06150P USA TI TLE OF THE | NVENTI ON: LOW DI ELECTRI C CONSTANT NMATERI AL AND
METHOD OF PROCESSI NG BY CVD CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application is a continuation-in-part of U S. Patent Application No.

09/ 863, 150, filed 23 May 2001, the disclosure of which is incorporated by
reference hereininits entirety. BACKGROUND OF THE | NVENTI ON The

el ectronics industry utilizes dielectric materials as insulating Iayers
between 5 circuits and conponents of integrated circuits and %ﬁg(ﬁ%

el ectroni c devices. Line dinmensions are being reduced in or rease
speed and storage capability of mcroelectronic devices (e.g., conputer

chips). Mcrochip di nensions gni ficant decrease even in
t he past decade such that Ilnmgt@g?ng&%@ﬂ Ngreater than 1 micron are

bei ng decreased to O. 18 % glé drawi ng 10 boards
of at |east as |ow as d%%% Eé? a?\% sion T =12
RCL[err], where T is the ance of the conductive

line, Cis the capacitance of the dlelectrlc | ayer, and L is the wire
| ength, is often used to defi ne the effects that changes in dinensions and

Tapaci tance can be oxSTOSSHRRERENCHITG RN SrblichIiONE! 1 The
vacuum per m ti vipfay |Iéél0ﬁ & %Ft(.rdfnﬁpﬁémﬁtlﬁ'ﬁhn( %ﬂL@S tpaﬂenp)A pifichtfort No.

dielectric constant for the thin IS the electrode surface area and
d is the fbleastiBbckRasss 50012 tHE &isRfBard Bf Wwhih! Is ihesiPblatdd b reference
proporti onal reduction in and consequently a reduction in delay tine.
Further, agrdihi@ itsdnfitetgli mensi ons decrease, better insulating materials with
| ower dielectric constants are 1 al so needed to prevent signal crossover
(aka crosstal k) between the chip conmponents, which can have a negative
effect on performance. Hi stBACKGROUND CF THE WYENRIGN el ectric constant (k)
of 4.2-4.5 has been enployed as the interlayer dielectric (I1LD). However at
| 'i ne di nensi onFhefeléctidbhicsiicdustry witirks dislectric tnatetiale as imsplaiiogllayegz between
acceptable, and it has been extensively replaced by other materials, such as
f | uori fat etlcdis| archcghpaen(d-AGntagnatea icirclitsi andhbsrocialedbeledhaniaddvicéson Lok
fluorine to silica specifically ainmed at reducing the k value fromthat of
undoped sidimesidrasarebbeing Sedubieddinf ordet he ipastse epegband staage capgbility WHiS.
Pats. Nos. 5,571,576, 5,661,093, 5,700,736, 5,703,404, 5,827,785 and
5, 872, 065)micrbblechorjt delieed feon egahputert ghips). Microchip@inidhsicesiavs undergone ay
non- pol ari zabl e speci es, which reduces the dielectric constant. Fluorinated
si |l i ca hasigyiicastddereaget avareini thet et idedadd sychaticht ilise vddthg oty gretalter
current generation of ICs. While fluorinated silica materials have the
requi sit e thdren makroangrenmsingh necrahseds toadil1Bimigrdns, with Hetuaan glaneron thiegdrawing
tenperatures (up to 500C), the materials' properties 15 (e.g., |low water
sor pt iton, borcisaat ehstasdperasited) miorenss UBedime Déley exprossiony T coa@ifi wberewhen
| arge anounts of fluorine are incorporated into the material. Fluorinated
organi c reisdhe délay tisecR iathepekiglanet phfheumndedtivg lieac) isihsmapacitanvé nttheer y
| ow k val ues down to 2.0

dielectric layer, and L is the wire length, is often used to define the effects that changes

in dimensions and materials can have on the propagation of signals in a circuit. The
capacitance can be expressed as C = kk {S/d), where k, is the vacuum permitivity or
15  dielectric constant (equal to 1.0), k is the dielectric constant for the thin film, S is the
elecirode surface area and d is the film thickness. Thus, a decrease in k will result in a
proportional reduction in C and conseguently a reduction in delay time. Further, as the

line dimensions decrease, better insulating materials with lower dielectric constants are



or | ess, have not shown sufficient stability to the tenperatures experienced
during subsequent processing steps involved in the manufacture of an
integrated circuit. 20 Organic polymers in general do not possess sufficient
mechani cal strength for processing under current conditions. As well,

fl uorocarbon pol yners can have ot her drawbacks such as poor adhesion,
potential reaction with netals at high tenperature, and poor rigidity at

hi gh tenperature i.n sone cas | n or to a t he, desi.red r opert
chgr act renr) i Wdﬁﬂéolp&wem %'Fgétqr‘?iso?f%rn ﬁ{%?ﬁﬁ%ége%ﬂlg?q 'fh@acs%”aggrap% %Ct?ll c
films 25 \M?]l por ate ?éeh Ol’ﬂarEI c dogants and inorganic fluorine
speci es nﬂ‘ﬂ/%‘r%\'}' e adiegatyq CRO@AGBs | ower than FSG, and better

h I d -2
mter ol o, vt PR AT Fﬁ%ﬁ@ﬁhﬁ%ﬂﬁé‘w@%&ﬁ@pﬂ% ik B %m@feaesan
bei ng. soulit MAURE dleticc BHah HouereGel MearAEtRe 1cD 25 FBBaF A Bited as

t he fu%]ure interl aéerll nt er met al

e ot B SiicRu T Bhdonattont SereriablBeand s bas bty Srts e coRise ety PlRrous
O 92003 | BRterdls, puth Seludrnssed S ?@?fg'agg'(% W%saﬁz%%%esﬁ%ﬂa@om

ot ort o o dotinetoslish S0kt D g @é'rﬁel#?%?é%ie i)t undRd SIRE e
P HovebEsn stited tog dos past P Year %eéeggetiépa%v\@eﬂs e s hat: Sielhes” 1

ef fects that arganic _species tégl cal %/ hav i ch include reduc&cl‘l

mechani caP{90g38r bi798,404¢ BERALES A1 F14.06%nd rlf’n'@ﬂ'i‘é’ ctrppegativiy, g “%Pﬁdi es
have indicated that the preferred naterials gert es qu? Glimt the

di el et®ri EeRBRsNaft Vf"’(! PH% pP@Hﬁ@l%fs@c@SB wWhig rﬁ UGRSd e Heles ‘Fle%oé‘SWF ues in
the range of 9-11/1. 2- gsee Lee et al 198t h Meetin

El ectroc hEH«IOé'a@te@@&'P%ws g'ejeted a Wn@éefheowdvﬁtw ankys LPIGUS f°f§§acwéﬂ§

Gol den et al M CRO p. 31, Feb. 2001). Sonme recent literature and patents
have propS%‘?faf'%OfdQé of carbon-doped FSG materials. Mst of these exanples
exclusively utilize fluorocarbon materials as precursors in conbjnati on
with a siliconYpiieclvybrtedssiiea malgdals H??deWPaEeé*“ﬁf"%otP%@éﬁ‘b%}? ﬂ?c ”“é@l es
into a silica or FSG framewor k. For exanp irafuji et al

copol ymer SERHLH S #FBER)H diesy PWaW@WQ‘H’eSc@JEf TPU%QQ)Q@H tgematerials nﬁ?pﬁﬁﬁs

Pol ymers, 4(1) (57-75) March 1999 or tetrafl uoroe | ene (@8 Jnf\) Appl .
Phys. 12526896 '%mr)swmlonpr‘"@&n@@ca |%%9%%ﬁ’@6%ﬁ3§‘@%%‘ﬁﬁ8§et 9N Rfemf%?dm ch
k increased from2.0 to 3,3 with decreasing fluorocarbon_content. et
al . (341 Whenyarggiamaskits af fyaring aregnepipf(rﬁ@ggwp thg rpptetigls Slprnatas @@?E'Cof
fluorocarbon addition to SiOF filnms produced in_a heljcon plasma reactor
usi ng tri SEeal. suchias gay( tﬁwwomwe) et MYIndveaYrIoMe &@'U?f‘h%o‘gwc?@. c

i nclusion of fluorocarbon noieties in silicais the work of Kimet al

1998 | EEEOS fesss ave obfll Shoywy silipient sirbiibhiridhe demaeratuses SKReRiFNCced (fushei d
Dielectrics 229-32 (1998), describing the ability of fluorocarbon addition
to reducéul@mwnbprqqeés'ﬁ%t%@n%|mV§msgt @n!rlealm%?‘“fﬁcﬁﬁ?t‘l’fa?” dntegrated £irckhe wor k
of Kimet al. 5 appears to be ained specifi cal lﬁ’ i ncorﬁor at i n%

f1 uor 8Rar lgfﬁa%l relyraerst Hﬁcﬂﬁl@“’%’h@o yael possess sufficient mechanical strength for

processing under current conditions. As well, fluorocarbon polymers can have other
drawbacks such as poor adhesion, potential reaction with metals at high temperature,
and poor rigidity at high temperature in some cases. In order to achieve the desired
property characteristics and low dielectric constant values, silica based dieiectric films
25  which incorporate both organic dopants and inorganic fluorine species may provide for

films with k values lower than FSG, and better thermal and mechanical properties than
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of CFlerr] in a 2%ilane/Nerr] plasma to produce filnms containing silicon,
oxygen, carbon, fluorine, and N, where they were able to identify Si-C,
Si-N, Si-O and G F functionalities. They also found that there was a depth
profile to their compositions, whereby the surface was higher in oxygen
than the bulk. 10 U. S. Patent No. 5,800,877 to Maeda et al. describes the
use of a mxture of organosilane precursors having an Si-F bond and
or ganosi | ; i an Sh- E. 1 . hna
e o U P e e
claims of okBh3BALEDINEMED dAERTPRIALh ARl | vori ne-containing silicon
oxi de via thernal "procéss W th an oxygen and/ or nitrogen plasm
post -t r eat ment t. i i r aki @l Kyl
Oroups or oar b3FTE R T0EE  DAiG DR SERAE Fpfacklifent RF %6 SSEHafta' )
Appl . Phy 3 : . I . f [

%ret ﬁ%gﬁéﬁﬁ%& %g ?r@f%.ﬂurg gﬁ@ﬂpé@? ﬂmté’?‘ﬁ‘lte?e{l dge?%tr)lit{ gfp@gxlcgfprgél.ﬁ%g é,aé\?ﬂ

silica was ation ftor I'on usin ne, oxygen,
CF S ) T . Ei]
B L e A g S R A
i ¢ _ P ' . . . .
LﬂcﬁihBL?a?F%aﬂ¥%'%9§%‘.f% B oo 3G e WG Pt SEBAR LTI A Re 2000
t j ' [ 67-70
(loooy , “oTES TEEMAr SYasiey Boskedtd S0l b4 b UG 9 8. ABSRS” Zn
87(8) J I i Physi| - 0 i ' f
car bon” 250 A2t LPSG TTBIE GRelBEhE, MRrlinH, RS Bivheahd i 77 °

por 11 nor ofaT TS Srdba BRI PORYRE Uy G A A o, RYRER, Bt RIER Y

pe(rjfluororrp ane, \ or COmposi Ui _ )
of bot% cafle BESRr LEBReest T Paub B plHROS SirriEl dabel RERLRMA. ' "

Cranr oot TG R TR AR ST BB
L nal ot iy <), ot 8RS AR 5904 WA TSR b
SPeCL o5 ke BRSPSt e SBLLAN L BEGR 4 Besk i
organos1 | Loy BRLAHA S g K o By BR AP 555 BB BH 130 fen s,
et 5. e ERRSh AP LA Sk, SROPhITS: Adle BESIR TR
LT LS RO PELEDRIF 52140002 and ap A1TIL71200) al s0 i scuss

5 tohi da et o Ee BUITARG prd BEEHSIRYE AR b b BGTESRY R "
3 e el S Bt e
of P ﬁgléet_%_@é St br i o Eu%ﬁi’i sl s%"f%eﬁ't et
cuppofti g IES FB gf FRe " Fed aPentity st PR, SR e’ ©
copolymerized hexamethyldisiloxane with octafluorobutene (Plasmas and Polymers, 4(1)
(57-75) March 1999 or tetrafluoroethylene (38 Jpn. J. Appl. Phys. 4520-26 (1999)) to
produce fluorocarbon/SiO composite films in which k increased from 2.0 to 3.3 with
decreasing fluorocarbon content. Yun et al. (341 (1,2) Thin Solid Films 109-11 (1999))

25 discuss the effects of fluorocarbon addition to SiOF films produced in a helicon plasma

reactor using triethoxyfluorosilane and O,.



advant age by describing a process in which an organosilicon material was
deposited in a thermal process froma mxture of tertiary nethylam ne
(TMA), tetraisocyanate-silane (TICS), dinethyldiisocyanate-silane (DVSIC)
and preferably dinmethylethylamne (DVMA), to produce Hand CH - free silica
films. This deposited filmwas post-treated with HF 25 gas in a thernmal
process to replace isocyanate species with fluorine, and produced films

with a | ower diapbeet ekémplend tmbpatitit iRiLSien oMPuGrbedrBoh ecRtiRBGE silidd & thel NS .
produced, -5 however, included CSi and CF functionalities. Also, as is

typical i woft bf K enal -19a8aEEENRRARBAS Catibrense CRETLRAICRPShd BredoRNL S,
there resulted a conpositional gradient induced through the depth of the

film 1t §s Sohdpavierbirvs Hdofaz ¢ gosh 0desunbing! thehsbiyosfnflucbehrodtniadeaition ttg of
the chem cal nodification through the filmin this manner. 5 U S. Pat. No.

