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20 Field of The Invention

The present invention relates to semiconductor devices, and in particular, to

semiconductor devices having low dielectric constant materials therein.

25 Background of the Invention

In an effort to increase the performance and speed of semiconductor devices,
semiconductor‘ device manufacturers have sought to reduce the linewidth and
spacing of interconnects while minimizing the transmission losses and reducing the

30 capacitative coupling of the interconnects. One way to diminish power

consumption and reduce capacitance is to decrease the dielectric constant (also



decreases in the dielectric constant of the insulating material are
required to achieve the inproved performance and speed desired of future
sem conduwwoDano4dsvs’ces. For exanpl e, devi ces havi ng i nt ectarse@siteshew dt hs
of 0.13 or 0.10 mcron and below seek an insulating material having a
dielectric constant (k) < 3. Sem conductor 10 device manufacturers al so
seek materials that in addition to having a low dielectric constant, have

t he medhesttc6ahe@sd Iridelatel nsatebials hyvingdded dielestrichsémstdnthare ebpeaially
cycling and Earcocessi ng steps of sem conductor device manufacturi ng. In a
t ypi caldesinehss bgcayse traystypically popatastersigral prepraption. reducasaractansea 15

i nsul ati ng mat eri al and the trenches forned in this manner, (i, €., .

nor 1 zorf ey ors (A HeaMPer et S0 Bi8y PRETRwEr aliebe aratles gf anving
congectihQhgatdd Birbuids PAREIEHIATas |R¥RIonlect dinelviithsAde&EaseNdyRESmitaayi ce,
is filled wth copper by electroplating, electroless plating, or

sput t erdevgeasifstiarthe lléelecpiperonstantephbthietissulating ndterishanerrequised faae)ieve

chem cal - mechani cal pl anari zati on é%:%/g% atffg i s enpl.oyed to renove %0
excess EIPROVeHReHBIHRARR NS SPER &f of bytuasE %fé}éucpmésglgfﬁg S eps.
This  REAGSSS iSyibXehedllint SRERNE RGBS bi BPF3 bPof A8 MikfdPand below t Ne
vertical structures <credated to contain the vertical electrical connections

that caweRcan ihsulbtieg cheteraehaoiiy aadieleeasd conetamt(®) L e¥ebenticohdyetos of
metal in a sem conductor device. To further inprove the damascene process,
vi dOandigvier nfasyuiagiuserscalso seek pmaterialsghat svad@itiondodiaving ajde wediskeCctijmi ch

is th || ed dual . . t.he. dual d '
Via di GEREPTE PagRPPr I aBhe ot eBPEY e R 7 HaDPLE St v c
| ayer 'tﬁeﬁ%ﬁ@?&lﬁf& b¥d GPateding ste R PREEBIRALRISNISIOP rhayactdriy., @

| ayer that controls the etching or renoval of the dielectricc, whereby voids

in the etch stop |ayer correspond to positions of vias that will be etched

into the via 30 dielectric. In a next step, a Ii.net\(%}‘el ectric is deposited
onto the et dR atyYCRLYINASCERE BFPGESSt Arline RALEA: SELIGNEH 'R tbﬁtst“é fa

Egﬂ%@;ﬁa@%ﬁiﬁgGég%érieﬂefahaeﬁ'\et ﬂ nEﬁé‘&‘??rﬁgd ia M% %9%13{6937'%'7’7¥h0? [horizontal

silicon oxide, or Silrcon carDbi In-d OW ng step

Vi a andsthidt@rd crsRed abehdusenid horiddetsiedtical EoenddtRsahasthad @ wirgbeldri nt o
the Iine dielectric until the etchant reaches the etch stop layer. In

posi t i degembetayertivra seminonaduathr steyjcd, dg dilledt wath copper by electroplating,
electroless plating, or sputtering. After the copper is deposited onto the entire
surface, a chemical-mechanical planarization (CMP) step is employed to remove

20 excess copper, and to planarize the wafer for subsequent processing steps. This
process is typically repeated several times to form vias, i.e., the vertical structures

created to contain the vertical electrical connections that connect the trenches between

at least two metal levels or layers of metal in a semiconductor device.

To further improve the damascene process, via and line formation can be

25 integrated into a single process, which is then called dual damascene process. In
the dual damascene process, a via dielectric layer is laid down onto a substrate, and

_the via dielectric layer is subsequently coated with a patterned etch stop layer, i.e.,

a layer that controls the etching or removal of the dielectric, whereby voids in the

etch stop layer correspond to positions of vias that will be etched into the via

30 dielectric. In a next step, a line dielectric is deposited onto the etch stop layer,

which in turn is coated with a patterned hardmask layer that defines the traces of



5 etching process continues through the via dielectric to forma via. As in
t he damas- cene process, etched via and line traces are filled with copper
(after appbywowp3as77Ta(N) barrier |ayer and a Cu-seed | apem)usasnd/oa7eS8/P st ep
finishes the dual danascene process. Dielectric etching is difficult to
control with today's required trench width of 10 0.13 mcron. Thus, the
etch stop perforns a critical role in sem conductor device construction. A
di sadvasiliageoridek apshicbarchmpigle. dnd &iliolwviagapepwizandliseitsaddsere forrekedt i vel y
hi gh dielectric constant (k-value). For exanple, typical hardmask and etch
stop nmawberehys the dimeutrienghes Nre srteled 9npe thgnpkinesidieleptice UaH! Ghae%ticﬁém y
high dielectric constant,_of at le 4 r | £ m cal
vapor f§38§%%§b? iegﬁh (Sé%)'?y%-ﬁﬂoa&gﬁ?ﬁéﬁm rgtteh(rglr(gggsj n@t SEﬁPQ{dH ﬂap}e%’r g’?‘?on of
a Lew &ehiFg priovksy cSRtiRu@tHrBlgH dRE vidadidrmstc t@formlASiid KABES ithe Bamas-
Damascene"”, = Proceedi ngs of the | EEE 2001 International |nterconnect

Technolaene Padessertehed pigesd dideca¢dunte dilled Wb1gonneaclaéier tapmlyingl dw- k

spi n-on_organosj | oxane fi|m y replace th r [ kpown etch sto

mat eri al & ogPr(WGér fé‘t\’l'=:’ié %?4 @ctﬁéeﬁg\ﬂéb’ﬁé, aQ§ ghgﬁ)ﬁftﬁqueﬂ?@ 6Pt €% ﬁ}é"taPt he
or ganosi | s a k value of 3.2 and does not disclose any details
about t Aerﬂé%%r%%ﬁyggghe used. US Patent 4, 626,556 teaches

or ganosi | sesqui oxane having required al kyl and al kenyl group side chains
bonded t her eDielevitlc @pthiogas diffiaultto grootmpd vetid tddeds’ s gequired ttenchavidth bbnded
thereto as a substitute for a photoresist material. US Patent 25 4,626,556
dod® nd?- 11%emisronhal hus sthereiah $4p P SEERIMExRABTIRR Of 8 38BIFCRLUSHTARMCe st op

or hardmask. I.n Co Y I r ' 1 :
navi ng CHE s e b valiedh BF sblvrLBafRs i g A0SR, RESR IS e
4, 626, Sefativaingd htdgi SielREGE tahs@hd (I00hIUSR! Fdriinple] 8)RedIHardmatRahdlesciand
thus, would not be useful as an etch stop. Al though US Patent 4,626, 556
t eachesstbpamatesals inclgdings iSiNe SHONoxSitk, fandnSiGav@vieoan dirdesitabiyc high

constants, US Patent 4,626,556 does nof report any,.diel ectric cpnstant
val vee. DPlSEEGrCOReTh T IFTteBODN: e ARE 318 MBPUGRAOLAERCE! Vapor

Egglcgufﬁg%&dssﬁ%ggfc\fghgg%um@ o 9aNRSLet RRAUIPXANE “ARRYPMSSI ON FF o P! ot s
Permittivity Spin-on Embedded Hardmask for Cu/SiLK Resin Dual Damascene”,
Proceedings of the IEEE 2001 International Interconnect Technology Conference,
pages 60-62 (June 4-6, 2001) teaches that a low-k spin-on organosiloxane film
may replace the preceding known etch stop materials to lower the effective k value,

20  the article r:aports that the organosiloxane film has a k value of 3.2 and does not

disclose any details about the organosiloxane used.

US Patent 4,626,556 teaches organosilsesquioxane having required alkyl and
alkenyl group side chains bonded thereto and optionallyf aryl groups and hydrogen
side chains bonded thereto as a substitute for a photoresist material. US Patent

25 4,626,556 does not teach that its organosilsesquioxane may function as an etch
stop or hardmask. In Comparative A below, we made an organosilsesquioxane
‘having the required minimum at least 50% methyl groups of US Patent 4,626,556
and this material did not wet known dielectric materials and thus, would not be
useful as an etch stop. Although US Patent 4,626,556 teaches that its
30 organosilsesquioxane films have low dielectric constants, US Patent 4,626,556

does not report any dielectric constant values. However, as those skilled in the art
3



3700/cm is present. Also, US Patent 4,626,556 teaches in a preferred
enbodi nent, the presence of a crosslinking agent that is |light activated
and as 5 wbase/sksl ed in the art know, that these natercalts26mawercls gh
dielectric constants. Also, US Patent 4,626,556 teaches that at |east 50%
of its side chains are alkyl groups since the |arger the anount of the

al kyl group present, the higher the heat resistance. US Patent 4,626, 556" s
Exanpl es,60%,666'slérgapas isddoaiioxans transgaiam‘sthﬁ’éBqldts;sanw thes silpmoli(8400e a

t wo |nch thICk silicone wafer wherein a thin 10 filmof one mcron was
f or med; 3TP@/am) nswhtesandn Alsgr e SatPatsotc 4&2@5I§<§urt§ac'&?s wsdC Rreferiehour |

dth t 450 f t t
gﬂal ys?egm Pﬂ Cf tRﬁoDr\?é?P’ﬁ%j °|?§as§%\}§§ﬁw’? é/eeng Eh%t 'Ln%ﬁocgtﬁ'\é't I sr Ir(ljg?s cl ear
i f tshe tﬁolsbcsfk"lﬂed"\ﬁaf fHe M'@Hw%tl thebé ¢esterialst Il‘i&/ Ry Bieddtitrit Gfonstants.

reported. Today's sem conductor manufacturers require a nore stringent TGA
test 15AIsb, &S Plamrm@rﬁéeaﬁaGn@tacbas ahaWaafeieastrﬁpé%cnjrltseatdenmaensam alkyht TGA

test requires q‘tﬁ{;g hoI din chOB@I ht | oss . re sen%shhogl wel |
e mat@PHRR Siaeb s [ladh the nauns ohiha 30! BEFURE saeRlc LS PEBRE DS Be
represgRER ISt (F8S PatsifiCiBo® 556 §h|§a>%el‘rK§%% f1r33”b|‘18’W1t4€%%Eﬁt Wh&: beke to

high tenperature cure.), and heéatin Wei ght | oss represents

t her mal orglaabsilddsyujoxankusas dfpfed ent t% mpﬁzmcﬁ&ﬁlnsorw gafesivheesinwi thirane
does not have the wetting characteristics, low dielectric constant, and

t heiOmal filgr abonetyicrerwaetpried: shayile wasitbendeatest at gRRSEHer & aows, ph

rosp( 1) B0 Tatd doirsi WD o SAnaki FORatic Wavithd ABGED: S5 1HHA ol Bips

and - 251208:RYAViRR%AC ShanRT, .N%rf’eﬁ%twagwtu&%twgg o%@@ﬂx/&ﬁ@@‘ﬂ@ébd@tzbhtsmd
July 5, 20017 teaches that Al'liedSi gnal's HOSPTM product is useful as a

har dnasik. notUsfear tifinhe edilicorses wafeorweight nveripaludedvie thebéhowvetdtitslopsbduct
does not have _acceptable wetting properties with organic diel ectrl cs. 30

Commonl gPasiedy nkrsiayss pamnisardustormapybactyress oequies agnerestiggent sGAtesias;
6, 287
815 05%% aﬁﬂraéllﬁﬁé%gﬁl%é%b@s'ﬁﬂé%ﬂ?re‘h??h&% Qling Bt TefAW A dqifes

heating and holding at 200°C (Weight loss represents how well the material was
dried.), holding at 430°C for 90 minutes (Weight loss represents worst case
scenario for shrinkage from low temperature bake to high temperature cure.), and
heating at 450°C (Weight loss represents thermal stability.). Thus, US Patent
20 4,626,556's organosilsesquioxane does not have the wetting characteristics, low
dielectric constant, and thermal stability required by today’s semiconductor

manufacturers.

In 1999, AlliedSignal Inc., now Honeywell International Inc., introduced

HOSP® product comprising organosiloxane having about 80% methyl groupé and

25 20% hydrogen groups. US Patent Publication 2001/006848A1 published July 5,
2001 teaches that AlliedSignal’s HOSP™ product is useful as a hardmask.
Unfortunately, as reported in Comparative A below, this product does not have

acceptable wetting properties with organic dielectrics.

