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(HSI O err{icessiokéib) [err]), where Ph is a phenyl group, Xpaggseyy@kse of O,
1 or 2 and wherein the cured silicone resin has a critical surface free

energy of 30 dynes/cmor higher. Thesd resins are useful as etch stop
-layers for organic dielectric materials having a critical surface free
energy of 40 dynes/cm or higher. 11 May 2006 WO 03/035720 PCT[ US02/31824 1
ETCH STOP RESI NS DESCRI PTI ON 5SETO®RSITOIhRESINgenti on pertains to silicone
resins conprising 5 to 50 nol e% of (PhSi Q(3- x)12(OH)x) units and 50 to 95
nmol 6% (HSi (3-x)/2(0H) x), where Ph is a phenyl group, x has a value of O,
1 or 2 and wherein the cured sili g rASHfhNas a critical surface free
energy of 30 dynes/cm or higher. ese resi'ns are useful as etch stop

| ayers for organic dielectric materials having a critical surface free
energy of 40 dynes/cmor higher. 10 [0002] Sem conductor devices often have
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electrically couple the individual circuit elenents formng an integrated

circuit ,él,b@H)J tigitd 4Hde30a6 195 @EdledoqUBIO 335N, ot dry Ph ép@pladngTgioyp,anhas
I nsulating or dielectric coating. Th% goati ngs may be formed by chem cal

vapor depadid ofd) 1 o 2land sihiereimthetcamidrsilipons resifthas acceiiopl seyfabt See atrgnof No.
4,756, 973% ddylngs?/xlzrg%ﬁ iJgthgre These gsing)égg et a8 ietlc es‘?o% aity%)r(sa%$ o;gea%}cndslelectric |
" materials having a critical surface free energy of 40 dynes/cm or higher.

10 [0002] Semiconductor devices often have one or more arrays of patterned interconnect
levels that serve to electrically couple the individual circuit elements forming an integrated
circuit (IC). The interconnect levels are typically separated by an insulating or dieleciric
coating. The coatings may be formed by chemical vapor deposition or by spin-on techniques.

' For example, U.S. Patent No. 4,756,977 discloses the use of hydrogen silsesquioxane resins

15 to form coatings on electronic devices.

[0003] One method for forming the integrated circuits is known as dual damascene. This
method involves applying a layer of dielectric, etching the wiring patiern into the dielectric,
filling the pattern with wiring metal, and repeating the process until the desired number of
levels have been formed.

20 {(;004] It has become beneficial to use at least two different materials having differing etch

| characteristics to produce the dielectric layer. In essence, one dielectric material serves as an
etch-stop in etching of the other dielectric. H is preferred that one of the dielectric layers be
‘an organic material while the other be an inorganic material to enhance etch selectivity
between the materials. Either dielectric layer may serve as the etch-stop to the other. In

25  oxygen-based plasmas, organic dielectrics tend to etch faster than inorganic dielectrics. In

carbon fluoride based plasmas, inorganic dielectrics tend to etch faster than organic
dielectrics. Sandwich structures of inorganic, organic, inorganic or organic, inorganic,
organic are also useful as the diclectric layer in the in;tegrated circuit.
[0005]' PCT Patent Application No. WO 01/18861 Al to AlliedSignal a microelectronic

- 30  device having a substrate and a first dielectric layer material positioned on the substrate. A
layer of a second dielectric material is positioned on the first dielectri_c layer and an additional
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25 alternatively 25 to 50 mole %, alternatively 30 to 45 mole %. Higher amounts of (PhSiO3-

x)/2(OH)y) in the silicone resin results in higher amounts of carbon in the phenylated

- dielectric layer. This reduces the etch selectivity between the phenylated-oxide dielectric
layer and the organic dielectric layer. Additionally, higher amounts of carbon in the final




layer and the organic dielectric layer. Additionally, higheri ®EAPQ006 of
carbon in the final 11 May 2006 WO 03/035720 PCT/ US02/31824 3 film

contri but%‘g%sgﬁwer adhesi on of the phenyl at ed- oxi de di elgRGigdos/3ig3yer to
the organic dielectric layer. [0012] For the silicone resin to have

‘utility as a dielectric layer in conbination with an organic dielectric

|l ayer it is desirable to have a critical surface free energy of 30 dynes/cm
or 5 higher in cured silicone resin. Fér every | nole %increase in

(PhSi O(3-x)/2(OH)x) in the silicone resin it is theorized that the critical

surface ee ener t he,.cured_.resi.n increases.. 0.31.dyne/cm Thus,
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(PhSi O(3-x)/2( X) units increase the adhesion of the cured silicone
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Silicone resins usetu erelrn my be exe ut not limted to
( PhSL0CB/ gefriddi thi/tBy chrePhiBic@iy/129in WS CAticH] Gfade fidSiemark nl thi2Fangoofi5s to

pr oduced t he hydrol ysis, and condensgti on of a m xture of a phenyl
triall coﬁ%ﬁ%ﬁ_f%wrwf%fé@ﬁ%%ﬁ@ﬁgg’é’@ﬂ?‘j’fﬂ( HSi 08/ 2) d( HSi 02/ 2( OH) e

