WD 03/ 035720 PCT/ US02/ 31824 1 ETCH STOP RESINS DESCRIPTION 5 [0001] This
i nvention pertains to silicone resins conprising 5 to 50 nole% of (PhSi Q(3_
x) / 2( OH) xywouwniosz2@nd 50 to 95 nol e% (HSI Q(3-x)/2(0OH) x), wreraSPt3iss4 a

phenyl group, x has a value of 0, 1 or 2 and wherein the cured silicone
resin has a critical surface free enerdy of 30 dynes/cmor higher. These
resins are useful as etch stop layers for organic dielectric materials
having a critical surface free energy of 40 dynes/cm or higher. 10 [0002]
Semi conduct or devi ces of ten haET6HeSEOMBESINGr ays of patterned
interconnect |evels that serve to electrically couple the individual
circuit elenents formng an integrated circuit (1C. The interconnect

| evel s are typically separated bypmsrEPII@GN ng or dielectric coating. The
coatings may be fornmed by chem cal vapor deposition or by spin-on

techni ques. For exanple, U S. Patent No. 4,756,977 discloses the use of
hydrggen é&lsesquLoxane resins 15 to formcoatjings qn qu&tronic devi ces.
[0003] dR80Ke: g invsatieonperiains tosHICORE Eeginscompesing 3itp 0inolg%fn @8SKal
damascene. This nethod involves applying a |ayer of dielectric, etching
the wi r ixygQFBk) enits andtS6 to A2 mbleXod Bt P G,x)2 (0 ) igheri Bh froa pleangyi]l giiouh, xwhas ng
metal, and repeating the process until the desired nunmber of |evels have
been folrehe of, | 0084nd phergisthssuepdesilinone resin bas a @itigalesugface Ege enqrgyof

differe i - avi j L FStics. 1 uce the
ai el oot P SR 8 fighBy aChesisRatdlibehl aF eroh SRR AL kol fid AeREER

et ch- st aptérinlehaiingg ciitical hefat fee ederglyef t0idgnes/dm bshighatf erred that one of
the dielectric |ayers be. an organic material while the other be an

i noﬂgani[@’%ﬁt ererafondycian ieiicss OSFR RANLPRERI THPIE\PITBYT HeRAHCIIGE INEICOPRSS s

B ther qiRl8RL e B ¥RELTRNy 86§ }I@?l%%n&ik}ﬁluglt GRuf efbhdnt foﬁﬁingah%tﬁ tafed 25
oxygen- based pl asmas, organic &)I electrics tend to etch faster t %n

i nor ganicocult 8Ce.cThe odercommectclavdls areftypioallydsephmsaddbypindssmating ovaligjestiic
dielectriQ§ tend to.etch faster &gan org ni c giel.ctrigs..SagﬁEAch

st ruct uF8¥mgr Thesiogingsimayheiopmned by Shergival vapgr dpogEAR o by RIPPRHFINIAYSSyani ¢
are al sgoteginileas.st Paestingd. &C136,977| Ay bseb thel i€ of Ry @O Eldesguiokthd resind005]
PCT Patent Application No. WO 01/18861 Al to AlliedSignal a mcroelectronic
30 dévi cefamsasgngs eueletrogicedeyingsa first diel ectric layer naterial

post t1 ofe3tn anPRE S Ghint i BBl SIS IR & BRIl Bl o o0

PCT/ USO 24e8d@Pihvolves applying a layer of dielectric, etching the wiring pattern into the dielectric,

filling the pattern with wiring metal, and repeating the process until the desired number of
levels have been formed.

20  [0004] 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. It 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 dielectric layer in the iﬁtegrated 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 dielectric layer and an additional



2 layer of the first dielectric material positioned on the second
dielectric layer. The organic dielectrics are materials that contain

car bon anwotoi@3ieeor gani ¢ dielectrics are materials that amreT/usot/3132¢4 bon
contai ning. [0006] U.S. Patent No. 6,218,317 discloses the formation of
met hyl at ed- oxi de type 5 hardmasks over polyneric interlayer dielectric
materials having a dielectric constant gf less than 3 and nore preferably
2.7 or less. [0007] Wen using two or nore dielectric layers, it is
desirable that the upper naterial be able to adequately coat the |ower

level (i 1a§er ¥f8he HRE dRWCERCRMteriht pdsﬁuﬁl@& Sn9esSdcbat GeleOritanrr. THE bigah@nt

adhesi on between the layers. 100 This invention pertains to silicone
resins c@winctrmsrage @atenalsmmbm%ucﬂaﬂ(dm&d@@moyganw(mmlcmmmtms 8ot are 95
nnle@b(ksl - X ﬁ? where Ph is a phenyl group, x has a value of O,
1 or 2 afdf cured silicone resin has a critical surface free

ener gy of000ép tﬂys EFtHINRY 6,21 §BET disEReethe EshafioR bEmaRidkd-asidetypl st op
| ayers for organic di el ectrics 15 having a critical surface free energy of

