06150P USA TITLE. OF THE | NVENTI ON: LOW DI ELECTRI C CONSTANT MATERI 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 herein inits entirety. BACKGROUND OF THE | NVENTI ON The :
el ectronics industry utilizes dielectric materials as insulating |ayers
between .5 circuits and conponents of integrated circuits and associ at ed
el ectroni c devices. Line dinmensions are being reduced in ordeg1508 WSAr ease
speed and storage capability of mcroelectronic devices (e.g., conputer
chips). Mcrochi p di nensi ons have undergone a significant decrease even in
t he past decade such that |ineTH-EQRTHEIMVENTIQNgreater than 1 micron are
bei ng decreased to 0.18 mcrons, with future plans on the drawi ng 10 boards
of at least as |ow as (.QW MELECARIC CONSTANT MATRIAKANIEsion T ="' h RCL2,
where T is the delay tinme MEHODORPREGEIINSGBYSICMhe conductive line, C
is the capacitance of the dielectric layer, and L is the wire length, is
often used to define the effects that changes i n dimensions and materials
can have on the propa atlon of signals in a_circuit. The capacitance can

be expressed as C = KCRRSSSREFER TQ@EL@Tﬁ%ABabW%BmUW ty or 15
di el ectric constant (equal to 1.0), k.is, the diegel eétrlc constant for the

thin film S ishenharplicatien isga waﬁ%@@oawaafanaf FBs Patent jAnplicationy Noss |
Th | ducti
oo o B e 2 Mo S MonBocBoER 8 St

i;ejrease brettﬁrt o f’f ating materials with |ower dielectric constants are
al so ng%(%]d '8 B &vent  si gnal crossover (aka crosstal k) between the chip
components, which can have a negative effect on performance. Historically,

silicawth a dielectric c%%l&%obhb BFTﬁEzmﬁlEﬁxlﬁéﬁl been enpl oyed as

The electronics industry utilizes dielectric materials as insulating layers between

.5 circuits and components of integrated circuits and associated electronic devices. Line

dimensions are being reduced in order to increase speed and storage capability of
microelectronic devices {e.g., computer chips). Microchip dimensions have undergone a

significant decrease even in the past decade such that line widths previously greater

than 1 micron are being decreased to 0.18 microns, with future plans on the drawing

10  boards of at least as low as 0.07 microns. The time delay expression T = % RCL?, where

T is the delay time, R is the resistance of the conductive line, C is the capacitance of the

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 = k,k (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

electrode surface area and d is the film thickness. Thus, a decrease in k will result in a

proportional reduction in C and consequently a reduction in delay time. Further, as the

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



the interlayer dielectric (ILD). However at |ine dinmensions of 0.25 mcrons
and less, 5 silica may no |onger be acceptable, and it has been
extensively replaced by other materials, such as fluorinated silica glass
(FSG wherein. k is about 3.6. The addition of fluorine to silica
specifically ainmed at. reducing the k value fromthat of ‘undoped silica has
been studied for the past few years (see, e.g., U S. Pats. Nos. 5,571,576,
5,661, 093 a

el ect roned8P ?\‘?;&% gfgﬁvg@rgg@ %M%%ﬁ;ég?’??%%i?%%#@?%ﬁ gg’BB é'%;'ﬁséci es,
Accept ancliEh co Baye, pebrlyeaEel & BRiomaneta o the current  generation of
ICs.pV\hiIe'qur'natd .itliyic tr'aql{ghv th‘{ | Sit the?npl :
il B S A
7o suscilGRes St iRl Wl T ARG
P ARG R Sabehi] o B b 0
dur i ng s@ﬁ?&ﬁ'&eﬁfc %@@@Pﬁ‘j’ %qc€r£a§sr1‘i/%é’@‘qr?f"1}<ﬂﬁrgﬁﬁﬁﬁ'gtﬁﬁfa@d@ﬁoﬁﬁ?
suft ?E?teﬁffuq?iibéﬁé'ﬁh@a&rz&sﬁéa%%iﬁ‘ G eciaehe R gl tnat et ulBPedalive ams. as
e | g scaton o5 s have e & aubests sich i, oo o
(R0 1Y gl sk I SO Lo SOTE Shses, W Srder b e e e o
{1 Goritne GRUIS 3 Saiphr ST RRATRIE SPPAES I FEEe SHEOHEICCH o FORBEE and

