then refluxed for "4 hours.” After

about 2@YHOElYY faml.pyrmokhithiorid. thisslvle exazplymimidezahdaindsyh PR120FEMYLL he
t ' \ . t o:ther.
CAaPL AR ELSR B Gl ip, R EPE G0,

reactor and the te ratur
sol vent aadidithaddi ti on of sanme anobunt of solvent was repeated 3 tines

until t rature reached to 115.C.. The reaction was stopped. . The
Yosin s pOT AR SRR B bR ich I sr RS bl ShekRe 3 RRE iy
with a ;i;ﬂi&ﬁeﬁlbd’sad i/odﬂVQi‘.g.}@Jﬂh@%e lﬁﬁir@saip?mrﬂle&eﬁéﬂ‘ﬁ%& p26celFROPHd%o 4G 75
VWO 2011/011142PCT/ US2010/ 039415 0043] .8 of . )

met hy! | SEBURPISKRtRse iy Oﬁuwtywe%%gﬂw%seg’ﬁgwgﬁd| ERE2Ie. I1gudp Pyt are
7. 6159 Gt fiit&d m%pmﬁg@adidéh@@hmrs R, b8edPidd%R N fluorchBedade,d Of
t et raet hoxysi | ane (0.375 nol), 510%9 of ethanol, 45 g of water, 2 g
of 0.1 Niphicpyliiedidehetafheqreansignpaater Bpiengopmethorymisryldaiatp sérhenylith a

ni trogen,i : e g}gﬁg (We : | fi . =Sk trap,
a condegglggﬁﬁ%lh%'{%d%%{ %Ar)gble%cgou t rﬁgéﬁﬁ%ﬁ’ﬁﬁrﬁgﬂ? %{t b?lt '? g%g!rug,t ure
and t henriptehylaxlémhifro hexhfloougrmhosphateeriphtrolruli2giomdenitlhwotaveniicwas

removed f.r.om Dean- St.ark tra the,te at ure s raised to 81 C
Subsequaip iy Eongeg Be st btl-R5e, ARt ST R EolB 3R 510t ne 10
t enper atdiweylndghehypiufodss aflateenroval of 75 g of sol vent and addition

of sane unt of, solvent was repeated. 3 .tinmes until the tenperature
r eached {ggﬁifsl aeinerfrassligler s yer ngwgﬁgéﬂmﬂso ELPRFUBH P I s

z ]9| \1/ Sn\tM ho%/ss@? gﬁé&g#gﬁ% ﬂffﬁ%fl\l/xghnég {,?1% %Elﬁﬁlg si8p offle fesitt Hibw PrieRC EREHFHON
amine crosslinkers include but not limited to glycoluril-formaldehyde resins, melamine-
formaldehyde resins, benzoguanamine-formaldehyde resins, and urea-formaldehyde resins,

25  N,N,N,N-tetra(alkoxymethyl)glycoluril, N,N,N,N-tetra(alkoxymethyl)glycoluril, N,N,N,N-
tetra(methoxymethyl)glycoluril, N,N,N,N-tetra(ethoxymethyl)glycoluril, N,N,N,N-tetra(n-
propoxymethyl)glycoluril, N,N,N,N-tetra(t-propoxymethyl)glycoluril, N,N,N,N-tetra(n-
butoxymethyl)glycoluril and N,N,N,N-tetra(t-butoxymethyl)glycoluril, N,N.N,N-
tetra(methoxymethyl)glycoluril is available under the trademark POWDERLINK from Cytec

30 Industries (e.g., POWDERLINK 1174).
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0.80 1 0.05 -1 0.15 R isOand/or its derivative with an open
structure [0044] 150 g of nethylisobutyl ketone, 54.49 g of

met hyl tri et hoxysilane (0.40 nol), 14.9 g of phenyltrinmethoxysil ane
(0.075 noWQ2021/¢1143 of M et hoxypropyl succi ni c anhydr i BET/TSRIOPEILS
nmol ), 30g of ethanol, 36 g of water, 1 g of 0.1 Nnitric acid were
added to a 500 nL flask equipped with a nitrogen inlet and outlet, a
mechani cal stirshaft, a Dean-Stark trap, a condenser. The m xture was
stirred for 1 hour at roomtenperature and then refluxed for 4 hours.

