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(54) Title: ETCH-STOP RESINS

(57 Abstract: Silicone resins comprising 5 to 50 mole% of (PhSiOs.5)2(0OH),) units and 50 to 95 mole% (HSiOpxn{ OH),), where
Phis a phenyl group, x has a value of 0, 1 or 2 and wherein the cured silicone resin has a critical surface free energy of 30 dynes/cm or
higher. These resins are useful as etch stop layers for organic dieleciric materials having a critical surface free energy of 40 dynesfcm
or higher. ‘
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circuit (1C. The interconnect levels are typi cal | y separ at Hdviay 2606

. insulating or dielectric coating. The coatings may be forned by chem cal

vapor dep@s d3i0ag20r by spin-on techniques. For exanple, YcPwseaseps No.
4,756,977 discloses the use of hydrogen silsesquioxane resins 15 to form

coatings on electronic devices. [0003] {One nethod for formng the
integrated circuits is known as dual damascene. This nethod invol ves
applying a layer of dielectric, etching the wiring pattern into the
dielectric, filling the patterpTOH-BSTOFRESINEtal, and repeating the
process until the desired nunber of |evels have been forned. 20 [0004] It
has ‘becone beneficial to use at least two different materials having
differing etch characteristics tpamRicqghsadgNe dielectric layer. In
essence, one dielectric material Serves as an etch-stop in etching of the
other dielectric. It is preferred that one of the dielectric layers be an
organic material while the other be an inorganic material to enhance etch
sel e6t i v[0091] b&hisdeventite perteies foailicon&resinsrcompirising Stte i50 nhalgérofneFh8i€k3.e as
the etch-stop to the other. In '25 oxygen-based pl asnmas, organic

di el ect rg)%@om%pdnﬁmtsmo D&Sﬁfﬂé%t(HSiOPQ@}Q@Hj,g, whegd Phig 4 plfenyl froup,at lusn
fluoride " based plasmas, inorganic dieleCtrics tend to etch faster than

or gani ¢ achlwd e, 1ioz 2. anbavieiiie thesuradadilivons resin haserqaicalsuriegfred energynoll gani ¢
or organjc, inorgapjc, rgani ¢ are al so useful .as the die|legtric layer in
the int Sgrdypeyicmor bighgr. ﬁmwmeqew&ﬁ@w&&ﬁaﬁp&m T QeZenifsliglestiig 61 Al to
Al 'l edSi,ghakaiansvi : Ic6 frea @ Iof 20 AoNd G igphstrate and a first

di el ect rliﬂég Iayeémﬁn%?er?%?&g(%i tﬁleonrél%%%r? the?féuS straté. A layer of a second
di ell8ct r{ie02fatSemiedndustop devitdsarfied have ¢drcorfmorstarrdyeéfgetteined intgrsoneetl an

additional .1 006 WD 03/035720 .PCT/ U802/ 31824 2 |ayer of .the fi.rst

di el ect f‘eﬂlsrﬁi\?g#%i‘%ﬁzmﬁ%@m 8%?1@%&’?%‘9?&‘8 H sﬁg@mf@. @P:mt?ﬁéiegr gani c
di el ect rdigsit 9. TRE @ftbbncbi18lels ARlRHiBalbAsPAHAANY dullfsiilfBpURHidledHi€! ectri cs
are materials that are not carbon contai ning. [0006] U.S.” Patent No.

6, 218, 3¥paiig cTheswstingsanssobaniprined by theraical yeppredepesitige of by epig-ondedmigiks. over

pol ynmer g, i I r pdl.electr ter| | i el i apnt of
Pose 1 Hap ehbls S RRGRIFE 1R 7 Bl siIt PERBRL IR GUiRERIRES. T
di ellgct rto forhaprikifigs ot clecrod@sdavadese that the upper material be able to
adequatelg coat the Igwer | evel (i.e. wet the, surface) is als

