WD 01/ 29887 PCT/ USOQ 28692 1 SOLVENTS FOR PROCESSI NG SI LSESQUI OXANE AND
SILOXANE RESINS 5 FI ELD OF THE | NVENTI ON The present invention pertains to
silicon-based solvents useful in the spin coating of silses H xane and
si | oxaMECPHEBRS. More particularly, the invention- pr ov‘T%@s"ﬁ éﬁg?ﬁcess f or
removi ng unwanted dielectric filmprecursor material from the periphery of
a coated substrate and conponents of a spin coating processor 10 (e.g.,
cup, lines). BACKGROUND COF THE INVENTION It is known in the art that

si | sesqui oxane and SOLVENTS FORI PROCESSINGfSILSESQUIOXANECt r oni ¢ and

sem conductor fields to coat ANDISThDOXANBRESINSot her sim lar conponents.
Such coatings protect the surface of substrates and formdielectric 15

| ayers between electric conductors on integrated circuits. Such coatings

can be SusciED PETEEINVENEIONNgs, interlevel dielectric |ayers, doped

di el ectric | ayerfhelfeseht RVHiRnipeARins & MiconibaSediRWenRsel BRaipih oaded

bi nder systens containing silicon to produce capacitor and capacitor |ike
devi ces,  mucatinggksilserauioxare and stoxangiresies. Mare[maetislagh, tha SYERRF  devi ces,
coatings foéjr §14dgse£ ?1%@%%8reﬁmvﬁ1gﬁﬁ%ﬁé& bfefecH RVl e@iébr ntdferlal fom ke. These
resins incltde ydrogen silsesqdi oxane resins as well as sil sesqui oxane
resi ns cont thi peripheay of aycoatddcsabstrapoantdi compofiends of-aspin ¢asting PWsessOThe
producti(gn %1; sil sesqui oxane resins is well known in the art. For exanple,
Col Ii ns't'et i8> T EPatent No. 3,615,272, issued Cctober 26, 1971)
teaches the production of a nearly fully condensed resin which may contain
up to 25 10BATKGROUNDIGHTHBRINVENIIORss conpri si ng hydrol yzi ng

trichlorosilane in.a benzenesul ' ' il di um an.d
t hen washi ng theftl’selg’u PPNt e%@Fﬁ%éﬂ%\%%e&g@%%ﬁgé(;sg%%geﬁ_ﬁur :mg aci d. Bank
et at. (U. SthelRhkeoiichbd sémiodiiutos fields sseontisihgon dhig3nd ofet jimilanches a net hod

conpri sing hydrol yzi hydr.i dosi. S i a ryl.sul f.qni i.d: hydrate
hydr ol ysi s ﬁ%ﬂ?q&‘ﬁ\{ 'oggf}} ¥ﬂa n?e%‘?*‘ﬁ%ﬁ? %ﬁﬁ’i‘:g OF ﬂ@ﬁ'¥§ff %ngﬁ?@gfi%%&\j\nct ha -
neut r al i Nya@®BtweeeltetricipSdicttas bh hxephsted cisduits., Sechodvatingsichnbe  di scl osed |

in Wiss et al. (U S. Patent No. 4,999 397, issyed rch.l 1991) are
used as garotective coatings, interleve?gielectnc layers, 'éopedl\g?elecmc ?ayers 0 ) o

produce transistor like devices, pigment loaded binder systems containing silicon
to produce capacitor and capacitor like devices, multilayer devices, 3-D devices,
silicon on insulator devices, coatings for superconductors, superlattice devices and
20 thelike. These resins include hydrogen silsesquioxane resins as well as
silsesquioxane resins containing a significant portion of organic moieties.
The production of silsesquioxane resins is well known in thé art. For
example, Collins et al. (U.S. Pateﬁt No. 3,615,272, issued October 26, 1971)
teaches the production of a nearly fully condensed resin which may contain up to
25  100-300 ppm silanol by a process comprising hydrolyzing trichlorosilane in a
benzenesulfonic acid hydrate hydrolysis medium and then washing the resultant
resin with water or aqueous sulfuric acid. Bank et al. (U.S. Patent No. 5,010,159,
issued April 23, 1991) teaches a method comprising hydrolyzing hydridosilanes in
an arylsulfonic acid hydrate hydrolysis medium to form a resin which is then
30  contacted with a neutralizing agent. Other hydridosiloxane resins, such as those
disclosed in Weiss et al. (U.S.'Pateni No. 4,999,397, issued March 12, 1991) are

produced by hydrolyzing an alkoxy or acyloxy silane in an acidic, alcoholic



produced by hydrol yzing an al koxy or acyloxy silane in an acidic, alcoholic
WD 01/ 29887. PCT/ US00/ 28692 2 hydrol ysis nedium The use of hydrogen

Si | sesqui awegiRedsesi N in form ng coatings on el ectronic getisedrded al so

wel |l known in the art. Coating techni qu?_s of general applicability in
formng silicon-based coating include deposition techniques and spin
coating. Spin coating per seis 5 well known in the art, as is the

equi pnent for hydrolysisamdimg ‘Theiuseof hpdrogenssilsesquidkanegesin vfoimoipg doatings ei n.

See, for exa ING FOR THE VLSI ERA, Vol une
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| (Process ngﬂﬁ!ff;%%ﬂ? d?vﬂ%?fﬁag%o\glﬁL@w@&ﬁﬁ e¥"“Beach, calif. 1986),
i ncor por at ed herei aoﬂmgteélmt@agefgeﬁeﬁpaﬁpﬁcaﬂilﬁym ﬂﬁmnrg&ﬂd:ouaﬁsedcertai n

undesirabl e resu|ts al so, ac¢conpa in coatin The, surface tension of
the film prec§P¥Be! P?ﬁ‘%tC%&ﬁFFQ‘P pin coaipg SRIn CPRLNEPERTEIS e cur sor

wi cki ng ar gundyeliknawd 1&%%”& 1§hﬂe€ﬁi§hxeﬁﬂﬂ?s&ﬂ%atﬁxfg an&’&%ﬁf@ée@{ during the
spi n-coating process. A's as th I n-coating process "progresses, the

film precurso PO%@WP}}WGQ thesein v&ey K@RIF,SWQW &t 3 SIHCONRRALERYING
f fi
\% ?g E ; ?ts € i : ars}bﬁ ﬁf{é‘?iﬁ?ﬁﬂi VAIShe (Prbe&s Fl‘e&g@wg%)ngﬂnfcg Srdsg rsm%] dtBadll T1NE

m precur sor “I's spun I'n the latter
stages of the (alifd886), inciipemtediieraikby fértre. dry on the edge of the wafer.
Mor eover, as the fi

e rsordcontl nues % ﬁé’ aqg ncrease in viscosi ty
during the spin-co FR%&’W@%S@&% U, Sl ppdey ioﬁgsq a}sgsagcq“il%}’y to | eave
tEe wa]f er Iandfspilﬁﬁzbﬁ&% llglldsdtﬁ'adeperﬁﬁm omlxeaﬂg?rb@mb lr&:bmfad‘s&mu,tregults @nc hefs of
the water surface. ese coat| rel ate (0] e use S ni fi cant
T Tt oal shmg AL S Paeneepr vk g oEHa s o] Cootisa e Batk S9F esaban

Subst ances on thd\afeP@irfigdle §in-tbiting prdceds. Aadh, BEthe SRATOARE @ bcseey\here and

cause contam nation, and_can al so prevent t he wafer from I%é% flat on
ultraflat surfPaREEessesTHhe R REFAYESSS besemen Brogreamiyely Bloresyisconnas Raflventan af f ect

a number of SubSCAMENtTHY BEx%§s%d PRRbRH R he%ﬁl't fnthe fd?ﬁlhﬁkﬂi ShineWHISEHS

alignnment, planarity, and the Tike. Wiskers on the wafer edges can easily
break of f 1Sn galﬂsé’dmwcmmynn@"tlsqwsrlnctbmlgttfngmgemftb@p@t:@s{:ont am nation

I n one or nor qu ly, the
presence of ar'lﬁlegee(;e‘giél-gtaea@l on-t ;EE??J(%%C&%r ace eégé%gtraggfcfg@a di storted

surface, whi clprecarsor continues to dry and increase in viscosity during the spin-coating

process, excess precursor is less likely to leave the wafer and instead builds up as
an edge-bead at the outer reaches of the wafer surface.