After alpgosR] 8p&ife Béthed! fMﬁd}g)li&\ﬁﬁ)n o€ FR\B tirfol cOMpasiDeAia-t @ibktrdid MBludé,he
~tenperature was.raised to 120 C.  The solution.was refluxed for 2
hour s it ase pitlpitefde, spBrqoatn g diPXeRHns B -9HHENDHEQH- SRS SEPYPIInRg
resin e SUTRHAVE gin RENTANGY ik Q1O BE#ND § %
Foain oo e B SERaRRORe, i s SR o R R e Rk,
Exanpl e spinnifig the8lecTrotic @svide, @t 1,600 R 2. HQRINrandtaddide fiewaatingecomwippiitiemto
open.struct H IS | _5[0045] 300 g of

met h>5/I i sﬂgebsﬁl%} ﬁ(ogfggensgani%&%%&%é%ﬁlﬁ?hyl trimet hoxysilane (0.80 nol),
30. 65 g [@i33¢ Yukothe xydtingicompbaiyshas deen (pPlidd anpiolvenis rdRogdahd the
triethoxypropyl succinic anhydride (0.05 nol), 72 g of water, 2 g of
0.1 N e Ping ChEpRRIh €] Sa° ing B R S SRR S e
inl et angdi@iink8bating I4AMRE A VaGseSthé Esuiag tomposRANo Sird!l BepdndPg od the
condenser. The m xture was stirred for 1 hour at roomtenperature and

t hen r effpipdeerl fiuponiln silsesqpiorae ragipatd hy actiyatppinghe synRARsHIonkgscuring
remmed nﬁe{cﬂ&ﬂiﬁn Bg?rg- %Msﬁn#ﬂo@&dizﬁﬂaﬁ. tenperature was raised to 125 C
e?l xXe or 2

The sol uti on was ours while water was col |l ected
t hr ough [003¢] DealrerSaldy &ure thepoatifigeompsiitonds: @eled ewtistrax chisngddo £ o

o RSB0l 8 SRR A PP T b,
wi th an eapeple df heging e @atdBlePrrotis dévicepit 8p9C t4 Q€] foB00 tg 6O ninutes,
ety SgRUL Kol ane 1990, o ML UL ROV SAAE (9500 po
tri qishoxypraRvks. SAMGChEhEd SvaNd M8y 6Duse@ during the curing step. For example, the
coated electronic device may be placed in a quartz tube furnace, convection oven or allowed
to stand on hot plates.
[0035] Radiation curing occurs when the coating composition is exposed to a radiation
source such as UV, X-ray, e-beam, EUV, or the like. Typically ultraviolet radiation having a
20  wavelength of 193 nm to 365 nm is used, alternatively ultraviolet radiation having a
wavelength of 246 nm or 365 nm is used. Suitable radiation sources include mercury,
mercury/xenon, and xenon lamps. At longer wavelength radiation is used, e.g., 365 nm, itis
suggested to add a sensitizer to the coating composition to enhance absorption of the

radiation. Full exposure of the coating composition is typically achieved with less than 100
25 mJ/cm2 of radiation, alternatively with less than 50 mJ/cm2 of radiation.

[0036] The amount of coating composition that cures will depend upon the amount of
activator in the photo-resist and the time that the coating composition is exposed to the curing
mechanism. When the coating composition is exposed to a radiation source, it may be
desirable to carry out a subsequent thermal treatment to promote the cure in the resin.