oot o Tades e metod f oumine dansteeedurngs s e s upLdanieshso JIS Thi s

I nvent i QReR&S b Ifth h 63/ of &8 'C&k(m er\?.af_aog 1o il tBYaRfeckfNSI A 3-
x)/2(O—Iq§b uﬁtlits fgﬁ%ﬁ@oﬁl{m%hgﬁﬁngfg%e?ﬁ#& 3- g)ﬁ?Z tf;a where Ph ieg a phenyl
group, Xilliegsthepatternvatiowiriig netal; aRl wpdatitigahe process antilibe desitddi nmonrbsr pEsi n has
a critigqal urfgce ;ree energy of 30 dynes/cm or higher. These resins are
-usef ul geveést ©QF rs for organic dielectrics 15 having a critical
sur 2ace [00RY TARIsDEcOHhe Bohelitie & 69320 leall t00ai fledRAARSLriIB hﬁvih@ﬂﬁfﬁﬂn?@tdﬂ so
pertains to an integrated circuit device having a_an organic _dielectric
| ayer habimagterstiosite prognessthe fiplectiiq lagere da egenes, onodiglestriy optessl ¥gRas 2nd a
phenyl at ed- oxi de . di. i VA i f gy of
50 Gy nedt it B CHRL GG bt Bt el b e Fithe B ABAERE Y
_ one sur faaeegmilic inbRrial whild the dtlel be i IdrZid RyRiialao ehikaics echseletivity of t he
phenyl at ed- oxi de di el ectric |.ayer.. [0010] This invention pertains_to
si | i condepsnihe makegalss Eﬁéersjl? co layst maysexve apfigjegsiastop 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




X)/2(OH)x) units and 50 to 95 mole % (HSI O 3-x)/2(0H) x) unitisMaage0k on the
total amount of silicon containing units in the resin, where Phis a
phenyl gr@esodsB@s a value of 0, 1 or 2. [0011] The sil ipegAos/elbds
contain 5 to 50 nole % of (PhSi Q(3-x)/2(OH)x) units, 25 alternatively 25 to
50 nole % alternatively 30 to 45 nole % Hi gher anounts of (PhSi Q3-
X)/2(OH)x) in the silicone resin resultg i n higher anmounts of carbon in the
phenyl ated dielectric layer. This redutes the etch selectivity between the
phenyl at ed- oxi de dielectric |ayer and the organic dielectric |ayer.

Addi ti onal | i gher,. nts, af, catbon,in.dhe final, 11. 2006 .
03/ |03|572%‘3’Ei)<liérf/tg!%g??§fgﬂf e ngtefinl dporion o e etnd etedetio 1E0er 2 1R orbiic
phenyl at gidicRiidd @réieledsls tha cbRMB catifbn 44 thé Bafiaaic deletieiss drendt@idy thal 4012]

For the silicone resin to have utility as a dielectric |ayer in conbination
wi th an nefragghiincogtadivgtric layer it is desirable to have a critical

surface e of 30 I i r i I resin.
For everbd@g%:ﬂgéf%ﬁteﬁéyg" g,gif?,ﬁ%/( ﬁ'i?gﬁ) &%tﬁg?ér%&gg&)??m%ﬁfyﬁ%fgl Pﬁg@%ﬁe resin it
i s t heor hagthaklbadvet polyetit itadlavet Bfckverid mekriel dagvg bilidlbwric vomthnt efless
increases Q.31 dyne/cm_ Thus, higher anmounts of (PhSi Q(3-x)/2(0OH)x) units
in the sthandsmd mesipreierably 24261 leghl e however, it has been found that as the
anount o Si - | Is S€:. dd ' : ed
11 conelotlf ok obligthbid Hoi Bl GRERSE i defril REE R Mpfle il At

pr ef er r eabl baaddghetelyuroatths ldwerdesa] (ies iwet tesarface)r It is alb dssirdblecte havee

energy. in_the range of 35 to. 60 dynes/cm nore preferably 35 to 45
dynes/cn‘i“-‘r-]qﬁ% an 8etwgeR thedaystst he silicone resin is not specifically
limiged. The silicone resin may be essentially fully condensed or nmay be
only partially condensed. When the silicone resinis partially condensed

| ess t hanodd) mohas MvedtidoRridiHs ks silitohdiR sk bhafAsing §%6 50 otk f CEPRSIOE SI 15

OH groups. H gher amounts of these units can result in instability in the

: q £ or . . . .
the oi |1 BGHOTDELRERELL 30 bR AN SO P PRI LAY &l K™ 1 1
vei ght a%{%ﬁg & 0] SEMhAT Wi e LMY stiRohd sl @ PhicAQErth& Fd kR fand

preferably 1n the range of 500 to 100,000, alternatively 700 to 10,000. 20

Si | i cone3¢ dgaes&nuseliigherh dheseresiny atsaisefubaptich stod layers fonorgasic disledtriesd t o
PhSj 08/ HSi OB/ 2).d .( PhSi OB/ 2) a(.PhSi C/,2 HSi 08/ 2)d 25 b