20 These coating-related problems can cause significant difficulties in the
overall integrated circuit fabrication process. Substances on the backside of the
wafer can be deposited elsewhere and cause contamination, and can also prevent
the wafer from lying flat on uitraflat surfaces. The roughness on the underside of
the wafer can affect a number of subsequent process characteristics, including '

25  focus, alignment, planarity, and the like. Whiskers on the wafer edges can easily
break off in subsequent processing steps, causing particulate contamination in one
or more regions of the manufacturing equipment. Finally, the presence of an
edge-bead on the front surface edge produces a distorted surface, which can
greatly affect focus, alignment, planarity and the like in later process steps.

30 | The art is aware of the problems associated with residual film precursor at

the edges and sides of the wafer, and generally seeks to overcome them by



greatly affect focus, alignnent, planarity and the like in later process
steps. 30 The art is aware of the problens associated with residual film

precur sofyoinegegine edges and sides of the wafer, and gengé%hé ?ee'ks to
overcone them by WO 01129887 PCT/ US00/28692 3 appl ying {2092 r eam of a

solvent for the precursor to the edge of the wafer so as to dissolve and
renove the unwanted residue. In many cases, the solvent streamis applied
t o t he backsipglyingdosmalifstredre ofia el vent fint the presurspe tonihe edgk dfahevivaer soar ound by

capillary acti the front, edges so as tq renove backside edge 5
resi due, Miaéﬁéégﬁggog‘?fggé%"é&ﬁe%%. ‘%rgsé‘? ea?%%?se%gllﬂsﬁhﬁm it is |
possi bl e to stragplisyapplied toahe/leacksidd edge of fheavafir@hd itfis penithddo haakk si des of the |
waf er sinmultaneously, In all cases, the object is to renove fromthe wafer :
a strip of f#?wﬁ%ﬁﬁé%ﬂ?ré’&“méﬁ@fa%ﬁ% togemeys bagkside edgges, the back

surface gut qesi@ibg®hisRérs hitPedghBERT  WREerlalttneWel BiuimHaSit RipokdMsle fg ont sur face
of the wafer, to | eave as defect-free 10 a filmas possible. See, in this

regard, Dur Rk the sobyent stigpr fenme heth fiontanddack sigesiaf thepoaler  pp.  45- 51,
L ncor por at eqiiiaRkdhshY 1h 8 BLEO R obl: Ritd Rildvk Holh 60 Ward: BStdp deR" ecur sor s

onto a substrate, théy are dissolv ina solvent to form-coatlng
conposi t i ongrecstser which ys adberied tonthe wafop sides, therhackisuefack oureredges afithear e used for

stripping u 'Egﬂl | ] r SQf, vafers,
removi ng unggag‘?f e eggkg&gegg%d?ﬁﬁﬂéngg‘ﬁ&%%r s?%%lr%’ {éll%ail%iagflé&gartgegt ed film
deposi t ilén prfdmes possiple g¥depinehis regard) Bairanteobh,dicrocanteminationeXprily used for .
t hese purpo Th l.vent s St. co nly used include al cohols,

net hyl i sobut ss’l?gtgsﬁgf,)’ %cgﬁfoéﬁ%&%?lﬂﬁyg?}greﬁ%/%er, propyl ene gl ycol nethyl
ether acetate, etfoykfeatbelyadott tae ﬁ}x@ﬁﬁﬁ&ﬂso@@ﬁtb&ts&bsﬁkb?ﬂﬁﬁ atéSdissBlived

unadul ter at ed orlganl c_solvents wt

.Sil gxa,ne and sil sesqguj oxane film
precursors iR2psPIEeRt thform coating compasitions. Sipilaclyssnlyegk camposions e (¢ g. |
hydr ogensi | 3@s6H whichriee dised fdt)strippfigdmbiesi:ee bured shddRIcMAFB Hlm Préchrsbe presence

of both polar (e.g., alcohols) and non-g_ol ar (e.g., hexanes, negative
resi st dévelfmwplersoreaaning uadesited edge bead Bamspyn, wafess agd gleaningr ef ore, | ess

than ideal fr@hteld$ifindBpdsitidn pRockdsihipequipidest. c! eani ng and edge bead renoval
applications because filmprecursor "forns gels and particles.
Organic solvents are frequently used for these purposes. The solvents

most commonly used include alcohols, methylisobutyl ketone, heptane, dibutyl
ether, propylene glycol methyl ether acetate, ethyl acetate and propyl acetate. The

20  use of unadulterated organic solvents with siloxane and silsesquioxane film
precursors is problematic. For example, silsesquioxane resins (e.g.,
hydrogensilsesquioxane resin), tend to gel and polymerize in the presence of both
polar (e.g., alcohols) and non-polar (e.g., hexanes, negative resist developer)
organic solvents. These solvents are, therefore, less than ideal for use in cup-

25  rinse, line cleaning and edge bead removal applications because film precursor

forms gels and particles.

In addition, due to their toxicity, adverse environmental effects and -
expense of disposal, it is desirable to reduce the amount of volatile organic

solvents used in semiconductor device manufacture. The odor of any chemical

30 compound, especially one used in enclosed environments such as a fabrication

laboratory for integrated circuits, has become an important selection criterion for




In addition, due to their toxicity, adverse environnental effects and
expense of disposal, it is desirable to reduce the anount of volatile
or.gani c SwOopresy used in sem conductor device manufact urgerfiiRngger of any
chem cal 30 conpound, especially one used in enclosed environnments such as
a fabrication |aboratory for integrated circuits, has becone an inportant

selection critgrion, for WO 0l/29887. PCJ/ USDQ/ 2869 4 all organi
Sal ot one. C nalbisanie SPiRfipRR Jascas BpRsEL o figve bgrrtades ax8 FRlEd o 1 o
have as hi gh gaweals Wezhod vA606f ddoF @EdiRb1d aftPoseidEss tHat B, mbXidfuni SmouR@ysf MUM anount

of solvent vapor in the environnent w thout causij nga‘&igny del eterious health
effects. A meSH¥ent vaporin thsnpigonmeat witheutsausingany dsletssigphbealth effedhponent s of