6, 077, 574 rdfuckaRBTKk 6 fifel PERFiaPEQERGRRMY from fHak Bf Rgica Pis WBrkCHMDKins et iaton
oxide dielectric filmdoped with specified anounts of fluorine and carbon,

wherei ) bpgedrt hdbk Sirde® apédifiy bP Mcarpdtating fRIoAJcatRACMEBB&S thriyhCihe GRB
control the fluorine <concentration and the carbon concentration

i ndependengt |0F4QF1 £20iIMDRY plabhiR & PMdice fifths @oblafiidd eintdr, fdxygen, nedrbon, n
these filnms is less than or equal to 0.25, based on the 10 discl osed

concent r atjirihe’ aRG RS whkreinBy weld2dle ftd IRATIN ST, @B, S¢-C, and COOF funtlaalitiesior i ne
atons/ cc, and 3.0 x 1019 carbon atons/cc to 1.0 x 1021 carbon atons/cc. No

data are Tﬁé)ﬁéﬁatf&mdrtﬁﬂﬁhgﬂe%é£‘§e|§tH'ﬂ)@éfll@ﬂﬂhb?b@ﬁlpéﬁf idrRd whikdbly thd sigfdcel m
G ven that the density of silica is about 2 grans/cc, which is equival ent

to 6.6 x LR3%higHeP FPh&Ben iR thOBGRNtration of fluorine and carbon can be
estimated to be about "6-15 atomc % fluorine and about 15 0.05 to 1.5

at om ¢§o car bony &) BateRBANINI5, dd0,877, fblﬂlaééé ck @l Midserkés Biesab@ s Minierbhed for

forming a low dielectric constant filmthat increases the residence tine of

the react 'oﬂjhngéh?an'erbrécﬂﬁ’soré Ba6ih§ an!H-Fordemttord bsNBRL probisSrekiittdoesn 8ot
di scl ose the use of an oxygen-providing gas (e.g., 02) in the production of

the film F2QadeSiint zdreord 8%,R8R! MJa dRMP P RINEHYSS . totd]‘@cﬂlﬁ:eh@\ﬂﬁoﬂ% cHRGRINGNY
exanples in the prior art that successfully combine the desired nechani cal,

dielectri %vhcérh@iilﬂ@lfiln@nq*he @PQII'H@B" e sdtem ddvéb’thl@rpf?@@.fdtlbﬁ%f b M@brid-Gor@hmGOUNt
for integrating |low k diel ectrl c materials inintegrated circuits.

ref er encegjjigbd sﬂd@%ra%@r rbd2S6 WA &@gaﬁraﬁu/@r Ritrobeh Ble R dshirbArieht.
entireties. 25 BRI EF SU RY OF THE | NVENTI ON The i nvention provides filns

of cagfon Tﬂ@%%nfc by&y %'deb&ﬂi&hgkrﬁb%?pcﬁétlc@n of afidyBérolps of¥zron into the film.

organof | uorosilicate glass) containing both ofganic species and inorganic

f1uorines, eXC'WﬁIp\é e0by RhsHYalvaCARl. (§TOBHRIUS ABBI. ﬁhwmgg%bgm%?p@hmcea In

one enbodlnent of e present invention, there is provide

represent %tertmsaaﬁﬁcé OF fibrialcdl dilon WELIHE MOTVASSY 1o 0o 8@&9‘% u¥ing mikiuesy g0 t o
35 atomc% wis from1l0 to 65 atomc% y is from10 to 50 atomc% X is

from2 to s%eato‘il%&o/‘nl%%dzamﬁtomfartﬁrﬂ Padmbenhan@idonVp %yaféh. WTRE elePosited
substantially none of the fluorine is bonded to the carbon.

films were found to contain a significant amount of Si-N and C-F bonds, as interpreted by

20 XPS spectra. Enhancing the water resistance via incorporation of Si-N will negatively

impact the k value.

In similar works by the same group noted above, Lubguban et al. (337 Thin Solid

Films 67-70 (1999), 606 Materials Research Society Symposium Proceedings 57 (2000),

and 87(8) Journal of Applied Physics 3715-22 (2000)) discuss the introduction of carbon

25 into fiuorosilicate glass by PE-CVD to enhance water resistivity. The materials were

synthesized from silane or TEOS, oxygen, methane and perfluoromethane, and were
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10 In a further enbodi nent of the present invention, there is provided a
filmepresented by the fornula [err], where v+wx+y+z = 100% v is from 10
to 35 atomc% wis from1l0 to 65 atomic% y is from1l0 to 50 atomc% x is
fromlto 30 atomc% and z is fromO,1 to 15 atom c% provided that x/z >
0. 25, wherein substantially none of the fluorine is bonded to the carbon.
15 In a still further embodi ment of the present invention, there is provided

a film r%moee%femreébnb@bsmaﬁ wrﬂ%u §tabﬁ%{f]andV\€I@61ﬁcéll+ﬁV6?éWé§ 3 308N et ig8. from
10 to 35 atomc% wis from10 to 65 atomc% y is from10 to 50 atom c% x

is from1l shﬁgé’é.@ thé%ttﬁg‘lrﬁ%éfpcﬁ‘%nzof' tsoth 8o - shdt RuckiRe #it8TE S, AfoBaSaR - 5

atomc%or Féess of the fluorine 1iIs bonded to the carbon and wherein the

filmmay &ﬁéa|%bcﬁict&h§€ahpr‘lneﬂ°ea§e§ inltH2 BFRBAT dimENardlintréBuditib R BBYsilon
condition. In yet another enbodi nent of the present invention, there is

provi ded anhinba? g Pe%@t’ﬁrﬁfésgh’e& Pnelnf:r‘é'é\%ﬂ BarhBR Ad WhWHiNe }h+ﬁ1e:f|r§h@9néﬂter}él I's

from1l0 to 35 atomc% wis from10 t 5 atomc¥% y is from10 to

at om cf6  XajStof Eé)%éseﬁ gﬁg s‘?érf?ff@aﬁto/%orﬁ%t%n'b“y clF AMcfonklitiés. 15&3&1&6@1&@ in

provi ded that x/z wherein 0.5 atom c% or less of the 25 fluorine is

bonded totﬁ&epgfér pRadeNebelr e EIH Bpomdys Wﬁgﬁimcﬁé tesidhhed t@fwaterf i | M
property by a croelectronic processing step. -7 BRI EF DESCRI PTI ON OF

SEVERAL Vg on will be described in conjunction
Qﬁo%n&'ﬁgﬁ\%@%&dﬂ% J\%ﬁné r%'iﬁrlt |

with the foll ow ng awi ngs in I'ike reference nuneral s designate |ike

el ements and Whgr i fparebd Gatdntby hPMﬁs@QJP?@I@@@@@@) tdy érﬂ%ﬂ&:@N | MBletihk

analysis (TGA) of an enbodinent ©of a filmof. the invention; Fig. 1 b shows

an 1 <0t NelggBbsibEhPh RirP EbATmehba Had s pEgtguep%en.smeéﬁtrﬁe&%rspgar A, #a

enbodi nment e 1nvention;  Fig. shows scan of a prior

art fiyhm pia%gf d Qacthr ﬁqm%ajs«?h%tq{e]%:lsﬁﬁc@fre@u%e%@%déﬁfﬁn ‘&Edﬁrtt‘?eéée' Mafiat he

invention and a prior rg. 4 shows VR spectrum of an

enbodi mente ph; O\y"‘éf F frrbdih tHAVRRhARSN of ﬁu&ﬁcar?@n sé?meé?n tfiinRN g Show

Dynam ¢ Secon ss ectronmetry dept profi spectra; 15 Figs.

6 d 6b g f d
2 conpar at .@ﬁﬂ%@?t* R AR T30 B, REp e died | &
enbodi ”Emnﬁn&fwﬁmqnéd?yﬁafe'dOﬂu&b MhOs SpdcitisNb g biEL R ewalusmgv'sma:rabéééw 20

di el ectric constant roved mechani cal properties, the stability,

and chem curécﬁﬁbéﬁtﬁﬂﬁ%f& pbcg;%g,ed? &queous environnents, etc.) relative to
e

OSG materi a resul the|ncorporat|on|ntothef|Imof

carbogg(whi ch may,le ewb agebgﬁxfmoﬁﬁateeuarghﬁ.c -icaf mgreb#af RO Agidthes 10

t he formof organi c car ere x1s 1 and |norgan|c fluorine

(0.0, Si5oRgS kot Boshch boﬁgégsié@tsme%ss( o) &7 nbﬁ¥50%sé’éi

organi ¢ fluorine hus I'n f| eri al

D e YR8, 353 iy 2B o i i
the authors indicate that the properties of FSG and OSG may be complementary, such
that a material that has both functionalities may take advantage of their strengths,

20 although little supporting data is given. The authors attempt to show this asserted
advantage by describing a process in which an organosilicon material was deposited in a
thermal process from a mixture of tertiary methylamine (TMA), tetraisocyanate-silane
(TICS), dimethyldiisocyanate-silane (DMSIC) and preferably dimethylethylamine (DMA),
to produce H and OH - free silica films. This deposited film was post-treated with HF

25 gas in a thermal process to replace isocyanate species with fluorine, and produced films

with a lower dielectric constant and better moisture tolerance. The films produced,
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8 conpletely free of any C-F bonds, and preferably nost of the hydrogen is
bonded to carbon. In quantitative terns, a preferred filmof the invention
contains .5 atomc%or less, preferably .1 atom c% of |ess, and nore
preferably .01 atomc%or less of the fluorine present in the film bonded
to carbon. Lesser portions of other functionalities, 5 such as, e.g., Si-H,
C-0 and 0-H, nmay also be present in certain filnms of the invention. Thus,

preferredpgpaosh RARIAE-si BRd 'leEfDﬁétBH%IﬁfégprAlﬁ as( @)tyaeauﬁ diflsiomapbaiel 35

atomi c% nore preferably about 20 to about 30%'silicon; (b) about 10 to

about 65 RREEL GRS d%ﬁﬁc%r PBbitreivehts2 ther rediiel 4QoRIpBEIIGHA Yrident ()

about 10 to about 50 atom c% nore preferably about 20 to about 40 atom c%

hydrogen; idfhbedfblig %tﬁeod%ﬁ)n Bp%tﬂlréo |ﬁ&qm§refm|mﬁeulpw£@r&%bmé &AButt ahdt O

about 25 atom c% car bout 15 atom c% nore

pref er abl hnﬁ&ﬂ'ﬁlﬁa tr% éf%nﬁngﬁ?modﬁrcgtldﬂ ﬁ’l%@%tﬂé Hlﬂ{ Fnr’[ﬁls mérﬁr%?er portions of
ot her el enents y al so

e present 1n certain | ms of the |nvent|on Bot h

FSG ang OSG maypsi phs Néré’o??@ Xgl, QmFéﬂ és%’o!feé&@é Briiéiniin@a plddfid C

dielectric constant is | ess tZan tﬁat o S%e standard materT al tradltlonally

used in tRGcor axibAeRtC fi Imsdldcl o8 avi %’%&flea- ?ﬁm‘ﬁﬁ@%ﬂ?lﬁ&h%‘am C%BH wiEEgani c

fluorine and organi c carbon p| ng t I'mresults in a coupled effect

on the k gfe tfl,[?'ﬁeg'dé%losﬁ@f ﬁ'Bh‘taE mikiird &H%}l %Cge%'dht &&h Toohflolditel fligie Ways.