30 . Commonly assigned US Patents 5,973,095; 6,020,410; 6,043,330;

6,177,143; and 6,287,477 teach organohydridosiloxane resins of the formula
4



thereof. See al so commonly assigned US Patent 6, 015,457. Unfortunately, as
reported in Conparative B below, a conposition conprising 50% phenyl groups
and 50%wWwpdnegsns7subj ected to the current stringent TGRCrAasodad7eas wei ght
loss of 1.0 5 percent per hour. Thus, a need still exists in the

sem conductor industry to provide: a) conpositions with |ower dielectric
constants; b) conpositions with inproved nechanical properties, such as

t her mal thetedsi | Be¥.algd @9mhbaRshdigned B eaedntr @, (TIN5 7. althfbrudatsy, as)
conpositions that are capable of being solvated and spun-on to a 10 wafer
or | ayeepdrtedtiniGamhparatived b@@m@sqqmmt@rhaprrmf@lnge58%(q phend gseigns arsd

functi har dmask .or an etch stop. and t. dieglectric materials.
sumar &7 BraroBRo eI Y 18 thi cideRbalirdEht T Wrdted s WaghGprSof .S

pr egentpér?gﬁpbgp ofjf.ovides an organosil oxane conprising at |east 80 weight
percent of Formula I:

[ YO 01-1. OSi OL. 5-2] a[ ZO. 01- 1. Osl OL. 5- 2] b[ HO. O1- 1. 0SI O1. 5- 2] ¢ where Y is
aryl; Z is altenyh;need stillf ewistsl 5n piinvec eamicandi@tpericdustryftoFpronide: 1 alb is
from2 percent. to 50 percent of 20 Fornula I; and c is.from.éo. ercent to
80 per P$Itiegs nith fowep | diglgctigponstasiisaiti pYMpesliang i PAPVE

t hose t il Rat. ent 6 ; kK | X

mat er i arlﬁsg31 ,gn%wgglp'!ryég gﬂ%gégos#%gs%ﬁﬁ%va\g'? E‘;bd?@r reégi;tsrsi égﬁ."-r.r%.![ﬁ gﬁ}’%@&é@ﬁ% e(ipgggf ted
in our ddERBidRsbetovompdsitions, thatyrdeapablant dgiattusdlyatiztandispan-onetocd
stop. Contrary to US Patent 4,626,556's teaching that its 25 i

or d@nosweersalavxedenatagial rassl deorppesitinns that aearsatilegnougbriorfeagtion

resi stance, and dﬁes not . r.equi re%he pretsgn etof ar)él. froups, we have

di scove?®d NAdPask T g} BT OPARHERR (VEF '3@3& ¢ NP CHESor esence of aryl
groups but not requiring the presence of al kyl groups has good thermal
stability as evidenced by the TGA results reported bel ow. The present
conposition also has a dielectric constant of 30 preferably | ess than 3. 2.
Anot her _benefit of the present conposition is that it has a | ow

crossl| i AXMRRAN tio%he present conposition may contain up to 20
weilght percent of other units as long as the other units do not detract
from 5 In response to this need in the art, the present invention provides an

organosiloxane comprising at least 80 weight percent of Formula I:
[Y0.01-1.0Si01.5-2]a[ Z0.01-1.0Si01.5-2]6[H0.011.0Si015-2]c where Y is aryl; Z is alkenyl; a is
from 15 percent to 70 percent of Formula |; b is from 2 percent to 50 percent of

20 Formula I; and c is from 20 percent to 80 percent of Formula I. Unlike alkyl-
containing materials similar to those taught in US Patent 4,626,556 that do not
wet known dielectric materials, the present composition wets dielectric materials
as reported in our Examples below and thus, may be advantageously used as an
etch stop. Contrary to US Patent 4,626,556's teaching that its

25 organosilsesquioxane requires the presence of alkyl groups for heat resistance
and does not require the presence of aryl groups, we have discovered that the
present composition requiring the presence of aryl groups but not requiring the
presence of alkyl groups has good thermal stability as evidenced by the TGA
results reported below. The present composition also has a dielectric constant of

30 preferably less than 3.2. Another benefit of the present composition is that it
has a low crosslinking temperature. The present composition may contain up to

20 weight percent of other units as long as the other units do not detract from

5



WD 2004/ 037877 PCT/ US2003/ 017658 | n anot her enbodi nent, the present

i nvention provides a spin-on etch stop conprising organosil oxane of

Formul a 1wo20437€72- 1. OSi OL. 5- 2] a[ ZO. 01- 1. GSi OL. 5- 2] b[ HEC@MFS20038i1 1858 5- 2] C
where Y is aryl; Zis alkenyl; ais from15 percent to 70 percent of
Formula I; b is from2 percent to 50 percent of Formula I; and c is from
20 percent to 80 percent of Fornmula I and having substantially no silanol
and a dielectric constant of less than 3.2. This etch stop advantageously
wets dielectric materials, has good. adhesion to dielectric 10 material s,
has good t hdnreriotbempimbodymeahdhg RreGent ByentiarinigvidesFepRIN?R et¢thstaot her

enbodi nent .t.heéﬁr eseni invenft{gorn rqyi des an organosil oxane having
al keny| CYPBUHEI AT8PARIRAC b 149 " 15 Brief Description of the Draw ngs

Fi gur e 1, 5hoBoTGh.19803 o500 SRy yelkidccagharsre( Vis 68); o BadIRGh)I0¥age
conpri sing 66% phenyl and 34% nethyl. 20 Figure 2 shows TGA data for
HoneywefrdmHOER{ererar gaR0gidroarinef Ravmulg |; 0% frenhd Ipegeentp 9Qd 2086t of
hydrogen. Figure 3 shows TGA data for_organosil oxane havi ng 50% phenyl
gr oups FMUaAL 39y dF et plefﬁ?.ﬂtet°48§ entcef é%’ “'Pgrariﬁﬁab'lngsent

conposit| . i 5, r Ltdkon. 6
vo oo b3 henAiBchh BbBeSy it Jale bR O8h bt or ieR MERTSTE, PARRRER SR . O
used hef{Riamt8xéd ushe SvétRadipleetan atatbrialsOhas igosdadd iy teleistestricy FTI R

si l anol peaks taught by US Patent 4,626,556. The term "organosil oxane" as
usdd heneterialpdmas gbodntewnalbabiityt anchipdgw emssbolkiag, temmaratss.

or ganosi | sesqui oxane, and excludes the presence of crosslinking agent
activated by light as taught by US Patent 4,626,556. 10 The phrase "t hermal

stability" a3 ssiflePBRRIJUIMBANSHES sERRMVBNBORY60Mes an organosiloxane

having alkenyl groups and thermal stability.

15  Brief Description of the Drawings

Figure 1 shows TGA data for Honeywell Accuglass ® 720 organosiloxane
comprising 66% phenyl and 34% methyl.
20
Figure 2 shows TGA data for Honeywell HOSP® organosiloxane having

80% methyl groups and 20% hydrogen.

Figure 3 shows TGA data for organosiloxane having 50% phenyl groups

25 and 50% hydrogen.
Figure 4 shows TGA data for the present composition.

30 Figure 5 shows FTIR data for the present composition.



wei ght | oss at 450C. Contenpl ated pol yners conprise a pol ynmer backbone
enconpassing 15 alternate silicon and oxygen atons. In Fornula | above,

pr ef er ablwoYoos03pdrenyl , benzyl, substituted phenyl, naplthyskoosantessyl , and
phenanthryl. In Formula | above, preferably Z is vinyl, substituted vinyl,
vinyl ether, acrylate, and nethacrylate. In Formula | above, preferably a
is from 30 percent to 70 percent of Formula | and b is from 10 percent to
40 percent of Fornmula I. 20 Polyners of the present invention may be
produced with or without essentially no hydroxyl or al koxy groups bonded
to backbone ShéigHasat oiBstantal Abaakol €a¢ Ns&d hefdiR ecfibes theastdisbhed to

t he af orenenti oned backbone oxygen atons, is bonded only to hydrogen atons
and/%or of glangascevideneeslpy FIYRGdBNnkpeaks taeghtmbyaUs. PBgnaidt 626)56.0nl v
hydrogen and/or Y and Z groups directly to backbone 25 silicon atons in the
pol ymer, unwanted chain | engthening and cross-linking is avoided. And

gi ven, anong tdy : LY g . i -
cross- i nki ngﬁlégggwlogyégﬁ?sﬁ%?ﬁéer géﬁjr%tseeg?é}tgﬁ.’en‘graggﬁ%%ﬁyng%ﬁ?’ﬁgcn?mf"ﬁén% hel f
life ofcémpsandseimictudasl triganpsildesqalih@nesdnd e ey 8 prespheyicpusl y known
organosi | oxane resins. Furthernore, since silicon-carbon bonds are |ess
react i v&rOSEBPKIBD|agenh-asyivatasehy Bghbesdeugbhby 4k iPatent 4,626,656 .

or ganosi | oxane resin solutions described herein is enhanced as conpared to
previ ously known hydridosil oxane resins. Preferably, the 7 WD 2004/037877
PCT/ US2003/ 0%76%2‘( 100, 000. In a preferred enbodinent, it is believed but
not confi r medN€ WAy ashethssmahstabilyd i doHeed bisrein maeanm less thapagd percent

confi guYrV%g"mqosé(écl:qr 'oI&gI y, there are only very low 5 levels or reactive
term na tefres in the polyner resin given the cage conformation. A cage

conformati on of the polyner backbone al so ensures that no unwanted chain

| engt heni ng pol ynerization will occur in solution, resulting in an
extended shelf life. Each silicon atom of the polynmer is bonded to at |east
three oxygehoatemelategi pelyeerbordabrise tehepq@pmene bablgedim nendatopasiing

hydlrSOgeanttgrrr]\gté rsll ico%oar% %?(%gn gartgrl#)sf ne%%FrinB adl gggsje,n'preferably Y is phenyl,
benzyl, substituted phenyl, naphthyl, anthryl, and phenanthryl. In Formula | above,
preferably Z is vinyl, substituted vinyl, vinyl ether, acrylate, and methacrylate. In
Formula | above, preferably a is from 30 percent to 70 percent of Formula |l and b is

from 10 percent to 40 percent of Formula .

20 Polymers of the present invention may be produced with or without
essentially no hydroxyl or alkoxy groups bonded to backbone silicon atoms.
Preferably, each silicon atom, in addition to the aforementioned backbone oxygen
atoms, is bonded only to hydrogen atoms and/or Y groups or Z groups as defined in
Formula I. By attaching only hydrogen and/or Y and Z groups directly to backbone

25  silicon atoms in the polymer, unwanted chain lengthening and cross-linking is
avoided. And given, among other things, that unwanted chain lengthening and
cross-linking is avoided in the resins of the present invention, the shelf life of these
resin solutions is enhanced as compared to previously known organosiloxane resins.
Furthermore, since silicon-carbon bonds are less reactive than silicon-hydrogen

30 bonds, the shelf life of the organosiloxane resin solutions described herein is

enhanced as compared to previously known hydridosiloxane resins. Preferably, the



The present organosil oxane conposition may be made with a dual phase

sol vent systemusing a catalyst. The starting nmaterials enconpass

trichl or ow0Dl2aeu037%md a conbi nation of organotrichl orosi lPamAS2003016688 Ng

al kenyl or aryl substituted trichlorosilane. The relative ratios of the
trichl orosilane and the organotrichlorosilane 15 determ ne the nole percent
carbon-contai ning substituents in the polyner. As an exanple, the nethod
is as fobbow@Ey. M x a solution of hydridotrihal osilanes and

organi c-substituted trihalosilanes (e.g. trichlorosilane and al kenyl or
aryl trichl orgsi haiehreH®rRbOYihtishtaiths Yehsved 6ONRLNEoATIEN S Xhak B eVhdiPnrr dual
phase solvent iIncluding a non-polar solvent, and a polar solvent to

pr ovi debackhomle quirdeemation ésas thoa configunation Addcardind |y dthehasee ey aleystow o t he
sil ane/ sol vent reaction m xture. . React the silanes to. produce
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porti on. rifo?rt\%tigH‘?lAgggé%oﬁ%r}(ﬁmorﬂﬂﬁﬁ%olﬁo rtﬂa%'ﬁﬁbnéta?ﬁfe res'tH&\! Hge
washi ng'the recovere rganosSi | oxane to frenove any unreactéd nononer, and
fracti op@jviaRted BRaipr RAGASEAIAY Py PEALaGsn Wil tdrriey soldssn,fiestittngoirogiict
25 according to nolecular weight. A catalyst used as a phase transfer

cat al ysextenged shetfelifes reiehasilicor atamuef tharpohinuen shbemndetd to aideast three

benzyl tri net h%/l anmo

jum chl ori.de, The ph { | yst i
5o Maigkes B o e £ aET Bie e By Siehan ghe

i nt r odu®¥Ps
pr Oﬁ?edorﬁ?‘%nﬁé‘grﬂ% 48 AR s&eff. pol ymerization. 30 A dual phase sol vent
system I ncl udirng a conti nuous phase non-polar solvent and a polar solvent

Sobaroavssy PRARASRERtEneR B VB oo i sl et B hLh Wk ol

€ “cofmpou e operational

defini t §Q0eRf systehi abirgy'a ic@télpst.prrfesmtrtiﬁ@mﬁ@téﬁalsj &sdarfpass hecHivrsilansal
characteristics of: 1) solubilizing the nononmeric silicon conpounds, 2)
sol ubi | azd ragcarnbimagminnopooghrattricBloresikinesi inclodingretkemdi or gnybdubstiiuted t he
solvent, and 4) i nted reaction products. Co tﬁ'e | at ed

: | ubi it f
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pure example, the method is as follows. Mix a solution of hydridotrihalosilanes and
organic-substituted trihalosilanes (e.g. trichlorosilane and alkenyl or
aryltrichlorosilane) to provide a mixture. Combine the mixture With/a dual phase
solveht including a non-polar solvent, and a polar solvent to provide a dual phase
20 reaction mixture. Add a solid phase catalyst to the silane/solvent reaction mixture.
React the silanes to produce organohydridosiloxanes. Recover the organosiloxane
from the organic portion of the dual phase solvent'system. Additional steps may
include washing the recovered organosiloxane to remove any unreacted monomer,

and fractionating the organosiloxane product to thereby classify the product

25 according to molecular weight.

A catalyst used as a phase transfer catalyst may be used such as
tetrabutylammonium chloride, and benzyltrimethylammonium chloride. The phase
transfer catalyst is introduced into the reaction mixture and the reaction is allowed

to proceed to the desired degree of polymerization.