the 5 spin coatin b ol SRHS ' 1ing
and/ or pol yneri za&%ﬁﬂgﬁ %m&%gﬂﬁe%gﬁéni?%@%ntge r&gé? ns V\S,EP‘S
constituteSa spingoatingapparatid wathasolvantsbatididbnt gausegelling and/omanuf act ur i ng.
Mor eover, sol vents . ef .. -t he U ses.. of low volatility
and | ow t oxi cPf%Pm\fe\Bﬁ?th nbog sil e%‘ﬂ{”%ngg%qosrl{ggﬁe? .’%%?é:“‘@gé’%?ﬁ‘é‘? %gl y, the
present i nvensignificamtadvaies issenticandiionaevive dnanGidbiARY. Morddver, soivEds | ON | t
has now been fo t hat sol vents, based. upon the Si O and R3S functi onal
groups do not UEEHHSE" @FT“S@WF%&‘%‘@“B Pg ‘é’l“f‘&lﬁﬁ*& ?‘@ng%‘ﬁl%gf"ﬁsget o 15
undergo furt hﬁigh@%aénmé.zQﬁit@ﬂugmgglﬁ%e@e&eﬁﬁnv&hm@r@citleé@ﬁGhSa are therefore
e

suitable for renoving the edg ead from substrates coated with

si | sesqui dan&ethede/ or sil oxane resins. Moreover, these solvents are useful
as cleaning agents for the conponents of the spin on device that cone into
contact with the resins. In addition to their ability to form stable

sol utions wi t SUMMARY QB TEFINYENTIONs | oxane resins, these solvents are
conpatible with CO“EBE <R | 8. 0.,

pol yvi nyl chl ori de, hi gh¥gg§§ﬁ°§”&go yetl‘%;n/ se%ﬁ%efaq@%)g%emgg?ﬁg’rsqngr e, these
sol vents are rfeckiohal geoups da nbtcahsesilsesguiaxane oy sitaxanerssias tdgetertd  t han

convent | onal | (o358 BB Bu  R PRMR OGr 8002
the present i uitabld fonrgmiovingihs edgerbehdiframfsobstraesovatedwith silsesquioxane
' and/or siloxane resins. Moreover, these solvents are useful as cleaning agents for
the components of the spin on device that come into contact with the resins.
In addition to their ability to form stable solutions with silsesquioxane and

20 siloxane resins, these solvents are compatible with commonly used cup and spin-
coater materials (e.g., polyvinylchloride, high-density polyethylene, ezc.).
Furthermore, these solvents are much less of a health and an environmental hazard
than conventionally used solvents, such as methylisobutylketone, Stoddart Soivent
(Negative Resist Developer) and the like. _

25 In a first aspect, the present invention provides a method for removing
from a substrate an edge bead comprising a member selected from silsesquioxane
resin, siloxane resin and combinations thereof. The method comprises, contacting
the edge bead with a solvent comprising a silicone having a structural unit which
is a member selected from R'R*Si0O—, R*R*R’SiO— and combinations thereof.

30 R R% R% R*and R® are members independently selected from hydrogen, aryl,



froma substrate an edge bead conprising a nenber selected from

si | sesqui oxane resin, siloxane resin and conbinations thereof. The nethod
conpri s cti ng the edge bead with a solvent co silicone
havi ng Zﬁstruckural unit which is a nenber selected f?(;ér#@w ’
R3RARSSI O and conbi nations thereof. 30 R, R2, R3, R4 and Rs are menber s

i ndependently sel ected from hydrogen, aryl, WO 01/29881 PCT/US00/28692 5
st rai ght - chastuaight-lylin alkylbstbsﬁmmddmghtanhgimtaikyhabrmchtd(gﬂam diindagdhed chain -
al kyl and su ed bra e in alkyl groups. In a second aspect, the
present inv Fsb ‘E%’Wf*ﬁgf ﬁ@‘é’ﬁ%&"%r removing froma substrate an edge
bead conpri sing anlsméaqjebtseﬁ@wsanameenﬁaspmvﬂeﬁ @ethod for rémdvihgn precur sor.
The net hod conpri ses, contacti ng e .edge bead with a solv f conprising a
conpound haviFo 2 SSRGS AsAsE bea @P@s"taa&cme sifepsquioane resin diglecticr | s

sel ect ed & r OffifpredursorSTRS h&h@@&otﬁﬂiﬁ&e@ cahtk&kngaﬁ@e&éb% WitPRsdieg chain
alkyl; and n is a nunber fromO In a third aspect, the present

i nventi on prqs‘mpael@gacﬁ@pmm&mgrt@@wwg from conmponents of a spin on
coating device, a material co é E selected from

si | sesqui oxane, sil oxane and c@g In tloﬁﬁgﬁl &of . The met hod conpri ses,
contacti ng tihevhidhJristselrcktediibm K, G,eCy/straight el alkylagd €,-€%; branched- havi ng a
structural unit a_ne ect ed fromR RZSi O, R3R4RSSI O and 15
conbi natlons"hf"}‘fé"yg' andﬁ'lsaﬁff‘g%%(’"ﬁi %nd RS are nenbers i ndependent !y

sel ectedio from hyg auﬁﬁmspeut,ythe prasentingéxition Ppedvides laydthodfobrzmiovinge d

strai ght-chajn al ky branched chain al kyl and_substituted granched chain

al kyl gr oupsTom ﬁ°‘§P9‘€Htﬁ‘l°ﬁaé@ﬁ@ﬁfwﬁt{nﬁéeﬁ%g@ﬁtmaﬁmqs&g reWPdes a net hod

for removi nGelebted moﬁpsm&q&ek&eosmoﬁa&mnﬂ cOMbzeddns AkrshEY TEEmetdodat er i al
conprising a T-cage 20 si'l seségw oxane resin dielectric filmprecursor. The

met hod conprqomsesCméas gereead Hithgrselvent cpmprsipg 3 siligensth a(‘f’é‘ﬁﬂl’ ising a
conpound havj 1 g add? Which Ris
sel ected fr ogrtﬁggfu} gﬁ"‘&g’ﬁ@ i mﬁ?bec%ﬁglegé& FE’?‘IR RE%O—- %E § ranc he chain )
al kyl ; arsd rcombirmtionstbereoft rBJnR’b Rnd RS Iausmmbers independently selected

from hydrogen, aryl, straight-chain alkyl, substituted straight-chain alkyl,

branched chain alkyl and substituted branched chain alkyl groups.

In a fourth aspect, the present invention provides a method for removing

from components of a spin on coating device, a material comprising a T-cage

20  silsesquioxane resin diclectric film precursor. The method comprises, contacting
the components with a solvent comprising a compound having the formula:

R3Si0—]—SiRr—0],SiR3

in which R is selected from H, C;-Cj straight chain alkyl and C;-Cs branched-
chain alkyl; and 7 is 2 number from 0 to 5 inclusive.

25 Other features, objects and advantages of the invention and its preferred
embodiments will be apparent from the detailed description which foliows.