better thermal and mechanical properties than -2 organosiljca glass (0SG
mat eri al stuQRNARd sHigafias gainRg @Cﬁ?@l’%éa%ffb‘#‘?é“%ﬁs%éf‘?i' ing useshor F"%rf:“"&g{ an

interlayer/internmetal material in |IC manufacturing. More recently, OSGis
bei ng soudpReraionohlCs.epl acenent for FSG. OSG materials are being touted as

the future interlayer/internetal dielectric of chqice produced by CVD
While fluorinated silica materials have the requisite thermal and mechanical

stability to withstand very high temperatures (up to 500°C), the materials’ properties
15 (e.g., low water sorption, mechanical properties) are susceptible to being compromised
when large amounts of fluorine are incorporated into the material. Fluorinated organic
materials, such as poly(tetrafluoroethylene) despite having very low k values down to 2.0

or less, have not shown sufficient stability to the temperatures experienced during

f‘\

subsequent processing steps involved in the manufacture of an integrated circuit.
20 Organic polymers in general do not possess sufficient mechanical strength for
processing under current conditions. As well, fluorocarbon polymers can have other
drawbacks such as podr 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 dielectric 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

-2.



5 techni ques. Nunerous patents have been issued covering the use of various
organosil anes for the production of thin filnms with k val ues of about
2.7-3.2 (see, e.g.,, US. Pats. Nos. 5,989,998, 6,054,379, 6,072,227,
6,147,009 and US 6, 159,871, and WO 99/41423). OSG thin filmdielectric
materials are being commercialized and/or advertised by several |eading
CEMs for future ICs due to their inherently lower k (< 3.2) 10 relative to

FSG. Ho . th duct i in k, nust be.hal d i.nst detri t
Citect ot hiengslics S8SS RSA walifior Wil Mairanng e Pie Hiesertids Bihdton
hani cal ties, th | .stapjlit d cheni cal i st . Studi
have | ndi 3 PRANCHRRET iRl matera) in I mapdiaduing. Cl {es for OSG 1imt the
o e 1 hmge oMagE tegentny & W BSing Sadint 28 thh raplatemaghion FhGL, OHB Ratels e
ol den_ ot aresaing faukadene the Tatie frlerieverliemety flekclrien cnpie aradusad by GV

pat ents have proposed the use of carbon-doped FSG naterials. st _of these
exanpls @?BF'BE? el YUREroys, Pajenis Raver BERN Hatuad foverly thy Jisg Ob,arioys

combination with a siljcon precursor. source, .and i ncorporate fluorocarbon
0 o ot | anegiangs far|the Proguichatiol Riin STER Jith kYRS TF AP SR 21 e S0 o
| asnma  copol yneri zed hexanet hyl di.sil oxane wi th oct af | uorohut ene mas
P Pol y S Pl Nos: BoRS SBR. 4454 478 A AET, b L RBamolf o B sand B ™S
Appl . Phys. 4520-26_(1999)).to . produce fl uorocarbon/Si O conposite fjlns in
which k | P¥AE0g 1PBG hip fip i ¢ Hnalgdaiscats eing commerrilaed: 8Rteh: .
m et al. (341 (1,2) Thin Solid Filns 109-11 (1999{1)_ 25 dj scuss g;e _
ects ofdvertssddy-several laading QEMs Jorquitire 1G5 due 10 gl inhieretly Jowen K (o#2h1 asna

reactor using triethoxyfluorosilane and 02. -3 Anot her exanpl e of the

speci 0 ¢ eRivadPiS@s Flewevesc theprsustinein kdmust ke balagced; agaipst defrieptal ki m

et al., 1998 | EEE International Conference On Conduction and Breakdown in
Sol i d Di effiadty ihatorganic spegies typically|have. vhichgnelude easiuced theghanical prepediason
addition to reduce the k of the material substantially fromthat of