40" dyneshadmepksavghpolympoogupriapsr diclasiteampisrialahaving erdicleqtc eenstant Phleeyr at ed
circuit '?%%d@ﬁ gg#gﬁ@gépf ggg dielectric |ayer having a critical
0 ne

surface freé €energy cm or higher and a phenyl at ed- oxi de

di el ect r [0007hy &Vhdneusinpgwa o mndre didlecitic ragexe 1& Es&&sﬁ:ﬂﬂé that e upPerchintedalcsa or
hi gher produced fromthe silicaone resin, in at, | east .one surface of

the or gafhle teipdaanately cabthe lowyerleved ke dved ’fhf %‘Eﬁﬁ?%lcé“éfils{) Hesipbinipibaved- oxi de

di el ectr ntion pertains to silicone resins
conpri m%ﬁﬁgfé%i%d%}g&%?’%v%&gl&lﬁ%g - X)/2(OH)x) units and 50 to 95 nole %

(HSI 1o 3- x)/2(CH)x) units based on the total anmount of silicon containing
units in the resin, where Ph is a phenyl group, x has a value of 0, 1 or 2.
[0011] THBOGS]I i Eus gveREInEET@msta sHicane wSHS comprsiog 5fto PnEIleded x )(Plz?q@@ X)
units, 25 alternatively 25 to 50 nole % alternatively 30 to 45 nole %

Hi gher  appu(OEB,)0inifsRIGEDLB95 1ol CHBIO 31,2 (018), 5 ivihieeoPieisr estienyr @6, txshasn

hi gher anmounts of carbon in the phenylated dielectric layer. This reduces
t he et chagelueof Dyl by2 et whewint the cptedisilicahetbsoniad @ cditieblesntfr¢atred engegy afnd t he

{1 el WO DB MENF SIS el A Bk FioP DOCESOL BT IRHHES | on of
t he phenyhahedcAlitdaudhRIRetehblyl AVOrdyhes/éMQr Blghani C
[0009] This invention also pertains to an integrated circuit device having a an organic
dielectric layer having a critical surface free energy of 40 dynes/cm or higher and a
phenylated-oxide dielectric layer having a critical surface free energy of 30-dynes/cm or
higher produced from the silicone resin, wherein at least one surface of the organic dielectric

20  layer contacts a surface of the phenylated-oxide dielectric layer.

[0010] This invention pertains to silicone resins 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
silicon containing units in the resin, where 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(OH)y) units,

25  alternatively 25 to 50 mole %, alternatively 30 to 45 mole %. Higher amounts of (PhSiO(3.

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



dielectric layer. [0012] For the silicone resin to have utility as a
dielectric layer in conbination with an organic dielectric layer it is
desi rabl ewDoslasreo a critical surface free energy of 30 dyme3/usor/6r824 5

hi gher in cured silicone resin. For every 1 nole %increase in
(PhSiQ(3-x)/2(OH)X) in the silicone resin it is theorized that the critical
surface free energy in the cured resin gncreases 0.31 dyne/cm Thus,

hi gher anmounts of (PhSi (3-x)/2(OH)X) units in the silicone resin are
desirabl e however, it has been found that as the anmount of

(PhSI QA 3rpx) é(ﬁ{t@iﬂt&} toUBiveSadhB66E BE e phBS I%H%%id%rﬂléléctﬁ@ if@idfoetﬁe Stdahfeone
resin to the organic dielectric |ayer decreases. O preferred that
t he cur ediels¢tricdayee. resin have a criti caI surface free energy in the range

ot oot url0oBH KRR BifoafiDiesinih RATEANY o83 didfectRe YO SR b HOTREDEN | cone

resin nMeyrgakl€ dRsscdid la%ﬂ i isfdekikabl€ R Kb B 28 tiRA] S cdRecdHeYoyPel 30 Bine¥cm or
condensed. Wien the silicone resinis partially condensed |ess than 40

ol e 5% oifighdten Wred Sillcant f8inS iHor €0¢re 1raslerVs stteedse iC@hSHD ., $b(CIF) Pt @eoups.

H gher amounts of these units can result in instability in the resin and
the f orsiitdnenesif itgetiroridadnhatahé yritical surdRertdeenetepfin theeurmi resiniincredses
silicone resin contain Si-OH groups. [0014] The silicon resin has a weight
aver age O3l dyund/em. Whirghighermnounts oh@hSaBger)ofOBRY units in4besiliogneangsin are
preferably in the range of 500 to 100,000, alternatively 700 to 10, 000. 20
Si |'i coneddsiablahoweedrilit hasbesn ol thheasake ambiit APEBIO D (OB, )l units tegedse
(PhSi @3/ 2)a(HSi &3/ 2)d (PhSiCB/Z)a(PhSiCQ/Z(C%D)b(HSl&B/Z)d

( PhSi O3/ by adiRisBinGH/tR¢ Oidpd bidibﬁie(iééiﬂ)td(hd&r@ﬁ@ (ekdctic layer decreases. It is

§ Eﬂgogf#%@ﬁé#%@%@ﬂs SR arah Ratc el mafigs fiss qneray in the range of 35 to

(PhSi CB/@()@S&BB é?‘é)férblﬂ%?ﬂt@%/d ﬁé's%)r@) c(HSi a8/ 2) d(HSi @2/ 2(OH) e where
a>0,b 0,c d>0, e> 0, 0. 05< a+b+c 5.5 d+e :50.95 and b+c+e :5 0. 4.

[ 0015] TW@H]esiThe strrecfurigef ﬁmﬂm@e@l r4sin mxoh snpsificabydimitads be alﬂlponq:@smen@mpl e,

of a prengrs Ty Tul SER Y sl Be Y BetbleBtusd, WHRIbEEodle £k ony
si | ane agargglly é(ﬁfdbﬁbedllesisltl&n 40ah6181% DO thetuntts Zn ﬁﬂ%llic@néfﬂsﬁmhbﬁldﬁionﬁihn Si-

Alternatively thﬁf be produced by the h¥drol ysi.s and condensation of a
phenlfl OH groups 1gher amounts of these umts can result in instability in the resin and the

formation of gels. Typically 6 to 38 mole % of the units in the silicone resin contain Si-OH
groups.