éroiﬁdﬁ%ﬁﬁgﬁl %Vi?ﬁgﬁé@@egﬁg gﬁ%&@%ﬂﬁ/%ﬁﬁggﬁggg’?ﬁ Ixture) of a gﬁgnyf

triall 0050009 d THE T dadibn hRO PRSAIGR f 4t dpp4 kbt ddHa R A drganic -

(PhSi 08/ 2) a( HSi O3/ 2) d( HSi C2, 2(§g&ge _

( PhSi o/ Sieleeiiedprs:/pviogpositicplsudage freg gueyey piHdynes/igm or higher and a

20, b>_ ot Rap SRR g el Bt g 4

[ 0015] Thighesiodsceddonbthe pilitone e wherdih adisadt onewrtace blitheanganiddieleettmnpl e,
the resins 11 May 2006 WO, 03/ 035720 PCT. 2/ 31824 4 hydrogen trial koxy
si | a Yﬁre‘i""f”l‘#st%s Cg L .ewgﬁ@a%teﬂﬁﬂ%%%%é b Sakanpto et al.

[0010] This invention pertains to silicone resins comprising 5 to 50 mole % of (PhSiOq;.

x)/z(OH)x)'units and 50 to 95 mole % (HSiO(3.x)/2(OH)y) vnits based on the total amount of
silicon containing units in the resin, whexe Ph is a phenyl group, x has a value of 0, 1 or 2.
[0011] The silicone resins contain 5 to 50 mole % of (PhSiO(3-x)2(0H)y) units,

25  alternatively 25 to 50 mole %, alternatively 30 to 45 mole %. Higher amounts of (PhSiO¢s.

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




Alternatively they may be produced by the hydrolysis and condefagato®n of a
phenyl trichlorosilane and hydrogen trichlorosilane as set forth in U S
Pat ent hb Fos73dpgd to Becker et at. and U S. Patent No. pydddeAndst o Bank
et al. 01 The silicone resin is typically produced in the presence of
‘a solvent Any suitable organic or silicone solvent that does not contain
a functional group which may participate in the reaction may be used in
producing the silicone resin. The solvert is generally used in an anount
of - 40 to 98 wei ght percent based on the total weight of solvent and sil ane

carri o B ofurRiiRs o adhesiod of el sty oA aReReear \pBE S el °°

organi ¢ gleaydraybe exenplified by, but not limted to, saturated
al i phatics such as n- pent ane, hexane, n-heptane, and isooctane;
cycl oal i f¥048) c Fosthelsilaone m;mltoﬂiem wiléyase di eqmbxmecombmmpna@ﬂwch as

‘Et %?iaﬁ%@cf?%wmt e s RO mEE R el AP L gtn her
bsﬁe tu gﬁeralﬁ ”gissrﬁs&g%?%g‘ ﬁ".‘?ﬁ%‘gﬁﬁ%ﬁ’%ﬁﬁ o fq gﬁgﬁg@ "S/r'}‘gﬁ‘ﬁ%’ﬁ)(z@h ggch as
br orbeng; ﬁe&e%gkn lﬁgshg 9{2 ¢ ofifildl’s ﬁrfgéﬁceeeaeﬁefgggﬁg{xegdnuﬁéem Hrohses and

~propyl propronate cone ts may |f|e by, ut not

limted pg) %ﬁéfcﬁl %@W aﬁuﬁﬂs%mmeﬁg}zmmg%ﬂs i tha silicocHRsin a6 d

'd]ecarr}et hyl c opgnt asi 1 oxane. A sin ent may be 20 used or a m xture
can’be. carprB ot Bn b S AT EE R ﬁﬁﬁ@?@g@%ﬁ%ﬂaﬁ%ﬁ%ﬁ' !