25 O her features, objects and advantages of the invention and its
preferred .enbodinents will be apparent fromthe detail ed description which
fol |l ows. MIQM@QSN PCTI USOQO' 28692 6 DETAI LED DESCRI PRceN Sobrsebi-

| N\VENTI ON AND THE PREFERRED EMBODI MENES I n a first aspect, the present

I nvention provides a nethod for renoving froma substrate an edge bead
conprising a nenber selected fromsil sesqui oxane = 5 resin, siloxane resin
and conbi nat DETARLED BESCRIRIION OBTHH ENVERMIION: ont acti ng t he edge bead

wi th a sol veANDR THE PREFERRED EMBODI Ty a structural unit which is a
menber sel ected f Ifg%gh [ofolysol eof R,

R2, R3, R4 and RSfIgérqggtrre e?sefﬁgepe ﬁﬂg&g | ect gﬂgaﬁfﬁﬁ&ﬁg‘g%gen aryl,

st rai ght - chaifioned $upktrate amsdgetheaécbrmnsmggﬁtmmbﬂlsnle%wd(§1'Dm silsesauin¥anechai n

al kyl and 10 subs i tuted. br ed chain aI r

si | i cones?ha¥¥HhS W%Feémanacawg%t1%61§qr é‘h?gs%ea?’g%bm mgrgg %H"?aval | abl e
(H1ls Anmeri @g ddgebeadRviSicRbdivery corrivinpes siigone havinga stlnmtumbmih\ﬂyc}prepar ed by

met hods known to those of skill, i,n the @ romec C|aII allable
reactive i nt dy#@emberssiecied fom RReFiQm R 45{%‘9?'5'@8 ?}natﬁé’ﬁ/ }fféet” ey; AP 15

Resources G qupg? §eqwandi?%@mgﬂf)&@}ndefnﬁ&ﬁf}téebéciéﬂ(ﬁfoﬁfﬁ}%g%h'dr?lones have R
groups such as’’stral ght-chain al uor oal % groups and phenyl groups.

Al t hough t hestraightethem aikyd, gubstitated é@lghtﬁh@lﬂaﬂ‘t}’i any

sili cone 4 hat_ I d at the terrperature at which the
process | c@ﬂ%ls &q%ddgr%gcﬁ)egcﬂ% %rgwpract ice the present invention.
Silicones that are widgarrdy af s1hmnpsahaw|ingrchﬁ'exzﬂ Ripmup sulBtients@repr esent | y

preferred. In certain e | pent i.t is desira licone in a
blend with GAEVHGFC r%’%?ﬂ%ﬁ‘@%éﬁfﬂ%@ gﬁf%‘?‘z& g&%eéﬁg)s&l %(I:P%Jde t hose
cont ai ni ng t Weadilly prépared t@lrhétliddaetﬁmhmw mgsecbfsk1l1nnthe$1rtrfuun vomememiallybl ends of
one or nore siljicones wt e or_.nor.e or *?entli?wgllc es are

sol ubl e in a 3Y&iAS regths,nb 12305 @B‘FM‘R“ o e fadi e 0

met hyl enejschl gdshites Go8h,Hedul, SbﬁlﬁK‘él‘eaﬂlPlﬂ‘ééﬁ%ﬂy@fﬂerrddhﬂldohé’sﬂ:avBRends can be
used, for exanple, to opti mze the rate with which, th dielectric film

precursor di sEenpsauch assgaghichain slkdfluorealiey! sfﬂ%ﬂlwee&lp%emsy of the

Although these groups are preferred, in practice, substantially any silicone that is a

free flowing liquid at the temperature at which the process is conducted can be
used to practice the present invention. Silicones that are liquid at temperatures
20  above 15 °C are presently preferred.

In certain embodiments, it is desirable to use the silicone in a blend with
one or more other components. Preferred blends include those containing two or
more silicones having distinct structures and blends of one or more silicones with
one or more organic solvents. Silicones are soluble in a number of organic

25  solvents including, for example, methylene chloride, acetone, ethanol dioxane and
the like. Blends can be used, for example, to optimize the rate with which the
dielectric film precursor dissolves into the silicone, the solvation capacity of the
silicone, the viscosity of the silicone and/or its useful working temperature range.
In certain applications where an organic solvent is necessary or desirable,

30 silicones can be used to reduce the amount of organic solvent used. Moreover,

silicones can be used to impart desirable characteristics to the organic solvent



silicone, the viscosity of the silicone and/or its useful working
tenperature range. In certain applications where an organic solvent is
necessarxv{;rb/g jrable, 30 silicones can be used to reduce the anmount of
organi c sorvent used. Moreover, silicanes can be used tRETYR992869% esi rabl e -
characteristics to the organic solvent W 01/29887 PCT/ US00/ 28692 7 (e.qg.,

| ower volatility, higher viscosity, increased conpatibility with dielectric

film precur gag.slowet Golatility, highek Viséd3RY, ineredsed EhaABINRFWIE QleleckiRGuR0! Vent
conprises a silicone having the fo?yrrul a: 5 I'g}ﬁ%iO--[- Si R%Oi Si R2r

wherein, R, R_'ec‘é'ﬁﬁfsf@"'bre members independently selected fromH, C-Cg
strai ght chai n ajgdfurtBihréibrréb e hE Sitidht %Mgé%&ikiéoxl% hg{}ing; and n is
an

a nunber fromO to 5 inclusive. Whien mis 2, R are connécted to
forma cycli thedpmugne nolecule. 10 Exanpl es of useful |inear solvents

nonexcl usgvel y incl ude | Si0—f—Si D2

decanet hy?t etrasil oxane, 1, 3- led%%lyI tasrlgﬁ?ﬂl’y%’%imsi | oxane, .

oct anet hy| t r whedeinx ROR! andRidrametnbyts dideprduatheseldord ol HyCACsitaahane,
1,1, 3, 3,5, 5-hexanet.hyl trisil oxane,, .1,1,3, 3, tetranethyldisiloxane,
1,3-bis-(tri %ﬂ%&@i%ﬂg}) -SPf@-cg?qi‘éW‘éﬂi s 3; and s & mumber from 0

bi s(trimethytss inchayivet Wihes i ieRER' dKtakd coRDEN b FotYd BRI KliSbdeane, 15
decanet hyl t et r asi | oxane, dodecanet hyl pent asi |l oxane, 1,1,1, 3, 3,5, 5-

hept anmet hyl tfrﬁ°§"l"6xane, hexaet hyl di si | oxane, heptamethyltrisiloxane and
1,1,3,3-14etrai s%&:gsréscaf%sémﬁﬁa-soﬁe%nbﬁacmgivazmﬁdecyc' ic solvents
ude 0

nonexcl usi vel y incl . decanet hyl cycl opent asi | oxane, .
hexaet hyl cycHesemethyltessasiiaxang 4, divetiiietrapiethyldisitoxans;, pesamethyltrisiloxane,

Lo Lo BB eSO B,
( CH3HSI O 3- 5}1,1,38,3sttamethyddisiasrey 1 3yhid-Gtimethglsiloxy)-d 3edisnethylsiloxane,
1135 et AR SRl of o od, erood rent
trimet hylSi | decgmetéayitetraail@cing dogatamethplpbntadiloxaeek, 1 A133,5,5-
| heptamethyltrisiloxane, hexaethyldisiloxane, heptamethyltrisiloxane and 1,1,3,3-
tetraisopropyldisiloxane.
Examples of useful cyclic solvents nonexclusively include
decamethylcyclopentasilbxane, hexaethylcyclotrisiloxane,
20  hexamethylcyclotrisiloxane, 1,3,5,7-tetramethylcyclotetrasiloxane,
pentamethylcyclopentasiloxane, octamethylcyclotetrasiloxane,
methylhydrocyclosiloxanes of the formula (CH3HSiO)s.s,
1,3,5,7 tetracthylcyclotetrasiloxane and 1,3,5,7,tetramethylcyclotet.rasiloxane.
In a further preferred embodiment, the R groups are methyl or ethyl
25  groups. As a wide range of trimethylsiloxy terminated polydimethylsiloxanes are
readily available from commercial sources, in a further preferred embodiment R is
a methyl group. Preferred linear methylsilicones include octamethyltrisiloxane
and hexamethyldisiloxane, and preferred cyclic methylsilicones include
decamethylcyclopentasiloxane and octamethylcyclotetrasiloxane.
30 One of skill will be able to easily test any silicone species for its ability to

perform in the methods of the invention. In an exemplary assay, a dielectric film



readily available from comrercial sources, in a further preferred
enbodinent - Ris a nethyl group. Preferred |inear nethylsilicones include
oct anet hwaolizesgroxane and hexanet hyl di si |l oxane, and pr efcIussd2gs9z| i C

met hyl si licones include decanethylcycl®pentasil oxane and

oct anmet hyl cycl otetrasi |l oxane. 30 One of skill will be able to easily test

any silicone species,for its apility to. performin met hods of the
venti on. | ISR Hppep roleetiny weights distlird dihebelabior sirgies