(PhSi G/ %Esqﬁ@/s@ﬁ&ﬁfé%f%ﬂﬁcgﬂk%sin is not specifically limited. The silicone resin may
(PhSi @3/ 2) a(PhSi 2/ 2( OH) ) b(PhSI O112( OH) 2) c(HSI 37 2) d

( PhSi 08/ b egsensillilly cpidebielsiney i aity piipisrasiersed( Néhapthe sitidpee ieniayia
a>0, b> 0, ¢ .0, d>0 0,0. 05< atb+c< 0. 5.0, 5< _d+e< .0, ndh+cte< 0.4 .
001] ~rhitRsE portmks e R T s B slivors AR o 8ie 1 o
the 1si 08 drbupByHHHEOaMRAHAREBINIECHA 1SR (Bb8EYiliY inyie pgirardthal koxy
silane as set forth in U. S Patent No. 5,762,697 to_Sakanoto et _a%,

Al t er nat farptjor pEgelsrn ypieally g ianolsy/o ok Bherpits ot theisdicaperesBHpadn SO/ of a
~ phenyl Nglrolugpl orosilane and hydrogen trichlorosilane as set forth in U S

Pat ent , 281285 to Becker et at. and U S. Patent No. 5,010,159 to Bank
et al. S5[(f0ad]L6]Thekiticen résixame arvesight averagy pioletulay weightl (deg in thettangpofedidrice of
a solven spitable .organic qr . silico spl vent . that not contain
2 Fonot 3000 sestprelipaednionths et of ot OGO, Bttt B o B0E Lsea i 1
~prodygi ng t hegajdohé RifshuSetilherdii tnayBeVStinplificd 8P Huphotliiit@itd N an  anount
of 40 to 98 wei ght percent based on the total weight of solvent and silane

‘reactants, alRKSiOgh).YEE;/H; to 90 weight percent. The reaction may be
carried out as a dual phase or 10 singl e-phase system '

(PhSi0312)a(PhSiO2n(OH))6(HSiO3/2)g
(P1Si03/2)a(PhSi0(OH)),(HSi03/2)d(HSi0/2(0H),
(PhSi03/2)a(HSi03/2)4(HSI02/2(OH)e

25  (PhSiO3/2)a(PhSi02/2(OH))(PhSIO1 n(OH))c(HSiO32)d

(PhSi03/2)a(PhSi02/2(OH))b(PhSIO1/2(OH)2)e(HSI03/2)a(HSi02/2(0M)e
*where a>0, b 20, ¢ 20,d >0, ¢ 20, 0.05 <atbtc < 0.5, 0.5 <d+e < 0.95 and brete <04,

- [0015] The resins may be produced by methods known in the art. For example, the resins
‘may be produced by th_e hydrolysis and condensation of a mixture of a phenyl trialkoxy and




[0017] Useful organic solvents maybe exenplified by, but noti Map0@s t o,
saturated aliphatics such as n-pentane, hexane, n-heptane, and isooctane;
cycl oal i phatdsessiseich as cyclopentane and cycl ohexane; ar gpgRfgsegzsch as
benzene, toluene, xylene, nesitylene; ethers such as tetrahydrofiiran,

di oxane, ethylene glycol dietheyl ether, ethylene glycol 15 dinmethyl ether;
ket ones such as nethylisobutyl ketone (M BK) and cycl ohexanone; hal ogen
substituted al kanes such as trichl oroet hane; hal ogenated aronmatics such as
‘br onobenzene and chl or obenzene; esters such as isobutyl isobutyrate and

propyl ron i, Use ul _sili y, but not
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of solvents nmay be use 0018] The reaction to roduce&hggg cone resin

can be clichl Oe@B W@éﬁﬁﬂ?@ﬁﬁ?@ agget foghdn sS iRatep

signifi I ilicone resin. Typlcally t he
reacti o(nﬁrcé(e §4arﬁ%gﬁ%?ﬁﬁ&‘ﬁf%&f?ﬂg%%tﬁe range of 5 Cto 150 C, with
anbi ent [00@EPEeThE HilicorRugde 3§ BficalPp pidified] inkheptesenee b a Balvemtt h’elyssultahiene

resin is dependent upon a nu r of factors suc te ture. the
type andOmEABIGRr sibicons ﬂ%‘f?@tﬁhéga‘?e&ﬁpéco%atiﬁﬁ b&?&ﬁ? Bwtﬂtda’t cipgte in
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sol ut i on[GATE Ussful mgmmalso]vsntsmygém&;dmphﬁeql/by tmopet lagteskiog sHuratyd
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t he reac e renov e Si |cone resin

sol ut Oncydl'éiféhta!i@%@@ﬁlcﬂieﬁﬁﬁdﬂ raﬁmaﬁate RustpdsHenkam, tolurpb,udder), meblqdlene,
- by-products,” excess water, catalyst, hydrochlori cr d (%ﬂ

rout es) ethers such ssciaahydpftrsggdionane, £ 2 85’0910‘]11 t he art
and @@ I ngéulaﬁe rlﬁgfggh onto