For exanpl e, fi'mmay be of conpara hanical ~ properties as an OSG

material  RyhcaMiblioR ahﬂ"fﬁ% c%rboﬂrcdmé’ntp‘ﬂloﬂfln&%ﬁ@éﬁw & Eadhubthit.t Fne SRR OT

mechani cal properties ncor porati on of thyl "groups 1nto a silica film

may i npar tratﬂf’"([Qf’r‘BBR]f[\‘l&é(rHe {qhﬁwesé'fh:ﬁé Whe&h vl BS ehQaIr?)dﬁ% TbQ@ed‘ oﬂfthbhe

film but can™a educe mechani cal properties of the film Filnms of

the | Wgemoﬁs%gys% ecfggéérﬁ a%oﬁc}ﬁﬁiésggﬁﬁ%umﬁ 1h?t ‘Fluéﬁ?\%“."zctofr%/c.:afoo'1”0(3%)1‘@)3’"r B@ing"

about to a atom c% car erein nost of the hydrogen 1Is

attached kU 265/ £ Bhibon 2uRELE 45190 x 150 b MRFIRNAb bpoardr © [ 1

met hyl 25 groups. In general e i ntroduction of porosity is an effective

met hod to r@é@:ﬁ'\ﬁ% rteﬁgrdlr%' %rtnr,rtfo aIﬁ@E?*r‘ﬁ{Eg \Qlf( A iRy, é‘vep\métl te daRsiACSH Li on

of por05|tpy W e rrec ani ca heat transter properti‘es of

the film Cficio ok SHSIUACREORAEH 'féatpvailént% %'6 DPG= ERAGG WREcorl BRFIBRL |

chem cal or t er mal ity o Certal n enbodi nents o

are nanopok QUSideh i EXiBoh Aafl k! %‘I’ut matid {oCS’e B\B&‘HCBJ%%JMCBJETGM% o BfPabas an

|nherent free vol unme pore size erm ned positron anni hilation
lifety r1o§g1 %%@1 anal ysis to be about 0.6 nmin equival ent
spherlcal di anme ter e pore size of the inventive filns as determ ned by

STel | 2191 W) 8OBLRARINGTd, I ARNSMeRbuP HeSidsss PRCHBIeR| b Kffnd BaBwS N

in equival ent spherical dianeter, nore prefe less than 2.5 nmin

equi val enty; elﬁélﬁr‘?df 'cﬁﬁétarg( @Hiegh f mcF éé Qlfw tr&@dér{&éﬁé%? tlgé g&ﬁ%ﬁ' %ashﬁ‘uvfﬁea

density of less t alternati 5 g cc

Such | ow QSé}ﬁbrttb%? 1&@91@@%@9' &k@ﬁo@sdﬁbtgﬁsﬁosepf%%g%f BR OW&?E e | nventl on

reagents and/ or post-treating the deposited materi al

or m 1ot O eNe 8" BRI Bl s Bl CC 0BG 111 T as used herein has a
substggtially ydiphaindichdtitg H&vé?&i:ﬂﬁérﬁé‘,t thBRIhAVe SN SFPLENpIEOIFPRRI i on
prior art that successfully combine the desired mechanical, dielectric, thermal and
oxidative stability properties that are paramount for integrating low k dielectric materials
in integrated circuits.

All references cited herein are incorporated herein by reference in their entireties.
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15 the OFSG material but for the absence of fluorine in the reference OSG
material. A given OFSG material wll have nechanical properties superior to
those of a reference OSG material. For exanple, preferred enbodi nents of
OFSG materials of the invention have a dielectric constant of |ess than
3.5, nore preferably less than 3.0. In certain enbodinents, the OFSG film
of the present invention has a dielectric constant in the 20 range from2.8

to 3.2, with a nodul us of l§hﬁi$l9MHVAFW®‘TH'®iDEEPWENﬁ@)@3a and/or a
an 1

nanoi ndent ation hardness greater t a. By conparison, reference OSG

films wth a %@'.@@@Bﬁ&gmsanﬁwsra%w& - s é’rik‘,g é’laé‘%g J‘adﬁsé cFFDdU' us

of elasticity belo a and nanol ndent'ati on ["ow 1.

see supr | e V, d the
mvent | on i sasengRSREENE | Garey ERIARG, odih, frgallspuliesang st

envi r ONTER Gl R 0BE <N sidriloft SholriSol ANFRLSH Gictjesher mal Iy stable, with

good chem cal n particu ns have an average

vei ghtgloss of || ggg eH@%P imer? o nfhg‘alré%e %ﬁ&eﬁ%mer@tls é?o% d@d‘él‘l‘ﬂ g?eséﬁﬁ%sor an

average wei ght 10ss o ess t i sot he at 4 air.

M cr oel et il forRl AR B! BRSER Gk VPl L2H08%2TH Fm b tS@Y;'a?&ﬂi’E‘%“vﬂs 5

condi ti ons’posi ng chal T'efgés’ uch protessing steps (e.g., thermal

anneal i ngfrorrfji t6s E{o?m@% eléworﬂ% B atgﬁ'rlﬁaa/o% IR 2080l dt6RKSD dnY P8

chem cally an or therm oxI dat1ve. e invention are rmre
resistant o€, it Laa! thES
i, ForemEipes Hfieeay “ﬁ%é@ﬁrﬁ"ﬁ%ﬂ?h&%’gﬁﬁe e e T
diel ectrig, r%%ﬁSt ant throughout typical mcroelectronic processing steps. 10
Pref erabl vy, e dielectric constant increases by |ess than 10% and/or 0. 1.

Th d | ectri b t
V\/nlech ?hgcenbfroﬁﬁgmﬁp %(F')ﬁé @?@nyﬂfhﬂ‘%ﬁ%ﬁ %g%@rﬁgnctgégi r3‘?ect rfdgacgnstant
of a refer Er%@r %@e& dgsse kSRl 586 % g% ﬁb%g%m-ﬁﬂﬁnﬁ i g2y td o QBSHANt

i ncreases ., prefé o0r I’ess, or nore preferably

by 10% or geaiaafawci i< tB%S"Qb&P:/E,*}PuesQFb%HBQ@Cﬁm‘café grrr?rrﬁwaso

i ncreases th e ec roc constant o ference uori ne

di stri but Lepy o ?ﬁ(ﬁ]ﬁséﬁ&q?ﬂ% o ﬁt%}nw .pf}S\nE%c‘i {Hai‘xfz*leo ES'NﬁéerrQu%r%E@alﬁro one

or nor e a aCEh ayers, 1S ano ropert e resi stant

envi ronrrerﬁh oftrf‘-?lﬂlugﬂ%ers Hoﬂd@é fRELE nbodr rrents Carbon concentration is
still anot m propert e resr St ant to 20 environnental challenge in

prefeﬁﬁed e”bo‘i'r‘.%e ISfu mgregﬁuﬁtl&ﬁ%n?%%%" h* et Il el %&ae%aaerﬁmby

| ess than an anDun € environ con Ition decreases

refer encerr]%% &B”‘ﬁ%‘?orrrghfa%\ & 23 a Zg&;ﬁﬁ%’\?ﬁwﬁ%i L lmo/‘l’:’bl eﬁmgq}ﬁor | ess.

carbon co can décreaskt I'ess; preferad

or more pg Scf/amé Rf '@§ to%.c% @rﬁn 18%0 Y @anﬁ wr@@nw}ﬁtsal

condi ti on decreases t er ence car concentrati on e filns

are suitabl Gutor afy Y fr%b Plo +BS |(:15}‘earfd Jﬂ?fefﬁr 8 aRHhikds Jfraésfs'éhﬁélfuﬁ f?rlee for

depOS|t|0n on a’ sem conduct or su S are partic suitabl e for
:Jﬁ?e?fre . aI C%Q & H@i&%r%ﬂe% wﬁé(r%rn’ th@'ﬁln‘\ m@%&&%m%u%n F L il pl'c@éﬁfr by @R

20 environmental condition.

In yet another embodiment of the present invention, there is provided a film
represented by the formula where v+w+x+y+z = 100%, v is from 10 to 35 atomic%, w is
from 10 to 65 atomic%, y is from 10 to 50 atomic%, x is from 1 to 30 atomic%, and z is
from 0.1 to 15 atomic%, provided that x/z > 0.25, wherein 0.5 atomic% or less of the

25 fluorine is bonded to the carbon, and wherein the film may resist alteration of a film

property by a microelectronic processing step.
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| ayer, a chem cal - nechani cal planarization (CW) or etch stop | ayer, a
barrier layer (e.g., 5 against diffusion of netals, water or other nmaterials
that can be undesirable in insulating |ayers) and/or an adhesion layer in
an integrated circuit. The films can forma conformal coating. The

mechani cal properties exhibited by these filns make them particularly
suitable for use in Al subtractive technol ogy and Cu damascene technol ogy.
The filns are conpatible with chenmi cal nechanical planarization and
anisotropic 10 etching, and are capable of adhering to a variety of
materials, such aspEF pESORIFTIONGDE BEVERAINIEWSEF TIHEDFWINGS car bi de,
antireflective coatings, photoresists, organic polynmers, porous organic and
inorganic materials, nmetals such as copper and al um num and netal barrier
| ayers. Al t hougietif@ntitry filitiedischbdtfintdofjuhatidrywititinedBl cvidParairgelidlivhghf | | s
and products of 15 the invention are largely described herein as filns, the
i nvent i on liks rdiérente Airhechld deigiats likeRl@dont andfwheken:i nventi on can be provi ded
in any form capabl e of being deposited by CVD, such as coatings,

mul til&m nar a$&ertilshews aarisbtbérnea tHeypegragimeitig andlgsid @A )af @nreptbodiment
necessarily planar or thin, and a nultitude of objects not necessarily used
i n i nt egr &f adilm of theunvestior20 I n addition to the inventive product, the
present invention includes the process through which the product is nade
and net hods of Figithghews apisniiritnal TGAE etrgionaBis&di ment s, the i nvention
conprises an inproved process for  depositing OSG by chem cal vapor

deposi tion, whé&i®i2a showsar (@A sgan ‘Fifcﬁ’b%ﬂ?‘?,d“f‘fa tafim of PEJBRITOE: | nor gani ¢
fluorine during. at |east rti or, of .the deposition of an OSG 25 materi al
to produce a fi '%@%@Wﬁﬁta?@gﬁf/a??@epréﬂra&@ﬂni c fluorine. Thus, the

i nventjon can e used t.o inprov rior.. cont rar n ture n sses,
i ncl u51 ng thosﬁ%i?’s o&?e@ prglﬂﬁs gﬁarpg[ngpﬂwqt ﬁFﬁg%{Imﬁilt%. ﬂK%@P“@?U%,B 9,

6, 147, 009 a?tr}ﬁlmﬁ’ 159, 871 and WD 99/41423. Products produced by the inproved
process enjoy | nproved properties relative to conventionally-produced
products. Prefegxrahl t, 1 | t i ofdehfod: S

i ncreased by a?fi ?legzésh{o Oa% émﬁt% Egcf‘tﬁ'ﬁBg%agﬁk?@%gféfttﬁgﬂﬁ f)ﬁﬁ?éﬁﬂeh@déased,
the 5 chem cal rdealial ishy 58f 5d,hehdf 5édRowSDiEhiIBaSRGnaaY 1IBh MASS Spdtfopibignt al
stability of the filmis increased. The process to obtain a filmhaving a
| ow di el eefepihCof@ediid sdctrapnpri ses the steps of: (a) providing a substrate
wi thin a vacuum chanber; (b) introducing into the vacuum chanber gaseous
reagenss i ncl udhigsg 6a driduglr respegtivelyi shiomgTGAscans ob g RRFE@ fiow iofl thegingerdiob0 and
at | east one precursor gas selected fromthe group consisting of an

or ganosi | and a compasativer@R@ikn.] oxane; and (c) applying energy to the gaseous
reagents in said chanber to induce reaction of the gaseous reagents and to
formthe filmon the substrate. Preferably, the substrate is a

seni conduct or. 15 O ganBETAHLEEDERERIP HEMNOOF| THERNEENTION he preferred
precursor gases, Suitable organosilanes and organosil oxanes include, e.qg:
(a) al kyl si | andseflespd esmodneriy of the invention lpsovide a fthin it meateridl iawing iantbwger
froml1lto 3; RL and R 2 are independently at |east one branched or straight
chai n2C, diel@sriatdnstany randpgmpeavgd, meaitahidal prophities, thermad stabilgg, and chemical

resistance (to oxygen, aqueous environments, etc.) relative to OSG materials. This is
the result of the incorporation into the film of carbon (which may be silicon carbide, but is
preferably predominantly in the form of organic carbon, —CHx, where x is 1 to 3) and
inorganic fluorine (e.g., Si-F bonds) without the production of significant amounts of

25 - organic fluorine (e.g., C-F bonds). Thus, the final thin film material preferably comprises