30 A dual phase solvent system including a continuous phase non-polar solvent

and a polar solvent may be used. The non-polar solvent includes, but is not limited
8



or m xture of polar and non-pol ar conpounds. In preferred enbodi nents, the
10 solvent conprises water, ethanol, propanol, acetone, ethylene oxide,
benzene, woabwerses77et hers, cycl ohexanone, butryol act onepCratshgu3ettegs ket one,
and anisole. As wused herein, the term"pure" neans that conponent that has
a constant conposition. For exanple, pure water is conposed solely of H2O
As used herein, the term"mxture" neans that conponent that is not pure,
i ncl udi p@itsisiktconad undshxhé o pesatibried definjtidrhef tsuitablebirathe pesest chatext
characteristic of a nolecule or conpound.  that creat es an unequal charge,

parti al 'r@lﬂéﬁﬂje”@rf%wmhébﬁ@céﬁa’frtﬁ efi: s } peluilBiNGt theo KBORRMAEICofiliGPNal ong

t he nol ecul e or n et o) t hat
char aot opepBAsr LSRRG wif Feihie 517 PGS rBdedh didtn
partq al k186N EOr arkPANG AIHIOHIAL Bﬁﬁﬁﬁ/éﬂﬁéérréébﬂdrpﬂr@iud@@e poi nt of or al ong
20 the nol ecul e or conpound. Particularly preferred solvents |nclude but

ol uone, xyl SRoeBlarBE e ADEue FEFRR SN eRRe et S PR A i

t ol uene, xyl ene ogena arbon tetra e, and

i xt ur egrddiRinedtallicTreinsegani€l nsslbvelet these vaatlijeel ot a dbeised tempesatuld, e
wi th the organic, non- polar solvent phase, and includes water, alcohols,

and al coneh aaribe wsitiep! HAMmpenatere. bise Folviest MLEP qOMARTiISE 2oV SHIt3BIEUBITEI zes
reactive_ internedia stht a ot yet soluble in_. the non and
woul d oPEIi’Wé?‘i"Ieyoteoou‘?{s?a | oh-Role? siopaiivisy | I Bikfedsd e’b‘ﬁggéﬁéﬁ‘% W unt
of ) COBGlyeRt @IPMbrides WHIBEVEIhanbP! p&pahblhadstohe, teylehCnlE Y bedi&in! ve
product “pol'yners havi ng nol'ecul ar ‘wei ghts greater than about 400 AMJs.

Al cohol solaade odthers, mylciohes@hveat susyolaatdre, noethybthyiketdree, pmldeanlqm@.sés

include, 30 but are not limted to, water, nethanol, eth i SO anol ,
gl ycer obsedi beteyn. &bgeterm ¢ RurghyBesnsr gt GogIReRen aﬁ'&latm u@eé’of‘ Eﬁ’g

St 11 oi SATHCS T oy SR8, pufh Wkt ofliRet saly A, b B horein.,

al cohol thatsthormiaies! HEans ahyeddmprsheCthadis Abt el irlludingRan vdstet hAk

m ght otherw se be soluble in alcohol. The polar sol vent phase

advant ageediSerein cthe fmmt Fmolw’dmams matccrma@reﬂstlpi@lf)a metResie At FempeLBduct
and any netal salt or oni c Cé)lnt am nants t hat ent i nce

oy | onHE Re A ShatdRsa Ghe weop bpal iR UE fhafiedkfEon 4

one point of or along the molecule or compound. As used herein, the term “non-
polar” means that characteristic of a molecule or compound that creates an equal
charge, partial charge or spontaneous charge distribution at one point of or along
20 the molecule or compound. Particularly preferred solvents include, but are not
limited to, pentane, hexane, heptane, cyclohexane, benzene, toluene, xylene,

halogenated solvents such as carbon tetrachloride, and mixtures thereof.

The second solvent phase is a polar phase, immiscible with the organic, non-

polar solvent phase, and includes water, alcohols, and alcohol and water mixtures.

25 It is thought that alcohol solubilizes reactive intermediates that are not yet soluble
in the non-polar phase and would ordinarily be unstable in a substantially aqueous
phase. The amount of alcohol present is, however, not so high as to significantly

dissolve product polymers having molecular weights greater than about 400 AMUs.

Alcohols and other polar solvents suitable for use in the polar phase include,
30 but are not limited to, water, methanol, ethanol, isopropanol, glycerol, diethyl ether,

tetrahydrofuran, diglyme, and mixtures thereof. In one embodiment, the polar

9



t he organosil oxane product of this invention is of high purity and contains
essentially no netal contam nants. In another enbodi nent of the nethod

di scl osedwbewei/a37s7a sol i d phase catal yst 10 and/ or i onPexalsang@17688i n,
such as the Anberjet 4200 or Anberlite 1-6766 ion exchange resins (both
avai |l abl e from Rohm and Hass Conpany, Phil adel phia, Pennsylvania), surface
catal yzes the polynerization of the trihal osilane and organo- trihal osil ane
nononer sufifitiéntt feep e eiEpdially el ilizdichic imeatition nohrsaulyletin 42athdlsaad/dasi c.
ani on exchange resin based on the chloride ion. Anberlite 1-6766 is also a
15 basi preghidmselyentexsactien af pErAdugrosPeisatatiroight ailtervyse Bg spivblet

limtation, |t, LS thqught o r ain _pro ati.on occ alyst
surface'"o?lcﬂba“ol §i %oqa'gFOItVEQ éF‘E E]Xﬁﬁta(%reoﬁﬁ@ SADRNe 'tl%ydé EHP ‘ﬁfjowed
by @ndﬁq@ﬁtcbﬁaeﬁ‘éétkbﬁﬂﬂﬂﬂﬁrt an§'ahg'||nbﬂal BER\r&RhéMoric nehminedtis théﬁhﬁby
extending the polymer chain. In other enbodinents, polynerization is

cat al yzbe preddnta Pinaseartyr ansf eontzatiabptst arsucshaiasd |r20he¢todaxbmlyeratrmimajm

chl ori de The resulting sil oxan?/ ol vent solutiop is then filtered under

anbi entt he: sHPRPYiRxapeaP i3 inYeREPRASIRYi gl REMY 1A Re
art. éé%’ﬂ%qea’ﬂdowetﬁ%%ﬁm%ﬁﬁtO use a filtration device having a pore

si ze Iess ypical filtration process uses a pore si ze
of about 0.1 m 1 004/ 0378 PCT/ US2003/ 017658 . Ut i The ent

o ganosi | oxaltB TR PuAcRBRT Of hameh o A cihderips s salif bhase SalbETo

Pr Ot eLga/oRNbhT aﬁg@nﬁeém ds%w 98he . Arfnlb%FiEt 4G SR ProeRiteBET 66 ion
plasticrzers, stabiliZers, striation nodifiers, and surfactants. 5 The

pr esent ep¢lgmiyes irédiran®ontayaveabkedros Rehmnand bHaslserCompghyI @rtnpiedelphra
encapsul ant, and fiber matrix binder. The_ present ngosi tion is also
usef ul Bgnaﬁvlvawnbsﬁ%fac&r%wes the Pﬂ%[tf“?ftzaéb@lﬁ‘lfﬁlth§ tbalesianeand graano-

o 90T R TRURb R D ot L P BB B RELFE 59001, 8
present ph§HERREOH leXBhERYe b@siﬁ%&@b@fbr\/\tﬁ&chlorlde ion. Amberlite 1-6766 is also a
15 basic anion exchange resin. By way of explanation, and not by way of limitation, it

is thought polymer chain propagation occurs on the catalyst surface by hydrolysis

of the Si-Cl bond of the monomer to Si-OH, followed by condensation with another

Si-OH to provide an Si-O-Si bond, thereby extending the polymer chain. In other
embodiments, polymerization is catalyzed with a phase transfer catalyst such as

20 tetrabutylammonium chloride.

The resulting siloxane/solvent solution is then filtered under ambient
conditions via any of the filtration devices well known in the art. It is generally
preferable to use a filtration device having a pore size less than about 1 m. A

25 typical filtration process uses a pore size of about 0.1 m.
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conventional and not-so-conventional |ayered materials, such as nanoporous
dielectrics, cage-based dielectric materials, anti-reflective coatings,
phot or esiw0D 200mat3es77al s, conformal dielectric material s, pemhstedloesss
infiltration layers, coatings, and other layering or filling materials
used for producing |ayered stacks, electronic 15 conponents, or

sem congygtprs. Preferably, the present conpositions are used in

m cr oel nic applications as etch stops, hardmasks, and dielectrics.
Layers or filns of the instant conpositions nmay be fornmed by sol ution

t echni ques silibh pesapragangsilaane mgy akd dompirisg, adslpmlcmajmmmgﬁerftwwch
coating, chem cal vapor depositio spin coating

bei ng p?%@é’h?é‘&’nfEfto”h’?"@F%e?’EUPPthQé”tSFﬁlret?fﬁéﬂf%aﬂ '8‘3;58?”9%%@&“(‘@8@?&@)
the CO”B%%'[IHZ%PS 'sstaﬁhlggﬁd stfth o@ﬂmcga@ersa%i)@gﬁ}r%taﬁ?soo“ zed, and introduced

into a depositidn cha cont ai ning the strate to be coated.

Vapog i zation may be acconplished by heating the conposition above its
vapori zation EOI nt, by the use of vacuum or by a conbination of the
above. Gener Ahpyresenisrpanesixans ragy. bapised Be geramicehipderahighetemperature

oo t oRRETERI BAdae AR INE naer ThRER Eyaue U eyB s eRRLBeetbppn| "
at ”‘)Sphﬁﬂhé BH%?émermHa%PW@ubntsjg%o\@%cﬂM@ %YJUE’WWQQ%I@W@EE

appr oache ad advant ages and di sadvant ages. devices operate in a
mass t odhgponatdriaid tied neraoticroeleoidmiat ot enpenoatau’camiof appfcatansat ellp
400C. In _mass- transport |imted deposition, erature cont roiﬁéf hg
depbdi t MUGrASiRGHRINC | applicationse ths @J?S%Haﬁqn?%% @P MAYh&Es Ss

L r anePObbn PTG Pind! foP B N8 Ynal FRERUE oAl ETRAIA! UienafSoblats

arrival hée reactants is direc proportiona

concent gafléAfics N chife-duseld Girfocti@i rﬂbﬁérﬂjlﬂgaﬁnh@ﬂ”@@t@@@mtln@@n@nﬁéﬁ%iﬂn of
reactants in the bul k gas adjacent to the wafers is critical. Thus, to

i nsur e fidtadalsf canforovahdietdatiie awasenials osubsiratas dnfiltrasiont layerst paatings, and

gFFr \?\.;féth%u OSE’IBQ %r I?Ilﬁtgr %‘as‘(gﬁglts usgg fgg prrCe)gbéI;Fi\grﬁ%%teret()iF sgacﬁ(s gctsrgnltchat

15 components, or semiconductors.

Preferably, the present compositions are used in microelectronic applications
as etch stops, hardmasks, and dielectrics. Layers or films of the instant
compositions may be formed by solution techniques such as spraying, rolling,

20 dipping, spin coating, flow coating, chemical vapor deposition (CVD), or casting,

with spin coating being preferred for microelectronics.

For chemical vapor deposition (CVD), the composition is placed into an CVD

apparatus, vaporized, and introduced into a deposition chamber containing the

25 substrate to be coated. Vaporization may be accomplished by heating the

composition above its vaporization point, by the use of vacuum, or by a

combination of the above. Generally, vaporization is accomplished at temperatures

in the range of 50°C-300°C under atmospheric pressure or at lower temperature
(near room temperature) under vacuum.

30
Three types of CVD processes exist: atmospheric pressure CVD (APCVD),
11



supplied with an equal flux of reactant. The nost w dely used APCVD reactor
desi gns provide a uniform supply of reactants by horizontally positioning

t he waf erwo 2a0uh3mgwi ng t hem under a gas stream 15 |n cearnsg603t007688CVD
reactors, LPCVD reactors operate in a reaction rate- limted node. In
processes that are run under reaction rate-limted conditions, the
tenperature of the process is an inportant paraneter. To maintain a uniform
deposi t approashes hbd adgbntdged drebdisadyarithges.c &RQYV D devjpesaipargtennst mass
honogeneous throughout the reactor and at all wafer surfaces. Under

react i offapspert limitecbieagtiopsnare b RemPeraiures &f appranireatelhE095Godn imrss-
speci es arrlv at. t surf.ace i s not as t I C e ure.
Thus, - LBe0P Y B FaRoBR R L Re P e e, SR BRhmeRE TR,

fl uxs of cfigéAt@dBhSnidthat mdtAeas ivRRause n@aé&afrgﬁsmfp%@eséé@d&é drlig Weukly
pressure of an LPCVD reactor, for exanple, operating at 25 nedi um vacuum
( 30- 250dEperaterd. 86- ﬂarﬁpemtur)e ané‘shltlgﬁhearrwehpjeteatqu the 5’3@6’&0’0@) is diraetly

diffusivity of the deposited species |s reased by a.fact

appr oxi Prﬁ%%’?on"i'oﬁbt'&@/ércotnﬁ@”H?f'PUs'f‘vﬁ 48 oK ifﬁn%raeg'gmqg?”?ﬁ@s

| ner easeih ettt b Yedctan®A el dyNi ggé%%je &xtaa%hé%ﬁfeng%cm difhggnce
across ic F 8act must usi ve I ncreases ess t e

square td®@supé flite g @slwrne thitkRAesebeRidsex vdfer, @ athwrs ﬁhlaeraee Io@er’alee ibhhan
an order of magnitude increase in the transport of reactants to the
subkl r athe massdcanspedt bpitedogains ravelybe desionpe southat @it watksrrsustaces @rewo

2004/ 037877. PCT/. 82003/0 8 .tube r ors nd ver | ow

i sot her MAPPIega X} 8N ¢ {gﬁi f TERpen hg[.h?/\én?sat Yvéél%%/ afo‘?a]t\{"l rﬁ%ﬁor

wi del y Héﬁengﬁmdé%%lﬂfrﬁ\ s iy B r92§@t%ﬁ§§b@90r|{8ﬁﬁélI?rp%snﬁjmlngg

depositing po S, l'icon nitride, and undoped and doped Si02 fi I ms 5
They fi addsnm\hngrtham apgér a gbs|sttearpr i mari |y because of their superior
econony, throughput, uniformty, and ability to accommbdate |arge

di aneter, e.g., 150 nm wafers. The vertical flow isothermal LPCVD reactor

furgher ext enwdéomssﬁd{@wﬁquga?%?s gﬁ‘ﬁd/f)efeatc%%” %té?n GRLRES Maal er
recelves an identic resh™ reactants are agal n stacked
si de by|igiitda, mbué. Elﬁ%r@d:é’éis%@ that BeY FuH ah@sh-reaction rate- hmlted conditions, the
temperature of the process is an important parameter. To maintain a uniform
deposition rate throughout a reactor, the reactor temperature must be homogeneous
throughout the reactor and at all wafer surfaces. Under reaction rate-limited
20 conditions, the rate at which the deposited species arrive at the surface is not as

critical as constant temperature. Thus, LPCVD reactors do not have to be designed

to supply an invariant flux of reactants to all locations of a wafer surface.