pr oduce #ﬁeﬁél%@ﬁ%@ggﬁch}s% elrgoo Pﬁ?to g%i%g ;f be carried out

t o obt ai subistitnal dlkeensuchas mncblmoeﬁmnetéfaldgedatécbmmaﬁosr swhanﬁvr@noheneemrand cone

resin be recovered ipn sol vrn the s e et hod
of sol vgal%'/] F’gﬁﬁP&PQ gsters sr‘r’ﬁ aéf‘ﬁ“h’%’g}so rPe?WBE‘% aﬁge%? 1C8850wn i n
the art {(Sybhis Hlag bk kéh Iblmledqg/dﬁﬁtﬁlﬁ%uﬂa@t@@%lwsﬂw&w@ich@ce the silicone

resinis recovered inasolidform the resin can be optionally

re-di ssobwﬁanteibmlcwral@tegaﬂbxene,@ndﬂh@ﬁn@bﬂvmpeﬂltﬂsﬂ@x%r th é%k?rsol}@@t may be

Al te at|v%§¥ i f a E ﬁferent ﬁg , other than the solvent used in the
rea 3% WY oduct a solvent exchange nmay be done

by addi ngmsp eqap G@Eﬁoﬁw pediiceahelsitiesmiesig chibe farrisd ostdtaan tempienatotecso
distilla for exanple. Additiopally, the resin gwnglent rati ogrl ? oI vent

can be 1Bngds asd@anwaumaerlﬁga@aﬁ%auﬁn qriausesupiag of PR ESHY
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dielectric in an rnte devi ce wherein the dielectric
materi al tdnslaeeatﬂﬂermgmtedf at | east one |ayer of an organl c dielectric

“having a crrtrc surf ce fre ner gy of at east 40 dynes/ and second
phen%ﬁq eéﬁf@rt@ oryn} theys §‘§F@ © BPyis depende B HRoR S LSRRG ¢ hi s

inventi Oﬂlc C mué%.tljpﬁ\fﬁlﬂlgﬁéaﬁd bﬁbﬁﬁloﬁﬂéﬂﬁﬁﬁcﬁﬂ@%nﬁ ﬂﬁ@ﬂo@& oﬁbatblﬁﬁsif 30

dynes/cm [0 efit of this "dual layer" dielectric material is
t hat onepmsaitemypncauy thy eeaciion dipiedis ftom mraénasut@mtoa@wralsh%s | @yeskillghing he

other. e »l\Jnrl{ e ﬁ)le\’\’lt%t rterlsuﬂgr ats nrmqge cvr?e%est% %oﬂﬁ)?ete the reaction.
| [0020] Following completion of the reaction the catalyst may be optionally removed.
30 Methods for removing the catalyst are well know in the art and would include neutralization,
stripping or water washing or combinations thereof. The catalyst may negatively impact the

| shelf life of the silicone resin especially when in solution thus its removal is suggested.




of a phenyl at ed-oxi de inorganic |ayer having a critical surfepryR0ee energy
of at least 30 dynes/cmw th an organic dielectric having a critical
surface f{papeRefgy of at |east 40 25 dynes/cm By havi ng yggogkesmaishace
wetting one is able to achieve an essentially uniform coating of one
material over the other. [0025] The organic dielectric |ayer may be
‘produced by nethods known in the art, usg’ ng mterials known in the art.
One suitable organic dielectric material”is Si LKTM nmanufactured by Dow
Chem cal Co. This material produces a dielectric |ayer having a critical
surface f . L) e .- '

convent i eGP s EE BlsPesor BRI Hlhng Wil EMCERY O yBD AE SR T (s

resi n maymbebeifathved fionethersticond rsitydohition-uadédedaticd pesskudec Shetyeslatilys 11 May
2006 WO 03/035720 PCT/ USQ2/ 31824 6 {I) coating a,sem conduct or, substr.ate
with a siieludpalcohol PH-Rreddsts, sKerss wats gilyshdy cbﬁmenﬂﬁ@ g195ylAns reyiEs))
units an 5 ' = 1S Drg Bh 4.5 up, X
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subst rsat edisfllatiohenperature sufficient to cure 5 the silicone resin and

pr oduce ny. ed-oxide djelectric lLayer. [0027] The sem condyctor
subst rat Zloﬁgﬁ clléfﬁioé‘{'% TERGRR'e PER F%@F,Sﬁlew Trsin gyngber\gﬁ R n@ﬂ%eps may
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phenyl at ed- oxi de dielectric ayer may be formed first and the organic
di el ect r i may byrecovesed incvolifl Foure Uy semoviththeshbyant. Skhsdretbod afsodvent wotovalds

| ayer. 10 [0Q28] The silicone resin is.typicall | §. 0 th yhstrate
as a sol tmﬁ?zé B’é&g‘?’:&f:ﬁous %%Véﬁtage Wﬂzl‘n‘ﬁ% eégzgg'i %@&h@n%%riﬁﬁnt or