[0014] The silicon resin has a weight average molecular weight (Mw) in the range of 500 to
400,000 and preferably in the range of 500 to 100,000, alternatively 700 to 10,000.

20 Silicone resins useful herein may be exemplified by, but not limited to

(PhSi03/2)a(HSi03/2)d
(PhS103/2)a(PhSi02/2(0H))p(HSi103/2)4
(PhSi03/2)a(PhSi02/2(OH))p(HSi03/2)q(HSiO2/2(OH)e
(PhSi03/2)a(HSi03/2)a(HSi02/2(0OH)e

25 (PhSi03/2)a(PhSi02/2(OH))p(PhSiO1 /2(OH)2)o(HSiO3/2)a

(PhSi03/2)a(PhSi02/2(OH))p(PhSiO1 /2(OH))(HSi103/2)d(HSi02/2(OH)e

where a> 0, b >0, ¢ 20, d >0, e 20, 0.05 < at+b+c £ 0.5, 0.5 < d+e £ 0.95 and b+cte < 0.4.
[0015] The resins may be produced by methods known in the art. For example, the resins
may be produced by the hydrolysis and condensation of a mixture of a phenyl trialkoxy and



trichlorosilane and hydrogen trichlorosilane as set forth in U S. Patent
No. 6,281285 to Becker et al. and U S. Patent No. 5,010,159 to Bank et al.
5 [0016] Wba3msiTecone resin is typically produced in the pceadsoraisef 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 solvept is generally used in an anount
of 40 to 98 wei ght percent based on the total weight of solvent and silane
reactants, alternatively 70 to 90 wei ght percent. The reaction nay be

carri ed Brfro@s HallBRy siRRBSE s@ o iU PateRiNG €5, 395680 Jal8hdlo ddsef ul
organi ¢ solvents may be exenplified b but not limted to, saturated

al i phat | A¥emmagvelnthen nprarheamedudse baike Ki‘ﬂrﬁb@isané conglegisation of pahenyl
| oal i phat | h . t I - i h
bonzene. PBlnETat B Bose PRGRGAR A8 BXELE U Yifen RoPERSIAS BICD 2

di oxane, Bedkay kel eardl .S OPatat@ld1 8yl 10t 99etd Bagk layhlene gl ycol 15 di net hyl et her;
ket ones such as net hyli so_butélp_ ket one, ( and cycl ohexanone; hal ogen
}

M B
substS t ul08d6h Thesibicensarsinds tpically praseethindbe preseise Rhe selvartio i R&aRlEch as
b b L. - . i i . -and
rOmDLENGEAtic P g;&@ssg);\ﬁép?g{af@&s B8 L& Sin UG Rl %gﬁgmcq rlﬁg;lbg%@g@ N

propyl préprona I cone sg vents nay xenp but not
limted the reactibh tnagiteasahsprodudingithe sdxbaersdshy | Thecbbiest is gsnéralhangd inad

decanet hyl cycl gpent asi | oxane. A_singl e, solvent. may. b 20 used or a mxture
of sol veHPer 4§é° gé wgieht B@f@}tb‘l‘ﬁfg Q%TQEFC?t%W?lgh#GB‘eYE’ét qnﬂe&]ﬁl? TCRFASy esi n
can be Cﬁférhﬁg/eﬁ’;‘{ 0 t%@%?ét?s@g&hﬂt PhEreaQiod ARPbESartibd HRSS aWfal 8or

significant gel I on or curing of the silicone resin. Typically the
r eactd onsingleqdmasd sydteoit at a tenperature in the range of 5 Cto 150 C, with

anbi ent ratu suggesied. 25 .]0019] ..Fhe, ti to.formthe sjl,i cone
resin i s[@ggﬁngjtéf#‘f%ﬁl éoﬁﬁﬂrﬁér}ayoée Wﬁgﬁgggﬁc%?ggﬁn?ﬁ%ﬂoe ﬁ%%ﬁagetd ure, the
type andalf?ﬂﬁﬂ& sieh a§ hlpRAGNE GR&AR) hshepting, dnldescRHE! cyefoalipliaticy Stich dsf
present. Typically the reaction time is fromseveral mnutes to several

hours. Creclegientans @nd ayclelexang; aragnatics suchudst kengener tolinpXydice PIFFiRECRG 0 iy i me
react orcbrs SRR §hE B Dl B L P RO TSPt ng

t he DSt aliysdthyliotheneitctorien Siehi 23 rhéthylisobuhkietanei(MIBRicAndcy clobeakanahé; Amdgen,

stripping_or. water washing qr. _conbi nations thereof.. The catal yst ma
negat i vePybstifyiedalkings Su‘gll?élt’fw}lli)’?og&&f‘e;t SEPHIPE BREAHE ?Whﬁbé%‘%‘ifelnﬁe in

sol uti ongfiBsbehtetie! &IRY @lchias iHUHGE HbB Gty raf B8 3R 1#8p bkt UBRSfuBlifiedne 5
solvents may be exemplified by, but not limited to cyclic siloxanes such as
octamethylcyclotetrasiloxane, and decamethylcyclopentasiloxane. A single solvent may be

20  used or a mixture of solvents may be used.