Si-Q, Si-F, C-H and Si-C bonding structure, substantially free of, and more preferably




substituted or unsubstituted cycl oal kyl group (e.g., cyclobutyl,

cycl ohexyl), a C3 to Cl10 20 partially unsaturated al kyl group (e.g.,
propenyl, butadienyl), a C6 to Cl2 substituted or unsubstituted aromatic
(e.g., phenyl, tolyl), a corresponding |linear, branched, cyclic, partially
unsaturated al kyl, or aromatic containing al koxy group (e.g., nethoxy,

et hoxy, phenoxy), and R 2 is alternatively hydride (e.g., nethylsilane,

di met hyl sicomipfately tifden®it iyl Sirt 8BRS, taidr SraRir-dbly ndst e thed Rgdnphen lissbended to

met hyl phenyl si | ane, cycl ohexyl silane, 25 tert-butylsilane, ethylsilane,

di et hyl si lcan. t Bt duaetifa@yy SrheD e, prefierfet iy dif ahd Mveaiidradentains .5 atomic% or

di met hyl di met hoxysi | ane, di net hyl et hoxysi | ane, net hyl di et hoxysi | ane,

tri et hoxysédsapeeferabh3.1t éioﬁﬁé%ydfnbgen@fwshulowﬁreambgh.emmwmidwrw)less( o) tha
| i near organosil oxane represented by 2 2 the formula [err] where n is an

i nteger fm@Bdtide besbAt inOthe GliAl Bohded 48 Ra/IoNOXiedsder PEIHLAS ©N betkr Byndtibealfies mul a
([err])nwhere nis an integer from2 to 10 and R1L and R 2 are as defined

above §e. Guch 4s,%.§., Bi-HECI@BRY Y CMEY alsBbedfieddiX @Ndartal films of the invention.
oct anet hyl cycl ot etrasi | oxane, hexanet hyl cycl otri sil oxane,

hexanet hyl di si ITgxansrefetredl,etbbdirhétits anbehweAtish benspns: (@ngdbout 10 to about 35
octamethyl trisil oxane); and (c) a linear organosilane oligomer represented
by the foraathiad, ahére peesrgoIP doduBR0i Bt &Rk JoPo Blidor;0(b} Gibolf 108! dtsout 65
organosi |l ane represented by the formula [err], where nis an integer from3
to 10,  anrbrmtsRMbrR plefafadlydabdie Rbne abataiealomids oxgeh dtna@iduy Hdits iabame,
1,1,2,2 10 tetranmethyl disilane, 1,2-dinmethyl-1, 1,2, 2-dinethoxydisilane,
hexanet hylsdi &bhaie, mofacmlf@afm?/lébbmseb ad@bout 40 AtomisyOhytieedamh ¢dyatrix asid ane,
1,2-d!nethyl-1,2-d|pheny!d|5| ane and 1, 2-diphenyldisilane). In certain
enbodhgentabout f_ﬁt?af?fnﬂ@%?ﬁiol'@ﬁﬁ&é?%@éuﬂ B XA 8oLt 25016 Bardblyarsd {ed@Boutd
cyclic al koxysilane or contains at |east one al koxy or al kyl bridge between

a pair of g {% SblLE95 AbQRBs, HHENpRIerdbig-sHott loeeetEhBOe7.0latomic% fluorine.
3-di si | anopr opane, dinethyl silacycl obut ane,

1, 2- bi s('t nicBBLPOrFINs X ¥iteY ElcffdintLiBy also be present in certain films of the invention.
1,1-dimethyl -1-sila-2, 6-di oxacycl ohexane, 1, 1- .

di met hyl - 1- si | s3oth PEEs MRHOOSEA RRterthis?ak 8bididdrad My I [0 k) ahiedse, asl thkir
bi s(di nethyl silyl) benzene or 1,3-(dinmethylsilyl)cyclobutane. In certain

enbodi Mentfeledth® cBRSAMORI o3 M GRINQS ith® stMIakP ot ruditieasily ¥sedindthe 20
group selected fromthe group consisting of an epoxide, a carboxylate, an

al kyngg a indﬂs\(m_e, silRBegNss. Y Mbhbiritish 'oRibBeHineinicCHliiBy andnstgani€lcafidn t o
Clerr] group ich can sterically hinder or strain the

or ganosi | fag{nar8ane Sirh R¥aNe ineebuad efibdtedriHesk loy tc fial I rRdteriall- This may
(trimethylsilyl)-1, 3-butadi ene, trinethylsilylcycl opentadiene,

tri met hyl shanfeaCletir®d@Bfentivayd. F drXdhre MRl My bé bRésmpatabiBmeddhanied
fluorine-providing gases | ack” any F-C bonds (i.e., fluorine bonded to

car bon), %ﬁhi@@b& €n €9SIG URatbhal B with! AMowBR WS or RTagfLRY sfegbrifaiaie keplrva di ng
gases include, -14 e.g., SiF[err], NFerr], F2, HF, SF[err], CFerr],

BF[err], Bupbsdrrhechahlcalprbpeid.err]Cl, FSiHerr], Flerr]SiHerr], Flerr]SH
or ganof |l uorosi | anes and m xtures thereof, provided that the

or gangpl uor osi l|adgordfion et metiit lgksipsaniy dsficd A nayitpait RitdbofsRy & fred

fluorine-providing gases include the above mentioned al kylsilanes,
al koxysi | affs whichnR@ps 38 teBéd tife & 8REHRS il XBResan hisbeRduaddhd reathlahial

organosi | ane ol igoners, cyclic or bridged organosilanes, and organosil anes
with properties of the film. Films of the invention preferably contain about 1 to about 30
atomic% carbon or about 2 to about 30 atomic% carbon, wherein most of the hydrogen
is attached to carbon. Preferably, a portion of the C-H functionalities are in methyl

25 groups. In general, the introduction of porosity is an effective method to reduce the

dielectric constant of a material. While the addition of porosity will impact the mechanical

-9-




reactive side groups, provided a fluorine atomis substituted for at |east
one of the silicon substituents, such that there is at |east one Si-F bond.
More specifically, suitable fluorine-providing gases include, e.g.,
fluorotrinmethylsilane, difluoroclinethylsilane nmethyltrifluorosilane,
flurotriethoxysilane, 1,2-difluoro-1,1,2,2,-tetramethyldisilane, or 10

di f1 uor odi net hoxysi | ane. Suitabl e oxygen- providing gases include, e.g., 02,

N20, 0zon@nd et ﬁé}%ﬁer MBHERELI8) thMAIM NS, NePdive ProgBridd)! iEwilk MR TchBhge iHe is

wi thin the scope of the invention for a single species of nolecule to

function j@erdMicRemitaNoREme stabfitysraRefimpr gas, the oxygen-providing gas
and the fluorine- 15 providing gas. That is, the precursor gas, the oxygen

- provi di ng gas chirl féerﬂobmm@eofpahevmﬂisngre%an@wommtreaaws@aeruday tdicae
di fferent gases. For exanple, it is possible to use dim

et hoxynet fp;yéciubu@rtﬁgﬁpea@votﬁeesorvdsdsnshhér@ﬁmfre@ardnmﬁe pore Ge aétemﬁ.hé@ruyne 't
is also possibleto use a single gas to act as a precursor and

OXYQgens Pr @kittbR JarHitfilatién Jifetimd & Péé&?&stiewgph@@jﬂ anblysigeioN Bk Shball 866t dheinor
di met hoxydi met hyl silane, each of which 20 provides carbon, oxygen and

silicon), ghOiviRAt Spiidriedl GialRfer! OTRE por@Ssife RF @6 [n¥BAtVRNEIMR as determined by
fluorine-providing gas (e.g., trinmethylfluorosilane, which provides carbon,

fluorine agpf adlel fedftbn s@étﬁennéfﬂsﬂﬂﬁ 6|a|5RLS s priferdd Affe@é fmsmna;veqmvém use
of any reagents containing G functionalities. t hough t he phrase

" gaseous LBRERRAI diameferSABRS hrERSatiy Res RRING. 5 nhPin @38 RAlches Jfr%ﬁcélr&ﬁarﬁ&éﬂent S,

the phrase is i ntended to enconpass reagents delivered rectly as a gas _15

to the reactor rjgRl b #h&Gndhtidn FRERFAIAL hald 8l dbnsfy DHDLEdTRREP Lo dy/@)dbror
transported by an inert carrier gas into the reactor. In certain

e”bOdhﬁﬁ”taﬁern%%ElWI%s QﬁarP' '1f§ §/ceNt SRENAWSInames AN achiRleRySaddaes are

used in conbi nation. I's alSo within the scope of the invention to 5 use

conbi nat i eREdRh thet ?a@e@u@@ PSH@%dfdr pesiLRRTRG M Gipegitehaaterand/ or
conbi nations "of nultTple different oxygen-proVviding agents along with or

separate from gl Bf'ﬂ‘ttlhé’r?ﬁve%on qiafvfeelrrrﬁi?évéélr prIMRRldsARASiIvBNEY Péference OSG

or ganosi | oxanes. Moreover, is also wthin the scope of the invention to

use a f1 UG4paied: haarn {me{efféeneé O tnchidrtip dreeraRftO OIRKRPNYS @eang

with a non-fluorinated organosilane (to provide carbon). 10 In addition to
the fluoriRgsphey h%ﬂ&aﬁﬁlg s?nhﬁ%r%?@(&%"b RNt bR 0B 8BicARFhetiecomposition as

or ganosi | ane/ or ganosi | oxan additional materials can be charged into the

Vacuuqy C*iﬁéﬂéﬁfscp%é?énélfbut At thE BRBALLT Ahdrife thNBe F8RASHCE! OBGT PatdikoNA Such
materials include, e.g., inert gas (e.g., He, Ar, N2, Kr, Xe, etc., which

may be regldhe8r8s RafeRbf wmrhé@a%é&ramaa?ﬁﬁ;%naéelseupbh@r 7 BELE DPBSeRREHCRT

whi ch can "pronote the annealing of the as-deposited 15 materials and provide

a nore st aeg dddddl. Fol Qarﬁﬁ%r@%ﬁeb‘é@nb’ﬂ&hﬁérﬁ@%?@Fsﬁlﬁlﬁté?‘éls%&l‘i‘@%entﬁfn
| i qui d organi ¢ substances CJerr], or CO Oganic substances, such

as, e.g., ha%dge%frfo]&’[ fdnt of gs%rﬂ;\]aﬁ'% r%ore%r%férlaﬁl‘[r%é& thafl£6! 1IF@Hain

benzene napht hal ene uene styrene and can provide carbon for

i ncl usi on dufhdaitRert8 VRBLOFSG fiihg}- thEHresBAt iifveRfigh had at SiclcBRicARFRRMSE il fRgENt S
to induce the gases to react and to 20 formthe filmon the substrate. Such

ener gpoCaiaise RoRY &t B2, it -a nidiplugBbs eegﬁa@agreaewzﬁsﬁ 1ml a&FP ande} iicon
pl asma, high density plasma, inductively coupléd plasm, and
nanoindentation hardness greater than 1.5 GPa. By comparison, reference OSG films
with a dielectric constant ranging from 2.8 to 3.2 may have a modulus of elasticity below
10 GPa and a nanoindentation hardness below 1.5 GPa (see supra Table 2,
Comparative Examples 1, 2, 4, and 5).

25 Films of the invention are adapted to resist alteration of film properties by

environmental conditions. Films of the invention are thermally stable, with good chemical

-10 -




renmote plasma nethods. A secondary rf frequency source can be used to nodify
the plasma characteristics at the substrate surface. Preferably, the film
is formed by plasma enhanced chem cal vapor deposition. It is particularly
preferred to generate a 25 capacitively coupled plasma at a frequency of
13.56 MHz. Plasma power is preferably -16 fromO0.02 to 7 watts/cn2, nore
preferably 0.3 to 3 watts/cnR, based upon a surface area of the substrate.

The flow kédifahd Iﬁ%‘éﬁtld@ﬂartﬂ@f%§¢ﬁt‘§ aheR@RiYeSvdlg Rl iesab [¥ss Bageso wtamrl0 to
5000 sccm, nore preferably from200 to 2000 sccm per single 200 nm waf er.

The i ndi st@ﬂﬁé‘maﬁaf AL ahdere) Qﬁdléldaﬁ%vafagb%ﬂgﬁt\/b% of ssdnah regl waghiint s
and ratios of fluorine, carbon, etc. in the film The actual flow rates

needed mkoﬂ-@@a%tmmwﬂg{mﬁl ze and chanber confi guratl on, and are in no
way |imted to 200 mm wafers or single wafer chanbers. is preferred to

deposit the filMitraklcairsla®Opidceding a6epdf art dypisatt &(@n'ghlﬁsmcﬂ ehlicorpfigaggure in
t he vacuum chanber during deposition Is preferably 0.01 to 600 10 torr,

nore pgef %ﬁdﬂl%slpcis‘ihgl&é”@ﬁ%es # el eSucRthrbssdsiRy Stbpd (gl Mepnbl Sihdafisgd on
using trinethyl silane as t organosi | ane precursor is shown in the Table

1 bel ow f gfelet@Biching! &RNpY&ctdh 83HISd)r GHrCirequERB) ®elcHBnSSANT hdldrohedally
Substrate tenperature 350 oC Spacing m | 320 RF power (Watts)400

Trinet hyl skidame. f | RImD4P 156 GAvEioh| ¢/ ARfdTRBsiSta td | Pialisreiti 2Avilddnmental

Preferably, the inventive process is conpleted in a single process step with

hi gh t hr gugdiiHs thii Edriéhtionat Dwitki. or RamPlebin@nf theipostRA. substahfally
believed that the process of the invention provides filnms having nore

uni form dhﬁﬁtamunabmma&cma%a%hp tHrblgHAUb ypiddh reib@aetrohib Sreeddsing steps.
cross-section of the film wunlike nultistep post-treatnent fluorination

procesges prérdfbiathd @Hﬁbﬁnc%n&iﬁhﬂ iféreBbediby IeEé‘ tiehc dok QRa/oRBY . | THSBIBlBE al
anmounts of 20 organic fluorine present in filnms of the invention (wherein

"i nsubst agbhgihnt b:%fé‘rﬁlﬁl? iRcidgédN8] leéDlihdrhiah @Hbms%%uae&m eh@ifshnidiagl 5% of
the total fluorine content, nore preferably less -17 than 1% of the total

fluorine eoRdifdH incleasas %Orefﬂ?érﬁ;euﬂlblfe@lrnmdbn%ﬁi b HyéerbncBrOSGIRHL (A ReraiAntire
cross-section of the filmand is not centrally concentrated. Although a

singl e praa®d8intdred) the IR EGbtdr intREYses T S% &% leds! | Ip$efaﬂa§9w542d5%rbrt he
scope of the invention to post-treat the filmafter dep05|t|on Such

post - t r eajdsgg oF%ﬁbregarbfé@éW%P/ f0o8-or 18bs Ibgast afRINPby AREBhe eh@irdrmmdital
pl asma treatnent and chem ca
15  condition increases the dielectric constant of a reference OSG film.