s1on 11 CaafiSlitbe A ofled SIS RU B Ihdirghile dﬁe’léchfcqgf'err BlelsesT Y Cal Ly the

reaction 1s carrie nperature-in range o Cto 150 C, with
anbi Ent prerpedrthitithecwed gthsﬁrmckesﬁ 51a{re£)ﬁ) tatical lverfade rfn:etenergg mmherreng ¢fi36dne

resinis pendent upon a tors such as the tenperature, the
type andagﬁiﬁ‘éﬁ??nbfm%lelpé‘?f@aﬁ@ggtt‘é ?Plt he anmount of catalyst, if

prese nt ELC ahhk ¥trhdiGre @A ik 'régﬁl is%;ldft EAUEIS@US iditcl] MUE 8ichAe REMEhAY
hours. skilled in the art w |l be able to readil determ ne the time

necessar ‘96 essentiatiyl fotly comcbmeémmayrbe qrdp padtially pmslmeg theisdigons reginds
t t h { ||
e car apyEng Bitighiia R4 Bl Yo Be e ST Al sl Belb Bl ont TR, 1O

strippi n@}pgroﬁpﬁ emgh@ﬁﬂhcﬁlﬂlt@éf theshinita Cho RSl temewbilitylinghe aishi atﬁitthﬂay

negatively Tnpact the shelf life of the silicone resin espeC|aII§ mgfn in

sol ut i onfarmation pEeele rbypirallys to3dgualeda of the upils 1wl siligpne tesitontan Si-O

' PCT/USOZ%§$ﬁ34 5 [0021] In the process for making the silicone resin, after
the reac is conplete, volatiles may be renoved fromthe silicone resin

-sol uti on[#idpr Thedilicen resivdes arveeiglBuvhrage hadledues weight (Mshd mﬂmhnge of 500 to

b d t al 4l |
ARSI e e A B R U AR
~and 3gcl ude, éﬂfcoﬁéﬁéﬁﬁis%seﬁlﬁl&élﬁﬁﬁdﬁ&té;&fhphhe@gﬁ,]buFﬁéﬂlthd he reaction to

produce the silicone resin a nunber of optional steps may be carried out
“to obtain theHdiOsRNEHSEB)N; i N the desired form For exanple, the silicone
resin my be recovered in solid formby renoving the solvent. The net hod

of sol vent ﬁ?‘@b unmer ous nethods are well known in
the art (e.g. dist ?)F? t| onZIg@ﬂﬁﬁi&éQ@@qanq/or vacuum). Once the silicone
resin is recoysiga, LidhsOh I MsiblSdEsId, sBPe
(PhSiO3/2)a(HSi103/2)d(HSI02/2(0H)
25 - (PhSi03/2)a(PhSi02/2(OH))y(PhSiO1 2(OH)2)c(HSi032)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




optionally re-dissolved in the same or another solvent for H Mayrooul ar

use. Alternatively, if a different solvent, other than the solvent used in
t he reactyy@isossnasesired for the final product, a solvenpcexghangs my be
done by addi ng a secondary solvent and renoving the first solvent through
distillation, for exanple. Additionally, the resin concentration in solvent
can be 15 adjusted by renoving sone of jhe solvent or addi ng additi onal
anounts of solvent. [0023] This invention also pertains to formng a
‘dielectric material in an integrated circuit device wherein the dielectric

material,is conpr4sed .of at | {- f i | tric
havi‘ng Jlﬁ?gﬁﬂﬁﬁﬁ‘eﬂf ?1%88 % F%?@h@@? _lgg% ngﬁé%Z@’g%ﬂ%;g r?gélf‘g{n‘%eééﬁ% a second
phenyl at gHe@¥icidy tic® neftbel grodwe fbrﬂh@ﬂytﬁ@ljrsi&mm&ﬂdénsdtﬂoh@ﬁla@hemﬂi n of this
invention and 20 having a critical surface_ free eneragqy %fp 8@ st 30
dynes/ critichipoositpmersns pitrighloxosilaneas sal forthy :S. Rafing Nor PL8KePdPi al i s

t hat onepdi.el ectir | V&l | an etch stop layer for the
ot her. G%%%(eggtr a@gl&gtf“tﬁgﬁgﬁ’@g’%%ﬁ?g%ge@'the use of a

phenys at ppd#16Ki Whe kiliosr@asiin i Gypizalli pridngediincthé piesaice ofin balventt oy switeblgy of