M Xt uige OfndARSAbRi)) Wncdithd siHtGRALYR iPfecovdtélifas0lill fems ithd ©6iA ceBé N to form
an essentially honbgeneous liquid m xture. The solvent is tygl cally a

si ngl e sodntionallyore-dissetveddn ghe sopioamnethewolvent forgqaiquiprie  Adismativelytiba

q ; : ; : |
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[ 0029] The anpunpt,_of solvent is not .particularly limted but is typically

present | tHrongh distillation, der %@%-9@8‘%‘“@9@}’,&@?‘% GOW%%?%'{VW@@XE% 99.5 %
based on 14 | ' Ccﬁ’lﬂe ' ﬁﬁ&%a’iﬂlﬂi’ 0PI enSpeci fic
met hglds(s) foﬁ&gpp ﬁggto?{cr)l cc)#det e sﬂﬂl}%%hgare,s n to‘ﬁitakaemé%gétrat eeni ncl ude, but
are ~not [0D23}t €this iyvespomalso pertains todopning atdielegtric pateriabin dnnigtegfatashgitcuiit i ng,

screen-printing and, of.hers. The.suggested nethod for. application is

spi n- coat{5YYe ‘%W&P%gﬁcglc%%%?jﬂg?@“%% gfﬁtg_e BP{}%WQIIP QstJaPeOﬁ%a\%cd fromthe
~coated suligléiat Bavifp hQYiiosl surRed frédércdsy of it YeaSti( @k iRl S st&indr- emoval  may
" be used such as dryrng, the application of a__25 vacuum and/or_ the

appl i cat i enpptefoxidedielectrisdayer arodysedirory the hieansdesip pEthivip¥entigaang) at es) .
When [ I NG: | bl ' met hod is mnimzed since
t he s%nma@éﬁfgsﬁg%é?ﬁ%y%glg%?\él%g{&y%g‘bw] Fol | owi ng application
t ﬁ t hel sujog24jat Fhe lidneﬁ’coﬁﬂ:aﬂi‘dalul_kiayafraﬂiﬁécﬁdmabﬁd iathapo:llelt dzimen-ie}la;geleistgble:ur go
" the silicone resin. cured sjlicone resip is essentially inso in a

sol vent \iRiSEFe AR bich ey 107 116 gioF1 Capd BHHcS WeHPESaB LR 2 Ved%r&ﬁ%aﬁq y
the coat e SRRk xide NoMaR 08 APR.A3E 03520 SREIHSAREAL At loast 30

dynes/cm with an organic dielectric having a critical surface free energy of at least 40

- 25  dynes/cm. By having good surface wetting one is able to achieve an essentially uniform
coating of one material over the other.
[0025] The organic dielectric layer may be produced by methods known in the art, using
materials known in the art. One suitable organic dielectric material is SILK™ manufactured
by Dow Chemical Co. This material produces a dielectric layer having a critical surface free

30 energy of 53 dynes/cm. SiLK™ may be processed using conventional spin coating

techniques and equipment. '
[0026] The silicon resin may be used to prepare a phenylated-oxide dielectric layer by




7 is heated to a tenperature in the range of 100 C to 600 GIMagR08st he
.silicone resin, with 100C to 450C suggested. [0033] The atnosphere used
during thw(pd_;,ydg,grgﬂof the resin is not particularly |imtegcrddaghishs

at nosphere i nclude oxygen contai ni ng at nospher es such as air and inert
atmospheres 5 such as nitrogen, and argon. By "inert" it is nmeant that the
“environnent contain |less than 50 ppm and6 preferably |less than 10 ppm of
oxygen The pressure at which the curing and renoval steps are carried out
is not critical. The curing is typically carrred out at atnospheric

pressure howevgy . s&rznﬂréaﬁ%mﬁuse LSRR LSy b3S icolflirin! 53850l 0034]

Any ‘et hod of eatl ng 0 cure I cone resrn or exanpl e,

the 10 31&18@( H @n IR 4?&32 xgﬁ%%gS@'ﬂ@?Sﬁ&l&%?Hﬁ e}iﬁgo}?})ﬂ“ﬁﬁﬁ}émls%’en

rapid therm to stand on Furnaces are

commonl y ﬂ@ﬁgaggguér%agg%ﬁerdfot PoPpadyce cured resin films on integrated
circuits. he | ayers of dielectric materials may be produced in any

order. For exdil e,heating theoatsfl sgmg:and@t@‘rsebmer o trrmpen@tur@rsﬁ&er@efdoo:nrea
sem c subst rat an t hereafte inorganic dielectric
may bgn tf‘ﬁé’f&‘ ?ﬂ?eﬁf‘%‘Bﬁn ﬁﬁtp?l égmfiséglec ce{aﬁ%’i' ganic dielectric may
be pr oducp(jm_]n Tli@seﬁﬁéﬂzﬁl%ﬂﬂ@@ﬁ&&a&liﬁ@tdoﬁtz@n é:ﬁ\drﬁhhﬁrcﬁﬁédtﬁé lael, @ wiiith the
~organic dielectric may be produced thereon di tionall sandwi ch

struct ur @e@ﬂaﬁ?d’rq?ﬁlciﬂ Chelﬁaﬂjlérl@wormegl fﬁt%@vehbﬁheé&lmﬂﬂé&.ogldp disdqctiig
l f
nor gant deir e et e BREREARIHRRR A8k e il BV Mo