Fluorine distribution, or the tendency of fluorine within the film to migrate to one or
more adjacent layers, is another film property made resistant to environmental challenge
in preferred embodiments.

Carbon concentration is still another film property made resistant to

20 environmental challenge in preferred embodiments. The carbon concentration
preferably decreases by less than an amount by which the environmental condition
decreases a reference carbon concentration in a reference OSG film. For example, the
carbon concentration can decrease by 50% or less, preferably by 20% or less, or more

preferably 10% or less of an amount by which the environmental condition decreases the

25 reterence carbon concentration.
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treatment. The filmis preferably deposited to a thickness of 0.002 to 10

m crons, although the thickness can be varied as required. The bl anket film
deposited on a non-patterned surface has excellent uniformty, with a
variation in thickness of |less than 2% over 1 10 standard devi ati on across
the substrate wth a reasonabl e edge excl usion, wherein e.,g., a 10mm

out ernost edge of the substrate is not included in the statistical

cal cul ation of Thaniiheame syitable¥er BRaRStylof u8ks.t TRe filMd R ariRRIdrRHLRANE oM t h
the bul k density being correspondingly decreased to cause further reduction

in the di %Fﬁélﬁérpor?ﬁ@@ﬁ%ﬁd@étoﬁ%str&l@ gRd 8fel [ﬂﬂl@mly@ﬁitﬁﬂg'f&%sb% eg an

applicability of this material to future generations (e.aqg. .5). The

i nventi on j\ tdtioRQayer! Hﬁt!ﬁlﬁﬁﬁﬂr'd?elg@cﬁ@ 151k :Mbﬂnhbtél%a@lb@ﬁiEQaQé? E\héhpbmg' oW ng
Exanpl es, but it should be understood that the present invention is not

deenmed to| rhi€4l-rh  pigCarXAdlomP) 4Y dicte X8 N4yERH BarfieF By&rqeir med
on an Appl%crf AN%rEEeH% sgﬁag%?s‘f%%%ooo syst)e(r% t?n aS 3@? aZ chaﬁgergofl tted

Wi th ag AQyamnsedififbod Rk, Watdteh Rl Matekkds fHat 88n b %ﬁgﬁﬁﬁbﬁ%ﬁﬂ&ﬁ@%
kit. The récipe involved the follow ng basic steps: initial set-up and

stabi i zagh g@%)%‘ndﬂﬁ%nfalo%ﬁon (8RPH 4 Pibgrated cPéerﬂ%Vmﬁ]%QiahQ&n% cohRrhsr
prior to 25 wafer renoval. Subsequently, a chanber clean was perforned after

each depoghhtird) THE! rﬂgc}%l?nda'ﬂ B?éde‘r‘ttéé[ gxribifdcehy kheseJilfisr haké eRemiidiueg by a
chanmber seasoning step. -18 Dielectric constants were determ ned usi ng Hg

probe t ecROAHIE R Usk WAT £BtrativéitbdhnoRigy)dpa cye@éa%ésc(eﬁe ®PioRh

mechani cal properties were determ ned 0sing MIS Nano | nden er thermal

stability and gihb-1as o QQrH?ét%IéNﬁrftﬁ cHehRaMmBeRAA! pIa'ﬂﬁFuiEi&haéHd@Mdtr% ic
analysis on a Therno T runments 2050 TGA coupled to a M DAC 5 rared

spect §eMelefdhirlg! @l &7b- ce{p%b] & Mﬂ%nﬂétté AGhfetp Rk f?ﬂh:ﬂ@ﬁ'alé’ ”su't‘:hBééJ Kﬁ!&orﬁ@fo

00,
conposi tional data were obt al ned by x-ray photoel ectron spectroscopy %XPS)

on a Phygjiaa ogbe%fsboeln l?SantFFQf‘H&ﬂﬁé‘Ebéi N8@%H%£§.st% érgﬁﬁ.eepo@rn%#yced in

accordance vvlth he teac |ngs o} Pat s 9,871 7and 6,°054, 379,

and WO 99/4 6?&%%r?§}ﬂ£jaﬁ& ﬁlﬁ%ﬁgﬁg %ﬂal‘s”mE%@ SuchH c%pﬁglj S all@Ruen, %nd ldiay f or

OSG depositions Tromtri ane and oxygen Conhparative Exanple 123456
No. Subst 3 0350350350350350350 Thi ckness (nm) 6686336616691324643
Uniformty (+[ 867125 Refractive |Indexl.4421.4391. 4441. 4411. 4311. 4445

tJB'F; grgrgngt {3;/ 5%6199&&91?%0%9&1@;]QQBaRfa?I%gy Q1Y RORdiIRGRiirhd@nd products of

15 the invention are largely described herein as films, the invention is not limited thereto.
Products of the invention can be provided in any form capable of being deposited by
CVD, such as coatings, multilaminar assemblies, and other types of objects that are not
necessarily planar or thin, and a multitude of objects not necessarily used in integrated
circuits.

20 In addition to the inventive product, the present invention includes the process
through which the product is made and methods of using the product.

In certain embodiments, the invention comprises an improved process for
depositing OSG by chemical vapor deposition, wherein a source of inorganic fluorine
codeposits inorganic fluorine during at least a portion of the deposition of an OSG

25  material to produce a film substantially free of organic fluorine. Thus, the invention can

be used to improve prior, contemporary and future processes, including those disclosed
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Dielectric Constant3.032.972.993. 02 Adhesi on (Tape

Pul 1) 1009400%400%4009400%4.00% Young' s Modul us 8.79.08.47.67.18.2 GPa N
hardness (GPa)1l.41.41.31.11.11.3 Elemental (XPS) 22.223.323.523.522.4 % C %
Si 32. 735. 23535. 135. 3 %044. 341. 141. 241. 442. 3 %-00000 Note: Atom c % hydrogen
not determ ned by XPS for Table 2. 15 Physical studies of several different
films produced in accordance with the invention are tabulated in Table 3
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Products produced by the improved process enjoy |mproved properties relative to
conventionally-produced products. Preferably, at least one mechanical property of the
film is increased by at least 10%, the thermal stability of the fiim is increased, the

5 chemical stability of the film is increased and/or the environmental stability of the film is
increased.

The process to obtain a film having a low dielectric constant comprises the steps
of: (a) providing a substrate within a vacuum chamber; (b) introducing into the vacuum
chamber gaseous reagents including a fluorine-providing gas, an oxygen-providing gas

10  and at least one precursor gas selected from the group consisting of an organosilane
and an organosiloxane; and (c} applying energy to the gaseous reagents in said
chamber to induce reaction of the gaseous reagents and to form the film on the
substrate.

Preferably, the substrate is a semiconductor.

15 Organosilanes and organosiloxanes are the preferred precursor gases. Suitable
organosilanes and organosiloxanes include, e.g: (a) alkylsilanes represented by the
formula R',SiR%.., where n is an integer from 1 to 3; R' and R? are independently at
least one branched or straight chain C,; to Cg alkyl group (e.g., methyl, ethyl), a C; to Cs
substituted or unsubstituted cycloalkyl group (e.g., cyclobutyl, cyclohexyl}, a Cs to Cqo

20 partially unsaturated alkyl group (e.g., propenyl, butadienyl), a Cs to C,, substituted or
unsubstituted aromatic (e.g., phenyl, tolyl), a corresponding linear, branched, cyclic,
partially unsaturated alkyl, or aromatic containing alkoxy group (e.g., methoxy, ethoxy,
phenoxy), and R? is alternatively hydride (e.g., methylsilane, dimethylsilane,
trimethylsilane, tetramethylsilane, phenylsilane, methylphenylsilane, cycichexylsilane,

25 tert-butylsilane, ethylsitane, diethylsilane, tetraethoxysilane, dimethyldiethoxysilane,

dimethyldimethoxysilane, dimethylethoxysilane, methyldiethoxysilane, triethoxysilane,

-13-
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trimethylphenoxysilane and phenoxysilane}; (b) a linear organosiloxane represented by
the formula R'(R%:Si0),SiR% where n is an integer from 1 to 10, or cyclic organosiloxane
represented by the formula (R'R?Si0), where n is an integer from 2 to 10 and R' and R?
are as defined above (e.q., 1,3,5,7-tetramethylcyclotetrasiloxane,
5 octamethylcyclotetrasiloxane, hexamethylcyclotrisiloxane, hexamethyldisiloxane, 1,1,2,2-
tetramethyldisiloxane, and octamethyltrisiloxane); and {(¢) a linear organosilane oligomer
represented by the formula R3(SiR'R?),R? where n is an integer from 2 to 10, or cyclic
organosilane represented by the formula (SiR'R?),, where n is an integer from 3 to 10,
and R' and R® are as defined above (e.g., 1,2-dimethyldisilane, 1,1,2,2-
10  tetramethyldisilane, 1,2-dimethyl-1,1,2,2-dimethoxydisilane, hexamethyldisilane,
octamethyltrisilane, 1,2,3,4,5,6-hexaphenylhexasilane, 1,2-dimethyl-1,2-diphenyldisilane
and 1,2-diphenyldisilane).
In certain embodiments, the organosilane/organosiloxane is a cyclic alkylsilane, a
cyclic alkoxysilane or contains at least one alkoxy or alkyl bridge between a pair of
15  silicon atoms, such as 1,2-disilanoethane, 1,3-disilanopropane, dimethylsilacyclobutane,
1,2-bis(trimethylsiloxy)cycicbutene, 1,1-dimethyl-1-sila-2,6-dioxacyclohexane, 1,1-
dimethyl-1-sila-2-oxacyclochexane, 1,2-bis(trimethylsiloxy)ethane,1,4-
bis(dimethyisilyl)benzene or 1,3-(dimethyisilyl)cyclobutane.
In certain embodiments, the organosilane/organosiloxane contains a reactive side
20 group selected from the group consisting of an epoxide, a carboxylate, an alkyne, a
diene, phenyl ethynyl, a strained cyclic group and a C, to Cy group which can sterically
hinder or strain the organosilane/organosiloxane, such as trimethylsilylacetylene, 1-
(trimethylsilyl)-1,3-butadiene, trimethylsilylcyclopentadiene, trimethylsilylacetate and di-
tert-butoxydiacetoxysilane.
25 Preferred fluorine-providing gases lack any F-C bonds (i.e., fluorine bonded to

carbon), which could end up in the fiim. Thus, preferred fiuorine-providing gases include,
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e.g., SiF,, NF;, F,, HF, SFs, CIF;, BFs;, BrF;, SF,, NF.CIl, FSiH; FoSiH,, F3SiH,
organofluorosilanes and mixtures thereof, provided that the organoflucrosilanes do not
include any F-C bonds. Additional preferred fluorine-providing gases include the above
mentioned alkylsilanes, alkoxysilanes, linear and cyclic organosiloxanes, linear and
5 cyclic organosilane oligomers, cyclic or bridged organosilanes, and organosilanes with
reactive side groups, provided a fluorine atom is substituted for at least one of the silicon
substituents, such that there is at least one Si-F bond. More specifically, suitable
fluorine-providing gases include, e.g., fluorotrimethylsilane, difluorodimethylsilane
methyltrifiuorosilane, flurotriethoxysilane, 1,2-difluoro-1,1,2,2,-tetramethyldisilane, or
10 difluorodimethoxysilane.
Suitable oxygen-providing gases include, e.g., O., N;O, ozone, hydrogen
peroxide, NO, NO,, N,QO,, or mixtures thereof.
It is within the scope of the invention for a single species of molecule to function
as more than one of the precursor gas, the oxygen-providing gas and the fluorine-
15  providing gas. That is, the precursor gas, the oxygen-providing gas and the fluorine-
providing gas are not necessarily three different gases. For example, it is possible to
use dimethoxymethylfluorosilane to provide silicon, carbon, oxygen and fluorine. It is
also possible to use a singie gas to act as a precursor and oxygen-providing gas {(e.g.,
tetraethoxysilane, trimethyisilylacetate or dimethoxydimethylsilane, each of which
20 provides carbon, oxygen and silicon), to use a single gas to act as a precursor and a
fluorine-providing gas (e.g., trimethylfluorosilane, which provides carbon, fluorine and
silicon), etc. In any case, it is preferred to avoid the use of any reagents containing C-F
functionalities.
Although the phrase “gaseous reagents” is sometimes used herein o describe

25 the reagents, the phrase is intended to encompass reagents delivered directly as a gas
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to the reactor, delivered as a vaporized liquid, a sublimed solid and/or transported by an
inert carrier gas into the reactor.