30 [0037] In order to transfer the reverse patiern of the first patterned material, typically a

photoresist, into the cured silicon coating, one wet etching technique followed by a dry

11



mol), 72 g of water, 2 g of 0.1 Nnitric acid were added to a 1 L
flask equi pped with a nitrogen inlet and outlet, a nmechanic
stirshaft, a Dean-Stark trap, a condenser. The m xture was stirred
for 1 houﬁ“&@ﬂlﬂ%m%enperature and then refluxed for APRBUPHIGHHIE,
about 370 g of solvent was renoved froma Dean-Stark trap, the
tenperature was raised to 125 C. The 25solution was refluxed for 2
hours while water was col |l ected through the Dean-Stark trap. The WO
2011/ 011142PCT/ US2010/ 039415 resin was sol vent exchanged to

4- et hy J:tcaﬂgemhaia;nbs it em@tmtyed MTiee W ebdhsepiintoant ui aquaobybaveiegiht to wet
..Exanpl.e 7

W | ation.for jn-coatin Thermal Cure 5[0047]
Soout 5 “Hich baok) et umagison ol S B SR el PO EER: e B e rP B,
Film CO%hiu@Qo&ihﬂ%@é 81 the VRS pRHeRRATHRGIaP MR, S8 vEIbA 2tchREdIpL 0at er .
The filmthicknesses wer e rreasured using a J. A Woll am

elli psoﬁentémmff@i%l P @At baghk't g pered siligdn eatingt the fogof thelfirg paierned
thf0§ &,?at&aif%x%&ﬂ geﬁ{ﬁg‘fbf ang: Je'c:lftt}ﬂerfé\'?tﬂ%tt&lﬂ@({]mﬁf@hﬁ‘l coated onto

stan si ngl e si de four polis w resistively wafers or
doubl e 068 ThokdcohdstefiF|tRusees m@ld(lszp:rtlme spetd x@@@@@@t}ﬁlﬁn&& tqm‘it)h away

Fil s e.p ake 120 C 150 C 1
Examp o 8 HRGRROHRE nAREE Rt o Plaigima i Fo RBY e
Cur ed atshdipQf GheVatieiattainedMiiatésial. PEheroaidiAilicos cozRﬁo“Ehlebmded @quetha'h&mﬁ&l
Cure Thin Film Thi cknes% i
the via hole pattern onto another critical layer.
10 [0039] Additional steps or transferring the pattern into the underlying layers may be

employed to produce a device having the desired architecture.

EXAMPLES

15 [0040] The following examples are included to demonstrate embodiments of the invention,
It should be appreciated by those of skill in the art that the techniques disclosed in the
examples which follow represent techniques discovered by the inventor to function well in
the practice of the invention, and thus can be considered to constitute typical modes for its
practice. However, those of skill in the art should, in light of the present disclosure,

20  appreciate that many changes can be made in the specific embodiments which are disclosed
and still obtain a like or similar result without departing from the invention. All percentages
are in wt. %. In the following examples Me represents methyl, Ph represents phenyl, CH

represents cyclohexyl, and n-Pr represents n-propyl.

25 Example 1: TMeo_go TRo_go,

Ris 0 O O

and/or its derivative with an open structure

12



After Cured 00 Thi ckness Change in PGQVEA (A) Thin Film Thi ckness
After Cured (A) Thickness Change in TMAH (A) “MenR 1 0.801010 9280
3.99 2526 47 2529 2506

10

15

20

25

WO 2011/011142 PCT/US2010/039415

[0041] 90 g of toluene, 54.49 g of methyltrimethoxysilane (0.40 mol), 49.6 g of

~ triethoxypropyl succinic anhydride (0.10 mol), 294 g of methanol, 71 g of water, 1 gof 0.1 N

nitric acid were added to a 500 mL flask equipped with a nitrogen inlet and outlet, a
mechanical stirshaft, a Dean-Stark trap, a condenser. The mixture was stirred for 1 hour at
room temperature and then refluxed for 4 hours. After about 200 g of solvent was removed
from the Dean-Stark trap, the temperature was raised to 72 °C. 75 g of toluene was added to
the reactor and the temperature. The process of removal of 75 g of solvent and addition of
same amount of solvent was repeated 3 times until the temperature reached to 100 °C. The
reaction was stopped. The resin solution was solvent exchanged to 4-methyl-2-pentaol at 40

°C with a concentration of 10 wt%.