[0018] The reaction to produce the silicone resin can be carried out at any temperature so
long as it does not cause significant gellation or cause curing of the silicone resin. Typically
the reaction is carried out at a temperature in the range of 5 °C to 150 °C, with ambient
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.



[0021] In the process for nmaking the silicone resin, after the reaction is
conplete, volatiles may be renoved fromthe silicone resin solution under
reduced pwelsw83520 Such vol atiles include al cohol by-prodecrajSozssess

wat er, catal yst, hydrochloric acid (chlorosilane routes) and solvents.

Met hods for renoving volatiles are known in the art and include, for
exanple, 5 distillation. [0022] Followsng the reaction to produce the
silicone resin a nunber of optional steps may be carried out to obtain the
silicone resin in the desired form For exanple, the silicone resin nay be
recover eqp021] S ah tif¢ prédedt B thAARY tHRGilidd8e &Riny 8ftér thd RRCHBN RABnilets GolEilds
renmoval is not critical and numerous methods are well known in the art
(e.qg. di $aybegemeyedierarthhealiconaresingpltion seduggducehpressyie Sneli vdafdes esin i s

recovered | | i r t i I . - d] I in the
e o rficiath] Rl RSESpht FAINRE by A BRELI LAl
di f f er entand eblvens., Methods farramot/ing widtN&rire kis®oh innthe be ahé aedudenfor iegargls] r ed

for the final product, a solvent exchange nay be done by adding a
secondar WisS¥ei@ht and removing the first solvent through distillation, for

exanpl e. ﬁ@lﬁp ti , :2S| 2t L
adj ust ed[ y er@\[}?ﬁgﬁstg%mp&g?&? cgblgg%egﬁ% 5@#’%&8?28 addi '? %’Eﬁgfbngﬁ% ntnéayof
sol vent . be@a2izfl oihfiosobitain ¢t sikiconalrsgin jpetht desisedtforn.oFor exgnmplditid @licone cesin

material in an integrated circuit device wherein the djelectrjc material
s compr FUBdRGPe e 4 sp ) B e Raf ST o hecar e D g
critical RubifaPadd REne06! B¥Hels &le W@PRIowHdn WSS (£ Biflafos 8RR Heat ,
phenyl at ed- oxi de dielectric |layer produced fromthe silicone resin of this
i nvenfi oranded vaoumivOnge theilicone a¢sin isreenyerefline selid faym, dfe rgsinicambe 30
dynes/cm FOO@@@] 'I(ihe lbegefght of thi st'}'lduaiyl (rar" a]gi electri fAIlt”at rilal.fi S
that one SHIETEEIFIESPATRIM TS SABF & WG LEPVE AT ARVBER Stop Y &YEHVF & fhe
ot her. Geplersit'sbrest, veikt thad teasolixat asddl i@ igdrebitionh & désiged ffr tld final product, a
phenyl at ed- oxi de i norgani c Ia%graghavi ng a critical surface free energy of
r

at | east sglyenigygleange may herflong dinige sgpandant solvenh and W%’h@g”ﬁhﬁﬁéﬁlwlé’gmf ace
free enertﬂ%u@]&di%llétﬁﬁ?for%gmﬁﬁledm{i&@ly B¥e R Qe SRPM0R Eae&t%ﬁ pL ng one
nttall'y unrfo f ia

is able to achieve an’ esse n ‘m coating of one nater over the
ot hen5 [ @dRisied bpeemoviagiscmd o thecsoivent dbraaddingradditiv@alpanoshinteof doyvenet hods known

in the ar Si .materials known in the art. One suifable organic .
diel ectr bz éﬁ?%ﬁﬂvwgwg aﬁmrr?&mpém%aﬁl trfspwa@ﬁam injggrilerhgizguit
mat eri al fuRAWNERIAHE RIS hfatdrRY & cddfptisfoPattédst bitcAlay&Wifag @gdnicee 30
energy of 53 dynes/cm SiLKTM maybe processed using cohventional spin

coating diddedin¢ bardeg andticd sifamerfree nOaYBY aTleestdi0ldyneticmand a spegpdbe used to
prepare %h@rrfﬁar%cll-%;ﬂ g?i?e)ilecqgi'c ijaly%llr ;e)ﬁ)td{lclze% tlroarx e sti)l¥cone resin of this invention and

20  having a critical surface free energy of at least 30 dynes/cm.

[0024] The benefit of this “dual layer” dielectric material is that one dielectric layer is able
to serve as an etch 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



WO 03/ 035720 PCT/ US02/31824 6 (1) coating a sem conductor substrate with a
silicone resin conprising 5 to 50 nole% of (PhSi Q 3-x)/2(0H)x) units and
50 to 95 woleAsg7eisi O(3-x)/2(OH) x), where Ph is a phenyl @cousp2/xskas a
value of O, 1 or 2 and (I1) heating the coated sem conductor substrate at a
tenperature sufficient to cure 5 the silicone resin and produce a

phenyl at ed- oxi de dielectric |layer. [0024d The sem conductor substrate may
contain an organic dielectric |layer, over which the phenyl at ed-oxide
dielectric layer is forned. Alternatively the phenyl at ed-oxi de dielectric

layer may be f(Dr nedohtingi sa@nidohdiRtRsOMate Witleh 6icbhé resYdMpriSing 5ab shor med
over the phenylated- oxide dielectric layer. 10 [0028] The silicone resin