[0036] Thexideodiblewdriedayeen- 1 i m ti ng exanpl es are provided so that one skilled
inthe art may nore readily understand th@ﬁr nvention. |n the fqllow ng

exanmplles, [0RE8] chresilicpng resin s ypicplly ubstataas a solvenbuispersiAR. t he uni t
o1 037 2 (] sétveridarmby'bb fetlatholud Oy’ elfnﬁi\]’drtdlﬁcgjsxg SPALARANAI ERBKAG: (ST f ace

energy) was neasured uslng contact a process under ASTM D
724. 25 [dgR8k thelsiticororsings fmamuessehuaﬁyﬂngmgsuaods pighid muxtire dlireesol veht May

50, G ke A AN eyt e

in the angymne r&iﬂ’%@sdri&e& Iaemteatzh@géstedﬁaﬁveﬁel dt p%yehe EfslEnamy] sthéroxysi | ane

was stirred for several m nutes | owi n dei oni zed wat er contai ning

100 pim racetateg cycé@h@ramearmoh@etmmfh bw&ktﬂa » Weeshy} ipepybkedene. st i rr ed
room ter‘s(?tg(f atu cr 4S days. After stirring propylene glycol nethyl

et her acet® \?55 "added. The original solvent (ethylene glycol

i mét hyl peozegr )T%da?ﬁ@rdwagsdlﬂéﬁﬁs nc&b@ﬂhﬁlaﬂbﬂmmed@mliﬁypndﬂyp&kdﬂlai anthni tric
acid were renov romthe so otary evaporation, t he
resin pro%!‘ER}?l 0§ 4}ioR. 26 bpw ’rggb t@'ﬁé é@FO ?%??g)gaséflﬁérthea\‘f Elaﬁ(ggﬂélmoarr on.
Exanpl e ]1]‘ and 8048t Et hyl ene gl ycol d| net hyl et her ( EGDVE) ,
phenyl tri c% orosilane and trichlorosilane were added into a flask reactor
in ti3® anid0di]s Speoific mcthirémfoe agplicitien sﬁhmsﬂmmmmndo@lemmhstmte oludehutwts | e

EGDVE ancPAOATEEd R L AP oA TR o8 SRDUF O HETRBRs IS hhgeie -

vat er / EGQRers. SThéJE E%@st&@&eﬁﬂﬁ@ﬂr%%h&&%nqgkﬂﬁ%hﬂlﬁla EGDVE over the tine

shown in Table 2 ter the 20 addition the solution was allowed to warmto

20C and siP3HedWhen asplyentigusedibasolvent mmvgd freByiie geated sibptrate fojlawing he
For ned ' easplpﬁcal:i%go Ay asﬂﬁaﬁra oian® yor %]ﬁov% X:lc be r{EéchcheaE Iaﬁ;mé‘ Gl ?p&;ﬁcation ofa

25  vacuum and/or the application of heat (i.e. such as passing a coated wafer over hot plates).

When spin coating is used, the additional drying method is minimized since the spinning
drives off most of the solvent.

[0032] Following application to the substrate, the coated substrate is heated at a
Itemperature to cure the silicone resin. A cured silicone resin is essentially insoluble in a

30 - solvent which may be used for it application to the substrate. Typically the coated substrate




- (PGVEA) was added to the solution. Using a rotary evaporat orl My 2005 the
sol_utlon was concentrated to approximtely 21 weight %resin content to
remove t hgoifgldhE60! vent. To the resin solution was then pedfsgz3@20 of

et hanol to the solution and the flask contents rotary 25 evaporated to
renove the ethanol and residual water and hydrochloric acid. The sol ution
was then diluted to 10 weight %resin by addition of PGVEA. Exanple 2-2
was carried out in PGQVEA instead of E . WD 03/035720 11 May 2006
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‘1 77 %neita t%jmp%ré%ur% in %%%ge%ﬁﬁ °C to 600 °C to cure the silicone resin, with
100°C to 450°C suggested.
[0033] The atmosphere used during the curing of the resin is not particularly limited.
Useful atmosphere include oxygen containing atmospheres such as air and inert atmospheres
5 such as nitrogen, and argon. By “inerf” it is meant that the environment contain less than 50
ppm and preferably less than 10 ppm of oxygen. The pressure at which the curing and
removal steps are carried out is not critical. The curing is typically carried out at aimospheric
pressure however, sub or super atmospheric pressures may work also.
[0034] Any method of heating may be used to cure the silicone resin. For example, the
10  substrate may be placed in a quartz tube furnace, convection oven, rapid thermal processing
or allowed to stand on hot plates. Furnaces are commonly used in the industry to produce
‘cured resin films on integrated circuits.
[0035] The layers of dielectric materials may be produced in any order. For example, a
layer of organic dielectric may be produced on a semiconductor substrate and thereafter a
15 layer of inorganic dielectric may be formed thereon. Alternatively, a layer of inorganic
dielectric may be produced on the semiconductor substrate and thereafter a layer of organic
dielectric may be produced thereon. Additionally, sandwich structures or multiple layers may
be formed. For example, a layer of organic dielectric may be produced on the substrate
followed by a layer of inorganic dielectric, followed by another layer of organic dielectric.
20  [0036] The following non-limiting examples are provided so that one skilled in the art may
more readily understand the invention. In the following examples, Ph represents phenyl, Me

represents methyl, T représent the unit SiO3p (i.e. TPh = PhSiO3p).