PCT/ US00/ 286 Beriodoftin®at as6lvet colkipeiding AaiiRens. aburiMp tidinchbatidh Sdighated and
I ncubated for _a sel ected eriod of time in a solvent conprising a

si l'i cone. DuPfthg selnton #4e takse prghthe film presursor ismssayed foppp) ingkeaseriB ¢ aken and
the film pregihicalar WeightBPkAvn MEth | leRtion @ &A Lght by
known met hodgwéuct?ras_lgﬁel per neatti gﬂ“@ﬁ?ﬁ%ﬁg@rﬂa"ph@, gelé{gég%}‘{y? gtion hi gh
per f or nan8e Ppempspdorcieh perfamensgsijquidehsematographys mess speetnemetheand|thke. As t he
formation of .ggel L R | .Sels Is aked eye,
the filmpr eclzlgg'sg? ﬁ’g g?ﬁaﬁghgggﬁg g@s‘g %él?agésgégglég P’Eiﬂ% E%H Ef%%@? usef ul
means of assggithedfilen pedursoo salubon eanlalsodeasdayahdsiadly. Otlger usafaluheaass i n

practicing th resent... invention will. be a rent to.tho of skill in the
Br et 16" Vet naneRPARER HlietibE Sirefeutind torfy FRRHETInArthecgfe sl (1 om a
CFat egl LISi i Qoﬁnwwiglﬁrﬁggﬁﬂ%&mv\gdml mhneva*lt.t (sie, Pf or exa_rltpl e, ?N)I f et
?Léiti ce Press, %%ﬁé@f&ﬂ‘,’m@i" ?ﬁc%géé’f?cgfsgggq%%’%ﬁ#&&e’ﬁ%%ﬁg; °9y)
reference). hReewaRk &@%lﬂ&xﬁwnHﬁﬁﬁ'ahés&?ﬁ?%%ﬁe,moﬁhﬁquSﬁ.lGﬁN silicones
and silicone _solvent blends. In the 15 sinpl est adaﬁt ation, the organic

sol vent is sPRPFEFSNGRORAHR VEPI ERA; Volumad (BrocessiTiep bileatiére Pepss, of ski | |
will find the,setBods eflr. fo¥e), Inddesdtba ﬁé{’r@ﬂ'bé&effet?:ﬁﬁqé).t FRLR rhéthdésGreM th 2

range of dielectric filmprecursor structure t hi cknesses and the
like. In an esedilppdapiablaiodlsi useof silisones and silivane selverddlendgy Jthress, the
coati ng 0 s ' L.S: | . ' LNt er substrate.
The for celgexé‘?{'ﬁe%fk g%pta[%ﬁ}é,%g%{f%%%a&g%gﬁ ﬁrgg?%?ﬁ%%&%%}&ggﬂ an anmount of
t he sol uti on silivofmblend. (Pnead skiflhveilldihgehgqumethodssetforththeresnneadilyat e f or m ng an

edge bead. Typically the.edge bead.is, .displaced about 3 fromthe edge
of the wafer %&Pﬁ%’l"s |“\?%H"t“§ a%?“%er?zgfe?."\%f?ﬁ]ﬂf\‘"e"“‘s°’ Sinietures, £
thicknesses and the like.

In an exemplary embodiment using a spin-on coating process, the coating

20  solution is typically dispensed on a spinning wafer substrate. The force exerted on
the spinning coating solution may cause an amount of the solution to build up on
the edge portion of the substrate forming an edge bead. Typically the edge bead is
displaced about 3 mm from the edge of the wafer. The solvents of the invention
are used in the process of edge bead removal which is performed after dispensing

25 the coating solution and before the coated substrate is baked and cured. The edge
bead removal process includes dispensing a solvent from a nozzle positioned near
the edge of the wafer such that the solvent is deposited on an edge portion of the
surface of the substrate including the edge bead. A typical process includes a
from 1 to 5 second dispense spin at 1500 rpm and a spin dry step'consisting of a 2

30 to 6 second spin at from 1500 to 3000 rpm.



are used in the process of edge bead renoval which is performed after

di spensing 25 the coating solution and before the coated substrate is baked
and cured“,]ﬂsmﬁgge bead renoval process includes dispensing a sol vent
froma noysl e posi tioned near the edge_.of the wafer sucRCTHB0286%2 sol vent

I s deposited on an edge portion of the surface of the substrate I ncl udi ng
the edge bead. A typical process includes a froml to 5 second di spense

spin at 1500 rpm aFgllowisgihe caHidg S618H0 ki 28 fceddiRg 38 el econd spin
at from 1500 to 3000 rpm . WO 01729887 PETI LS00/ 28665 B Fol ?eo%aﬁg t he

coating sol ut T Valepdsitionabeleaning steps aredyping)ncamried iyt Pheaeicleanimgstepss,

addi tional cl j : | Is t .c|l egning steps,
for which sorrgﬁl R}/l n{ﬁ(.:sgfdép rlgdgrg?%%ﬁgﬂe%%gé rgﬁi@%gﬁ{i’u#t}é&ﬁ‘%‘iﬁgﬁﬁﬁiﬁe Lée:c ksi de
rinse (5 secteaendsypimat00 o), apdy nozaledinae (loseedral spinva 80¢ULrpedcThel spi n at

3000 rpm . Th - Qi i herein are advant agepusly used
as sol ventss f@?'ﬁ? %fgg&mifiaeggér?c“f)eg@{%ﬁ%%%?ﬁ%@%%g?usgﬁggﬁ%sgﬁepgﬁ%? g’aﬁ.%ﬁd gener al
equi pnent cl ebacksigde rifdineg, edgeltedd minovhleandyenaial emipnsenpeledn wpdl arly useful in
conjunction with Ts ca id sesquioxane dielectric. filmprecursers. T-cage
si | sesqui oxanes h-at{hf m%ﬁ%‘ﬁ%tjﬁgﬁ) ??f’t“?“\}ﬁ R%“ﬁ“ﬁf’é@é{s’?ﬁ‘i&“@@?‘m@m“ﬁﬂ% ~=-0 1100
in which R i scags siliekqiox@n®dipletic Filth prachitsbRd Tadaky kilsgéqpitraanded to the
silicon atonms, of the si]sesqui oxane cage. The al kyl ated sil sesqui oxane

cages are easPPgchpoigswiththesiperesr t recogni zed techni ques and these

nol ecul es can be deposited onto substr@tes using spin on techni ques.
Following its deposition onto a substrate, the 15 al kyl ated sil sesqui oxane
| ayer is cured, producing |ow k di eReetSi+eO ayer. Thus, in a second aspect,
the invention provides a nmethod for r enfovi ng froma substrate an edge bead
conprisini a T-cage sil sesqui oxane resi® dielectric filmprecursor. The

method conpri iﬁfgﬁ;[i%@@ B @%M Brohper SibiRuR8atly ol BorkfRl Pk siEAIREMS' N9 2
of the silsesquioxane cage. The alkylated silsesquioxane cages are easily prepared
using art-recognized techniques and these molecules can be deposited onto
substrates using spin on techniques. Following its deposition onto a substrate, the
15  alkylated silsesquioxane layer is cured, producing low k dielectric layer.
Thus, in a second aspect, the invention provides a method for removing
from a substrate an edge bead comprising a T-cage silsesquioxane resin dielectric
film precursor. The method comprises, contacting the edge bead with a solvent
comprising a silicone having the formula:

20 R3Si0O—{—SiR~—O0],SiR;

wherein, R is a member selected from H, C,-Cs straight chain alkyl and C;-Cg

branched-chain alkyl; and # is 2 number from 0 to 5 inclusive.