Me R
Example 2: T 945 T 005 Q0.50

R is 0 O O

and/or its derivative with an open structure

[0042] 100 g of methylisobutylketone, 40.12 g of methyltriethoxysilane (0.225 mol), 7.61 g
of triethoxypropyl succinic anhydride (0.025 mol), 52.08 g of tetracthoxysilane (0.25 mol),
80 g of ethanol, 55 g of water, 2 g of 0.1 N nitric acid were added to a 500 mL flask equipped
with a nitrogen inlet and outlet, a mechanical stirshaft, a Dean-Stark trap, a condenser. The
mixture was stiured for 1 hour at room temperature and then refluxed for 4 hours. After about
200 g of solvent was removed from the Dean-Stark trap, the temperature was raised to 81 °C.
75 g of toluene was added to the reactor and the temperature. The process of removal of 75 g
of solvent and addition of same amount of solvent was repeated 3 times until the temperature
reached to 115 °C. The reaction was stopped. The resin solution was solvent exchanged to 4-

methyl-2-pentaol at 40 °C with a concentration of 10 wt%.

Me R
Example3: T 020T ¢.05 Qo.75

13



MeR ,,

10A51, 0.05V0.50 4460 2.25 3282 20 3291 3278 McR,, 10.201,

0. 05Y0. 75 4970 2.54 2510 24 2503 2490 MeRPh TO. 80T 0. 05T0. 15 3460
2.31 2687 298 2684

10

15

20

25

WO 2011/011142 PCT/US2010/039415

Ris o~ O "0

and/or its derivative with an open structure

[0043] 80 g of methylisobutylketone, 17.83 g of methyltriethoxysilane (0.10 mol), 7.61 g of
triethoxypropyl succinic anhydride (0.025 mol), 78.12 g of tetraethoxysilane (0.375 mol),
100g of ethanol, 45 g of water, 2 g of 0.1 N nitric acid were added to a 500 mL flask
equipped with a nitrogen inlet and outlet, a mechanical stirshaft, a Dean-Stark trap, a
condenser. The mixture was stirred for 1 hour at room temperature and then refluxed for 4
hours. After about 200 g of solvent was removed from the Dean-Stark trap, the temperature
was raised to 81 °C. Subsequently, 75 g of toluene was added to the reactor and the
temperature. The process of removal of 75 g of solvent and addition of same amount of
solvent was repeated 3 times until the temperature reached to 115 °C. The reaction was
stopped. The resin solution was solvent exchanged to 4-methyl-2-pentaol at 40 °C with a

concentration of 10 wt%.

R
EXﬂMTMeo.so T 0.05 TPho.zs

Ris O O O

and/or its derivative with an open structure

[0044] 150 g of methylisobutylketone, 54.49 g of methyltriethoxysilane (0.40 mol), 14.9 g of
phenyltrimethoxysilane (0.075 mol), 7.61 g of triethoxypropyl succinic anhydride (0.025
mol), 30g of ethanol, 36 g of water, 1 g of 0.1 N nitric acid were added to a 500 mL flask
equipped with a nitrogen inlet and outlet, a mechanical stirshaft, a Dean-Stark trap, a
condenser. The mixture was stirred for 1 hour at room temperature and then refluxed for 4
hours. After about 200 g of solvent was removed from a Dean-Stark trap, the temperature
was raised to 120 °C. The solution was refluxed for 2 hours while water was collected
through the Dean-Strak trap. The resin was solvent exchanged to 4-methyl-2-pentanol to

obtain a 10 % resin solution by weight.
14
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M R CH
Example 5: T e0.80 ToosT o015