Under the low pressure of an LPCVD reactor, for example, operating at

25  medium vacuum (30-250 Pa or 0.25-2.0 torr) and higher temperature (550-600°C),
the diffusivity of the deposited species is increased by a factor of approximately
1000 over the diffusivity at atmospheric pressure. The increased diffusivity is
partially offset by the fact that the distance across which the reactants must
diffusive increases by less than the square root of the pressure. The net effect is

30 that there is more than an order of magnitude increase in the transport of reactants

to the substrate surface and by-products away from the substrate surface.
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gquartz cages. The cages are positioned beneath |ong, perforated, quartz
reaction- gas injector tubes, one tube for each reactant gas. Gas fl ows
verti cal lwofzoewm3trdre i njector tubes, through the cage pecfrarsatiBonsss past
the wafers, parallel to the wafer 15 surface and into exhaust slots bel ow
the cage. The size, nunber, and | ocation of cage perforations are used to
control the flow of reactant gases to the wafer surfaces. By properly

opti M 2uBE reagRrPLaROTBL VOnicae Hbdnisotiaeimalabectorsy Hisrizasitpiptubegl hait tvaall
identical quantities of fresh reactants fromthe vertically adjacent

i nj ect geacigresre Thegnoshivddelgsisgd HEYVRVigiagtaredn WAERI Proseabingr  Tlit P&t
depl etion 20

h d-f.eed b
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par ki Cuﬁlﬂéﬁflﬁ@”é@éﬂ 'B%éd)%ppllggﬁllfW'pquﬁm YeceWE: daPANIL hQBer‘"@rt B86hd myPECVD.

This method 1s categorized not only by pressure regine, but also by its

met hod thfowgtgngy unifprhity, 26d Bbilitgtotaceonmedgatedarys diaynater,téhgr,MeBO BMOr gy t o
initiate and sustain chem cal reactions, PECVD uses an rf-induced gl ow

di scharyafars. transfer energy into the reactant gases, allowi ng the
substrate to remain at a |lower tenperature than in APCVD or LPCVD
processes. Lower substrate tenperature is the nmajor advantages of PECVD,

provi di ng fitwe deans! fioan isstherdsl LRCYD reictdailirtigersestends @ne diseiboméd 30
stability to accept coating by other nethods. PECVD nay al so enhance

dep®si tdasn feechtteshoigeie smﬁ*@taemfemafeusrmglweﬁeaﬁalldenéla@lt isopBly Nbrisester

PECVD na r oduc filnms havin ue, co S _an erti

Desi ratﬂeé %‘Bﬁer\ﬁ/aégrs ghagang %@8‘26%?'% Zoﬂa §‘7‘§ ﬁgﬁ&iﬁggbaﬁyfgﬁtggg and
conpat i h t t}gyae .
applica (ﬂécg#% S: hgég%ﬁg:e?ris}?? %%%&gﬁdSH%%q?gﬁg‘ag%dnt r ol daﬁéécrt@n

opti ni zpds wifecrbr sebvey, dnelaysidr eachpeaareitegas. Gascilamsnertitalpofrem deasi ty,
frequency, and dut ycle. The deposition process is dependent in e}

corrpl exXNEEHOT Wﬁdéﬁ@h‘ﬂéﬁhe\ﬁéﬁecﬂﬁ“i%é@‘éni)d?aéﬁé%ﬁ"éa fegsy RﬁéP'I'e'éQ tBﬁ w3k

Faroher bl e 287 jiter SRR St el aishar 8 sl PRibtre afe, BB M BT o ©

l’omflf éfr) rﬁé@g@ﬁfarm bed Rise@MRPcahtior tR@MdW! of $eddibAt HRGES RN the QuaResur e
surfaces. By properly optimizing cage perforation design, each wafer may be
supplied with identical quantities of fresh reactants from the vertically adjacent
injector tubes. Thus, this design may avoid the wafer-to-wafer reactant depletion

20 effects of the end-feed tube reactors, requires no temperature ramping, produces

highly uniform depositions, and reportedly achieves low particulate contamination.

The third major CVD deposition method is PECVD. This method is
categorized not only by pressure regime, but also by its method of energy input.

25 Rather than relying solely on thermal energy to initiate and sustain chemical
reactions, PECVD uses an rf-induced glow discharge to transfer energy into the
reactant gases, allowing the substrate to remain at a lower temperature than in
APCVD or LPCVD processes. Lower substrate temperature is the major advantages

of PECVD, providing film deposition on substrates not having sufficient thermal

30 stability to accept coating by other methods. PECVD may also enhance deposition
rates over those achieved using thermal reactions. Moreover, PECVD may produce

films having unique compositions and properties. Desirable properties such as good
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t hi ckness. CVD systens usually contain the follow ng conponents: gas
sources, gas feed lines, mass-flow controllers for netering the gases into
t he syst ewp 2a0482877i on 15 chanber or reactor, a met hodParusheatirsgst he
wafers onto which the filmis to be deposited, and in sonme types of
systens, for adding additional energy by other neans, and tenperature
sensors. LPCVD and PECVD systens al so contain punps for establishing the
reduced apdasstpetitity axthefiss-ling patteryaraasfer poocdsses ceardled to appliGatidrasd e
solvents for use in such solutions of the present conpositions of the
present thesehmsemn Miellude any suitable pure or mixture of organic,
organonetallic, or inorganic nolecules that are volatized at a desi red

t enperature. Suitabl e solvents include aprotic solvents, for exanple,

cyclkc ket OnfﬁE@\VDf}eaﬁ|r§é’%bﬁﬂ%ﬂbﬁ&Qﬂﬁnm@%tn@ﬁcdfoim%oéiﬁ(@d phehanese,
and cycl ooct anone; cyclic am des such as N al kyl pyrrolidi none wherein the

al kyl hascladog IafmnWelldeosiﬂy cfa{emmenca/t,(am d'amcvclecyﬂhe)tleﬂyﬂppnrmbcd#:mme
and m xtures thereof. A wide variety ot her anic solvents rTT’y be used

herein i9$86PdFNLIY 3 ﬁ%’?‘p@’ﬁ‘%’&q I'\FEW‘VPEB ??BY"atyfﬂif‘ ERAIVERS+ IRV &S AN i ng
sol uti OQhé%éfnaFBaHrﬂgte?‘Q'o"F fia%e usggk?‘éﬁ ff%% l bl | 'tgﬁmg%?f"ﬁj‘r'é €and g?%eﬁﬁe?’o

stirring an eatin to aid in the tion.

sui t abl Eustrereidtire, as multlud@(]m:b hyet RECKEE areehodes Byt fiasebubytitetiovited, diralut y|

ether, cyclic dlnethylponS|onanes but yr ol act one, y-butyrol actone,

2- héPt ameeauata Rybstgatel ETER00E OFTST7iISHOTS IEasssA YL e 58sUke waifomp dilay e

( GNEA)thanlsoIe and hydrocarbon sol vents such as nesityl ene, xylenes,

benzene, 5%8 9l uene. A preferred solvent is cycl ohexanone. 5 Typically,

| ayer thicknesses are between 0.001 to about 15 microns. In

m croel ectronics, the layer thickness is generally less than 2 mcrons. The

amount of sdlVBrysaemsdisually m@n(tainpﬂmsi following campaesits algast soldceri gas

percent. The present .conposit may be used as an_.interlayer dielectric in
b o et

hn 10 ifREGHBERREES ASUBEPRITe &riRgIae SApEy INipdReaHFTAN: 2 (99iqn
Cl Bs ALHGPISH G @lcidr! oMbindd'dh HEMIh IR WAbL oRRY Ririth the fifHIi5 26D

plurality ayers the ant
deposited, and in some types of systems, for adding additional energy by other

means, and temperature sensors. LPCVD and PECVD systems also contain pumps

for establishing the reduced pressure and exhausting the gases from the chamber.

20
Suitable solvents for use in such solutions of the present compositions of the
present invention include any suitable pure or mixture of organic, organometallic, or
inorganic molecules that are volatized at a desired temperature. Suitable solvents
include aprotic solvents, for example, cyclic ketones such as cyclopentanone,
25 cyclohexanone, cycloheptanone, and cyclooctanone; cyclic amides such as N-
alkylpyrrolidinone wherein the alkyl has from about 1 to 4 carbon atoms; and N-
cyclohexylpyrrolidinone and mixtures thereof. A wide variety of other organic
solvents may be used herein insofar as they effectively control the viscosity of the
resulting solution as a coating solution. Various facilitating measures such as
30 stirring and/or heating may be used to aid in the dissolution. Other suitable solvents
include methyethylketone, methylisobutylketone, dibutyl ether, cyclic
dimethylpolysiloxanes, butyrolactone, y-butyrolactone, 2-heptanone, ethyl 3-
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conposition and nultiple |ayers of netal conductors. It may al so include
regions of the present conposition between discrete netal conductors or
regi ons olocowmduses7or in the sane |ayer or |evel of an iPorage@B@d6ess rcuit.
15 In application of the instant polynmers to ICs, a solution of the present
conposition is applied to a sem conductor wafer using conventional wet
coating processes as, for exanple, spin coating; other well known coating

t echni gitRer sdetateaPGVIEAY, andbld)gand Ihydreeabbngsolventdi gudoasi mesitplenes
enpl oyed in specific cases. In 20 the spin coating process, the

or ganosiVlenemeangsne, aod deliugne pri pagtedrgdnselMentrigneediohepitdNeed above is
di spensed onto a wafer at or near its center. In sone enbodinents, the
wafer will remain stationary during the dispense cycle, while in sone

enbgdi ment s, 7 1gaWal By eMithickhB§4bsOhres Betivkn 20 08 1ktd Vaout! P8 mRABAS. In
typically at "least about 200 revolutions per mnute (rpn. tionally, the

di spenseicyelketronicsheh fyfeolthickedsbis gershally lassghapér microaad Ttheegmount

addi tional spins, hereinafter referred to as thi78knes spins, generally
bet weerP a5V okt #94ed 10 509 CORPOSHHD 1At 'east ABagh 7/ VR tsntgei’f“\e’étpeeds may be
used, as appropriate. As an illustration, a cycl ohexanone solution of the
present conposition is spin-coated onto a substrate having electrically

conductive crh@@resérs tahiposatiad rhbgriss ruseddat hen deairkyes Wislecaie ihsa80
t hen subjected to thermal processing. The present conposition rmay be used

i n 10subbteracnneet assagliateduwlthas simglarintaaradad ciicyiti (LGt ehigs Aenintegrated si ng
and dual. damascene, (such_as, copper) progcessing. An g | ar or.mul_ati on
of 't he SRR REOTAIBAND 8748 Pt pueasss) BLredy SLEVRLEY thaaRbi on
condi t 'Mﬁ?&iiian%trfd' LIS f4yRPE B hibtl E6FRAItBAH Mg NEQTRIGHe rddloRs By ent
trace metal contam nation in any conventional apparatus having a non-

met al | i thel praserst corhpositisnl Hatngendisktreteymedaipoindestdra®e deginns bécoodadtor
solution weight, 5 from preferably about 0.02 to about 50 wei ght percent of
the prd8dhe sempiierivdevelrf absieosted §irgsBut 99. 98 wei ght percent sol vent

and .-nore preferably from about 0.10 to about 30 wei ght percent of the
present conposition and about 70 to about 99.9 wei ght percent solvent.