Although substantially any C,-Cg alkyl group can be used to practice the
methods of the invention, preferred R groups are C-Cg alkyl groups, ‘more
25  preferably methyl and ethyl groups. As in the embodiments discussed above,
preferred silicones are those which hare liquid at temperatures above about 15 °C.



20 R3SIO--[--SIR2--QJ SiR3 wherein, Ris a nenber selected fromH, Cl1-C5
straight chain alkyl and Cl-C8 branched-chain al kyl; and n is a nunber
fromO t@woRhsgt usi ve. Al though substantially any Cl - g@é AHeQRUP can be
used to practice the nethods of the ipyention, preferre groups are

Cl -C6 al kyl groups, nore 25 preferably nethyl and ethyl groups. As in the
enbodi nents di scussed above, preferred silicones are those which hare
liquid at tenper [ 29887 PCT/ USOQ).28692 10
Thi s aspect of tﬁfem%%\f/’%ﬁt& ?gﬁl@%gﬁhe &r%g%i"&m%s&v “J@#tag%lﬂﬁg are

bl ends of twﬁ:tworormralmdnesmriﬂmdsmﬁhlsdmdﬁemmﬂbr@niclsobzleﬁﬁ FhekeOr gani ¢

sol vents. Ive wi.|l have characteristics that are
subst ant i aI I e’fdc?gﬁ?lv?ﬂf i ‘i"ﬁ&g%‘a“t&?-‘gl&ﬁ@é ‘g’é%t al ’Fﬁ“‘%faftﬂl BCaspect, the
present i nvedisdussedpbowe, des a rret hod for renmoving from conponents of a spin

on coating devi cg, a, mpteria tIh ri,sing a nenber selected from
si | sesquibxane, sPRIVEHBSPEFHHIIE BFRS %ﬁvemﬂrﬂﬁﬁ%metﬁ‘éf%@fﬂ@)‘dng conpri ses,

contacti ng tﬂ&n%&ﬁ?&{hﬂ&t&a‘gﬁﬂbﬁoﬁﬁﬁ% e, {RNeRs c@m?hﬁggﬁﬁéﬂbei"mt whi ch

is a nenber selected from RARSSI O and nations 10 thereof,
wherein R w@cte%ﬁomlsmmmﬁ@ommogmmm@mﬁ yTheanathaded from

hydr ogen, Stéo?ﬁ&ﬁes bR dtin Wéonﬁ;aqexnmﬂgasﬂc&l}%& Stan %;Fﬁmprefe”ed

enbodi ment s 'S aspec of t I nvention are su simlar to
set forth abehichisrmemberfselested fomeR'R*$ID-H/R’ m%%mmmnsln a fourth

component S ReESE BhereiEC Koy B e e P rdenPdeb MO T- cage

si | sesqui oxaneirdges) m{yhebmﬁﬁl 1a‘nulbfanangacduaﬁqlky1 The net hod conpri ses,
contacting the ¢ nponent a solvent conprising a conpound haV|ng t he

formul a: R3Si O [ - Lhgpgler B@Wﬂﬂﬁoms@ﬁpeﬁ Jheyin rare;aibaiantiadiyt r om C1- C8
straight chajimiia b oA a5Gve 05 2 BroPisgRRlae i GhaLA iabdiiba and n i's a nunber

fromO to 5 inclusive. The preferred énmbodi ments of this aspect of the
invention are sub@ndautihaspect, the present lrtventmprmdqsw raﬁb«xbformmqmg second

aspect 0fs t NgomicBRBMients DS AhinYh coating device, a material comprising a T-cage

silsesquioxane resin dielectric film precursor. The method comprises, contacting

the components with a solvent comprising a compound having the formula:

R3Si0O—{—SiRy—0],SiR;

in which R is a member selected from C,-Cs straight chain alkyl and C;-Cg
20  branched-chain alkyl; and 7 is a number from 0 to 5 inclusive.
The preferred embodiments of this aspect of the invention are substantially
similar to set forth above for the second aspect of the present invention.
It is understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light
25  thereof will be suggested to persons skilled in the art and are to included within
the spirit and purview of this application and are considered within the scope of
the appended claims. All publications, patents, and patent applications cited

herein are hereby incorporated by reference in their entirety for all purposes.



It is understood that the exanples and enbodi nents descri bed herein are

for illustrative purposes only and that various nodifications or changes in
light 25wd& wi |l be suggested to rsons skilled i e art and are
to included W|,2tS In the spirit and purvi gf\?v of this ap.p.l....i...c&fj}rgﬁ?%ﬁ”are____
considered wthin the scope of the appended clains. Al publications,
patents, and patent applications cited herein are h m by
reference in ClAIMSintirety for all purposes. WD 01/ %ﬂﬂ” mm 28692 -
CLAIMS: 1111111111121121212121212122222 11 I'~I MS 1. A nmethbd ot r&no¥img from
a substrate an edgg bea rd Sl a_ nenber selected.from si] sesqui oxane
resin, siloxane reg'i n a‘%&jP e@omri}bt‘?xﬁ%ﬁggﬁg ﬁo%%?“é&?ﬁe anf er?E?cﬁ‘E?é"Hf’SWﬁrai sing: 5
contacting samgmbeigelebted droni silsesquideneasdin, ailotink sésitgand combinge® havi ng a
structural unit vv?i ch i aqﬂgem.er selected fromR R2SiO--, R3R4ARSSI O --
and conbi nat | BI§EEoh i@ é‘b‘?il,w BPEFAE R, R2, R3, R4 and R5 are nenbers

i ndependeng |y sel ect ed donf6tin i&%d%éﬁ%ﬂniﬂ?déﬁlvqn@&dxﬁ;&r&mg'ﬁ?ﬁdoﬁe al kyl,
substituted straight-chain alkyl, branched chain aJkyl "and substituted

branched chai havingad strughusalyait whichisa membenglegted from RRBO-cL ai m 1, wherein

R, R2, R3, R{3snda: [Sal pendently sel ected from
st rai ght - chai %%@ﬁ%%ﬁﬁ%@%%&?gﬁ%ghai n fluoroal kyl groups and phenyl
groups. 15 3. The whdrkiad according to claim1l, wherein R, R2, R3, R4 and
R5 are nmenbers indepe bl gl ecised from nethyl groups and ethyl groups.
4. The method accordi nggfg ’é%éaﬁn‘?“fﬁ"\ﬂﬁ%?‘@‘?‘ﬁér§&}dﬂg’ﬁdg%§’oﬁé°'ie8%8m iquid at
t enper at ul@s ByERYgenlaryl] stréightthsin AR QobsBRAH sttalpbt-ERiCAIRYIbrinchélier ei n sai d
sol vent further, %][(%yco ri ses an organi ¢ solvent. 6. The nethod according
to claimi, \Aﬁ&“b? land gubstifuted hranchedhainalkyl groyps.i cone having the formil a:
R nSiO-{--Si R-Qnt R2n

2. The method according to claim 1, wherein R', R? R®, R* and R* are

members independently selected from straight-chain alkyl groups, straight-chain
fluoroalkyl groups and phenyl groups.