71 ee” anchiggaist AliopuRoIveRbIBALIeRs ASGF R By CREPHLE IR AT R EAUEPRE Y one
is able %]g gﬁ@a#ﬁ\&f‘a %@ugééﬁgﬁrb@&éiﬁ/ SRISIREA rERATHRGoRentR SehBhly hal ipxer t he
5 e g | e ectgh C

other. | rgani c layer may be produced by nethods known
i n-the agmountifAg to Hhtveiphtibarcém based an thi totalrweighrod selventdndesilanaygagtants,

gt bl e o D T RSty LR g by pred s ool 5

energy ofi,o3- Xwﬁ/ﬁﬂ Si LKTM nay be processed using conventional spin
coat%g tné%hrﬁﬂque Sand equi pnment. [0026] The silicon resin may be used to

prepar e 03k nsefiiborzanic delveirte mmythe axemaplified by, byt neplimiiebie, wWhmed035720

PCT/ US02/.31824 6 (1) coating a sem,conductqr. T 4t 1 hl.j.cone
resin co aﬁf’%ﬂ“’ga‘%’&'pg’gtan eg%eof"h(%%%%’d"g}g’?)%% %ﬁ%@@aﬁfﬁ?{ﬁg an 0to 95
ol e% ( HSRpeniahd 2hEEHciohexihes hfonitics Such astarste, @hwup, xylettamesitjlaleyie of 0,
-1 or 2 and (11) heating the coated sen conductor substrate at tenperature
suffici eﬁilewu@maséesaln%@fwm disnene; ethyleng glycpl Jethed ethesthylens @ag xi de

di el gctri.c | il T ' [aTar ey gani c
di o1 Bt g tecRnEL miches RARARIBE] RitoR IS A ITRUCRERUR)S BleRt
formed. Albsdtunal dlkaiey suches pfictilytoathade;dhel fenatedirortatice suchay dromebenenefand ned

first and the organic dieJectric layer is then farned over enyl at ed-
oxi de di ela FW%PW@FS. S“fg ag éﬁ@%@?’k ‘Pﬁg‘l@ﬁ%? %rgﬁgo ﬂﬁf?l’ff’%at?y }9:3%%?‘} ?@C%%m i ed
to the subsifidffyBe eferdificdy, BSRANDMIRD to cRlc\efiBk ek Badh ay be used

i ncl ude any agent or mXxture of agents that will| dissolve or _disperse the
'si i con ocaimethylsytloteirasitoxens @nd decanethyayrieprstagdoxangyi A single sohvent mag be
solvent is tépicghl¥ a sei ng%le ls)gluveednt or m xture of solvents that are used
in tfe rBiedigrgpaiEge PLROIYERISIRAY DX 9% one resin, described above. Suggest ed
sol vents WIS! PTABRYéaefiéh Bl predhcerths Eilicoes 8sih cidbbacatiad eyt atyay ddnepeaatoreesp

y-but yrol ace i ket one,

one, nethyl isqohutyl ketone, methyl pr l,. .
mesi tyl elag agigloss not@@%wl%éea%geﬂﬁ@wme ca%lmg gf&@%ﬂl‘iﬂg‘i K5t pomRisaly) ar 1y
limted RQut 1S typi ' ; J 3 B 9 i ght,
al ter nat Hyardrtiol Pl dnhl EEendndl mERRILLE FiC AO1ICICE bl ditibat'e! O
temperature suggested. '

25 [0019] The time to form the silicone resin is dependent upon a number of factors such as
the temperature, the type and amount of silane reactants, and the amount of catalyst, if
present. Typically the reaction time is from several minutes to several hours. One skilled in
the art will be able to readily determine the time necessary to complete 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.
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to serve as an eich stop layer for the other. Good surface wetting can be achieved by the use
of a phenylated-oxide inorganic layer having a critical surface free energy of at least 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




EXAMPLES Exanple 1. [0039] To ethylene glycol dinethyl etherl ¥aERWEg was
~added the corresponding 5 al koxysilanes in the anbunts given in the table
1. The solgdsansBh ECDME and al koxysilane was stirred forpcgawasais:ei nutes,
fol l.om ng which dei oni zed water containing 100 ppmnitric acid catalyst
was added. The mi xture was vigorously stirred at roomtenperature for 4
~days. After stirring propylene glycol rgat hyl ether acetate (PGQVEA) was
added. The original solvent (ethylene glycol dinmethyl ether), residual

wat er, al cohol by-products and residual 10 nitric acid were renoved from

o o Fot s e \ _ o
or Eplifeﬁé' oyl " e BRI BRA Ry bl ich ASiB6 Rl Qffinglh o0 -0 11
Et ' ' : o 1] : i