In application of the instant polymers to ICs, a solution of the present
composition is applied to a semiconductor wafer using conventional wet coating
processes as, for example, spin coating; other well known coating techniques such
as spray coating, flow coating, or dip coating may be employed in specific cases. In

20 the spin coating process, the organosiloxane resin solution prepared in the mannér
described above is dispensed onto a wafer at or near its center. In some
embodiments, the wafer will remain stationary during the dispense cycle, while in
some embodiments, the wafer will turn or spin at a relatively low speed, typically at
least about 200 revolutions per minute (rpm). Optionally, the dispense cycle may be

25 followed by a short rest period and then additional spins, hereinafter referred to as
thickness spins, generally between approximately 5600 and 3000 rpm, although
other spin speeds may be used, as appropriate. As an iIIustration, a cyclohexanone
solution of the present composition is spin-coated onto a substrate having
electrically conductive components fabricated therein and the coated substrate is

30» then subjected to thermal processing. The present composition may be used in
substractive metal (such as aluminum and aluminum/tungsten) processing and dual

damascene (such as copper) processing. An exemplary formulation of the instant
15



10 An illustration of the use of the present invention follows. A solvent
solution of the present conposition is provided in an anount of from about
0. 05 to awouno4/B®7Mei ght percent (% based on the conpo®cius2003Mpmss cati on
of the instant conpositions onto planar or topographical surfaces or
substrates may be carried out by using any conventional apparatus,
preferably a spin coater, because the 15 conpositions used herein have a

cont r ol keldert 66061 abidniticablditidrer withcitriat adisdrence tEangit®@i-eardiampp@tocs! of
t he sol vent by any suitable means, such as sinple air drying during spin
coat i ngto Byevexsdraneemesalgprialiration Ky any AREKENtiIYNAl AP PRERUSTIR VIR a Hbt

pl ate or lural ity of hot plates u . e e 0

Cubst r ametally i e vesind sl S (it Mot B BT oo Moy
Fur ther 2 P%fb%l%]éot}?O@G@&S‘éﬁ@uPEOﬁNB@%t oRPARSH A Uh. prbsént AirApb&itiohhan
300C, hot plate or furnace. In addition to furnace or hot plate curing,

t he prespdtaboonp@ditoi abutn@d9. & iveeight petresd dnivenxtpasd meoteo praferably dramn

radi ation, m.crowave radiation, or electron beamradiation as,taught b
Cormon] SbAYED ML HapEhiO BBt RBIGSH SPERS DRSSBIOBBYHOSHEN PRGSPOSEAD tovib 01

6, 080, 5380EST A WM ERERA IR, ™ LT Ch ar &' ncor por at ed herein by

reference in their entireties. The present conpositions nay al so be
subjected to ultraviolet radiation, mcrowave radiation, or electron beam

r ad}o'ﬂ ion t OA?nciph%‘Sti&ﬁUf & LSk ErRPbRskht MuRnPiRafolIsSes. 3R sBVeRit solution

application o e present conposition to an el ectronic topographical

WO 200450318 preddot/ddsapeation 716 pBovidad rie asi argotietpé if @t rabe ut £nQbrtg dbaun
about 50C up to about 450C to polynerize the coating, The preferred curing
t enper aBQr Waightapereanst (%abdhiasedsot. thespemapsifion: ¢ ApRligationepf dfetiRgtaur i ng
is carried out.at tenper e f 4 i ng
may be EaMPCSBIR O @a@%ﬁéremp i% Hﬁh?%@d%?ﬁfé%g%éﬁ%é@&éﬂ%ﬁﬁ%&g%%grglegc rti c
fur nacepyhgsingl ahg. canderitishdi kspaatld, Spagsriby |y danf ecated, ibecadsé nekt

(non- oxidizing) atnmosphere (nitrogen) I1n the curing chanmber. Any
nonidxi domipugitoons weeld diengnabanss p eardeoledgvisaegion sultebleufnr syah egerateand
ni't roge%o%&(égeszivggo%%%%s%f the solvent by any suitable means, such as simple air
drying during spin coating, by exposure to an ambient environment, or by heating
on a hot plate or a plurality of hot plates up to 350°C, may be employed. The
substrate may have on it at least one layer of the present composition. Further
20  curing may be achieved by a hot temperéture, i.e, greater than 300°C, hot plate or
furnace. In addition to furnace or hot plate curing, the present compositions may
also be cured by exposure to ultraviolet radiation, microwave radiation, or electron
beam radiation as taught by commonly assigned patent publication
PCT/US96/08678; PCT/US00/28689 (WO 01/29052); and PCT/US00/28738 (WO
25 01/29141); and US Patents 6,042,994, 6,080,526; 6,177,143; and 6,235,353,
which are incorporated herein by reference in their entireties. The present

compositions may also be subjected to ultraviolet radiation, microwave radiation, or

electron beam radiation to achieve certain desirable film properties.

30

After application of the present composition to an electronic topographical
16



may be used in the practice of the present invention. One advantage of the
present 10 conposition is that it has mnimal weight |oss during curing as
i ndi cat edworeoadns7s7Exanpl es bel ow. As i ndi cated earlier, PChAISpesseTsss coat i ng
may act as an interlayer and be on top of or covered by other organic or

i norgani ¢ coatings, such as other dielectric 15 (Si02) coatings, SiO02

nodi fi ed ceram c oxide |ayers, silicon containing coatings, silicon carbon
cont ai nintgeasiag tergperatutdscrangitig frogeabawn® @30 Lip go abalit Ad° Cstiol palpmerize

ni trogen-carbon containing coatings, dianmond |ike carbon coatings, titanium
ni t ri detheceratingyshhe RiefelredncHr ingitaeResiur d isat leapyabewt hpor§ -o‘ée'g%fé{wn'és,

al um num coatin copper coat | j ) i nes
coati ng's?,prSfedé%‘%ﬁatﬁuéSﬁ |a|cggréé<£€9€%ta{% geir%zﬂ?g%%? degﬁlsar?&:% é%s@? ?itéggril)%g ass

coat§ nga25&YC Ut agyes capddd BUs iATEL cbAv@itiondl tuding cRatbeNeuch, &73n526,
which is incorporated herein by reference. And, as anply denonstrated, the

pr esent eleotrpofiirnaocasher plate. eahd the hike and isaengnaby @ssfarmed ipean wedl (nerk-or med

as interljned diel ectI[]ic | ayer s bet ween adj acent %ond ctor paths. .on
f abr i caP¥iZN AIBASENSHE SOROSERNLIEL BIE SUBBEr Soembehs Akve SRR BHAGD o

devi ce LOREAS] ' p t i kb OR: &gﬁa‘?&i i econd
film ad] aceh’ﬁtg%gﬂ?ﬁ%ﬁér}eﬂ%'f%rpﬁqn' Brﬁlﬁgﬂ’s%gon 8fﬁ‘l %ﬁngp ﬁ%ry e @gbé?lsﬁﬁgggﬁ?sz or
or gani cnimgtisy usdd intherrheticedf ohgprisentiivenitioh. iGneadaamagieiof the preddnphat i c
hydr ocar bon and nore preferably, an adamantane or di amantane based 30

nat K i afompogiisn isekbatpit drasominiges uveiaht dpsaldsiringr cunieg gscipdicated A ithel ude
but ar ep not |1 m'lt ed to those disclosed in International Publication

W00/ 31 i%'@pbelfb?? ed June 2, 2000 and our pendi ng patent applications
Serial PCT/US01 /22204 filed 17 WD 2004/037877 PCT/ US2003/ 017658 Decenber
31, 2001; 60/347195 filed January 8, 2002; 60/384,303 filed May 30, 2002;
60/ 350187 fi fedndisated garisr, YisopresgRy EPatHg Moav1 80t 95 3nfinfIBYRRRNEdIe 0D 002

107150 5o bt Wl 2, 0 %s030 S0l Bo L B P00 o
6, 1453, 8ISi0.PRdatAGIDBI0, AfcHife® Celathiy BRIdeORGEr,adikdtn Babtaisialgi 6ddtings,
silicon carbon containing coatings, silicon nitrogen containing coatings, silicon-
nitrogen-carbon containing coatings, diamond like carbon coatings, titanium nitride
coatings, tantalum nitride coatings, tungsten nitride coatings, aluminum coatings,
copper coatings, tantalum coatings, organosiloxanes coatings, organo silicon glass
20  coatings, and fluorinated silicon glass coatings. Such multilayer coatings are taught
in U.S. Pat. No. 4,973,528, ‘which is incorporated herein by reference. And, as
amply demonstrated, the present compositions prepared in the instant process m/ay
be readily formed as interlined dielectric layers between adjacent conductor paths

on fabricated electronic or semiconductor substrates.

25

A semiconductor device comprising a film of the present composition
typically has a second film adjacent to the first film. This second film may be an
inorganic or organic material. A preferred organic material is an aromatic or
aliphatic hydrocarbon and more preferably, an adamantane or diamantane based

30 material is used. Examples of useful materials for the second film include but are
not limited to those disclosed in International Publication WO00/31183 published

June 2, 2000 and our pending patent applications Serial PCT/US01/22204 filed
17



W02/ 29052 published April 26, 2001; and WO01/29141 published April 26,
2001. 10 The present conposition has a dielectric constant of preferably

| ess t harw®.2B804/@m&¥7nore preferably from about 2.5 to | epeTiUs2003B1B58 The
present conposition nmay be used in a desirable all spin-on stacked film as
taught by M chael E. Thomas, "Spin-On Stacked Filnms for Low keff

Di el ectrics"” 15 Solid State Technol ogy (July 2001), incorporated herein
inits &RGenhe Bl 2001 6ALM 71 M silsd u@warv@stzom HBRKS82 808 fed Mayi 30,

Const an onst ant erm ned by ca t | m of

i nuRoSte R BRI ERY | o RRAN 180 2% Sohv ol 0 G 775 fageltay 30,

measur egyg2.af o1 déis | e asesl I

t hi ckness. 25 Sﬁrl nké‘?&?%% g? fm)djlm séﬁrdYﬁEggsegor e;fgééanqs\{l.%yn 3\%3 On%asured

by ﬁlet eommbonly téssigmnédn US cRatesss b6f 2@, 788] &5 ,t1a6,0882; p6re@s D455hrdmkage
%r $a§e£%| n percent of the original filmthi ckness. Shri nkage was

p05| tiv Cfi ﬁﬁ‘?’hl‘?ﬂ(ﬂ@@é‘ Ye@ssigoed. miernational PatentheByblications

Cpoct r 0N/ 28PP 2D BURMHER ARPR 2k SOt B R Zandh i BIRIE A 26

best fi@20or. Psi and Delta (detalls on Ellipsonetry can be found in e.g.
"Spectroscopic Ellipsonetry and Refl ectonetry” by H G Thonpkins and
WIlliam A MGhan, John WIley and Sons, Inc., 1999). 18 WO 2004/037877
PCTAQS2003/ 0 TheG8esengedrnpositiohihadshedielictkoesastma s peeriablyusidthaa 3.2A.
Wool | am M88 spectroscaopi c ellipsoneter. A Cauchy nodel was used to

cal cul af8 t"ﬂ@%@éﬁfefqtﬂyﬂﬂm about 08 todpsathamBeds noted ot herwi se, the
refractive index was reported at a 5 wavel enth of* 633nm (details on

El | i psonetry can be found in e.g. "Spectroscopic Ellipsonetry and

Ref | t try: b H. Th i WIIj . h Joh d
Sons. Inc. . TosdeSet o mRaRy Pom A heresh 3 Sekido ! HaCke LN
Magna 559 tEigRt b,tkmaaelts OTRSPs! PspinddRBtackad FITRLeror PUGF k! AbRIAARKGF ound

spectra were taken on
15 Solid State Technology (July 2001), incorporated herein in its entirety by reference.

Analytical Test Methods:

20
Dielectric Constant: The dielectric constant was determined by coating a
thin film of aluminum on the cured layer and then doing a capacitance-voltage
measurement at 1MHz and calculating the k value based on the layer thickness.
25 Shrinkage/Expansion: Film shrinkage or expansion was measured by

determining the film thickness before and after the process. Shrinkage was
expressed in percent of the original film thickness. Shrinkage was positive if the
film thickness decreased. The actual thickness measurements were performed
optically using a J.A. Woollam M-88 spectroscopic ellipsometer. A Cauchy model
30 was used to calculate the best fit for Psi and Delta (details on Ellipsometry can be
found in e.g. “Spectroscopic Ellipsometry and Reflectometry” by H.G. Thompkins
and William A. McGahan, John Wiley and Sons, Inc., 1999). |
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uncoated substrates. Film spectra were taken using the substrate as
background. Filmspectra were then analyzed for change in peak |ocation
and i nt erwDt2904/0B&¥7 results are reported in an absor baneeTrsde3/ 01558

| sothermal Gravinetric Analysis (I TGA) Wight Loss: Total weight |oss was
determ ned on the TA Instrunents 2950 Thernogravinetric Analyzer (TGA) used
in conjunction with a TA Instrunents thermal analysis controller and
associ atagetheof twitdr etheA tRlicknessl nhéastemeot®upbiagand a./Gt et\Nab@ildrrFuWhaee

with a tenperature range of 25C to 1000C and heating rate of 0.1 Cto
100C/ ni AP @sSGRde e”'RSQU’E’éﬁhIA Cavstivimaeel s\é{ﬁﬁw@eéﬁ%c@lqtda?ﬁgsh%%,sfv@éﬁ E?rﬁed on

the TGApg Qﬂba@?ﬁa JnrleesssohH{éhoo%th V\%Q%er Chy ﬂ%Xt.vé‘%’ng% Jw rgggrtg on a

pl ati num pan Mere heat ed ro en"w 100

n/mn (/@Q/erﬁr{tmcrf G98R6 (detailshén faurmereetamaé(bemduﬁdwmt@ gt hSpba{raw@alc 25
Tape Test: The tape test was perfor med follow ng the guidelines given in

ASTM D3EBI9sgsletw gnd BeflastaseetrpébyithBo Theerkirs emd Williamape McfedrmndiJegnt o
t he W n et sperforned across the grid marking in the
fol | ow %Peynﬁrg%ﬁns( ?’)C ngeq e of adhesive tape, preferably Scotch brand
#3n600- 1/ 2X1 296, was placed on the present |ayer, and pressed down firmy
to make good contact; 30 and (2) the tape was then pulled off rapidly and
evenl y at anFaiRlaeabyfsist 80T Rospéretra lvagrer takenf asieg didicsrmVegnas £0fsilBer ed
ass if the layer remained intact on the wafer, or to have failed if
0 or sawtr@mewrelnftiramﬁrwﬁl%um@ewsturbsmée Pas&gr%@dmemtmm%a'?en on

/USZO 65 rfi re s vver ed on a
KLA 64289%%@%“%3“1339%%?&% S%%P'a wts P og ﬁg’e‘ﬁ e cPHSka B Ba §?%LLL &
product Ffinl %édﬂ&'&\!?@ésth‘éﬁsar#bﬂ?ibd T&echérﬂfé mef)wara |§@5ti&pa\ﬁfdtlhtér{s¢t .owRst
size threshold to be 0.2 microns. The particle nunber 5 reported is the

tot al nastdls are neapttiedlisandatsrbedcabude.t he size threshold. Candela Film
Wafers were anal yzed with a Candel a OSA and spun at 5000 rpm for the
nmeasurenents. The data was acquired using S-specular acquisition node with

50 g crons tfg%gﬁeﬁﬂécéﬂ%gi[ﬁggiclﬁﬁ?ﬁtﬂ @N‘) We@ﬁ'ﬁ kBE?leotJr@/@enggﬁ?%%
i mages were ve ‘anal ysi s

was per geteratined on the TA Instruments 2950 Thermogravimetric Analyzer (TGA) used in

conjunction with a TA Instruments thermal analysis controller and associated
software. A Platinel |l Thermocouple and a Standard Furnace with a temperature
range of 25°C to 1000°C and heating rate of 0.1°C to 100°C/min were used. A
20  small amount of sample (7 to 12 mg) was weighed on the TGA’s balance
(resolution: 0.1ug; accuracy: to +0.1%) and heated on a platinum pan. Samples
were heated under nitrogen with a purge rate of 100 ml/min (60 ml/min going to

the furnace and 40 mi/min to the balance).