15 3.  The method according to claim 1, wherein R!, R, R, R* and R®

are members independently selected from methyl groups and ethyl groups.

4, The method according to claim 1, wherein said silicone is a liquid

at temperatures above 15 °C.

5. The method according to claim 1, wherein said solvent further

20  comprises an organic solvent.

6. The method according to claim 1, wherein said solvent comprises a
silicone having the formula:
R':Si0——SiR;—0].SiR?%,
wherein,
25 R, R! and R? are members independently selected from H, C;-Cg
straight chain alkyl and C,-Cg branched-chain alkyl;

m is a number from 0 to 5 inclusivé; and



wherein, 25 R, R and R2 are nenbers independently selected fromH, C-C8
straight chain al kyl and Cy-C3 branched-chain alkyl; mis a nunber fromO
to 5 i ngbypesgei and WO 01/29887 PCT/ USOQ 28692 12 n i sPETHS0W28692
ItitiiituiiiiiiiiiiiliiuiBE" wherein; " S * when n-i-s-2, R_and RZ are
connected to forma cyclic silicone Wolecule. 5 7. The nethod according to

claim6, wherein the silicone is a nenber selected
decanet hyl t et r asi | oxan81s3913.di oct yl t et r amet hyl di si I”"WH””'"””'MQ!"I
octanet hyl tr we}eq)dc,ane, pent armet hyl di si | oxane, hexamet'hyFdi si [1OXahe .
1,1,3,3,5, 5 hexamethyltrisil oxane, %,1,3,3;

t et ranet hyl di si | oxane, when niiss2, R anpdBf srgiconnegied to form3s ejichiesiligonei | oxane,
bi s(tri net hyl soi éc% )ethyl silane, 10 bis(trinmethylsiloxy)nmethylsilane,
decanet hyl tett é3| oxane,

dodecanet hyl pent asi | oxane, 1, 1, 1, 3, 3, 5, 5- hept anet hyl tri si | oxane,

hexaet hyl @i si | oxafle, h&h¢ paethot ptdording toockaimed, awherein the silicone is a member

11,3, 3t et 1 3l,500f Ryl db Sy RMiANG o RIS ORS I Rkl e

hexaet hyl cycl 'S xane,

hexanet hyl cy ecamethyittisiloxane, peitarhetiyldisiloxeneHexamsthyidisioxans, 1,03,3155- 15
pent anet hyl cycl o tasi| oxane ctanmet hyl.cycl ote si ) oxane,.

met hyl hydr ocig’ﬁg&%ﬂﬂgﬁﬂ%’?“&f b f?gP‘HE‘B dtséﬂﬁﬁl& )&%%}SSdmmetgﬁsﬂoxy)-

1, 3,5, 7, t et r g¢3-Givlethiddilokate] Bis(tliREtBISi G}y kthylsilane,

1,3,5,7,tetranet hyl cycl ot et raqsi_l oxglﬁle and d conbi nati ons thereof. 8. The

et hod ad®or distEinethyisiloxpmethylgilane decamethylietrasiloxane; s a nenber 20 sel ect ed
f rom oct amet kighdchinatny BeaaGiloxase ATEL 1Y s SRl isiloxa
decaret hyl cycl opent a}giﬂféoxane, oct ér’rp’g’hi/l%yc ot trgls?’j oXane and conbi nati ons
t hereof . 9. Texaethidigipxaes; beptamethylirisdpxangand 1L M3a3-tetraiseproplyldiseranat e
conprises a ',&ﬁm : 0 ; nmovi ng froma substrate
an edge bead d(%:%{r%)rl s%?pgﬁmﬁgg%éh%@r@tggﬁ%}?g%@ﬁ%esi n dielectric film
precursor, sdesamahyloelatusioxams, b3;5,7-tetramethylcyclotetrasiloxane,
15  pentamethylcyclopentasiloxane, octamethylcyclotetrasiloxane,
methythydrocyclosiloxanes of the formula (CH3HSi0)s.s,
1,3,5,7 tetraethylcyclotetrasiloxane and 1,3,5,7 tetramethylcyclotetrasiloxane and

combinations thereof.

8. The method according to claim 7, wherein the silicone is a member
20  selected from octamethyltrisiloxane, hexamethyldisiloxane,

decamethylcyclopentasiloxane, octamethylcyclotetrasiloxane and combinations

thereof.
9. The method according to claim 1, wherein said substrate comprises
a semiconductor.
25 10. A method for removing from a substrate an edge bead comprising a

T-cage silsesquioxane resin dielectric film precursor, said method comprising:
(a) contacting said edge bead with a solvent comprising a silicone

having the formula
R38i0——SiR>—0],SiR;



~ —

(a) contacting said edge bead with a solvent conprising a silicone having
the formula R3SIO[-SIR2--0 "SI R3 WO 01/ 29887 PCT/ US00/ 28692 13 wherein:
R, is sel g;r,om H, Cl-C8 straight chain alkyl and Cl-C8 branched-chain
alkyl; and nis a nunber fromoO to 5 inclusive. 5 11. ThECHUE¥EE®ccor di ng
to claim 10, wherein Ris a nenber selgrted fromCl -C6 straight-chain

al kyl groups, O -C6 straight-chain fluoroal kyl groups and phenyl groups.
12. The net hod acowresi¢ing to claim 11, wherein Ris a nenber selected from -

met hyl groups and et hyl, gro 410 13 he t hod cording to claiml0,
wherein said silicone i%q%serﬁgﬁﬂiff?métct'éﬁff?f‘né‘fﬁg"égglmg(%\ ut 15 C. 14.
The net hod aclmmuﬂbdh-ghatmamynhﬁﬂ 10, wherein said solvent further conprises
an organi c sol vent. A Q %ﬂ??{’ ﬁm) i ng from conponents of a spin on
15 coating devi ce, rré‘t‘é?F‘H’F’ ol Q3 ngelsi¥enber sel ected from

si | sesqui oxane, S|onane and conbi nati ons thereof, said nmethod conprising:

contacting said edge bmmmaac(ﬁ'&hgﬁflalgpp&ﬂhsgﬁ%gsﬁh&hﬁ%&%ﬁ%@d&vgg a q
ected from i O i O-- an

structural ich is a.ne

conbi nat i ons é‘%ﬁ'&ﬁ“‘@é“%‘?@tﬂ 1 grqups, Ry-Csisaightrhaindiuaepalioybetenptoer s

| ndependent | yang?,lh gfbubgom hydr ogen, aryI strai ght-chain al kyl,
substituted stralght chai n al kyl, branched chaln al kyl and substituted

branched chain al groups 6. The nethod according to claim 15, wherein
R, R, R3, R4 anﬁ% @snseﬂ@%i@e%@flgtq FleiEpbl HhReR 5 raember seleeied

strai ght chalfamﬁ},{@u{ylgfoggpﬁ,deﬁm@ogm chain fluoroal kyl groups and phenyl
groups.

10 13.  The method according to claim 10, wherein said silicone is a liquid
at temperatures above about 15 °C.

14.  The method according to claim 10, wherein said solvent further

comprises an organic solvent.