silica. Tihem@rfabilityand eherpical wsigtanesr s Stugiegchayenipgdicatescihgt dhe pyefered
| neor por ar%ialtr:a%arsl grgggr(t:igsr t?grnog%i ﬁr&ult etﬁe tdri]es:rle?cltjr?ch cgrt]setanutstg the range of 2.8-3.2 with
modulus/hardness values in the range of 8-11/1.2-1.4 GPa (see Lee et al., 198" Meeting
15 of The Eledrochemical Society, Oct. 2000, Section H-1, Abstract No. 531; and Golden et

al., MICRO, p. 31, Feb. 2001).
Some recent literature and patents have proposed the use of carbon-doped FSG
k ' materials. Most of these examples exciusively utilize fluorocarbon materials as
precursors in combination with a silicon precursor source, and incorporate fluorocarbon
20 moieties into a silica or FSG framework. For example, Shirafuji et al. plasma
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,.
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of CF4 in a 2%ilane/ N2 plasma to produce filns 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 bul k. 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 | ane pﬁﬁﬁgggg)g%nﬁ}%topﬁﬁsd%r'&fé'mclus@ﬁefjﬂud%a?b %?etl% |P§M€§[§thbn a

t her mal process ne-con ni ng I con oxi de
I f t
Si 11 con ot c%ﬂ@ ikl It BBt Cbhnetends OnAEIGE AT bR dhdoun

G oups. or MCEPIS, PR 250 %’%%a%ﬁ?qbb il o MRANGH g 81 Y

ST ca wile dvﬁee%ﬁ)?g i Jﬁgt%%?'e@%%%ﬁ@'voﬁ@ﬁai%ﬁgSﬁqb@;%”%ec‘?”“'ﬁﬁéne %ﬁygen
Founa & o GRE 19 B gﬁ"ﬁ%ﬂa R R oy kbl A JRRS hboh g Bed”C T
SN wi 119Gt DRy STema e e Fbies e bEERinG' G Sh cofort’

gNL? or 1 ol SREERA BN @ﬁ%?&‘%&gﬁﬁ&?[i?nég 5%'-‘5'2%5%?-6**““‘9@'%3*?%’

car bon 25eHARd RS ﬂi’q? Wei%?é%%&ﬁ BTIsud " G MerPE bttt

@e mat er i alﬁ wer.e Bes Z rom silane or TEGCS, oxygen, nethane and
rf 1 uor offd} 8“%“"8 %udi ed for conposi t ion, thermal stability,

o ockh et borSh e ﬁlﬁinﬁhﬁﬁ-ﬁz?3°éﬁ%%ﬁ%h8m§% : Bgtus‘phéh%?ﬁ?téﬁf e
I

chanber &rsé‘r?és"l?%%ﬁﬁcﬁﬁ%éaﬁmw””t SHF P eﬁ@ﬁ@aﬁéé'%aﬁ%i%ﬁa'tf%f%yﬁm@ s 'hz”

final material, 5 said to be caused. b cant contﬁwbutlo b

funct i ondT iPPNEsWIthOZQRe OF OX¥geN, H“ ac“@h"g]pﬁrﬁg ﬂré’dﬂ?%ée XINGeopX %‘??d C-H

species wi. |l pronote resistanc .
P snl&con oxncgoftlm e claims o thls p\glt%n? cover the production of a fluorine-containing

silicon oxide via thermal process with an oxygen and/or nitrogen plasma post-treatment.
15 The patent does not describe the incorporation of alkyl groups or carbon into the film.
In a paper by Hasegawa et al. (37 Jpn. J. Appl. Phys. 4904-09 (1998)), enhanced
water resistance of fluorinated silica was the motivation for deposition using mixtures of
( silane, oxygen, CF, and ammonia in a plasma-enhanced CVD system. The deposited
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 fluorosilicate glass by PE-CVD to enhance water resistivity. The materials were

synthesized from silane or TEOS, oxygen, methane and perfluofomethane, and were
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sorption and help to reduce dielectric constant. In a Japanese patent by
Fujitsu (JP10150036A2), organosilicon materials deposited by a spin coat
nmet hod had ‘a post-deposition treatnment with F2 or NF3 in a 10 plasma
reactor to increase heat resistance, reduce water sorption, and increase
material reliability -of the filmthrough the formation of fluorocarbon
species in the film OQher Fujitsu patents (JP 8321499A2 and JP