25 Tape Test: The tabe test was performed following the guidelines given in
ASTM D3359-95. A grid was scribed into the dielectric layer according to the
following. A tape test was performed across the grid marking in the following
manner: (1) a piece of adhesive tape, preferably Scotch brand #3m600-1/2X1296,
was placed on the present layer, and pressed down firmly to make good contact;

30 and (2) the tape was then pulled off rapidly and evenly at an angle of 180° to the
layer surface. The sample was considered to pass if the layer remained intact on the
wafer, or to have failed if part or all of the film pulled up with the tape.

19



Contact Angle: The contact angle nmeasurenent was performed to determ ne
the contact angle of the dielectric solution on the inventive product in
order to wpeat«03as77Si - waf er/ di el ectric/inventive productecdimskestoniess st ack.
A VCA2500 Video Contact Angle 15 System from ASC Products was used to
performthe neasurenents. In preparation for the neasurenent, the wafer
was coated with the first dielectric layer and then the inventive product

| ayer. For t PRartieQoiueAeRim @rﬁcleskzeumsfwerbendaahredtcrriam@l td2®8Burbcarn was
to be deposr ted as the top | ayer was rotg1 in contact with theﬁé{gy@ntive
pr oduct Angxidesesiperith érfk'ﬂfilt@p w&m@tq%ay EProguet fgmihiskngss was u Fdeo

| TRge WASG ﬁ/tagrs%gurs% %Reﬁ&ﬁ Q%ﬁetﬁ %ﬁf@wo%ﬂlﬁ?&QQh‘@é]éhrélb%ﬂﬁlﬁn the
dr opl et Was he sur e contact an was en neasured on
t he saptepatedisdhe totabgember og pahelesodetecued aimgfleetharmt’reeermldsof tware. The
average of five neasurenents is reported 25 20 WD 2004/ 037877

PCT/ US2003/ 017658 Conparative A: 5 O ganosil sesqui oxanes havi nngO 80%
al kyl gr oups CaadelafFilm cWaferssvere anadwzedath 2 Gandela) §Acnasra@ oP8E ' had

8
patent ool pltdeono fEnt TR dogf Bsai by eaing SRRl or 8351 RIEAREEIWH

or ganosBbaxrAss tradk spacingtind eeKrdaia ipeintsfpeatrdckaFheSeultiysnageg veerps
taught by US Patent 4,626, 556; the contact angl e wth the aforenentioned 10

or gHhi cinsperctast yiswallyfegdafacte i gugbtitative ANBW§E s PeXarEsdal so i ncl uded
Honeywel | HOSP(r) product corrprr si ng about 80% net hyl groups and 20%

hydr ogen groups; the cpn Ie of, HOSP(r th t

af orenent i onéﬁ’n—tggf—tgéﬂwg& i Ftcar\]ﬂg ”34%‘;;3(“ %mggﬁﬁéﬁaqu&%nﬁd}g %ﬁ}?gmfes hows
the TGAHeeshthet dtile 'd‘f’ﬂﬂé@@iéctﬁi&wgh@ﬁ Bn the inkRtiPe Prvtilict irf BT it6 thtte a
organosi | oxane w th 66% phenyl and 34% nethyl. The program was

to 2ooc8amferc5curalerctrrc/msemwmp@giugt/d@mlc stapk tAMCA v&m@@taﬁt(y\zml@r gp

e PR LCeN SR RSB S PO

the measurement, the wafer was coated with the first dielectric layer and then the

inventive product layer. For the measurement, a droplet of the dielectric solution which
was to be deposited as the top layer was brought in contact with the inventive product
surface. The droplet volume was set to 0.8 microliter. The video image was captured for
20 the next 3.5 seconds beginning with time when the droplet was formed on the surface.
The contact angle was then measured on the captured video image using the contact

angle measurement software. The average of five measurements is reported.

25

20



percent per hour. AlliedSignal Inc.'s HOSPTM Product Bulletins (dated 1 1
/98 and 2/99) teach that HOSPTM polyner is thermally stable to 550C and
Honeywel Iwe 20¢4ni3egyrat i on of HOSP(r) in Cu-Damascene | ntreramseosot’ess | | TC
2000 teaches that HOSP(r) polynmer 25 has TDVS stability to > 450C. However,
when we subj ected HOSP(r) polymer conprising organosil oxane having 80%
met hyl groups and 20% hydrogen to the <current nore stringent TGA test, the
wei ght ioss was 0.56 percent per hour as shown in Figure 2. W al so nmade
an orga nprising 50% phenyl groups and 50% 30 hydrogen as
covered by commonly assigned US Patents 5,973,095; 6,020,410; 6,043, 330;

6, 1757, 143; aRdg@nedipesquioxpings haviBgH RO % kvl Groups baviagfdbearbhns or [assduct .

e Bl Jeol T e et S ot RO B B B

react or : t f QW : fekash i t,or:
t ol ueneC 900%%%%%&%&%&?@A Id“?%\\{"\?\gtugé EZF%@grarrg?ﬁq%g#%ﬁ;%g
wat er (28, 2002anS)ch arghrdisilaxahed Badtigy deg)redirhimisiuin of agleaSepatameltlyyl a

silane mxture was prepared in a teflon bottle by addi nﬂ: phenyl
t ri chl oBteHAsiaeahgly Mg Parrnt 4. 64i6n§P 61 thecepniast pnalgevth the aferementionsd

trighlorosilan 69..1 gransg) . Tol (10 illiliters) was,added to the
i i corORS e lreRa | SPRFP oS e srraficottananiotnd 25 dhE el o
react or HaKawRaAr HBSkP® kr&_‘}l}t&- cORPrisTEP YL T BOVRSHIZRIVIL BF&Sthd Tanal PloYt e
segnents. The lines wwth rinsed with toluene for 10 m nutes. After one
hour, ah@E©genagmiupsywabke tcakeacaang!blo fWd® SHE pkeductAividr thehefdvemendioined
30,000, the reaction was term nated. The solution was filtered using a
Buchner ofqaitedielp¢thicoaper3®i I ter #1 or 4. The solution was transferred
into a separatory funnel and m xture of water (200 15 mlliliters) and
ethanol (50 mlliliters) was added. The funnel m xture was shaken wel |
sevey al Cohiiativ@®:aqueous | ayer was drained out. The solution was filtered
through™ 045 mcron Teflon or nylon filter in the Buchner funnel. The

sol uti on wasFiguaesl shoed theniT&GAn reisdts ForaHooayWelshcewglase | ReZd EBDDIGIr ans)

nas addggr'np-m?ng} 8;9%%%%”3\/%8”8%\,5'“ %%g}oi preufwyl and 34% methyl. The program was:

(a) ramp to 200°C and hold for 15 minutes at 200°C, (b) then ramp to 430°C and

hold for 90 minutes at 430°C, and (c) two cycles ramping from 200°C to 450°C
20 with a hold at 450°C for 30 minutes. Based on the TGA, the weight loss was 1.9
percent per hour.

AlliedSignal Inc.’s HOSPTM. Product Bﬁlletins (dated 11/98 and 2/99) teach
that HOSP™ polymer is thermally stable to 550°C and Honeywell’s “Integration of
HOSP® in Cu-Damascene Interconnect”, IITC 2000 teaches that HOSP® polymer

25 has TDMS stability to > 450°C. However, when we subjected HOSP® polymer
comprising organosiloxane having 80% methyl groups and 20% hydrogen to the
current more stringent TGA test, the weight loss was 0.56 percent per hour as
shown in Figure 2.

We also made an organosiloxane comprising 50% phenyl groups and 50%

30 hydrogen as covered by commonly assigned US Patents 5,973,095; 6,020,410;
6,043,330; 6,177,143; and 6,287,477. Figure 3 shows the TGA results for this

product. Based on the TGA, the weight loss was 1.0 percent per hour.
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on the Rotovap to approxinately 200 grams. Cycl ohexanone (400 grams) was
added 20 and distilled down to approximately 200 granms again. The prior
step waswepwangd77 The solution was transferred into ap¢BUSDNE/EIO638I e and
cycl ohexanone was added to a total of 700 grans. The final Mw was checked
with GPC. For Exanples 2 and 4 through 14, the above was repeated except

that thexahplesing4aononers and anounts used were as follows in Table 1. 22
WO 2004/ 037877 S2003/017658 (Dm 0O ¢ (o L. WEOco OOOENN

Or (D OO00gd I“:(;(eﬁ)]pleg" Pahb 9, g rgagtoPWasQNgrmgd upl}lo 3g°8? The following were
5 added to the reactor: toluene (900 milliliters), 10% t-BACI in water (24.0 grams),
deionzed water (23.4 grams), and ethanol (8.0 grams) with stirring. Separately, a silane
mixture was prepared in a teflon bottle by adding: phenyl trichlorosilane (81.0 grams),
vinyl trichlorosilane (61.8 grams), and trichlorosilane (69.1 grams). Toluene (100
milliliters) was added to the mixture. . Using a peristaltic pump, the silane mixture was
10 added into reactor over period of 1 hour. The temperature was monitored in 5 minute
segments. The lines with rinsed with toluene for 10 minutes. After one hour, a GPC
sample was taken and Mw was checked. After the Mw reached 30,000, the reaction
was terminated. The solution was filtered using a Buchner funnel with paper filter #1 or
4. The solution was transferred into a separatory funnel and mixture of water (200
15 milliliters) and ethanol (50 milliliters) was added. The funnel mixture was shaken well
several times. The aqueous layer was drained out. The solution was filtered through
0.45 micron Teflon or nylon filter in the Buchner funnel. The solution was transferred
into a distillation flask and toluene (300 grams) was added. The toluene was distilled off
on the Rotovap to approximately 200 grams. Cyclohexanone (400 grams) was added
20 and distilléd down to approximately 200 grams again. The prior step was repeated. The
solution was transferred into a teflon bottle and cyclohexanone was added to a total of

700 grams. The final Mw was checked with GPC.
For Examples 2 and 4 through 14, the above was repeated except that the

starting monomers and amounts used were as follows in Table 1.
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2004/ 037877 PCT/ US2003/ 017658 The anal ytical results are in the foll ow ng
Table 2. In Table 2, Exanple 2, B neans that benzyl was used instead of
phenyl. The TGA for Exanple 1 is shown in Figure 4. The program was: (a)
ranp to 200Khesanblytiladiresoits a6 imithefalowing TOBE?. (] able@nExampletlo B4geoansthat

hold faor 90, 5 mnutes a 0C, and (c) two cycles ranping from 200C to
450C wi Wzgl HBP 454 "}ﬁiﬁé Pﬁ%’%’yl'n‘i nutes. Unli ke Conparative B above, the

inventive COMMOTGA @br EREMPIY a0R0sISIWn SHEFIGureas edherprlogfari Ghas:a (aRirghp 10ss
of 0.34 percent per hour.
200°C and hold for 15 minutes at 200°C, (b) then ramp to 430°C and hold for 90
5 minutes at 430°C, and (c) two cycles ramping from 200°C to 450°C with a hold at
450°C for 30 minutes. Unlike Comparative B above, the inventive composition
advantageously shows based on the TGA, a weight loss of 0.34 percent per hour.
The FTIR for Example 1 is shown in Figure 5. After each processing step, the FTIR
was determined as shown in Figure 5. The ratio of silanol to SiO shows that little silanol
10 is present relative to SiO present.

The contact angle with the organic dielectric of commonly assigned pending patent
application US Serial 60/350187 filed January 15, 2002 ranged from 10°-15°.
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Exanple 1 is shown in Figure 5. After each processing step,

The FTIR for

to Si O

the FTIR was determ ned as shown in Figure 5. The ratio of silanol
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The compositions of Examples 1-3 were used for these Examples. The

compositions were spun and baked and the baked film results are in Table 3.
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SVG
thickness
(A)
163.69
290.87
285.02

v/-\
ololo
s P glolo|o
® alq|olo
D pyEiN|O(®

Refractive
Index
1.486
1.489
1.490

Film
thickness
(A)
249.24
245.42
244 49

%
Solids
1.40%
1.60%
1.60%

Starting
Material
Ex. 3
Ex. 2
x. 1

Table 3
Example
15
16
17
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2004/ 037877 PCT/ US2003/ 017658 Exanples 15-17: The conpositions of Exanpl es
1- 3 wer e weeadodmrsmhese Exanpl es. The conpositions wer ecspsaoandssaked and
the baked filmresults are in Table 3. 27 WD 2004/ 037877 PCT/ US2003/ 017658
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The final weight-average molecular weight was 11,800 with polydispersity of 6.3. Solid

content of the solution was 10.31 wt.%.