15. A method for removing from components of a spin on
15  coating device, a material comprising a2 member selectéd from silsesquioxane,
siloxane and combinations thereof, said method comprising:
contacting said edge bead with a solvent comprising a silicone
having a structural unit which is a member selected from R'R*SiO—,
R3R*R’SiO— and combinations thereof,

20 wherein:

R, R%L R, RY and R® are members independently selected from hydrogen,
aryl, straight-chain alkyl, substituted straight-chain alkyl, branched chain alkyl
and substituted branched chain alkyl groups.

16.  The method according to claim 15, wheretn R, R%, R}, R'and R’
25  are members independently selected from straight-chain alkyl groups, straight-
chain flucroalkyl groups and phenyl groups.



Leeeerr reeeer e rerir o~ CL MS W 01/29887 14 PCT/ US00/ 28692
17. The nmethod according to claim 16, wherein R, R2, R3, R4 and R5 are
menbers iwsigpeggent |y sel ected from nejpyl groups and etltl?zll %ﬁk@’; 18. The
met hod according to claim 15, wherein said silicone is a |"<5U| t
tenperatures above 15 C. 5 19. The nethod according to claim15, wherein
said solvent further conprises an organic solvent. 20. The nethod
according to claim15, wherein said solvent conpri,ses _a_silicone having
the formula: R "8.0 [Tisimetha) sespmiing to thimA6 whereinR', B, RAR fmd Rir e nenber s

i ndependent | . traight chain alkyl and Cl-C8
br anchod chal s rReT e Ry scpcce ro Rl Bt Rd vl Bowdng T s2ors, 15

wherein; when mis 2, R and R2 are connected to forma cyclic silicone
nol ecul e. 21. Thel&et o mebed aticondingdo claim A5 2@herevih saidisilicomeis ailiquidone is a
menber sel ec ?‘E} g AT Ryl t et r asi | oxane,

1, 3-dioctyl t%tﬁ'%{)r{er Yy gﬁsi I t(§x§he, 20 octanethyltrisil oxane,

pent anet hyl di si | oxane, hexanet hyl di sil oxane, 1,1,3,3,5,5

hexanet hy$ t ri si | oMane, The, migtBod3sccomingoetaing 18 wherein axid solvent further

1,3-bis-(tri | siloxy).- 3-di net hyl si | oxane,

bi s(trinmet hyf%glﬁ%ﬁ%ne?rﬁylgqulg%ﬂ bi s(trimethyl sil oxy)net hyl sil ane,
decanet hyl tetrasi | oxane, dodecanet hyl pent asi | oxane,

1,1,1,3, 3,5, 5- hep2tanet Thelmhethed dcomaing, to 2hairh 45 aeldngih daid isblozmtromprises

heptamet hyl trisil oxane and. 1. .1, 3,3 -tetrai sopropyl disil oxane,
decanet hyl cyﬁF%ﬁ%ﬂ?ﬁ’ggﬁnﬁggfgfﬁg?mﬁ'exaet hyl cycl otri si | oxane,
hexanet hyl cycl ot ri si | oxane, 1, &‘,si@-_t[e.tsmp:exj];{siﬁncl ot etrasi | oxane,

pent anet ha/l cycl opent asi | oxane, octanet hyl cycl ot etrasi | oxane,
1 wherein,

R, R! and R? are members independently selected from H, C;-Cg
straight chain alkyl and C,-Cg branched-chain alkyl;
m is a number from 0 to 5 inclusive; and
nis2or3,
15 wherein;
when m is 2, R' and R? are connected to form a cyclic silicone

molecule.

21.  The method according to claim 20, wherein the silicone is a
member selected from decamethyltetrasiloxane, 1,3-dioctyltetramethyldisiloxane,

20 octamethyltrisiloxane, pentamethyldisiloxane, hexamethyldisiloxane, 1,1,3,3,5,5-
hexamethyltrisiloxane, 1,1,3,3,-tetramethyldisiloxane, 1,3-bis-(trimethylsiloxy)-
1,3-dimethylsiloxane, bis(trimethylsiloxy)ethylsilane,
bis(trimethylsiloxy)methylsilane, decamethyltetrasiloxane,
dodecamethylpentasiloxane, 1,1,1,3,3,5,5-heptamethyltrisiloxane,

25  hexaethyldisiloxane, heptamethyltrisiloxane and 1,1,3,3-tetraisopropyldisiloxane,
decamethylcyclopentasiloxane, hexaethylcyclotrisiloxane,
hexamethylcyclotrisiloxane, 1,3,5,7-tetramethylcyclotetrasiloxane,
pentamethylcyclopentasiloxane, octamethylcyclotetrasiloxane,

* [ L L] S *
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met hyl -

11T
t hyl hydrocycl osi | oxanes of the formula (CH3HSI O 3. 5s ‘
1,3,5 7,1 | cycl otetrasil oxane a
1,3,5,7, tgﬁogégaﬁyl cycl ot etrasi | oxane ggd conbi nati ons PREPENR8E2D  The

met hod according to claim 21, wherein the silicone is a 5 nmenber selected
from octanet hyl trisil oxane, hexanet hyl di sil oxane,

decanet hyl cthanﬂay&aéycmgamnemmhmﬁ}mig%[sgsi | oxane and conbi nati ons -
t hereof. 23. A rr’§t hod f]oc{y renovi ng from_conponents of a spin on coating
devi ce, a matledbr-Aitctasthyloyelokciasiioraneagd 13,3, bietametbylsnelotetasiloxanieandct ric film

10 precursor,coabiditiomith@doconpri sing: (a) contacting said conponents with a
sol vent conprising a conpound having the formula: R3SIO--[-SiRr-J,, SiR3

wherein, 15 Ris 3 rren&_gr sel ected from hydrogen, aryl, straight-chain
al kyl, substitut@d st Fa¢ gethod aecopding toglaimi2iawhersin thdwilicongiisa/ | and

substitut gd Bhdnker8decté&d @b OI K%ihyﬂﬁﬁfdﬁéleé?é_}%gﬂg?ldf@&ﬂ%q according to claim

20, wherein Ris a nenber selected from raig thai n al kyl groups,
Cl - C6 strai gifiecammaihylcyclapentasiloxgne, egtemeshylowictetthsijonany indgombisatioss. The

met hod accorqli!I fo claim23, wherein Ris a nmenber selected from nmethyl
groups and ethyl groups. 26. The nethod according to claim23, wherein said
silicone is a liquid at tenperatures above about 15 T. 25 27. The net hod
according to clai 823, A\Ml@thgff@rmqﬁrzgdhmmmpmnhefa spinopcoating an or gani c

solvent. 1!l ldgicé,lalﬁxétgljia\f 'cbmﬁ&smgla 'i‘-lcaéel Jilkesqlrioxane resin dielectric film
10  precursor, said method comprising:
(a) contacting said components with a solvent comprising a
compound having the formula:
R3Si0—f—SiR;—0},SiR3
wherein,
15 R is a member selected from hydrogen, aryl, straight-chain alkyl,
substituted straight-chain alkyl, branched chain alkyl and substituted branched
chain alkyl groups.

24,  The method according to claim 20, wherein R is a member selected
from C;-Cg straight-chain alkyl groups, C;-Cg straight-chain fluoroalkyl groups
20  and phenyl groups.

25.  The method according to claim 23, wherein R is a member selected

from methyl groups and ethyl groups.

26.  The method according to claim 23, wherein said silicone is a liquid

at temperatures above about 15 °C.

25 27.  The method according to claim 23, wherein said solvent further

* c L ] s *

comprises an organic solvent.