11111712A2) ,al.so discuss the formati.on of ;silica, filns wth incor ted
f1 uor oc arﬁﬁweg‘ det @@pwﬁm’a@ﬁW%{%M@Vhﬂng Sl l?é%'?ggespr @884’@’@% ePaf
contai ning fluorocarbon groups. .15 Uchjda at .al . discl flLuor

or gani c- sT499est hpt ‘PB?'%PW%%\?E#WD?@% @né tﬂUP%rFeaWE%.aq%@é ’neﬁ»{o&( p&g‘@%)

El ectrochem  Soc. 163-8 (1998), 37,Jpn. J. l.. Phys. 6369-.73 9 , 38

Sone 5. ABBIeTasRa Sonskans. firreases 3 teranaisi of Bethane o8B 5 e epbpen - 2

aut hors indicate that the properties of ESG and may .be, c | enentary,
such t hathamhesduring regqygp restlted iy increpsed; SR ?’%E"?ﬂi& 'f‘iil%%%‘v’&%fégég of
their strengths, 20 although little supporti atg. i s.given. ,The,authors
it endy (S iR cRec by & figamcans sRnFiRgE by GLE dRhdliongntey Ak deSTRY A c
an organosi|icon material was g§ OSi EQ in a _thermal Rrocess from .

m xture dhe¥ fEPets e eRpngsioh %T‘N’E{ i giRegies ) ramates [gsigipnce tp) waip!

di met hyl di i socyanat e-si | ane (DVSI C) and preferably dinethyl ethylam ne
(DVR),  t9RliasAndhelp iorgdess é'e'PPE'QCQFT’tPE'Q films. This deposited film was
post-treated with HF 25 gas in a thermal pr SS repl ace,.i socyanat e
speci es with finudr HarRanessdPatest e Fuitsy n&‘e’1§n$§993§5’\§b\/\£%38?%\"€& ager{ag%st ant
~a0d better nojsture tolerance. The fil ns groduced, -5 Powg*gr,bhgaluded‘

Cl'si and depeskechby j@osRin icopk ethqdshad ggraskdepasiton treaimgnt Wil Fe 0n N8 &y

processes such as chem cal post-treatnments, there resulted a conposii|ona
gr adiént Plasiae ERastarie feprselealjmsistanse, feqlcs Watgr spiptipl, andiBerease (nateral i oy ¢
to control the amount and wuniformty of the chem cal nDdific?&%on %hrough
the fil mrefiakiity of fa flp through de fermating of duerppahen sPSCies dnithe ik Jdtber
processes_for forniza%agglasna CVD_silicon oxide dielectric fil dﬂgfd
with spedfyiitsscpaieris (IR 832149948 ande Pahtl 1341 2A%) alshdisess the frmationof &l
deposited froma m xture of feed gases, which can control_the_flugriQF

films with incorporated fluorocarbon species by plasma CVD using silicon-base

precursors containing fluorocarbon groups.

15 Uchida et al. disclose fluorinated organic-silica films for improved moisture
tolerance. See, e.g., 98(3) Electrochem. Soc. 163-8 (1998), 37 Jpn. J. Appl. Phys. 6369-