11 et or GEpEAeSe CHER N @E] whiEANED to DSk SO JAOMRT RE Fhisa

Tabl e 2. JiRgylsebuy, x0fas WaahleH0ed of 2 and 0- 12C, while maintaining the solution
under a nitrogen atnosphere. In a separate flask ECGDVE and water were

conbi ned i n t HE)antheating themeated semigohductor suhzraiata iemppetire sdficienide oues
added it o the..chl orosi ne/ EGDVE, over, { he ,ti h in Table 2. After the
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~ propyl ene gl ycol net hcél et her acetate (PGVEA) was added to the_ sol ution.
Usi ng a reheaylptedwside delsetrigilayen & formed. soligrppisielxdes phenlaledroxide dielsciric
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flask congxedy dickoiialyyer5 evaporated to renove the ethanol and residual
wat er _and hydrochl goric acid, The sol ut_ign was . then dil III'[ ed to 10 weight %
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do 0 O XXX
: disperse the silicon resin to form an essentially homogeneous liquid mixture. The solvent is

typically a single solvent or mixture of solvents that are used in the reaction to produce the
“silicone resin, described above. Suggested solvents are propylene glycol methyl ether
15  acetate, cyclohexanone, y-butyrolacetone, methyl isobutyl ketone, methyl propyl ketone,
‘mesitylene, and silicones.
[0029] The amount of solvent is not particularly limited but is typically present in an
" amount of 40 to 99.5 % by weight, alternatively 60 to 99.5 % based on the weight of silicone
xesin and solvent.

20 [0030] Specific methods for application of the silicone resin to the substrate include, but are
not limited to, spin-coating, dip-coating, spay-coating, flow-coating, screen-printing and
others. The suggested method for application is spin-coating. |
[0031] When a solvent is used the solvent is removed from the coated substrate following
application. Any suitable means for removal may be used such as drying, the application of a

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 additionat 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
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is heated to a temperature in the range of 100 °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
such as nitrogen, and argon. By “inert” 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
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
layer of inorganic dielsctric may be formed thereon. Alternatively, 2 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.
[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.
[0038] Adhesion was measured using a stud pull procedure.




0 a~~v,0)0' -~~1 00r] OOOO AO\66 0 hkn O wWwMVmI1l v7 O aM Havep o6 n
Nmvkn

NO

25

10

15

20

WO 03/035720 PCT/US02/31824
8
EXAMPLES
"Exampile 1.

[0039] To ethylene glycol dimethyl ether (EGDME) was added the corresponding
alkoxysilanes in the amouns 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
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.
[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
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
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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‘Exanpl e 1lywd fassdtzeConcentrated hydrochloric acid (37 percegiriisn/smber),
octyl sodiumsulfate and toluene (1) in the anbunts given in Table 3 were

conbi ned. The solution was stirrer at 1200 rpmat 20C to mx the two
phases. Into a separate flask were addeg,tol uene (2), 5 trichlorosilane and
met hyltrichlorosilane in the amounts given in Table 3. The m xture of

chl orosil anes and tol uene were conbi ned over 4 hours whil e maintaining

Vi gor ous g&i rri!ng.g Thgeiesul ting resin was bodied for a mnimum of 4 hours
at 20C. hen. stopped and the phases all owed to separate.
The concgeo4yt ercbnlayzdm@dﬁlhﬁrm&ﬂ@fd &kid (FFSRrisasin wae\Rdylsoliutissltae getl. The

organi ¢ phase was washed 8 times with I'L portions_of 10 deionized water.

Thi s was teees () ithe aronnts givendn Tablgwere ﬁo@b@ad The sefptiemes giees at 1400
et et 0% U A0 SOREE DAL i AR AUARSERER 17511 Vo110, 2
r esi n5congiellbrosiing And enelyIkhiphdsilane 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.
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C2-226.2116. 913. 92100Tl\/m 50TH050 5 Exanple 4. [0045] Sanpl es from Exanpl es
1 and 2 were diluted in PGVEA to a concentration of 1 to 3 w% filtered
and spin-coated onto silicon vvafers The spin rates were selected in the

range Example 4.
[0045] Samples from Examples 1 and 2 were diluted in PGMEA to a concentration of 1 to

_ 3 wt%, filtered and spin-coated onto silicon wafers. The spin rates were selected in the range
10 . of2000 to 5000 RPM to achieve as-spun thickness in the range of 250 angstroms. The coated
wafers were heated in a rapid thermal processor in a nitrogen atmosphere at 250°C for two
minutes to produce the phenylated-oxide coating. Results are given Table 4.
[0046] A second phenylated-oxide layer was produced over the first using the same
procedures as above. Results of the film quality (film on film) are given in Table 1.