i's typi cahdly¥afPhSid 4. g)/j(mel)wlhﬁtsraaﬂ 60 &9 An®hd% B0 SHSICHRY whefioPly Bt S
that may be used include any agent or mxture of agents that will dissolve
or di qu:hsmyltgbwpsxlhasawahleﬁﬁ tor2aemdn an essentially honmogeneous |iquid

m xture. The ve |caII S ent or m xture_.af solvents
That Uare oca Uth" S Meatit nbRaiEh stmi oaiets: SrEdrale i BmpTials Wingeatts ey
aboves Supgggstsadd réé?h‘éﬁd‘%)ﬁ)d%&@a BB&BIYa{t@d]@xﬂé Mfeiéctrfﬁelta%!r' ether 15 acetate,
cycl ohexanone, y-butyrol acetone, rethyl isobutyl ketone, nethyl propyl

ket one, [REH]t yﬂ@rsemumdustpr suhstrate mdyo0RGIn Mhergamisuhinleafic Byt evr Wischthe

| i %
by et ghionelptaT ok ooty P isgBimd. BUEEARIS 'l BreRRbeeth atiechfe > °
resin anday® kna@rﬁe fordfled ﬁﬁaﬁﬂd BB ®€dahicCdieteétiio tkgyef iithaPfirmed ol @thdphdnfRited-

silicone resin to the substrate include, but are not limted to,
spi n- coathﬁb 1%1?‘1‘5“@ f-ng, spay-coating, flowcoati ng, screen-printing and

ot her 1] When a
sol vel??t |[§@283 gﬁ}%ﬁsél%%g J]I?%tgﬁm%@&fgﬁdo@ngts %’n%gga e %P%F%e%sqg%ol | owi ng
appl i cat i Saivenfirtjiatanayt bbuisedrindode dnyragestinmnaik i@yl dmntssthat \&M&iissahfed)['yl ng, the
applicati n of a ﬂﬁS vacuum and/ or the a;igl plication_of, heat uch. as

passi ng %PG%%F@EF faarredindp fprgt anpssentiefly howmerensors hav}étmlﬁalr? SThsiselient fe
addi t | onalpigiy angn L00Ent & bR B &flvthd ¥ drl s i &Qctlcﬁ{tb‘faﬁﬁiueé fhemost

of the s 32 Fol l om ng application to the substrate, the coated
substr at esﬂmnh@atne dewlbad abavep eSuggcsrc@ sobveotsrage pﬂm@ybmb glyonlemetbyl atherA cur ed

For 0 agsrrieari e A ke ot wphLisPr RECIS Heat el
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
resin 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 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
temperature 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



WO 03/ 035720 PCT/US02/31824 7 is heated to a tenperature in the range of
100 Cto 600 Cto cure the silicone resin, with 100C to 450C suggest ed.

[ 0033] Thwoasmeypher e used during the curing of the resinPCI/Us02/31824
particularly limted. Useful atnosphere include oxygen containing

at nospheres such as air and inert atnospheres 5 such as nitrogen, and
argon. By "inert" it is nmeant that the environnent contain |ess than 50 ppm
and 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
carri ed joHtatéd tod t@ﬁ?p@i%ﬂeqn tHRRSR WY 00 00RY 600 °C WPt tHefldiond keE VI i C
pressures nmay work also. [0034] Any nethod of heating may be used to cure

t he silildofeto €¥1°Q.suEgestasixanpl e, the 10 substrate may be placed in a quartz

tube fur onvecti.on ov rapi d dto

st and orlﬂﬁ%ﬁ pﬁéet Yoo Sﬁﬁrﬁgﬁgs %E &fﬁglo@f%%%%lgﬁ&ﬁ@ﬁ,qgmu ﬂ'aﬁhhﬂ 6 produce
cured r agdefulfdthFphere inokude bﬁyg%d cOhtafihg &mo[s@lib?yés] suthas hiayed meafatmqjmmsr ic
materials may be produced in any order. For exanple, a |ayer o;%tg g&l C

di el éct riugh papitiogeipravd degsd- GH ‘an@'é it SoReARS thatt the spyirpnment sARtaie

15 | ayer f ely, a
| ayer ofpp?l%%rbcg Ijr’??egglgﬁ l%e?%a?llcléd’ﬂr?%l H%% }%ﬁod‘géggf%%ﬂighf;&%g%ﬁlg o&%fﬁgiagg

subst r atremangl sidpsraeaédreied aut 1anetrcrmfcab rgerducing @ &brally carrisdputa apnoghhera

t her eon. Additj onal | y, sandwi ch structures or nul tlkp e layers may be

f ormed. H%?S“@xl&’h’fﬂ"ér syb 105 T gmasPRELHG RICTTFERS &y, Wer ‘be produced on the
substratg Olhﬂ et A G¥ Hett mQ%bé ﬁé’édgx@@hfetﬂb@h%%él'eﬁn frat beugsle Rite anot her

| ayer of or anl C ectric. 036] The follow ng non-limting exanples
ar e Hr oviubetthts malyﬂmtplsmd is kiqhdreztube fltrh@eamnmbyon onsnerapiitieinal pratesssigand

t he i nvention. exanmples, Ph repre h

r epr esentt sal]rc?i‘é‘ieﬂ)‘f]’ S@&BB‘P@% Firaacssiape cﬁ”@)@?’i’ly(‘ﬁsei %H%ugﬁ@ ng& %e
[0037] er&dfé@infﬂﬂ{sf&f?ﬁtefgm&lﬁfb%{tﬁly (surface energy) was neasured using
contact angle based on process under ASTM D 724. 25 [0038] AdheS| on was

neasur ed[0085h gThe w@u qﬁgiuerleqﬁi@mé@uﬁb maybeodaesain aprgrdesoborexapale, g

=y ARk fhig dieles 287 hay Be FbBNAA: NGO ndILTE bibbtraf i hd &) Vs

15 layer of inorganic dlelectrlc 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 represent the unit SiO3., (i.e. TPh =PhSi03/).