Ris O o O

and/or its derivative with an open structure and CH is

cyclohexyl

[0045] 300 g of methylisobutylketone, 109.0 g of methyltrimethoxysilane (0.80 mol), 30.65 g
of cyclohexyltrimethoxysilane (0.15 mol), 15.22 g of triethoxypropyl succinic anhydride
(0.05 mol), 72 g of water, 2 g of 0.1 N nitric acid were added to a 1 L flask equipped with a
nitrogen inlet and outlet, a mechanic stirshaft, a Dean-Stark trap, a condenser. The mixture
was stirred for 1 hour at room temperature and then refluxed for 4 hours. After about 370 g
of solvent was removed from a Dean-Stark trap, the temperature was raised to 125 °C, The
solution was refluxed for 2 hours while water was collected through the Dean-Stark trap. The
resin was solvent exchanged to 4-methyl-2-pentanol to obtain a 10 % resin solution by

weight,

M R P
Example 6: T co.soT 0.05 T r0.15

R is o~ 0 O

and/or its derivative with an open structure and n-Pr is n-

propyl

[0046] 300 g of methylisobutylketone, 109.0 g of methyltrimethoxysilane (0.80 mol), 24.64 ¢
of n-propyltrimethoxysilane (0.15 mol), 15.22 g of triethoxypropyl succinic anhydride (0.05
mol), 72 g of water, 2 g of 0.1 N nitric acid were added to a 1 L flask equipped with a
nitrogen inlet and outlet, a mechanic stirshaft, a Dean-Stark trap, a condenser. The mixture
was stirred for 1 hour at room temperature and then refluxed for 4 hours. After about 370 g
of solvent was removed from a Dean-Stark trap, the temperature was raised to 125 °C. The

solution was refluxed for 2 hours while water was collected through the Dean-Stark trap. The

15
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.1 E1-8fa, PcuH,-?2Cm) e..... ZT Oy | QI OST Thermal Cure
11(1116G 111 PGVEA (A) LZ9Z OPE 175Z 9t 11114.45..11C3J
Cur ed A} 6L9Z 817SZ _
WO 2011/011142 PCT/US2010/039415

10

15

resin was solvent exchanged to 4-methyl-2-pentanol to obtain a 10 % resin solution by

‘'weight.

Example 7: Formulation for Spin-coating and Thermal Cure

[0047] About 2 g of 10 wt % above resin solution was used for each coating. Film coating on
wafers was processed on a Karl Suss CT62 spin coater. The film thicknesses were measured
using a J. A, Woollam ellipsometer. The formulated resin solution was first filtered through a
0.20 pm PTFE membrane filter and then spin coated onto standard single side four inch

polished low resistively wafers or double sided polished FTIR wafers (spin speed 2000-4000

rpm). Films were prebaked and cured at 120 °C or 150 °C for 2 minutes.

Example §:

Solvent Resistance and TMAH Solubility of the Thin Films Cured at 150 °C

Material

My | My/M, Thermal Cure Thermal Cure
Vs, vs. PS Thin Film | Thickness | Thin Film | Thickness
PS Thickness | Change | Thickness | Change in
After in After TMOAH
Cured PGMEA Cured (A)
(A) (A) (A)
™) e0T 090 9280 | 3.99 | 2526 47 2520 7506
™ sTRo0sQos0 | 4460 [225 [ 3282 20 1201 3778
TV 0T p0sQo7s | 4970 [2.54 [ 2510 24 7503 2490
TV oo TR 00T Tois | 3460 [231 | 2687 298 2684 2004
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00Cl T 009 Material ST '0J,C0.0 108*0 NTN gro jp-o lon |d-uNavi
WO 2011/ 011142PCT/ US2010/ 039415 Cl ains: 1. A silsesqui oxane resin

conprised of the units (MeSi0(3-02(OR )x)ni (RS Q(3_xy X ;
5(Ri Si 0(3WOIBPHRIY) 0 (Si 0o xy2(OR )x)p (Ph(CH2) sSi 0(§§g§§%@‘§3§ﬁ
where Ph is a phenyl group, Me is a nethyl group; R is hydrogen atom
or a hydrocarbon . group having from1 to 4 carbon atons; R is an
anhydri de containing group, and R1L ts a 10 hydrophilic group or a
hydr ophobi ¢ group; and s has a value of 0, 1, 2, 3, or 4; x has a

val ue ofCl@msl or 2; wherein in the resin mhas a value of 0.1 to

0..95, nlhgéﬁg?%ﬁ %%g%%%gﬁgégﬂ%RO?h§ﬁnﬁshas a value of 0 to 0.5; p has

a valueo avatueo 0 to 0.5 and mtn+o+p + q = 1.