[0037} Critical surface free energy (surface energy) was measured using contact angle
based on a process under ASTM D 724.
25  [0038] Adhesion was measured using a stud pull procedure.
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g EXAMPLES
"Example 1.

[0039] To ethylene glycol dimethyl ether (EGDME) was added the corresponding
5  alkoxysilanes in the amounts given in the table 1. The solution of EGDME and alkoxysilane
was stirred for several minutes, following which deionized water containing 100 ppm nitric
acid catalyst was added. The mixture was vigorously stirred at room temperature for 4 days.
After stirring propylene glycol methyl ether acetate (PGMEA) was added. The original
solvent (ethylene glycol dimethyl ether), residual water, alcohol by-products and residual
10 nitric acid were removed from the solution by rotary evaporation, leaving the resin product

(10 wt.%) in propylene glycol methyl ether acetate solution.

Example 2.
15 [0040] Ethylene glycol dimethyl ether (EGDME), phenyltrichiorosilane and trichlorosilane

were added into a flask reactor in the amounts shown in Table 2. The solution was cooled to
10-12°C, while maintaining the solution under a nitrogen atmosphere. In a separate flask
EGDME and water were combined in the amounts shown in Table 2. The watet/EGDME
solution was added to the chlorosilane/EGDME over the time shown in Table 2. After the

20  addition the solution was allowed to warm to 20°C and stirred for the time shown in Table 2

| (?Bodying time) to body the formed resin. 200 grams of propylene glycol methyl ether acetate
(PGMEA) was added to the solution. Using a rotary evaporator at 40°C, the solution was
concentrated to approximately 21 weight % resin content to remove the EGDME solvent. To
the resin solution was then added 30 g of ethanol to the solution and the flask contents rotary

25 - evaporated to remove the ethanol and residual water and hydrochloric acid. The solution was
then diluted to 10 weight % resin by addition of PGMEA. Example 2-2 was carried out in
PGMEA instead of EGDME.
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‘ Comparative Example 1. '
"[0041] Concentrated hydrochloric acid (37 percent in water), octylsodium sulfate and

toluene (1) in the amounts given in Table 3 were combined. The solution was stirrer at 1200
rpm at 20°C to mix the two phases. Into a separate flask were added toluene (2),
5  trichlorosilane and methyltrichlorosilane in the amounts given in Table 3. The mixture of
chlorosilanes and toluene were combined over 4 hours while maintaining Vigorous stirring.
The resulting resin was bodied for a2 minimum of 4 hours at 20°C. The stirrer was then
stopped and the phases allowed to separate. The concentrated hydrochloric acid phase was
removed and discarded. The organic phase was washed 8 times with 1L portions of
10 deionized water. This was continued until a pH of 4 was achieved. The organic phase was
transferred to a flask and concentrated to 30 weight percent resin using a rotary evaporator.
Toluene was added to the resin solution to decrease the resin concentration to 20 weight
percent. To the solution was then added ethanol at a level of 10 weight percent of the total-
solution weight. The resin was again concentrated with a rotary evaporator to 30 weight
15  percent in order to remove the ethanol and any residual water and hydrochloric acid. The
solution was diluted with toluene to 20 weight percent resin.
[0042] The resin was purified by fractionation of the resin by adding acetonitrile fo the
toluene/resin solution. Typically three resin fractions could be isolated by adding acetonitrile
to attain a 0.65 ratio of solution/acetonitrile to precipitate the high molecular weight fraction;
20 a0.13 ratio to precipitate the middle fraction (40-45 percent of the material), with the final
~ solution coptaining the low molecular weight material. The middle fraction was used for
-evaluation purposes and had an average molecular weight of 40,000 as measured by 3D light
scattering GPC. '
[0043] These materials were dissolved in cyclohexanone for thin film studies at solids
25 concentrations of 7.5 to 10 wt%.

Comparative Example 2.
[0044] Resins were prepared using the same procedure as in Example 1 except that

Me(OMe), was used in place of Ph(OMe)3. The amounts or reactants and resins produced
30 arein Table 4. ' '




- WD 03/ 035720 PCTTUS02/ 31824 10 Conparative Exanple 1. [0041i1 Xlapcedd r at ed
hydrochl oric acid (37 percent in water), octylsodiumsulfate and toluene
(1) in theyewanseie given in Table 3 were conbined. The solpgti@iz s Stirrer
at 1200 rpmat 20Cto mx the two phases. Into a separate flask were added
toluene (2), 5 trichlorosilane and nethyltrichlorosilane in the amounts
given in Table 3. The m xture of chlorpsilanes and tol uene were conbi ned
over 4 hours while maintaining vigorous stirring. The resulting resin was
bodied for a mnimmof 4 hours at 20C. The stirrer was then stopped and

t he phases all owed to separate. The cxixgglg@trat ed hydr ochl or| c acid phase

was ' r enoyed—and—gi-scar ded--—Jhe—argan mes—wthl L
portions ()PX%PjGel MeSiCh iCl £ g%%ﬁtiaﬁq@& JTPBGH% # S