Example 18

Solution from Example 1 was spun onto one high Resistivity and one low

Resistivity 8" silicone wafers at a spin speed of 1000 rpm. The wafer was baked at
150°C, 200°C, and 350°C for one minute each. The post-bake film was then cured in a
turnace with flowing nitrogen at 400°C for 1 hour. Thickness of the post-cure film was

10 3776A with refractive index of 1.459. The film expanded 2.1 % from post-bake to post-
cure. FTIR of the film measured on the high Resistivity wafer showed the presence of

SiH (2248 cm-1 and 884 cm-1), Si-phenyl {1432 c¢m-1), Si-vinyl (1411 c¢cm-1), and SiC
{1275 cm-1). Peak heights at 1136 cm-1(indicating cage SiO structure) and at 1058 cm-

1 (indicating branch SiO structure) were measured. The ratio between the peak height at

15 1136 cm-1 and 1058 cm-1 was 1.20. Dielectric constant of the film was measured on
the low Resistivity wafer. The dielectric constant was 2.90. The capacitance of the film

was measured again after heating the wafer in a hot plate at 200°C for 2 minutes in order

to drive off adsorbed moisture. The capacitance decreased by 1.4% after the heating.

20 Example 19

The 10.31 wt% solution from Example 1 was diluted with cyclohexanone to 1.6
wt%. Films were spun on 8” wafer at 4 different spin speeds and then baked at
150C/200C/350C for 1 minute’each. Post-bake thickness were: 219 A at 4000 rpm,

25 250 A at 3000 rpm, 302 A at 2000 rpm, and 421 A at 4000 rpm.

Example 20

The 1.60 wt% solution from Example 19 was further diluted with cyclohexanone
30 to four different concentrations: 1.00%, 0.75%, 0.50%, and 0.25%. Post-bake

thickness at different spin speeds Were shown in the following table:
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PCT/ US20080Qa¥6B8s7The fi nal wei ght-average nol ecul ar weipgmtuSaas/01%5800 wi t h
pol ydi spersity of 6.3. Solid content of the solution was 10.31 wt. %
Exanple 18 5 Solution from Exanple 1 was spun onto one high Resistivity

and one low Resistivity 8" silicone wafers at a spin speed of 1000 rpm

~

The wafer was baked at
post - bake filmwas then cured in a

150C, 200C, and 350C for

one nminute each. The
furnace with flowi ng nitrogen at 400C

for 1 pet—FHrieckhrpss—of—the—ppst—otie—+ Wats—+H0—3+H-A—wi-tHh—efFfact i ve
i ndex pf 1.459. Thel @@prﬁ)é}(pand%@OQ rEl?"% fr O%QQQSIPUbake ﬁ@OBdgm cufe. FTIR
MR AT Ul A SR P SRR R O/ S 5 SR
0.75 wt% 196 A 141 A 116 A 102 A
0.50 wt% 133 A 95 A 77 A 69 A
0.25 wt% 67 A 50 A 37 A 35 A
All‘films showed good uniformity and wetability.
5 Example 21
Dried resin powder from solution of Example 1 was obtained by vacuum evaporation
of the solvent at temperature below 120C. 27.7880 mg of the dried resin was put into
TGA under flowing nitrogen. The sample was heated using the following cycle:
10 (1) from 30°C to 200°C at 25°C/min and held at 200°C for 15 minutes,
(2) from 200°C to 430°C at 1.0°C/min and held at 430°C for 90 minutes,
(3) cool to 200°C in 10 minutes, hold at 200°C for 10 minutes and heat to 450°C in 15
minutes,
(4) hold at 450°C for 30 minutes,
15 (5) cool to 200°C in 10 minutes, hold at 200°C for 10 minutes and heat to 450°C in 15
minutes,
(6) hold at 450°C for 30 minutes,
(7) free cool to room temperature.
20  Weight loss percents for step (4) and step (6) were 0.37% and 0.25%, respectively.
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SiH (2248 cm1 and 884 cm 1), Si-phenyl (1432 cm 1), Si-vinyl (1411 cm1),
and SiIC 0 275 cm1). Peak heights at 1 136 cm1 (indicating cage Si O
struct ur eyoanay/@rs7t058 cm 1 (indicating branch Si O str ecTurse)o3weress
nmeasured. The ratio between the peak height at 15 1 136 cm1 and 1058 cm1
was 1.20. Dielectric constant of the filmwas neasured on the | ow
Resistivity wafer. The dielectric constant was 2.90. The capacitance of the
film was neasured again after heating the wafer in a hot plate at 200C for
2 m nutEsampled®@ler to drive off adsorbed noisture. The capacitance
decreased by 1 .4% after the heating. 20 Exanple 19 The 10.31 wt % sol ution
fromExanple 1 was diluted with cycl ohexanone to 1.6 w% Filns were spun
on 8" wafer i.f i 5

For 1 m nut & e s R BB ek o R 388K o o o80030"
at 300Gspuymmont@02 fAmadf 2804rgapiay highty d@haAiahighOtnpgaturexdiaiecti”Byehe Thes0
wt % sol ution from Examl e 19 was further diluted with cyclogexanon 30 to
fours diRYrePemPf E?ﬂw@é‘ﬁggé? 1319 Was 1909%7 VD 29 50,e16h 5ERR- ArvFoeng %erFﬁHs‘S?ﬁéEée

20041 03787 <2 LR OB 0T 28 B0 S R BB 1Ry 5085 P 0B P a0 s
261 188ski4 AOkABitdkr, A0DBWELs 19601N3D Q6 Md UTPC. 0THO Of YuikBy At@d7The59

A 0.25m % 67 50A 37A 35A Al filnms showed good uniform 'tY and wetability.
5 Exanpf'gapic ﬁ'?'éﬂtrl“es'iah%omd@efre&h s@teit ehnths 22%23 40 011 ediglggidc ol!ﬁ‘/&'né\ﬁﬁsoy
vacuum i e v e r ateur.e b 120 7. 0 of
t he dri%@gé%{ré@g/rﬁ&t&?nf’%ﬁ ﬂeTgﬁteural‘ac%((:altr' ﬁ){ gvm'aotrfg tﬁ?t ?%gégﬁ%Tﬁgy%an\éﬁg v:\%g

heatoed ARH$HorhbANIhOLd ant nbeyoree sed@d(ds af kesh 8@p.t o 200C at 25C/ i n and
hel d at 200C for 15 mnutes, (2) from200C to 430C at 10C/ m n and held at

430C for 90 m nutes,

Example 23
Example 1 was repeated except that the solvent used was propylene glycol methyl

ether acetate (PGMEA) with a final concentration 10.77%. It was concentrated and re-diluted
15 to 13.49% and filtered with 0.1micron syringe filter. The composition was spun onto a wafer.
The wafer was baked at 150°C, 200°C, and 350°C for one minute each. The post-bake
film was then cured in a furnace with flowing nitrogen at 400°C for 1 hour. Film results

are in the following table where Rl stands for refractive index.

Spin condition fhickness Rl (post|lThickness Rl (post Modulus Hardness
(Angstroms, baked) (Angstroms, baked) (Gpa) (GPa)
post baked) post cured)
300rpm/20s |5653.20 1.483 5775.90 1.454 5.80+/- 0.47 |0.731+/-0.12
150rpm/20s |5784.45 1.496 6087.67 1.457 4.81+/-0.34 |0.545+/-0.087
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(3) cool to 200C in 10 mnutes, hold at 200C for 10 m nutes and heat to
450C in 15 mnutes, (4) hold at 450C for 30 minutes, 15 (5) cool to 200C
in 10 m rnvDesy4/d3ed7d at 200C for 10 m nutes and heat to 280@S2en3hHH7658M nut es,
(6) hold at 450C for 30 mnutes, (7) free cool to roomtenperature. 20
Wei ght | oss percents for step (4) and step (6) were 0.37% and 0. 25%
respectively. 30 WD 2004/037877 PCT/ US2003/ 017658 Exanple 22 .
Cycl ohexanone was added to a conposition of Exanple 1 above. The sol ution
was spE¥@mBRkea?4 filmof an organic highly aromatic high tenperature
dielectric layer. The 5 purpose of the inventive |layer was to serve as an
etch stop. A second | ayer of the sane organic dielectric |layer was spun

onto the etcdh sst¢aper @yardarhbscdnel growdsaga dehbe 5REkOE dRs trid! sPste PR bk T
1000Watt s 120 N2/ 30 02, and 40C. The 02 quickly etched the organic

di el ect?§ foll |0é098er A aghesignopromater kyer Hé'nﬁr'f@ﬁrﬂ%nm%ilmplf |E6amwiaﬂ was applied

t t f th e s 241 10
iﬁggﬁpom M nu en(g-ﬁ{g'c\gﬂgﬁg %%%egsogr rad§§g|8H pe(fG’Eri? &t Ie}/ESFa IE%O IEUOM e
1 was repeal @dfaxagpsf 15Hao Aﬁt?stmhye;m\ lm%fmepmyé2@Mgie)ﬁ§9'ad8ﬁ¢ah¥éne

ether acetate (PGVEA) with a final concentration 10.77%
concentdaleetimmptedadivast gen applied. 18. thesadinesion |ptrema1ewawer OAllrmecr(n‘nthe

f Th f haked
)" 1m0 dsslsR ool STRY Sheb Bbalied, o Masd eVl Sopyane Wer el At
cured iAftar BpsinsteeivhitriedhME A1 BIdHal 266 pAScedORG, Y Exaipiart ar'fd GR- éﬁﬁ‘é%ﬁ

are in the following table where Rl stands for refractive index.
condi tl'BFﬁfﬂﬁﬂecﬂeﬁ@BBedanté@bste Tind cdeleesipatdn.( post Modul us Har dness

t. b d t. cured)
$00C o 900’ dBESSEY QST kS RRrmO ShaliEh Fhoinory! 1oy Usipdejhepbalposition of

Example 1 and propylene glycol methy! ether acetate solvent instead of cyclohexanone.

15 Example 25

In a copper dual damascene process, a porous stacked dielectric system was
formed as follows. A adhesion promoter layer using the composition of Example 1 was
applied to a barrier. A layer of Honeywell GX-3P™ porous adamantane based dielectric

20  material was then applied to the adhesion promoter layer. A buried etch stop using the
compo.sition of Example 1 was then applied. (Typicall thicknesses of the buried etch stop
layer are 250 Angstroms with a uniformity of £ 10 Angstroms.) A layer of HoneywAeII GX-
3P™ porous adamantane based dielectric material was then applied to the buried etch
stop layer. A hard mask/CMP stop using the composition of Example 1 was then applied.

25 (Typical thicknesses of the hard mask/CMP stop layer are 500 Angstroms with a
uniformity of £ 10 Angstroms.)

It is also possible to form an etch stop layer using the composition of Example 1
and propylene glycol methyl ether acetate (PGMEA) solvent instead of cyclohexanone. It

is also bossible to form a hard mask/CMP stop layer using the composition of Example 1

32



150r pn1 20s 5784.45 1.496 6087.67 1.457 4.81+/-0.34 0.545+/-0.087 31 WO
2004/ 037877 PCT/ US2003/ 017658 Exanple 24 In a copper dual danascene
process, wodenss7stacked dielectric systemwas fornmed @sTUs20030%765%\
adhesi on pronoter |ayer using the conposition of Exanple 1 was applied 5
to a barrier. (Typical thicknesses of the adhesion pronoter |ayer are 25-80
Angstronms with a uniformty of 5-10 Angstrons.) A |ayer of Honeywell GX-3TM
dense adamantane dielectric material was then applied. to the adhesion

pr onot end prpeylend dlpydrmethyl leeheratieestied RGA BADS @vemamstdehofipptiobexanankar d
mask/ CMP stop | ayer was then applied. After 3psi chem cal nechani cal

pl anari zation processing, the Exanple 1 and GX-3TM |l ayer 10 interface
remai ned intact, i.e., no delamnation. It is also possible to form an
adhesi on pronoter |ayer using the conposition of Exanple 1 and propyl ene
gl ycol Bxanhplé 28 her acetate sol vent instead of cycl ohexanone. 15 Exanple
25 I.n a copper dual danmascene process, a porous stacked dielectric system
was> formed as foll ows. A adhesion pronoter |ayer using the conposition of
Exanpl e 1 wgg d‘“ ﬁGnE gllqgf(rs"ﬂrderéel Qd’aef'ﬁaﬁtfanbloéb@é\ﬁebllele%%mé\@ of Q&3
adamant ane base ect 20 material was then applied to t e5|on
pronot eppliayes.a H subistrede ethemmﬁne@ largar mgdtmmlclampaﬁmoom,omfgsﬁmmml A ldyevas

then applied. (Typical thicknesses of the buried etch.s | ayer. are 250
Angst r Seth@iqomREsition of #P@Sﬁpdﬁ 1 wes Hegysarries; thia arp)ed 'Qﬁefl%ﬁe%/mﬂfn@ﬂ of

pur e AR R A D BB 1o b Compas! 1 on of

Exagpl e 1 was then applied. 25 (Typical thicknesses of the hard nask/ CwP
stop layer are 500 Angstronms with a uniformty of 10 Angstrons.) It is
al so possible to forman etch stop |layer using the conposition of Exanple 1

and prchg()él ﬁﬂ 2g;choI net hyl ether acetate (PGVEA) sol vent instead of

cycl oh is also possible to forma hard mask/ CMP stop | ayer
using the corrp05| tion of Exanple 1 32 WO 2004/037877 PCT/ US2003/ 017658
A layer of Honeywell NANOGLASS® porous silica dielectric material was applied
15 to a Si substrate; the applied layer had a thickness of 3000 Angstroms. A layer of the
composition of EXampIe 1 was then applied; this applied layer had a thickness of 2400

Angstroms. This structure passed the tape test.