152. The sil g@ssid nesin as clainmed in claim1l where mhas a
value 0.2 to%0.85f£ﬁﬁﬂg§)g%balue of 0.02 to 0.2, o has a value of O
to 0.15, p h%§$%k¥%hﬁﬁRghno to 0.75, g has a value of 0 to 0.15. 1 i

X

3 (R'Si0;.xy2(0R")x)o

(SiO(4xy2(OR)x)p

(Ph(CH2)s810(3x)2(0R")x)q
where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a hydrocarbon
group having from 1 to 4 carbon atoms; R is an anhydride containing group, and R1 isa

10 hydrophilic group or a hydrophobic group; and s has a value of 0, 1, 2, 3, or 4; x has a value
of 0, 1 or 2: wherein in the resin m has a value of 0.1 to 0.95, n has a value of 0.020 to 0.5; 0
has a value of 0 to 0.5; p has a value of 0 to 0.95; g has avalue of 0 to 0.5and m+n+o+p

+q=1.

15 2. The silsesquioxane resin as claimed in claim 1 where m has a value 0.2 t0 0.85, nhas a
value of 0.02 to 0.2, o has a value of 0 to 0.15, p has a value of 0 to 0.75, q has a value of 0 to
0.15.

3. The silsesquioxane resin as claimed in claims 1 or 2 wherein R’ is selected from
20  substituted phenyl groups, ester groups, polyether groups, mercapto groups, aliphatic groups,

cycloaliphatic groups, and fluorine containing alkyl groups.
4, The silsesquioxane resin as claimed in claims 1, 2 or 3 wherein R is a 3-succinic anhydride

propyl group.
25
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3. The silsesquioxane resin as clainmed in clains 1 or 2 wherein R's
sel ected from 20substituted phenyl groups, ester groups, polyether

gr oups, oups, aliphatic groups, cycloaliphat,j and
quorinengﬁﬁgg%ﬁP%g al kyl groups. 4. The silsesquioxahgﬁpgéﬁ%ﬁggs
claimed in clainms 1, 2 or 3 wherein Ris a 3-succinic anhydride
propyl group. 25 WD 2011/011142PCT/US2010/ 039415 5. A nethod for
formng a reverse pattern on a substrate wherein the nethod conprises

(1) applying a coating conposition over a first patterned nateri al
wherein the coating conposition conprises 5(i) a silsesquioxane resin

..conpr.ised. j { | - . | .

(R 51 0 3y TR o R s o B O S 3PS,
where Ph is &)phEnyk agpaing codpodisoraoveet Ayst pgiteoned mdRtrial ssheygtirtbgeratiag om
or a hydrocan?oqﬁgﬁpu having from1 to 4 carbon atons; R is an
anhydr i F8TEEHLH 1) 'm%%oup, and 1 . Ris a hydrophilic group or a
hydr gphobi ¢ gi) alisesgiidxehéssn convilstiofothe Oritsl, 2, 3, or 4; x has a
value of 0, 1 or 2; wherein in the resin mhas a value of 0.1 to
0.95, n has &VediyexpfOBRIPRO to 150.5; o has a value of 0 to 0.5; p
has a value of 0 to 0.95; q has a value of 0 to 0.5 and m+ n +
o+p+q= 1; andr§iOqz.x@(GRhHygnt; and (iii) optionally, an activator
(I'1'l) curing the coating conposition to produce a cured silicon
coating on tQR'SOtLHEORNLKEL 20patterned material coveting the entire
pattern (1V) pariially removing the cured silicon coating to expose

the top surfage pf,.idwe)hirst patterned material; (V) renoving the
first patterﬁed(£&?erig?pthereby form ng a second patterned in the

cur silico b RGS oR2(Y!) optionally, further transferring
theeggcond pg¥térh%§%%gggﬂy ﬁ%%grlayer.