In certain embodiments, mixtures of different organosilanes and/or
organosiloxanes are used in combination. It is also within the scope of the invention to
use combinations of multiple different fluorine-providing gases and/or combinations of
multiple different oxygen-providing agents along with or separate from combinations of
different organosilanes and/or organosiloxanes. Moreover, it is also within the scope of
the invention to use a fluorinated organosilane (to provide fluorine and/or carbon) along
with a non-fluorinated organosilane (to provide carbon).

In addition to the fluorine-providing gas, the oxygen-providing gas and the
organocsilane/organosiloxane, additional materials can be charged into the vacuum
chamber prior to, during and/or after the deposition reaction. Such materials include,
e.g., inert gas (e.g., He, Ar, N, Kr, Xe, etc., which may be required as a carrier gas for
lesser volatile precursors and/or which can promote the annealing of the as-deposited
materials and provide a more stable final film) and reactive substances, such as gaseous
or liquid organic substances, NH3, H;, CO;, or CO. Organic substances, such as, e.g.,
CH,4, CoHs, CoHi, CoHs, CaHg, benzene, naphthalene, toluene and styrene and can
provide carbon for inclusion in the inventive films.

Energy is applied to the gaseous reagents to induce the gases to react and to
form the film on the substrate. Such energy can be provided by, e.g., thermal, plasma,
pulsed plasma, helicon plasma, high density plasma, inductivély coupled plasma, and
remote plasma methods. A secondary ff frequency source can be used to modify the
plasma characteristics at the substrate surface. Preferably, the film is formed by plasma
enhanced chemical vapor deposition. It is particularly preferred to generate a

capacitively coupled plasma at a frequency of 13.56 MHz. Plasma power is preferably
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from 0.02 to 7 watts/em?, more preferably 0.3 to 3 watts/cm?, based upon a surface area
of the substrate.

The flow rate for each of the gaseous reagents preferably ranges from 10 to 5000
sccm , more preferably from 200 to 2000 scem, per single 200 mm wafer. The individual

5 rates are selected so as to provide the desired amounts and ratios of fluorine, carbon,

etc. in the film. The actual flow rates needed may depend upon wafer size and chamber
configuration, and are in no way limited to 200 mm wafers or single wafer chambers.

It is preferred to deposit the film at a deposition rate of at least 50 nm/min.

The pressure in the vacuum chamber during deposition is preferably 0.01 to 600

10  torr, more preferably 1 to 10 torr.
A preferred recipe of the invention based on using trimethyl silane as the

organositane precursor is shown in the Table 1 below for 200mm silicon wafer substrate.

Table 1

Pressure (torr) 4.0

Substrate temperature 350

(CC)

Spacing (mil) 320

RF power (Waits) 400

Trimethylsilane flow 540

{sccm)

O, flow {sccm) 90

SiF, flow {sccm) 250
15 Preferably, the inventive process is completed in a single process step with high

throughput. Without wishing to be bound by any theories, it is believed that the process
of the invention provides fiims having more uniform distribution of inorganic fluorine
throughout the entire cross-section of the film, unlike multistep post-treatment fluorination
processes, such as taught by Uchida et al. In addition, any insubstantial amounts of
20 organic fluorine present in films of the invention (wherein “insubstantial” is herein defined

for this purpose as being less than 5% of the total fluorine content, more preferably less
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than 1% of the total fluorine content) is also more uniformly distributed throughout the
entire cross-section of the film and is not centrally concentrated.

Although a single process step is preferred in many instances, it is also within the
scope of the invention to post-treat the film after deposition. Such post-treating can

5 include, e.g., at least one of thermal treatment, plasma treatment and chemical
treatment.

The film is preferably deposited to a thickness of 0.002 to 10 microns, although
the thickness can be varied as required. The blanket film deposited on a non-patterned
surface has excellent uniformity, with a variation in thickness of less than 2% over 1

10  standard deviation across the substrate with a reasonable edge exclusion, wherein e..g.,
a 10mm outermost edge of the substrate is not included in the statistical calculation of
uniformity.

The porosity of the film can be increased with the bulk density being
correspondingly decreased to cause further reduction in the dielectric constant of the

15 material and extending the applicability of this material to future generations (e.g., k <
2.5).

The invention will be illustrated in more detail with reference to the following
Examples, but it should be understood that the present invention is not deemed to be
limited thereto.

20 EXAMPLES

All experiments were performed on an Applied Materials Precision-5000 system
in & 200mm DxZ chamber fitted with an Advance Energy 2000 rf generator, using an
undoped TEOS process kit. The recipe involved the following basic steps: initial set-up
and stabilization of gas flows, deposition, and purge/evacuation of chamber prior to

25  wafer removal. Subsequently, a chamber clean was performed after each deposition

using an in situ C.Fg + Os clean followed by a chamber seasoning step.
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Dielectric constants were determined using Hg probe technique on low resistivity
p-type wafers (< 0.02 ohm-cm), mechanical properties were determined using MTS
Nano Indenter, thermal stabilty and off-gas products were determined by
thermogravimetric analysis on a Thermo TA Instruments 2050 TGA coupled to a MIDAC

5 infrared spectrometer (TGA-IR). '*C-NMR data were obtained on a Bruker ASX-200,
compositional data were obtained by x-ray photoelectron spectroscopy (XPS) on a
Physical Electronics S000LS.

Comparative Examples 1-6 were produced in accordance with the teachings of

U.S. Pats. Nos. 6,159,871 and 6,054,379, and WO 99/41123, and are tabulated in Table
10 2 below.

Table 2. Data for OSG depositions from trimethyisilane and oxygen

Comparative Example

No. 1 2 3 4 5 6
Substrate Temp. {°C) 350 | 350 | 350 | 350 | 350 [ 350
Thickness (nm) 668 633 661 669 | 1324 | 643
Uniformity (+/-) 8 6 7 12 5
Refractive Index 11.442 | 1.439 | 1.444 | 1.441 | 1.431 [1.4445
Uniformity (+/-) 0.0073/0.0070/0.0090(0.0073/0.0047
Average Cap./Hg (pF) 38 39.1 37.5 | 20.9
Dielectric Constant 3.03 | 2.97 2.99 | 3.02

Adhesion (Tape Pull)  100% | 100% | 100% | 100% | 100% [ 100%
Young's Modulus

(GPa) 8.7 9.0 8.4 7.6 7.1 8.2
NI hardness {GPa) 1.4 1.4 1.3 1.1 1.1 1.3
Elemental (XPS)

% C 222 | 233 | 235 | 235 | 224
% Si 327 | 352 | 35 35.1 | 353
% O 443 | 411 | 412 | 414 | 423
% F 0 0 0 0 0

Note: Atomic % hydrogen not determined by XPS for Table 2.

15 Physical studies of several different films produced in accordance with the
invention are tabulated in Table 3 below (Note: Atomic % hydrogen not determined by

XPS for Table 3).
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Thickness and refractive index were measured on an SCI Filmiek 2000 Reflectometer, 5
point average. Adhesion was measured by a tape pull test. Young’s modulus and
nanoindentation hardness were measured on an MTS Nanoindenter. Elemental analysis
by XPS was measured after a 30 second Ar sputter. The atomic% vaiues reported in the
tables do not include hydrogen.

Figs. 1a and 1b show Isothermal TGAs at 425°C under N, for 5 hours followed by
air. These figures show that the thermal stability of the inventive film (Example 186) is
slightly superior to OSG type materials under inert (N. atmosphere). However, upon
switching ambient atmosphere o air, a dramatic and rapid weight loss is seen for the
OSG material whereas the film of the invention material shows excellent stability.

Figs. 2a and 2b show TGA scans in nitrogen or air to 1000°C after isothermal at
425°C. These figures show the thermal stability of the inventive film (Example 16, shown
in Fig. 2a) versus OSG (shown in Fig. 2b) upon scanning to 1000°C in air. The OSG
material shows a much more rapid weight loss starting at about 400°C when scanning at
10°C/min in nitrogen, whereas the inventive film shows a much less rapid weight loss
over an extended period of time and starting only at about 470°C/min when scanned at
10°C/min in air.

Fig. 3 shows IR profiles for the film of Example 16 and OSG at 425°C isothermal
in air. This figure shows that while the inventive film (dotted line profiles) loses only CO,
and water, the OSG material (solid line profiles) losses a substantially larger amount of
CO; as well as water and CH,. There was no indication of any fluorinated organic
materials being released from the sample, which would be expected if the material did
possess any.

Fig. 4 shows a '*C NMR spectrum of the film of Example 16, in which there is no
visible sign of organic fluorine, which would be expected to show a signal at about +90
ppm for —CH.F up to about +150ppm for —CF,. The only form of carbon seen by this

technique is carbon attached to silicon, showing a response centered around 0 ppm.
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Thus, the invention provides films and processes for making such films, wherein
the films are substantially or completely free of C-F bonds, and have a low dielectric
constant and improved mechanical properties, thermal stability, and chemical resistance
(to oxygen, aqueous environments, etc.) relative to OSG materials.

5 Example 21

A prospective example of the invention based on using 1,3,57-

tetramethylcyclotetrasiloxane (TMCTS) as the organosilane precursor is shown in Table

4 below for a 200mm silicon wafer substrate.

10 Table 4

Pressure (torr) 4.0
Substrate temperature 350
(°C)

Spacing (mil} 250
RF power (Watts) 300
TMCTS (g/min) 1.0
O, flow (sccm) 50
SiF, flow (sccm) 150

The expected k value will be in the range of 2.8 to 3.0, with a Young’s modulus of
about 15 GPa and a nanoindentation hardness of about 2 GPa.
A prospective example of the invention based on using dimethyldimethoxysilane
15 (DMDMOS) as the organosilane precursor is shown in Table 5 below for a 200mm

silicon wafer substrate.

Table 5

Pressure (torr) 4.0
Substrate temperature 350
°C)

Spacing (mil) 250
RF power (Watts) 500
DMDMOS (g/min) 1.0
O, flow (sccm) 100
SiF, flow (scem) 200

-23 -



')') CAQ) MOX)LC)CDN NMCO CAl;r C )CVL(i 6 TNCOMN coCo NrLfiLC)(D CoTC )N ti
co0C) Y-~C N ') ON.N CVNO)Mn C) OL1) NNC )m CO(c Lry0ON NNMco LL)LC)
CO0) CoLC) nmvN OO0 NC7i NN CO m Nrco NM . LC) MM CGrCo)oc3] NCO N '] U?Co
NLC) NM grf NM Ncon

The expected k value will be in the range of 2.8 to 3.0, with a Young’s modulus of
about 15 GPa and a nanoindentation hardness of about 2 GPa.

A prospective example of the invention based on using diethoxymethylsilane
(DEMS) as the organosilane precursor is shown in Table 6 below for a 200mm silicon

5  wafer substrate.

Table 6

Pressure {torr) 4.0
Substrate temperature 350
(C)

Spacing (mil) 250
RF power (Watts) 300
DEMS (g/min) 1.0
0, flow (sccm) 100
SiF, flow (sccm) 200

The expected k value will be in the range of 2.8 to 3.0, with a Young’s modulus of
about 15 GPa and a nanoindentation hardness of about 2 GPa.

Example 22

10 OFSG films of the invention were deposited by combining trimethylsilane (at a
flow rate of 1-1000 sccm), SiF, (at a flow rate of 1-1000 sccm) and O, (at a flow rate of
1-200 scem) at a pressure of 1-186 torr, plasma power of 100-1000 Watts, an electrode
spacing of 200-400 milli-inches (5.08-10.16 mm), and a temperature of 200-425°C.
Comparative OSG films were deposited from gaseous mixtures of trimethylsilane/O,

15 using similar deposition conditions but without the addition of SiF,.