20 Example 28

The glass transition temperature of the composition of Example 1 is greater than

500°C.
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and propyl ene glycol nethyl ether acetate (PGVEA) sol vent instead of

cycl ohexanone. Exanple 26 5 A | ayer of Honeywel|l GX-3TM dense adamant ane
based di eWecveds7srateri al was applied to a Si substrat ecTtuseomsppiosed | ayer
had a thi ckness of 4000 Angstrons. A layer .of the conposition of Exanple
1 was then applied; this applied | ayer had a thickness of 2400 Angstrons.
This structure passed the tape test. 10 Exanple 27 A | ayer of Honeywel |
NANOGLASS(r) porous silica dielectric mterial was applied 15 to a Si
substr &laims he applied | ayer had a thickness of 3000 Angstronms. A |ayer of
the conposition of Exanple 1 was then applied; this applied | ayer had a

t hi ckness of 2400 Angstrons. This structure passed the tape test. 20
Exanpl e 28 Thé\hyPeganosiexane ¢YnPHgRpatdeant SQvaight RYRBALPE FBMMYR lExanpl e 1
IS gr 6296,51_1,togﬂlﬂ,5.21%%%%.1,c%?oy\g]ﬁpi%’é,ﬂ%gg&ﬂ?z]cp ep§g’q9%bﬂ}zg’%§lkel(\:}lllabri@fr?)m 18

or ganosi ['oxane conprisi'ng at T east wei ght "percent’ of Fornula I:

[ YOs01pbréSit@b. 70 pérekiOod Eorn@ell B iSfrahbP eréht ko @B parcenbe Fuhula IYahd ¢
aryl; Zis alkenyl; ais from15 5 percent to 70 percent of Formula I; b

i s frons frope2Ocpircent Bo8Rrareent off Fersirala 1; and ¢ is from 20 percent to
80 percent of Forrmula |I. 2. The organosil oxane of claim1l wherein said Y is
sel ected from phenyl, benzyl, substituted phenyl, naphthyl, anthryl, and
phenant hryl 2. 1Bh8 ordatRsiogaitosi tiamanewnbreih dhih 1 isvbsleeied Baintbtenys, Isalzgtt ed
fromvi nil)l ,, Substituted vinyl, vinyl ether, acrylate, and nethacrylate. 4.
An adhéspstityied mbeey! cerpEdi arthedi andmipgrasinrvxane of claim 1. 15

10
3. The organosiloxane of claim 1 wherein said Z is selected from vinyl, substituted

vinyl, vinyl ether, acrylate, and methacrylate.

4. An adhesion promoter comprising said organosiloxane of claim 1.

; 5. A film comprising said adhesion promoter of claim 4.
6. A spin-on composition comprising said organosiloxane of claim 1.
20 7. A chemical vapor deposition precursor comprising said organosiloxane of claim
1.
8. A film comprising said spin-on composition of claim 6.
25 9. A film comprising said chemical vapor deposition precursor of claim 7.

10. A dielectric comprising said spin-on composition of claim 6.

11. A hardmask comprising said spin-on composition of claim 6.
30 ,
12. The hardmask of claim 11 additionally comprising solvent.

13. The hardmask of claim 12 wherein said solvent is cyclohexanone or propylene
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5. Afilmconprising said adhesion pronoter of claim4. 6. A spin-on
conposition conprising said organosil oxane of claiml1l. 20 7. A chem cal
vapor depweibeda37gIrecur sor conpri sing sai d organosi | oxareTafS2aBaiTess 1. 8. A
filmconprising said spin-on conposition of claim6. 25 9. Afilm
conprising said chem cal vapor deposition precursor of claim7. 10. A
dielectric conprising said spin-on conposition of claim6. 1 1 . A hardnask
conprising said spin-on conposition of claim6. 30 12. The hardmask of

cl ai m lyegddhéthghatHey acergrei si ng sol vent. 13. The hardmask of claim 12
wherein said solvent is cycl ohexanone or propylene 34 WO 2004/037877

PCT/ US2003/ 017658 gl ycol nethyl ether acetate. 14. A chem cal mechani cal
pl anari zat i drit.sAepeoved Mmeshagicaiptengpz atioThs OPrREPISIDG Saigfspi-an fPEIPOsItIPy
The cherp' a chani cal planarization stop of claim 14 additionally

conpri §] ncga'"’s tvent. 16. The chenical nechanical planarization stop of

cl aikm 15 wherein said solvent is 10 cycl ohexanone or propyl ene glycol

met hyl ether acetate. 17. An etch stop conpri si nfg sai d spin-on conposition
of clai m6. 15.8Thapeemicshmechpnict! plararization stRA ¢f daim (1 ¢ additanaly AGMPHFRant .
15 19. sbieretch stop of claim 18 wherein said solvent is cyclohexanone or
propyl ene glycol nethyl ether acetate. 20. A sem conductor device

conpri si ng s, dThé bR2@fcat htichasicansapgakdtioprsabp ¥f cldfin ABWheimsaid ssReanid
filmthat is adjacent to said first film 21. The sem conductor device of
cl d0m 2y cldtexenons ar gremdemei glicohmeshdrethaoaertates materi al .

17. An etch stop comprising said spin-on composition of claim 6.

18. The etch stop of claim 17 additionally comprising solvent.
15
19. The etch stop of claim 18 wherein said solvent is cyclohexanone or propylene

glycol methyl ether acetate.

20. A semiconductor device comprising said film of claim 8 and additionally

20 comprising a second film that is adjacent to said first film.

21. The semiconductor device of claim 20 wherein said second film is an inorganic

material.

25 22. The semiconductor device of claim 20 wherein said second film is an organic

material.

23.,The semiconductor device of claim 22 wherein said organic material comprises
aromatic or aliphatic hydrocarbon.
30
24, The semiconductor device of claim 22 wherein said organic material cofnprises

.
adamantane or diamantane based material.
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25 22. The sem conductor device of claim 20 wherein said second filmis an
organic material. 23. The sem conduct or device of claim 22 wherein said

or gani ¢ raDepd4al37s7enpri ses aromatic or aliphatic hydroearhsno3®07688t. The
sem conductor device of claim22 wherein said organic material conprises
adamant ane or di amantane based material. 35 WO 2004/ 037877

PCT/ US2003/ 017658 25. The sem conductor device of claim20 having a
dielectric constant of less than 3.2. 5 26. A spin-on etch stop conprising
or ganosi | oxane of Fornula I:

[ YO 01-1. CSi 0. 01-1. OSI OL. 5- 2] 1. where Y. is
aryl: Zis & kenﬁ‘L ngm'go?q‘ﬂﬁfpﬁgev'ﬁﬁrogeq%m 88%'@"6%9 @Sqil?lefﬁr]% nipat pf "eﬁsi s
from 2 tRsh @ept to 50 percent of Formula I; and ¢ is from 20 percent to 80
per cent of Formula | with substantially no silanol and having a dielectric
constant of |ess than 3 2 10 27. The spin-on etch stop of claim26 wherein
sai d spin- ogﬁetxh sto rises at. . |l east 80 wei erc n of said

e

or ganosi'l ox APIn-p eet§ iSHOR FOBRLIS NG Bl9aBPSiexq n said Yis
sel ect ??o £1I‘1 gg?dﬂggggio’m ho@Ob?ﬂE[Wo o1- 1%9*@%21] Ubﬁ%ré’@‘%&)éhggﬂaﬁg%b{% a@é‘?rl%'yh 5

and phenant hryl e spin-on etch stop of claim erein sald
sel ect gerdararm piepgiceandf Foenalgll; b 20frat Z‘Heecemltn -Sdhpetceht st Eprmmadl alndn:26

wherein ald is selected fromvi tituted vinyl, et her,
acryl atlse?roah L ERT b weraant of it w'%? Sfbf%tr%te%ﬂ‘vo%o ci'ap ﬂ]a@é Ripdneen
sai d did?%@&r” ,g@mt@p,teﬁg §h+r¢§szt han or equal to about 3.2. 25 32. An
or ganosi | oxane havi ng al kenyl groups and thermal stability. 33. The
or ganosi | oxane }of claim 32 wherein said organosil oxane conprises at

27. The spin-on etch stop of claim 26 wherein said spin-on etch stop comprises at

least 80 weight percent of said organosiloxéne.

28. The spin-on etch stop of claim 26 wherein said Y is selected from phenyl,

15 benzyl, substituted phenyl, naphthyl, anthryl, and phenanthryl.

29. The spin-on etch stop of claim 28 wherein said Y is selected from phenyl and

benzyl.

20 30. The spin-on etch stop of claim 26 wherein said Z is selected from vinyl,

substituted vinyl, vinyl ether, acrylate, and methacrylate.

31. The spin-on etch stop of claim 26 wherein said dielectric constant is less than
or equal to about 3.2.
25

32. An organosiloxane having alkenyl groups and thermal stability.

33. The organosiloxane of claim 32 wherein said organosiloxane comprises at

least 80 weight percent of Formula I: [Yo0.51SiO1.5-2]a[Z0.5-1Si01.5:2]u[H0.51Si01.5.2]c where Y
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| east 80 wei ght percent of Formula I:
[ YO 5-1Si 01. 5- 2] a[ ZO. 5- 15101. 5- 2] b[ HO. 5- 15101. 5-2] ¢ where Y 36 WO
2004/ 0378¥0 2R@I3182003/ 017658 is aryl; Z is al kenyl; a ipsTfusermdbreper cent

to 70 percent of Formula I; b is from2 percent to 50 percent of Formula
l; and ¢ is from20 percent to 80 percent of Fornula |I. 34. The
organosi | oxane of claim 33 wherein said Y is selected from phenyl, 5

benzyl, substituted phenyl, naphthyl, anthryl; and phenanthryl. 35. The
or ganod$ PB¥laAds éfkeevgiwésomm Bereeshitel 72 pescery elcferandla dnb Vs frpm 2 percent
substi tyt ] g \H et.her, acrvl ate, and thacrylate.. 10 36. An
adhesi E)ttr% 53?8%%)0{%& Oé\(flr?pp')rﬁ:msal t‘lgﬁ'gaﬁ % %%@a%@éjlelr%%{g% %k?p@?/%ﬁ%(gﬁ)m@% LA film
conprising said adhesi on pronmoter of claim 36. 38. A spin-on conposition
conprising said _organosil oxane of claim33. 15 39. A chem cal vapor
deposi ti on precUeopraaswsiexsaneg ot slaimoBganderdinxeaid Yofis skkeicked 3@m 4thenkl,

filgc ISl i L.N-.0 sition.of claim38. 20 41. Afilm
comg)qri ;ﬁ[éﬁéwégpgs cﬁjégr:? ?QPR\I/IagSﬁR@E’OéSWtHVQha ?8&:‘8?2% "W claim39. 42. A
di el ectric conprising said spin-on conmposition of claim38. 25 43. A hard

mask conprising said spin-on conposition of claim38. 44. A chenical
nmechani cal PPanathe rganpsiiospne oipelaish ng3 swhereipisaich? dometsited dromofingl,ai m

38. 30 _457,.: St. risi sai d spin-op.conposition of claim38.

46. A ssggnsgf?%‘aﬁé/t?@rl \c/i'g\gl %%%E’o?ﬁf?'[ég?'nﬂ“ga'legh‘?(frly%t%‘f claim40 and
additionally 37 WO 2004/037877 PCT/ US2003/ 017658 conprising a second film
that is adjacent to said first film 47. Thé sem conductor device of claim

46 lQher ei n $4i- dAsadhedion premajenpoinpoisiansaid onganasilakandgof claim 33.
37. A film comprising said adhesion promoter of claim 36.

38. A spin-on composition comprising said organosiloxane of claim 33.

15 '
39. A chemical vapor deposition precursor comprising said organosiloxane of claim
33.
40. A film comprising said spin-on composition of claim 38.
20
41. A film comprising said chemical vapor deposition precursor of claim 39.
42. A dielectric comprising said spin-on composition of claim 38.
25 43. A hard mask comprising said spin-on composition of claim 38.
44. A chemical mechanical planarization stop comprising said spin-on composition
of claim 38.
30 45. An etch stop comprising said spin-on composition of claim 38.

46. A semiconductor device comprising said film of claim 40 and additionally
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48. The sem conductor device of claim46 wherein said second filmis an
organic material. 49. The sem conduct or device of claim48 wherein said

or gani ¢ rwoendalz7ssenpri ses 10 aronmatic or aliphatic hy#coasedon17¢59. The
sem conductor device of claim48 wherein said organic material conprises
adamant ane or di amant ane based material. 15 51 . The sem conductor device
of claim46 having a dielectric constant of less than 3.2. 52. A nethod of
filmformation conprising the step of: depositing a conposition of at |east
80 wei glomp&ingeatsesdnédilmuthat lis a@@cent to said first film.

[ YO 01-1. CSi O1. 5-2] a[ ZO. 01-1. OSI QL. 5- 2] b[ HO. 01- 1. OSI O1. 5-2] ¢ where Y is
aryl; Zis alkenyl; ais from15 percent to 70 percent of Fornula I; b is

from2 perc ’7t T‘h%as%ﬂm%ﬁ&%%r 8% viE@ofUlafnls6 FMGréin sh’r%i dééc?%%nﬂgrgg‘?ﬁ{ggmc%

percent of or mul onto a substrate. 53. The net claim rein

sai d depasetiaing conpri ses chem cal vapor 25 deposition. 54. The method of
claim52 additionally conprising subjecting said deposited conposition to
t hePmal energy, nicrowave radiation, ultraviolet radiation, or electron

beam r adi at i4‘§:"Th‘?é semiconductor device of claim 46 wherein said second film is an organic

material.

49. The semiconductor device of claim 48 wherein said organic material comprises

10 aromatic or aliphatic hydrocarbon.

50. The semiconductor device of claim 48 wherein said organic material comprises

adamantane or diamantane based material.

15 51. The semiconductor device of claim 46 having a dielectric constant of less than

3.2.

52. A method of film formation comprising the step of:
depositing a composition of at least 80 weight percent of Formula I:
20 [Y0.01-1.0Si01.52]a[Z0.01-1.0Si01.5.2]b[Ho.01-1.0Si01.52]c where Y is aryl; Z is alkenyl; ais from 15
percent to 70 percent of Formula I; b is from 2 percent to 50 percent of Formula |; and ¢

~is from 20 percent to 80 percent of Formula | onto a substrate.

53. The method of claim 52 wherein said depositing comprises chemical vapor

25  deposition.

54. The method of claim 52 additionally comprising subjecting said deposited
composition to thermal energy, microwave radiation, ultraviolet radiation, or electron

beam radiation.
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