[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.



5 al koxysilanes in the ambunts given in the table 1. The sol ution of EGDME
and al koxysilane was stirred for several mnutes, follow ng which

dei oni zedwaaBmss7eont ai ni ng 100 ppmnitric acid catal yst wa3/sdusm24 The

m xture was vigorously stirred at roomtenperature for 4 days. After
stirring propylene glycol nethyl ether acetate (PGVEA) was added. The
original solvent (ethylene glycol dinetghyl ether), residual water, alcohol
by- products and residual 10 nitric acid were renoved fromthe sol ution by
rotary evaporation, leaving the resin product (10 wt.% in propyl ene

gl ycol methyl ether acetate sol uti ogxAvenats 2. 15 [0040] Ethyl ene glyco
di net hyl _et her E EGDVE), phenyltrichlorosilane and trichlorosilane were
added in k reactor in the amounts shown in Table 2. The sol ution
was cooled to 10-12C, while maintaining the solution under a nitrogen

at nosphe{€039] n Bo ethpanaglycdlldaskthy REDEE&TIMIR vas addeddhe oodéspentding t he

anounts shown .in Table 2. The. wat e}/ ol uti.on ed. tg the

hi or Sai PTSYEBRETIVE PipHE 1% reiearbiF - 7agreauson of EorNfanseniians
the sol utWaQRtiWes fé seAMEIdninQtedBloMbivihgANfEcR QBiofizl wWatkr Cofitalnlies 100 hAME 1N
Table 2 (Bodying tinme) to body the fornmed resin. 200 grans of propyl ene

gl ycol meeidydatabyshsras & The mixp@wEs vigerougs etrredatithemgenperatme fdodi duys.a

rotary ey, rator | Wt .on trat (o} r.axiately
21" ve, ont s pRite Bbnidin et BT kRl SR atRe (ROVEROLE el TREBEHT
sol ut i on sylaent (ethylend gBoBdink 16 edkh)areeidubbwhtas akohsltiyoprodiéts hiBresidask
contents raotary 25 evaporated to renove the ethanol and residual water and

hydr &8 hi &#trig agigh were yempovsd | fipm Bie sphiontbyantagy eyapetntion. leaving therresinpradiich by

w0 03/ 035 T8 AR pEBER 55O G- Ger @H'eﬁﬂe[ Mo NN S B g v () o

OS-"i C ONcP, wwOood HHH_ -i ONOO N -

Example 2.
15 [0040] Ethylene glycol dimethyl ether (EGDME), phenyltrichlorosilane 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 water/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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Z NNNNN W 03/035720 PCT/ US02/ 31824 10 Conparative Examlp e 1.

[ 0041] Concentrated hydrochloric acid (37 percent in water), octylsodium
sulfate and toluene (1) in the anount slégi ven in Table 3 were conbi ned. The
solution was stirrer at 1200 rpmat 20C to mx the two phases. Into a
separate flask were added toluene (2), 5 trichlorosilane and

met hyl t ricolat-ast Eaigplen .t he anbunts given in Table 3. The m xture of

chl orosi Nanes and tol tene were conbi ned over 4 hours whil e maintaining

vi gor ous [@4il} r Cogeentrted hydsadhldrivacid@Si7 pexvast inodita, dotylsalivm sidfaleramt 4 hour s

t 20C. tif. t h t d the | L. dt te.
The- concalimaiblinReBRmSEren It TABER 08 PPl e artufih WraudeRahiioh e
organi ¢ BRAaE20vaSo WAKIES WD PhaRBS Wtd DsephraROfldsk Oitse BlldeiGoRghOM) zed wat er .
This was continued until a pH of 4 was achi eved. The organi ¢ phase was

t r ansi er fréchlaresilang ped rethylirichblotesilanaingbe amowvs gvey i Tekle 8 ehhe migima ofisi ng a
rotary e rator. ,Toluene wa dded to, the resin l.ution to decrease the
rosin cobARRAEES and fougE et ARmBicl byt nolfs Lifle Malifinifine Moo SHEISESE

et hanol ghe geshiting resid whObudicd fir Jnalri@ti o0 Hodes 4tQoad. Tietitier s iehght . The

resin was agajin concentrated with a rotary evaporator to 30 wei ght
stopped and the phases allowed to separate. The concentrated hydrochloric acid phase was

E
w

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 to 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 containing 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 wi%.

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);. The amounts or reactants and resins produced
30 arein Table 4.