where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a
hydrocarbon group having from 1 to 4 carbon atoms; R is an anhydride containing group, and
R1 is a hydrophilic group or a hydrophobic group; and s hasa value of 0, 1,2,3,0or4; x has a

value of 0, 1 or 2; wherein in the resin m has a value of 0.1 to (.95, n has a value of 0.020 to
15  0.5; o has a value of 0 to 0.5; p has a value of 0 to 0.95; q has a value of 0 to 0.5 and m -+ n +
o+p+q=1;and
(ii) a solvent; and
(iii) optionally, an activator
(I1I) curing the coating composition to produce a cured silicon coating on top of the first
20  patterned material covering the entire pattern
(IV) partially removing the cured silicon coating to expose the top surface of the first
patterned material;
(V) removing the first patterned material thereby forming a second patterned in the cured
silicon coating; and

25  (VI) optionally, further transferring the second pattern onto any underlayer.

6. The method as claimed in claim 5 where m has a value 0.2 to 0.85, n has a value of 0.02 to

0.2, o has a value of 0 to 0.15, p has a value of 0 to 0.75, q has a value of 0 to 0.20.
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6. The nethod as clained in claim5 where mhas a value 0.2 to 0. 85,
n has a value of 0.02 to 0.2, o has a value of 0 to 0.15, p has a

val ue of g has a value of 0 to 0.20. WO CTH]290m39£5
2011/0111%2‘%@1‘?’9}@810/ 039415 7. The method as clai med [T Gl ol o

6 wherein RL is selected from substituted phenyl groups, ester
groups, polyether groups, and nercapto groups, aliphatic groups,
cycl oal i phatic groups, and flum ne containing groups. 58. The net hod
as clainmed in claims 5, 6 or 7 wherein Ris a 3-succinic anhydride
propyl §r Gbpmethod@s climednethoos aer TivhémiaR | in sdécaddiidn witstisited phieyl
.solvent is. selected from l-nethoxy-2- prapanol, 4-nethyl-2-pentanol,
propy| eSEUGH.\EsT °1ﬁBP\9®Pr‘%1Uﬁ§“FT SEQURY1 Ang ARUEAPED “f9uit§u%1wh6‘llca%¥f’ﬁi?§ecycl®ha}??ﬂic

cycl ohexahphemnd %Q aiBihod,@s clained in claim5 wherein the
actlvatéﬁﬂ@s ge c?%ﬁ §30n1a tI%rnal acid generator, a photacid

generator or an am ne. 1511. The met hod as clalned inclaimb5

\tlmoea ét ?@C‘r %ti(l'i n9C1 nﬁ?r}s_lclt'}%fg% ié’v%r {Fal‘l ﬁXS 1nl?<yan[tﬂ g*tlde O r}}i C|82.| S‘]

5 wheregﬂn@he coatlng conposition is radlatlon cured by exp05|ng t he
coating conposition to a radiation source selected fromUv, X-ray,
e-beam or 20 EUV. 13. The nethod as clained in claim5 wherein the

cured sig iTHEMERRALs BRiRITRQRih i5GMekdn BRIsblvaht iy sl RIRAVREN UsdeRthxD-
aqueous base stripper. 2514. The nethod as clained in claimb5 wherein

the firgropsaek émedy!-Aeeaienell piopyleemngyead mopomethlzptiyl vectiton-tafysplactone,

contgi ni 208 ¢ Mshexanone.

10. The method as claimed in claim 5 wherein the activator is selected from a thermal acid

generator, a photacid generator, or an amine.

15  11. The method as claimed in claim 5 wherein the coating composition is thermally cured by

heating at 80 °C to 450 °C for 0.1 to 60 minutes.
12. The method as claimed in claim 5 wherein the coating composition is radiation cured by
exposing the coating composition to a radiation source selected from UV, X-ray, e-beam, or

20 EUV.

13. The method as claimed in claim 5 wherein the cured silicon coating composition is

partially removed using an aqueous base stripper.

25  14. The method as claimed in claim 5 wherein the first patterned material is removed by a

reactive ion etch containing Os.

20