The precursor structure and composition can greatly influence the chemical
structure and composition of thin films deposited by CVD processes. The use of SiF, as
the exclusive source for fiuorine may ensure that no C-F bonds are present in the
precursor mixture. It is believed that Si-F bonds will be present in the final film because

20 the C-F bond is less likely to form since it is not as thermodynamically stable as the Si-F

bond.
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NW Lf)N. 0Oal TCD NNMCOn co CO ) Lf) N N N Thickness and refractive index
were nmeasured on an SCI Filntek 2000 Refl ectoneter, 5 point average.
Adhesi on was neasured by a tape pull test. Young' s nodul us and

nanoi ndent ati on hardness were neasured on an MIS Nanoi ndenter. El enental
anal ysis by XPS was neasured after a 30 second Ar sputter. The atom c%
val ues reported in the 5 tables do not include hydrogen. Figs. 1 a and 1 b
show I sothermal TGAs at 425C under N2 for 5 hours followed by air. These
figures show thgje 4 B&ercBe) 'ﬁ%nrﬁé’@SiPﬂﬂth@fpr&lﬁs&r%%ﬁd@e flayraid el 16)

is slightly superior to type material's under”inert (N2 atnosphere).
However, ld@%mtl&ﬂ/\bﬁdé%é\gTﬁ@bé st alcHMy BB&SrPed Bs 8hinged i tRETBEpSsitRIMCaferdl d
weight loss is seen for the 10 OSG naterial whereas the filmof the

i nvent i on thatileds. abompaisd 16 xxmebEandepsbitibn Iprdogss pedsrmedowin ledticas komdildad scans
in nitrogen or air to 1000C after isothermal at 425C. These figures show

t he t her mexcatdbr thietigciobf 8ifrg in theeprecusof mixureEtemidpesition ratedanOFSIE fing. 2a)
versus OSG (shown in Fig. 2b) upon scanning to 1000C in air. The OSG

mat eri al  dhasveordaimfh, irothe presiigoneiighte hs 80605 siomgr.at Thihowty adsCiramen
scanning at 15 10C/ nmn in nitrogen, whereas the inventive filmshows a nuch
| ess rapi ¢uliesgyRnnealing bYOUléQ”nénfaéb@ﬁl@nf@éfﬂe%&UﬂOI tg plasme derpsdiosr t Ardfebnl y at
about 470[err] G/ min when scanned at 10C/ mn in air 3 shows IR
profiles fefeck ¢fdhisighangs '"@&8?6!“8” PEPCEAT IsCBe ramouaésvéw%@muﬁﬁﬁpe?'?ﬁ HPM. This
figure shqows that t he_i.nventive fi otted |i rofiles) |oses only
acterr] " S sutbtt ahe Fie BB Akes e, PFEGLIMS denie arm T doyRtabions B
substantla.sk,I at&g 7am)unt of CJerr] as well as water and CH err]. There
was no i ndi'da Pl'Q) i any fluorinated organic nmaterials being rel eased from
the sagpl e, which would be expected if t terial did possess any. Fig. 4
shows 'a 13C NMR spectrum of the film of anple 16, in which there is no 25
visible sign of organic fluorine, which would be expected to show a signal

at about F90 ppmior -CHerrJF up 10 abput Tloggpm 1or - CF] erpgc I1ne only
form of caebanvesern by this techni que I'6 carbomzattached to sinh4 con,
show ng a@@spoﬁmtamemered around 0 ppm -22.8K03 the | nvehﬂ@@ﬁOE‘prow des
films and F"d'@é for maki ng such fil ms, V\h1é§7%$g’l5othe fil msB-%e@s
substantl Hpletely free of G F bonds' 1@,02 have a | oW T fectric
const ant ajg sh. E@/@,qmrmcham cal propertjes, t3b@£§fﬁ|_ st abi | i tgyg - ¢dad cheni cal
r esi st ancedhesion (Mpa) 55 N/A
Elemental (XPS) % Si 361 36 =1
% 0 42 + 3 413
% C 193 23+3
% H N/A N/A
% F 3+ 1 n.d.
Elemental (RBS) % Si 22«1 18 + 1
%0 03 263
% C 18+3 2113
% H 27+3 35+ 3
% F 3+1 n.d.
Example 23

The thermal stability of films prepared in accordance with Example 22 was

15  studied, with the results summarized in Table 8 below. A comparison between OFSG
and OSG film properties before and after annealing for 4 hours at 425°C under an air
atmosphere shows significant differences in their thermal stability. The dielectric
constant of the OFSG film increases from 2.89 to 2.96, while that of the OSG film goes

from 2.96 to 3.50. The increase in hardness and decrease in refractive index of the OSG

-25-




(to oxygen, aqueous environnents, etc.) relative to OSG materials. 5 Exanple
21 A prospective exanple of the invention based on using 1,3,5,7-

tetramet hyl cycl otetrasil oxane (TMCTS) as the organosilane precursor is shown
in Table 4 below for a 200mm silicon wafer substrate. 10 Table 4 Pressure
(torr)4.0 Substrate tenperature 350 ( GC) Spacing (ml)250 RF power
(Watts)300 TMCTS (g/min)1.0 02 flow (SCCM 50 Si F4 flow (SCCM 150 The
expected k value will be in the range of 2.8 to 3.0, with a Young's nodul us

of about g éiéoaarﬁi%@hﬁg! RO GhACIRE S PR 1335 BISSGaE RGN tHat Ghéreades the

prospective exanple of The invention based on uSing di nmet hyl di met hoxysi |l ane
15 ( DVDMOgjorésitytifee vaighae GsonkeiRam vthUiofrRstidnSofSivdhtddcHedhib 8l Bonde] Qwnhfay a
200mm silicon wafer substrate. Table 5 Pressure (torr)4.0 Substrat e

t enper at urSi-G9an4tlrd&y inSreaee e disletlyig gondtami. power (Vafts) 500 DIVDMOS
(g/mn)l.0 02 flow (SCCM 100 Si F4 flow (SCCM 200 -23 The expected k val ue
will be inthe range of 2.8 to 3.0, wthTal&8ung's nodul us of about 15 GPa
and a nanoi ndentati on hardness of about 2 GPa. A prospective exanple of the
i nvent bon_based on using diethoxynmethylsilane (DEMS) as the organosilane

precursor is shoyas N Tabl egfsdigkayv f orgrag2RQnm si | bg@gefoé waf qfses#tg,st rate.

Tabl e 6 Pressure (anr\A Q Qllhqrrmp tenperature 350 Qnm‘l ng m_1.250

Dielectric Constant 2.89 2.96 2.96 3.50
Modulus (GPa) 7.20 7.66 7.85 10.64
Hardness (GPa) 1.25 1.30 1.30 1.43
Refractive Index 1.401 1.398 1.424 1.401
Example 24

The compositional stability of OSG and OFSG films prepared in accordance with
Example 22 was evaluated using Dynamic Secondary lon Mass Spectrometry (Dynamic

10  SIMS) measurements. Two samples were deposited on silicon substrates: the first
consisting of a 1.0 micron OFSG film with a 0.5 micron OSG capping layer, and the
second a 0.5 micron OSG film with a 0.5 micron OFSG capping layer. Dynamic SIMS
depth of profile spectra were performed before and after thermal annealing (4 hr, 425°C,
air atmosphere).

15 Figs. 5a-5e show the dynamic SIMS depth of profile measurements for silicon,
oxygen, carbon, hydrogen and fluorine, respectively, for a 1.0 micron OFSG film capped
with a 0.5 micron OSG film. Dynamic SIMS depth of profile measurements were
performed on samples before (solid line) and after (dashed line} thermal annealing to
monitor elemental stability during 425°C thermal anneal in an oxidizing atmosphere. The

20 transition from OSG to OFSG is readily observed for all elements except oxygen.
Referring to Fig. 5c, it appears that the carbon may be unstable within the OSG capping

layer but highly stable within the OFSG film. Fig. 5e also shows there may be no
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RF power Watts300 DEMS (/mn)l.0 02 flow (sccm 100 SiF4 flow sccn00 The
expected k value will be in the range of 2.8 to 3.0, with a Young' s nodul us
of about 15 GPa and a nanoi ndentati on hardness of about 2 GPa. Exanple 22
10 OFSG films of the invention were deposited by conbining trinethylsilane
(at a flowrate of 1-1000 sccm, SiF4 (at a flowrate of 1-1000 sccm and
02 (at a flowrate of 1-200 sccn) at a pressure of 1-16 torr, plasma power
of 100-1000 Watts, an el ectrode spacing of 200-400 mlli-inches (5.08-10.16
), and FubRRP Aigratiée e tREDFELS fo OSEPIREIAIUNME daRtaiiig. Mhuseritisdanesdd ed
from gaseous m xtures of trinethylsilane/02 15 using simlar deposition
condi ti onghéthe \Wrédtoide of Maommdivithia ﬂh@bF@d:éomF}bﬁtidH BRYTIPFovaithe Gldbiliey and
conposition can greatly influence the chem cal structure and conposition of
t hi n fil nehelepbsn wittinkyie ML) processes. The use of SiF4 as the exclusive
source for fluorine may ensure that no CF bonds are present in the
precursor mxture. It is believed that Si-F bonds will be present in the
final film because 20 the CG-F bond is less |likely to formsince. it is not as
t her no8ynani calbXpmpleBbe as the Si-F bond. -24 The presence of fluorine as
SiF4 in the precursor gas mxture nay al so affect the deposition process.
This is nmost cl®®r thergBk etebliy a8 Q¥Hamys QR$Q Hitmeaperared dn acgpBlapse withe

films. Cornpare an OSG deposition process performed with identj cal
Cona 1 1 on bR BE WE S BB IR ME R A A B SCUIIBH AR prger

R R T L LR e
e = B, e S0 Al B e

change i n deposition proce ecies

e f Lon proce=s N Speci ¢
compoaPt § aiuPin bb® AREER of HY DR i [odes d 0RO Mecth Mbfehobut
nl.421. 44 Buyelqeet istarkaitslanbe wéi%hﬁ@ss h83 exfied o Q9 aMpsiius (GPa) 12. 5.

0.58.0 0.5 Hardness (H, GPa)l.67 0.201.21 0.25 Density (g/cc)l.491.35

Deposi ti on Rat eexaipigpé) 330 . -h 80890 140 Adhesi on M a55N A El enent al
(XPS)% Si 36 136 %942341 3 %C193233 % HN AN A
The compositional stability of OSG and OFSG films prepared in accordance with

Example 22 was evaluated using Infrared (IR} Spectroscopy. The deposition conditions
15 for the OFSG film was as follows: plasma power 400W; 200 mils spacing; 6 torr
pressure; 350°C termperature; 540 sccm trimethylsilane; 90 sccm oxygen; 250 sccm
silicontetrafluoride; and time of 200 seconds. The deposition conditions for the OSG film
was as follows: plasma power 600W; 260 mils spacing; 4 torr pressure; 350°C
termperature; 540 scem trimethylsilane; 90 sccm oxygen; and time of 72 seconds. IR
20 spectra of OFSG and OSG films before and after thermal annealing (4 hr, 425°C, air

atmosphere} are provided in Table 9.
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As the resuits in Table 9 illustrate, the OFSG film experienced a decrease in

capacitance and dielectric constant after thermal annealing.

By contrast, the

capacitance and dielectric constant of the OSG film increased after thermal annealing.

While the invention has been described in detail and with reference to specific

examples thereof, it will be apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the spirit and scope thereof.
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the carbon within the film 5 Exanple 25 The thernmal stability of OSG and
OFSG fil ms prepared in accordance with Exanple 22 was eval uated by

measuri ng weight loss as a function tinme at 425C under nitrogen and air

at nospheres. Results for OFSG and OSG filns are shown in Figs. 6a and 6b.
The former displays weight |oss of 0.05% per hour in nitrogen and 0.10% per
10 hour in air. Analysis of the OSG shows that it |oses 0.05% weight loss in
nitrogen, but undergoes instantaneoug Rfiggwei ght | oss when exposed to air at
425 C. Exanple 26 The conpositional stability of OSG and OFSG fil ns prepared
i n accordance W tR fifrapiesentdd bpase RFRLIESIED cgﬂ,,ngwhefer PR RE 100%, v

Spectroscopy. The deposition conditions 15 for "the OFSG fil m was as

follows: plasma pRWesM4ROW 33 Qfbritdss wsRAEGMU:0 B 69 BEorRESRS FUE Fon338Go 50
ternmperature; 540 sccmtrinmethylsilane; 90 sccm oxygen; 250 sccm

silicontetrafl uor h@icBNdistitdiE 226 38 AbrAie%0 RS z i IEMAEPRS 15 hdhiSRNWhérepns for
the OSG film was as follows: plasma power 600W 260 nmils spacing; 4 torr

pressuse; 350C t@nﬁﬂﬂ@é‘rﬁi@lﬂéyﬁ&ie&49eﬂ@&meti§baﬁ&émb$ﬁéa&%n.90 sccm oxygen; and
time of 72 seconds. IR 20 spectra of OFSG and OSG fil ns before and after

thermal anneal i ngTR& il of R, wHekein AldEPSRE h§drogEeR iSHdded eshheafe. € 9.
Tabl e 9 BEFORE ANNEALOFSGOSG Deposition Rate nmim n270800 Thi ckness

(N 900960 Ref r acthy fird Stk 7 Bhding 32i6IBAAE LoRd&R of L 3326 7 Diel ectric
Const ant 2. 922. 91 AFTER ANNEAL Thi ckness (nn) 897915 Thi ckness Change

%<0. 01-4. 6 Refracthy i &dﬁaﬁﬂq-ﬁ%}iné%?dielgaﬁé%ﬁéé}ﬁ%f (REM<sh 3g8- 4 Dielectric
Constant2.882.98 As the results in"Table 9 illustrate, the OFSG film

experienced § dectgasSfmi & cafRaci RANME sapshidli Rb&dnidaf praptHidrelglivieeto her mal
anneal ing. By contrast, the 5 capacitance and dielectric constant of the OSG

filmipcreased af jg&obhbepae fignneal ing. VWile the invention has been
described in detail and with reference to specific exanples thereof, it

W || be appagent frﬂeﬁmﬁoﬁéﬁaﬂnlﬁ%_abing_fa%ué\aénsﬁtgaf le¥&HH=puso granges and
nodi fications can be nade therein W thout departing fromthe spirit and

scope ther eof. 10TRL MG cidm GGG 6520Y BBy 1A% Sgieul a [err] where
9

VHWAX+y+z = 100% v 1s from10 to 35 atom c wis from10 to 65 atomc% vy

is from10 tg 50 TRL G SVialm 1S halRG'pdre sHb Ris@Th&VE R @qtivhent sHBridall O
15 atom c% wherein
diameter, as determined by small angle neutron scattering or positron
15 annihilation lifetime spectroscopy.