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
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angstrons. The coated wafers were heated in a rapid thermal processor in a
ni trogen wiogmagdwee at 250C for two mnutes to produce thet/usor/31824
phenyl at ed- oxi de coating. Results are given Table 4. [0046] A second
phenyl at ed- oxi de | ayer was produced over the first using the sane
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~ Spi n-X oa2 ¥ lampstroms. Thecavatedabafers wef&beaﬂaqnﬁm arapidthernl mwﬁsmﬁmhlkngMe range
of 2000 to 5000 achi eve as-s t hi ckne n the rang 250
angst  ontmoTieRe SLANEC ok BYOTH RIS Bt %Pweﬁwi%l il eoatine. %@@é&%@gﬁr in a
ni trogengvat fseizer e at 250C for two minutes to produce a nethyl at ed- oxi de
coat i ng. Resul ts are given Table 6. 10 Table 6 Target Exanple Cure

Tenperature Surface Energy ConpositionNo.(C 2 mnutes hot (dyne/cmFilm
Quality plate)

10 Table 6
Target Example Cure Temperature | 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 050 C2-2 150 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
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osoCl -225027. 3Dewets 11 May 2006 13 CLA M5 1. A silicone resin conprising 5
to 50 nole % of (PhSiQ(3-x)/2(OH)x) units and 50 to 95 nole %
(HSIib(3-x)/2(0OH)x) units based on the total amount of silicon containing
units in the resin, where Phis a pr}‘?ﬂ%ngroup and x has a value of 0, 1 or
2. 2. A solution comprising (lI) a sificone resin conprising 5 to 50 nmole %

f (PhS Q(3-,)/2(014 it d 50 tq 9 | e S d:Ho / it
gaséd olno'g he %%téﬁ‘ﬁﬁ ¢ uﬁl(?f’“?’??‘?’i“@%ﬁ"é@ﬁ?@?%ﬂg (E(%éltbg'?%?%o?%’éﬁ&%?ﬂa Sgﬂiarz
Ph i henyl d x h f 0 1 2. 40, t o w % of
- 'sol vento Bapus BB mangRIR s P B ot okt ol e Bylgentt ™ ©

dielectric having a crjtic surface free enerqy. .af | east 30 dynes/cm
4. A net H%EhedFSIBf‘HB‘?IEiPhdS %%Wﬁﬁ%?é‘&ggj}aﬁg‘vg“gloggtll'lg%:z'corrpri sing (1)
applying silicone resin conprising 5 to 50 nole % of (PhSi (3-x)/2(OH)Xx)
units and 50 to 95 nole % (11Si (3-x)t2(OH) x) units based on the total
amount of sil i2cohsoloten edmpminginits in the resin, where Ph is a phenyl

group and x has a _value of 0, 1 or_2 a u L I 1

coat ed substrdDe& &@%W%’i%%?‘&?%ﬁ‘%g?FP%ﬁ@oﬁ%i%g‘gs&{#’%i%e‘g@@@ég@@%%%g t he
silicone resin. 5. An integrated circuit conprisi n% Egﬂ' el ectric material
wher ei n t95anali &b GI8105. OBy utitsdosgskonsths dotalgmopnt PESILPORRRIUPHE LS 11
dielectric layer having a_critical surface free enerqgy of at |east 40

- dynes/ cmtewgsipByvhere Hlida g phery! pramandeRps sy ‘%IOH é’(t,gri c layer having a

critical surfaggbiesh SURHIEa Blvat bdedbin BE vAigH oF AT End® (A

phenyl at ed- oxi dief’éctric having a critical surface free'energy of at
| east 30 dynes/cm :

3. A phenylated-oxide dielectric having a eritical 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
(B) at ieasi one phenylated-oxide dielectric layer having a critical surface free energy

of at least 30 dyn¢s/cm.

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

30 dynes/cm.