achi eved. e nrnar(g} phasg s@uas ans¥érred to-a f Hglga-t-ed to
30 wei ght |fdrlkent |A4%in ubf®® a | W23rh1®yvapd3ler . | 700 uend Tasesddued {t o
the resin|[€atuti oh299 decf@2ke thkt22eklth cond®ifrati 300t o A0 WeiodPdso
percent. T& ORS =SOttyl SediveSulfden added et hanol at a | evel of 10 wei ght

percent of the total solution weight. The resin was again concentrated
with a rotary evaporator to 30 weight Tigepercent in order to renove the

et hanol and any restdugt—waterard tydrygchi Orli(, acid e§0| uti on was
diluted with tol hlene t qQHRNORL)s SxQGMeQ{tWaEsl Eﬁﬂmﬂfé#{) % ! i n was
purified by fractieadléoErahs) (gﬁmsyl )(gradld] grant ?Wél tto the.
toluene/resin sokUELGN | I¥PAZANTY shhEEE [T e5RA GRG0 DRt opi d; e isol at ed
by addi ng acet onift ] 2_ nibit. iy m —64 13:192\ uwu aneumria'C'eT onitrile to
precipitate the i fr2dl o el fhaetPon 20" ol 0 1%% 809 to

pr eci éitate the mddle fraction (40 45 percent of the material), with the
final solution containing the | ow nol ecular weight material. The m ddle

fracti on was used for

eval uation purposes and had an average nol ecul ar

wei ght ofEx4fpROD as neasured by 3D i ght scatterl ng GPC. [0043] These
mat eri al e dIS ol ved cl.oh anon Imstud |ids
25 concei?'\}‘,\gi EJ?‘E‘Jm!? S\}vtaé}g)é W—:‘p%@ea‘éomf Dﬁig

were prepageg ﬂlt%i‘éllganh

imédled iy ﬁﬁbﬁrﬁw&‘érd

W@%ﬁiﬂf’ﬂa&m kwe@é(&@&itedt]ﬁdhe range

Me( OMe), was used in p?ace of Ph(Owe)3. The anopunts or_ reactants_and reS| ns
pr odd6ed of 20001065 00A RPM fte achievetasipyn thidmesain sy wagesof 250 anpaFmes. The coated

No. o( o) (AFE) Mot MR P aRe e s in g niioss At TPt 05E P68
C1- 22991 2middid2 08 odin 10 Phhykned6XidOcdating. Results are given Table 4.
[0046]
procedures as above. Results of the film quality (film on film) are given in Table 1.

A second phenylated-oxide layer was produced over the first using the same

15
Table 5
Example | Film Surface Dk | Adhesion | Film Quality
Material | Quality (Si | Energy (film on film)
' Wafer) 250°C Cure '
i-1 no dewets | 34 3.06 143.9 dewets
1-2 small pores | 41 3.01 [ 134 small pores
1-3 no dewets | 31 3.04 | 65.3 dewets
1-4 no dewets | 31 3.09 | 59.8 dewets
2-1 no dewets - | 37.1 - 47.3 no dewets
2-2 no dewets | 40.1 3.32 | 439 no dewets
2-3 no dewets | 40.8 3.10 (44 no dewets
2-4 no dewets | 37 3.35 | 60.6 no dewets
2-5 no dewets | 35.5 3.38 | 59.1 no dewets




** 0SS = Cctyl Sodium Sulfate Table 4 HSi (OEt)3MeSi (OVe) 3Vl EM=GBT ar get
Conposition* Exam | e(grans) (grans)grans(gramns)

C2- 130. 42¢/@ B3A35282100. 00TMe025THO. 75 C2-220. 2116. 913. 921 gThda2/2{3741050 5
Exanple 4. [0045] Sanples fromExanples 1 and 2 were diluted in PGVEA to a
concentration of 1 to 3 w% filtered and spin-coated onto silicon wafers.
The spin rates were selected in the range 10 of 2000 to 5000 RPM to

achi eve as-spun thickness in the range '0f 250 angstrons. The coated wafers
were heated in a rapid thermal processor in a nitrogen atnosphere at 250C
for two ce the phenyl at ed-oxi de coating. Results are given
Tabl’e 4. Q%‘%tg] §€AE8%1, nd phenyl at ed- oxi de | ayer was produced over the first

usi ng t hi0daeSamples S esm&aaﬂoﬁmlﬂ&whh@zweré Biguitd InPGMEA foya (fil m on
film are given in Table 1. 15 Table 5 le Film Surface Film Quality

Mat er i al exnseRtrapiopgt 1Eﬁ§r%%iﬁ%@%§ﬁfbm'@#g§ uio; siligonygafers.) Fheepimgies 1- 1no

dovet S31T0BLo R ac a0 f FAIPHL st 8 AT o Ut A ramge of

- dewet$ 37230 angétrGms. Tievetatedivalas weeyhdatefilin B3afid4Bertrad pﬂembsmanﬂm)gen

dewet s40. 83. ang ts 2-4n0 dewet,s373. 3 .6po dewets 2-

dewvet sssats@Sé@S@alffﬁ& ek mipuigg {o E@é%cwwgwgwgwﬂww/ Bﬁgﬁs@ism
Conpar at%l\(,@nf:gﬁggl e 3. [0047] Sarrpl es from Conparative Exanples 1 and 2
were dilUted in PGVEA to a concentration of 1 to 3w % filtered and
spin-coated onto silicon wafers. The spin rates were selected in the range
of 2000 to 5000 RPM to achi eve as-spun thickness in the range of 5 250

angstrons. The coated wafers were heated in a rapid thernmal processor in a
‘nitrggen atnosphere at 250C for two m mpgbpsgt 0 produce a net hyl at ed- oxi de