15 percent in order to renove the ethanol and any residual water and
hydrochloric acid. The solution was diluted with toluene to 20 wei ght

per cent rwein/033700@42] The resin was purified by fracti onatPcaruset/3tshe resin
by addi ng acetonitrile to the toluene/resin solution. Typically three
resin fractions could be isolated by adding acetonitrile to attain a 0.65
ratio of solution/acetonitrile to precijgitate the high nol ecul ar wei ght
fraction; 20 a 0.13 ratio to precipitate the mddle fraction (40-45 percent
of the material), with the final solution containing the |ow nolecular

wei ght material. The m' ddI e fracti on yaslegsed for evaluation purposes and

had an aveg CEETD 1@Dﬂ g | [HCPY O99-as THasr P EFoR¥nSD Tar g

SEQttfe_r: ngN . .- S,\ e( s(g reldi s§olvnd @ cy¢h angnrg for
thin filmn e so.iu 25 . atuu 7 01— WMe90 1

Conpar at | v-g_'éxa % Relg: ZZ ILO e—pH ¢ JZQQ‘.Q the Iw:,;a..THp. egedur e
as in ExanBle 1 e %%%r t Het 71 we( AT 3 ks ..cgﬁ‘f ol 2007 0¢ AR el &0 the
amount s or*r@$% cetyl Sediumdsiliate produced 30 are in Table 4. WO 03/ 035720
PCT/ US02/ 31824 11 Table 3 Exanple MSi C13 HSi C13 HC1 OSS** Tol uene Tol uene
Target No. (g) (g) (g) (g) 1 2 ConposTsbled* C -1 149 406 1422 10 3910 700
T eo0. 25T 0.75 -2 299 271 14p2 10 39%3? 700 T _eO SAT o.Tafpet ** {OSS = Cctyl
Sodi um Sul fate Thbl e 4 |HS8i(O8:)MepE@Me W@t%EQDM@%nE@Sﬁ%* Exanpl e
(granms) (grans) [Bxempdd (apmds) Caapeki t(gams) Cgrams3p 42" 40, 23113. 82 100. 00
TMe0. 25THO. 75 CPR-@2-20|21B01® 9] 134023100 TEBD. [50MHE0 5@V &sExam|l p e 4.

[ 0045] Sanples ff o(ljil—z‘zxcmpjoeﬁ 1] andgd werfe1sipd Ut egog n| AENEATYQ, ¢
concegltratlon of T to—3 W% ftifttered and Spin-coated onto SIIICOI’] waf ers.
The spin rates were selected in the range

—

13 83

p o T

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  of 2000 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
1-1 no dewets | 34 3.06 | 43.9 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 | 43.9 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




10 of 2000 to 5000 RPMto achi eve as-spun thickness in the range of 250
angstrons. The coated wafers were heated in a rapid thermal processor in a
ni trogen WomIepiTes e at 250C for two mnutes to produce tPeT/US02/31824

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
procedures as above. Results of the filmquality (filmon filnm are given
in Table 1. 15 Table 5 Exanple Film Surface Dk Adhesion Film Quality
Material Quality (Si Energy (filmon film Wafer) 250C Cure 1-1 no dewets
34 3. 06 AgmBadeWetbRampléd 3smal | pores 41 3.01 13.4 small pores 1-3 no dewets
31 3.04 ©65.3 dewets I-4 no dewets 31 3.09 59.8 dewets 2-1 no dewets 37.1
-- 47. 3 [984TevBamples fiormGouniparetivs Banples Band 3 veeraidildedist RGMEARiow dewet s

40.8 3.10 4.4 no_dewet 2, 4~0n0 dewet 7..3,35 60.6 no.dewets .2-5 no
dewet s asneerraignied 15 3 v e T idasa SR i Dgd g The gpit el
Conpar atw¥e sebaidhlif b3 rabQOsk DlooSanPOEBRPX/O a@ﬁﬁp@aﬁgﬂm&hm liethe kadithf2
were diluted in PGVEA to a concentration of 1 to 3 w % filtered and

spi n-Toat¥tangstrems Thecapatedayasers werhkeatqd in atapiddhermal prosegsetngnifragethe r ange
of 2000 b | < ' in.: g 50
angt rorhospisre BEACHE BrloRuAT i Bithuld s ENRA Db B BRORBICE Y, |
ni t r ogengived Taslplser e at 250C for two minutes to produce a nethyl at ed- oxi de
coating. Results are given Table 6. 10 Table 6 Target Exanple Cure
Tenperature Surface Energy Film Quality Conposition No. (C/2 m nutes hot
(dyne/cm) plate)

10 Table 6
Target Example Cure Temperature | Surface Energy | Film Quality
Composition No. (°C/2 minutes hot (dyne/cm)
plate)

T 25T 075 C2-1 100 25.5 Dewets
T 025T 0.75 C2-1 150 29.5 Dewets
T 50T 0,50 C2-2 150 29.9 Dewets
50T 0.50 C2-2 250 26 Dewets
T025T 015 Cl1-1 250 24.9 Dewets
T 25T 0.75 C1-1 350 1259 Dewets
T 50T 0.50 Cl1-2 250 273 Dewets