9. The film of claim 1, having a pore size less than 2.5 nm equivalent spherical
diameter, as determined by small angle neutron scattering or positron
annihilation lifetime spectroscopy.

10. The film of claim 1, deposited on a semiconductor substrate.

20 11. The film of claim 1 wherein the film is at least one of the group consisting of
an insulation layer, an interlayer dielectric layer, an intermetal dielectric layer,
a capping layer, a chemical-mechanical planarization layer or etch stop layer,
a barrier layer or an adhesion layer in an integrated circuit.

12.  The film of claim 1, having an average weight loss of less than 1.0 wt%/hr

25 isothermal at 425°C under N..
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5 substantially none of the fluorine is bonded to the carbon. 2. The film of
claim1, wherein nost of the hydrogen is bonded to the carbon. 3. The film
of claim1, having a dielectric constant of less than 3.5. 4. The film of
claim1, having a dielectric constant of less than 3.0. 5. The filmof claim
1, having superior nechanical properties relative to a 10 reference OSG
film 6. The filmof claiml1, having a bulk density of less than 2.0 g/cc.

7. The film ef cl ghdniln PRMIMAY, Qwabiﬁb“arfjﬁﬁb?héd Wéfghltq‘c%% dthass than ﬁb%%/@r The
filmof claim1, having a pore size'|less than nm equi val ent spheri cal

di aneter, as det elsBiHafHalf 4888t Indh@lire neutron scatterl ng or positron 15
anni hi | atl on lifetinme spectroscopy. 9. The filmof claim1l1, having a pore

size less thap 2. 5hé”?‘]n¢%‘?”cré%tha§|ﬁa%rbtﬂﬁ'dengtya&%é‘é thaftS1.9 Y& @ psd e smal |

angl e neutron scattering or positron annihilation lifetine spectroscopy

10. The film of cl.asmah 2Q%HPédqdu@éierﬁ%Pﬁeﬁc?arrbféPrW&QBet%Hﬁﬁbﬂ 8y 8mall@ngie: The

filmof claim1 wherein the filmis at [east one of the group consisfting of

an insglation | aYRéutro’#bdaB&r‘Hq &y;:ﬁfsmqineén‘ﬁﬁﬁlﬁﬂidh iSRS spéHf'robEBp@'r {WRERin most
di el ectric |ayer a capping 1ayer, a chem cal -nmechani cal planari zation

| ayer or etch stogs ik@’ﬁﬁdro%él} RABSh&Id *cﬁ)ﬂ’er cAboRNaRH RS it id ABbsiled & a

integrated circuit. iTmof clarmi, having an average wei ght | oss

of less than 1.0 widdfe ag%t'léé%ﬁ r?f’l%”@fl th@tgrégégoHQQﬁ{g dn indfation lafBie dni | M of

claim11, having an average wel ght loss of"less than™1.0 wt % hr i Sot her nal

at 425C under ai M interfhyer Bf’elé(c'trlcma%r Celnaln"t@rﬂnetgfad{élﬂﬂrlé‘ R, aQ'?aBEFnbYIa?ér lzess

than 1.5 g/cc, a pore’size less .5 nm equi val ent ‘spherical dianmeter,

as determ ned by ggg; Ealmgér%inﬁ:g ”ggygg%ﬂ?ﬁ%@t afghlgwp %ep%béﬁigf‘lagaf"d?'énat' on

l'ifetime spectroscopy e hydrogen 1's bonded t he car bon,

and thg filmis d§m|gnqué:}qngn uﬁé’@ﬁfeﬁ%r@uﬁ"s at | east one of the group

consisting of an 1 nsulation | ayer, Interlayer dielectric |ayer, an

intermetal dygl ec?ﬁéﬁln{@b’cﬁ’élpﬁvﬁ%h ;gégr a chem cal - nechani cal

planarization or etch stop layer, a barrier layer, or an 10 adhesion |ayer

in an int egr%eg g'fﬁrﬁLﬂe s&rﬁecﬁgvﬁhéf Ry sich 2. A, wWan'er\?wF‘ﬂ?-i- -'Z-z 2 Rodav 16. A

filmrepresente t he ormJ err ere’ Viwx+y+z = iI's from 10
to 35 atom c% W |gSt rF101 Osd Qt WﬂCf"/a WO ® 65 ABrdicost é(? Bb&Y X is
from1l to 30 atornlc rﬁ%%é%so%rom ® rg 15 atommc/o 18 ipr'g\srljaé gbthat xl z

> 0.25, wherein Sgﬁﬁ%mt iak! orRONgo oo Etb?eédfop(&hh i froRPBACEh 150atblifesfar bon.

17. The filmof claim 16, having a bul nsity of less than 1.5 g/cc,

pore gkze |ess tpfi‘ﬁud%dﬁh&%fgld Q@'Meuﬁ%ﬂ@étbﬁﬁ’dlix%ﬁ%ﬁ‘ iﬂe fhﬁﬁm@@é Séﬁﬂé&ed by

smal|l angle neutfon scattering or positron annihilation fetinme
spectroscopy, whef£ihn ARt 20 of the hydrogen is bonded to t he carbon, and
the filmis deposited on a

17. The film of claim 186, having a bulk density of less than 1.5 g/cc, a pore size
less than 2.5 nm equivalent spherical diameter, as determined by small angle
neutron scattering or positron annihilation lifetime spectroscopy, wherein most

20 of the hydrogen is bonded to the carbon, and the fiim is deposited on a
substrate as at least one of the group consisting of an insulation layer, an
interlayer dielectric layer, an intermetal dielectric layer, a capping layer, a
chemical-mechanical planarization or etch stop layer, a barrier layer or an
adhesion layer in an integrated circuit.

25 18. A film represented by the formula Si,0,,CH,F,, where v+wix+y+z = 100%, v

is from 10 to 35 atomic%, w is from 10 to 65 atomic%, y is from 10 to 50
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substrate as at | east one of the group consisting of an insulation |ayer, an
interlayer dielectric layer, an internetal dielectric |ayer, a capping

| ayer, a chenical-mechanical planarization or etch stop |ayer, a barrier

| ayer or an adhesion layer in an integrated circuit. 25 18. A film
represented by the fornmula [err], where v+wx+y+z = 100% v is from10 to
35 atomc% wis from1l0 to 65 atomc% vy is from1l0 to 50 -30 19. 5 20.

21. 10 22. 23. 153%%ic‘%?éi321@orﬁ to?S%Z%QTFc{a/%%%itggrr%Hg%1&h|1'5‘at@rtnf&%ﬁ/?{%reﬁ]is

from2 to 30 atomc% and z I's from wherein .5 atom c% or
less of the fluorig oﬁcﬁ%’BF‘%%QPFﬁ%e%iﬁ%riﬁ@fs%ﬂdé&‘f&b%%ﬁidﬁ dridSwidrbifthd fim
adapted to resist alteration of a filmproperty by an environnental

condi) o0 o BBl b By RS BRI ng Ay <
m croel ectropjc pm&@@%gr&aﬁ T@ W%eﬁhﬁé“eﬁﬂédn?’q%él%%iﬁ@n %@h%ro%?cgfdﬁ% 'y

oxi dative. The fi arm ereint property 1s a ectric
constagt and the ULLO tal condition is at |east one mcroelectronic
processi ng step Egz{&ec% e%lgi? om the group consisting of a thermal annealing

step, a dielggtri ?hﬁeﬁlﬁhid?gciﬁﬁr?p @”Q«hére@f’sthé ehiRode it iﬁg&sgi;ﬁgfs{e- g of

claim?21l, wherein the environnmentdl condition I ncreases t ectric

constant by 10% %hé’ﬁﬁé"y J@J{iﬁtiﬁ/&%ﬁbﬂt%ﬁ%@)ﬂﬁaﬁ erein the environnental

condition increases t el'ectric cons y 0.1 or less. The film of

claim2l, wheyei nThQ‘ﬁln‘?B?’ EIEW?@%@&%&QH ifi{rlj\hgl%gire“&?risegﬁf‘ae?ecw‘becon%a%lt BG4 tHe®

constant by [ess than an anoun ic ronnent a condi ti on

| ncreases a refer@H\ﬁ%nﬂ‘ie%aefc&frjdﬁioﬁo[&Z%ﬁa%a f?r?e "R RefdiGni ﬁfe:éésc'i“ﬂg st Tilm

of claim 24, wherern the environnen condi tion 1ncreases el’ectric
COneLa0L Y SOrEkok8sd i B HERUorBil GF Y RN EAREERL s A o
etching step and a post-etch ashing step.

22.  The film of claim 21, wherein the environmental condition increases the
dielectric constant by 10% or less.

23, The film of claim 21, wherein the environmental condition increases the

15 dielectric constant by 0.1 or less.

24. The film of claim 21, wherein the environmental condition increases the
dielectric constant by less than an amount by which the environmental
condition increases a reference dielectric constant of a reference OSG film.

25. The film of claim 24, wherein the environmental condition increases the

20 dielectric constant by 50% or less of an amount by which the environmental
condition increases a reference dielectric constant of a reference OSG fiim.

26. The film of claim 25, wherein the environmental conditicn increases the
dielectric constant by 20% or less of an amount by which the environmental
condition increases a reference dielectric constant of a reference OSG film.

25 27.  The film of claim 18, wherein the fiim property is a distribution of fluorine

throughout the film.
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The filmof claim?25, wherein the environnental condition increases the
dielectric constant by 20% or |ess of an anount by which the environnental
condition increases a reference dielectric constant of a reference OSG film
The filmof claim 18, wherein the filmproperty is a distribution of
fluorine -31 28. The filmof claim18, wherein the filmproperty is a
concentration of carbon in the film 29. The filmof claim?28, wherein the

envi r onment abgconehpifn o@'@l%fn?%mﬁl éc'%ﬁ' tﬁ&‘hﬂ@%ﬁéﬂe@t& i©8 BhciffhOR of BarbBSid 11 M

by 50% or |ess of an anpunt nvi fonment al condition
decreases a refergpegydi el ectrl c constant of a reference OSG film 30. The
filmof claim?29, wherein the envi ronmental condition decreases the

concentrati ogof GREDRA bfch é‘éiﬁ tY‘/@eérﬁ)rB?hEﬁtaP%hcﬁlfP&F%B&éEs 'EHH t' on

decreases the concentration o car on in the y 20% or less o

amount by whi ch tesn@avﬂaﬁ&nm%n fﬁQHQ'ﬁFrh h B0 5@905ﬁ@§§5f§15@ty>ﬁ§@dﬁmeh @Aeectr' c

constant of a reference OSG film 31. m r epr esent ed formul a

[err], gwhere v+wixiy f"&mmnlé?oc@na\‘non' 3e5é9§‘351% b el?éc@t ngleg%c Wohstadt! 8Ma10 tO

65 atomc% y is from10 to 5 atomc% x is froml atomc% and z is
from0O.1 to 15 at it ?{Q:e&d)ﬁ V|dedthat x/z > 0.25, wherein 0.5 atom c% or
| ess of thefluorlnels bonde to the carbon, and wherein the filmis

adapted to ragi st t
O apbeni ng soon- ! ThelhAS QAP s ”46%9@%%&%%@%%&23% GELEERRGR e . o)

concentration of carbon in the film and wherein the environmental condition

decreases the concentration of carbon in the film by 20% or less of an

10 amount by which the environmental condition decreases a reference dielectric
constant of a reference OSG film.

31. A film represented by the formula Si,0,,CH,F,, where v+w+x+y+z = 100%, v

is from 10 to 35 atomic%, w is from 10 to 65 atomic%, y is from 10 to 50

atomic%, x is from 1 to 30 atomic%, and z is from 0.1 to 15 atomic%s,

15 provided that %/z > 0.25, wherein 0.5 atomic% or less of the flucrine is bonded

to the carbon, and wherein the film is adapted to resist alteration of a fiim

property by a microelectronic processing step.

20
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