=
i

coating. [RERHTS ar €T Bhaffifle | AP Conrd TemPerARRE © |Surface Energy | Film Quality
Composition No. (°C/2 minutes hot | (dyne/cm)
plate)

TMeg ,25TH9_75 C2- I 100 ' 255 Dewets
TMeo 25TH0_75 C2-1 150 205 Dewets

1 TY%50T 0,50 C22 150 29.9 Dewets
T50T 050 c2-2 250 26 Dewets
T 25T 015 Cl1-1 250 _ 24.9 Dewets
T025T 075 C1-1 350 1259 | Dewets

| T™.50T 0.50 Cl-2 250 273 Dewets




Target Exanpl e Cure Tenperature Surface Energy Conpositi onNoMagRB06r nut es -
hot (dyne/cmFilm Quality plate) T e025T 0. 75C2-1.10025. 5Dewets TWO 2sT

0. 75C2- 115029. 5Dewets T e0. 50T 0. 50C2-215029. 9Dewets T eo. soT

0. s0C2-225026Dewet s T"0. 251' 0. 75C - 125024. 9Dewet s T eo. 25T

0. 75C -i 35025. 9Dewets T eosoT osod -225027. 3Dewets 11 May 2006 13 CLAIMS 1.
A silicone resin conprising 5 to 50 nole % of (PhSi Q(3-x)/2(0OH)x) units and
50 to 95 nole % (HSi b(3-x)/2(0H)Xx) %ﬂ&msbased on the total anount of
silicon containing units in the resi ere Phis a phenyl group and X has

a value of 0, .1 or . A solutio £Q r|5|o Sil]

conprising 5 to%é‘hﬁ?)‘i‘eere%’(?f’méjﬁﬁgrg%( 0@%@ unid §),7§®gﬁ§0 to 95 m)l e %
(HSI O 3-X%) /[ 2( Od) x ts based on the tota unt 0 H“m g

uni ts i ntoPhemales GHSlbt&ax)éz (DD émgsgﬁsé‘ﬁw ? Otfﬁéllé 91']&6{]

or 2. (11) 40 to 99.5 w. % of a,solven ey ght of (1) and (II)
3. A phedythemezinoyhde Phiies Bhenyl gronR &léq’gsgﬁ c?tzng s\élr??ace free energy of

at least 30 dynes/cm 4. A method of producing a phenyl ated-oxide
dielectric conprising (l) applying silicone resin conprising 5to 50 nole %
of (PhSi Q( 3- x)2. 24 Sblpiyn corpssiaghd 50 to 95 nmole % (11Si O 3- x)t2(OH) x) units
based on the total anount of silic ts i ere
Phis a phenyIﬂ)@r%\!ﬁ?ﬂaﬁ%ﬁl&cmﬂ%‘l&gf‘%égﬁpﬁq) %n%’rh%gb@d‘)@(bﬁg"gsg %[ﬂ} (y\qa
heating the coated substrate to a tenperature in the r e of 1OOCto 4500
to cure ®Sandlelb @8O epi(O)p) uniks b the dofakameunt of g Ff%f qnjtjjging uni

dielectric material wherein the dielectric i,al .conprisess (A at

- | east onéhmeqanwbelmf’éllééﬂ’hﬁ%‘if Igﬁy’é’ranﬁdﬂ/]i‘%d”ﬁ’h@r‘? 4 Zsurface free energy of
at least 40 Gy9agILen 80 fHa lvdnPBiked B MOSRIMALEM axd dB. di el ectric Tayer
i ace’ free energy

havi ng a cr|t | east dyn*s/em 6. A
phenyl at ed- oxi de dielectric having a critical surface free energy of at

least 30 dy nes/ § n]lenvlated-oxxde dielectric having a critical surface free energy of at least 30

dynes/cm.

4, A method of producing a phenylated-oxide dielectric comprising
() applying silicone resin comprising 5 to 50 mole % of (PhSIO(3.x/2(OH)y) units
and 50 to 95 mole'% (HSiO(3.x)/2(OH)x) units based on the total amount of siticon

containing units in the resin, where Ph is a phenyl group and x has a value of 0, 1 or2to a

éubstrate,
(A1) heating the coated substrate to a temperature in the range of 100°C to

© 450°C to cure the silicone resin.

5. An integrated circuit comprising a dielectric material wherein the dielectric

material comprises
(A) at least one organic dielectric layer having a critical surface free energy of at least

40 dynes/cm and : ;
@) at leasl one phenylated-omde dielectric layer having a critical surface free energy

of at least 30 dynés/cm

6. A phenylated-oxide dielectric having a critical surface free energy of at least

30 dynes/cm.