T e0.25T 0.75 C2-1 100 25.5 Dewets T eo0.25T 0.75 C2-1 150 29.5 Dewets T
e0.50r O 50 C2-2 150 29.9 Dewets T e0.50T 0.50 C2-2 250 26 Dewets T

eO. 25T 0.wb 08l03572250 24.9 Dewets H 0.75 Cl -1 350 25.9 DeweTaiSoF3msex 25T T
e0. 50T O 50 C1-2 250 27.3 Dewets WD 03/035720 PCT/ US02/ 31824 13 CLAIMS 1.
A silicone resin conprising 5 to 50 mole % of (PhSi Q(3-x)/2(0OH)X) units and
50 to 95 nole % (HSI Q(3-x)/2(0OH) X) unit3s based on the total anount of
silicon containing units 1in the resin, where Ph is a phenyl group and X
has a value of 0, 1 or 2. 5 2. The silicone resin as clained in claiml
wherein there is 25 to 50 nole % of CIRXXMS(3-x)/2(OH)X) units and 50 to 75
mol e % (HSI (3-X)/2(O0H) X) units in the silicone resin. 10 3. The silicone
resin as clai med dilicopk aésivscomprisiag Ses@inold st PhaiO4Q) @R ohits drel 50uni t s
in the silicone resin contain Si-OH groups. 4. A solution conprising (l) a

sili Conetor%ﬂle%'(ﬁm@ _X%@III?‘) Bt Wesed 8a afe tbiRDh &I of kilid6Ebrtdinihgidnsts and
50 to 15 95 nole % ( 2(0H)X) units based on the total anobunt of

silicon {maRk adsii Qﬂlewlll’l{i% dﬂheng'l@oﬁ eandix hahevaudr 0,9 ¢ 2phenyl group and x
has a value of 0, 1 or 2. 40 to 99.5 wt % of a solvent based pmthe

wei gt of (1) and (Il1). 5. The solution as claimed in claim5 wherein the

sol vent is Chﬁs%h%ul?@) eil%g)%lag@ﬁm‘ﬁgd ?Lé’i?ﬂl 1 Wfl{e{éﬂ thElteHQQS%% ?rﬁ]o % of

cycl ohexanone; scetone sobu etone propyl

ket one, sur‘?é 3555? M?&Eﬁsofﬁﬁﬁf&%ﬂéi@@ ﬁggig)ﬁ?hﬁ{sqﬁttﬁé §lik¢ ng a

critical energy of at least 30
resin.

10 3. The silicone resin as claimed in claims 1 or 2 wherein less than 40 mole% of the

units in the silicone resin contain Si-OH groups.

4. A solution comprising

(D) a silicone resin comprising 5 to 50 mole % of (PhSiO(3.x)/2(OH)y) units and 50 to

15 95 mole % (HSiO(3.5)/2(OH)x) units based on the total amount of silicon containing units in

the resin, where Ph is a phenyl group and x has a value of 0, 1 or 2.

(II) 40 to 99.5 wt% of a solvent based pm the weight of (I) and (II).

5. The solution as claimed in claim 5 wherein the solvent is chose from propylene
20  glycol methyl ether acetate, cyclohexanone, y-butyrolacetone, methyl isobutyl ketone, methyl

propyl ketone, mesitylene, silicones.
6. A phenylated-oxide dielectric having a critical surface free energy of at least 30

dynes/cm.

25

30



30 WD 03/035720 PCT/ US02/31824 14 7. A method of producing a
phenyl at ed- oxi de dielectric conprising (I) applying silicone resin

conpri si MyoI3wes72® nol e % of (PhSIi (3-x)/2(0OH) X) units amdTA®02/81896 nole %
(HSI Q(3-x)/2(0OH) X) units based on the total anmount of silicon containing
units in the resin, where Ph is a phenyl group and x has a value of 0, 1 or
2 to a b5 substrate, (Il) heating the copted substrate to a tenperature in
the range of 100C to 450C to cure the silicone resin. 8. The nmethod as
claimed in claim7 wherein there is 25 to 50 nole % of 10

(PhSi O 3- X) / 2(7O#) {pthodiof prodncing@ pghenylatedolkle Wil BBt OcAmp)isiag OH) X) units in
the silicone resin. 9. The nethod as clainmed in claim7 wherein | ess than
40 nol e% of t Kig applyisg silicanearesiaicbinpuisieg £ ¢s b6 nwdn e (F3iSiCH-gn0AE)) vdils 10.
An integrated circuit conprising a dielectric material wherein the

di el ect r agd 50raf ¥ indle %C(HB[('D@QZQ(GSI)}thﬂt%éd o theab@hambutioflstiebr i ¢ | ayer
having a critical surface freé energy of at |least 40 dynes/cm and 20 (B)

at | east coteinpiyamyt ai tha-resin,dehade Ehéci phenyl grpep ahdiy ihaga aalne iof Dchér Stord ace
free gner% of at least 30 dynes/cm 11. The integrated circuit as clai ned
in clai meB"Wer ei n the phenyl ated-oxide dielectric layer is applied over

the organi c di el ecpl) Sedifficccafbal@haEerbApeakREIPTE M A30cibmed 1n

claim 20 wherein the orgahic dielectric layer is ap ed over the
phenyl at 480%Xioderedhekidicond resinayer .

8. The method as claimed in claim 7 wherein there is 25 to 50 mole % of
10 (PhSiO(3_X)/2(OH)x) units and 50 to 75 mole % (HSiO(3_X)/2(OH)X) units in the silicone

resin.

9. The method as claimed in claim 7 wherein less than 40 mole% of the units in the
silicone resin contain Si-OH groups.
15
10. 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
20 (B) at least one phenylated-oxide dielectric layer having a critiqal surface free energy

of at least 30 dynes/cm.

11. The integrated circuit as claimed in claim 20 wherein the phenylated-oxide
dielectric layer is applied over the organic dielectric layer.
25
12. The integrated circuit as claimed in claim 20 wherein the organic dielectric layer

is applied over the phenylated-oxide dielectric layer.