73 (1998), 38 Jpn. J. Appl. Phys. 2368-72 (1999) and JP 11111714A. In these papers,
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 fiuorine, and produced films

with a lower dielectric constant and better moisture tolerance. The films produced,
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concentration and the carbon concentration independently of each other. The
atomc ratio ([carbon]/[fluorine]) in these filnms is less than or equal to
0. 25, based on the 10 disclosed concentration ranges of 4.0 x 1021 fluorine
atons/cc to 1.0 x 1022 fluorine atons/cc, and 3.0 x 1019 carbon atons/cc
to 1.0 x 1021 carbon atons/cc. No data are presented regarding the
functionalities formed within the film Gven that the density of silica

concont r a0 PEEA CRLEN G5 AHANAYERL, e o i lple 1 MR B odel.
6. 410, 463PEREEHRT o Soy hica Packitbpuhey hefl, HRREN 7 pifiPostiry it ™o
Feact or 1 5eured BReehife ERBECo" N8 S Eror et EodfRE e AR bl e
Che’t or ogUhiegBeeL P8 HheRic meHftaidd fbBeBiRchith s Rerkls, o' T Che ori or
and | G dat | veD AR Brhped T difiosBE PIERLEE for Wriris PlSmal VO,
are | ncor PR PR HGbET i BBeditinbinss 8 huorehe GEort Wil ! °
P wor osi | TEUE 5 SeRoqtpd i - REEHS BoBes oSS, whiflieah efffc e 1Pt
S ani 1§ catmmeanPRIRroa e P aphiaha feebSaenyy G SERisf o e Ko
5 Vonexrnedo grarerlififel Tn ESk B5 B leesrafiosii 38 et bdhd B % o
RN R NONE R S BN e R R R S
fluorine ;tgm%%rc]:fjgr?d 5% £H5 GRS Bioms/cc to 1.0 x 107" carbon atoms/cc. No data are
presented regarding the functionalities formed within the film. Given that the density of
silica is about 2.2 grams/cc', which is equivalent to 6.6 x 10% atoms/cc, the concentration
of fluorine and carbon can be estimated to be about 6-15 atomic % fluorine and about
15  0.05to 1.5 atomic% carbon.
U.S. Patent No. 6,410,463 to Matsuki discloses a method for forming a low
dielectric constant film that increases the residence time of the reaction gas in the
K reactor to at least 100 msec. ‘Matsuki does not disclose the use of an oxygen-providing
gas (e.g., O,) in the production of the film.
20 Despite the foregoing developments, there have not been any examples in the
prior art that successfully combine the desired mechanical, dielectric, thermal and
o*idative 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.

25



10 In a further enbodi nent of the present invention, there is provided a
‘filmepresented by the formula Si" OANCXHYFZ, where v+wx+y+z = 100% vV is
from10 to 35 atomic% wis from10 to 65 atomc% y is from10 to 50
atomc% x is from1l to 30 atomc% and z is fromO0.1 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 enbodi nent of the present

ISPVGQr;\E:IXmFZt h\%gr iesvg\r/v-?xi-r%%ﬂEE %%#@EW'W‘BHQE f g'[ [)nrjr! 2%_ wis from
L s R AR e
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igﬁl ysis (TGA) of an enbodinent of a filmof the invention; Fig. 1 b shows

i sot he?aRPN-TGA of a prior art film Fig. 2a shows a TGA scan of an

embodi rent of a filmof the invention: Fig. 2b shows TGA, scan .of , a prior
art fidm 10 Anga dushesnembrdimpest plodher p@%‘*'@nﬂﬁ’&f‘ﬂ%’htt et Ife pf'?‘f"gﬁdofa !to he

invention and a prior art filrg, .
filmrepresented by the formula Si,0,CH,F;, where viw+x+y+z = 100%, v is from 10 to

35 atomic%, w is from 10 to 65 atomic%, y is from 1.0 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 substantially

none of the fluorine is bonded to the carbon.
15 In a still further embodiment of the present invention, there is provided a film
| represented by the formula Si,O,CH,F,, where viw+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%, and wherein .5 atomic% or less of the fluorine
is bonded to the carbon and wherein the film may resist alteration of a film property by an

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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Fig. 4 shows a 13C NWR spectrum of an enbodi nent of the filmof the

i nvention; Figs. 5a, 5b, 5c, 5d, and 5eshow Dynam c Secondary |on Mass
Spectronetry depth of profile spectra; 15 Figs. 6a and 6b respectively
show TGA scans of an OFSG filmof the invention and a conparative OSG
film DETAI LED DESCRI PTI ON OF THE | NVENTI ON Preferred enbodi nents of the
invention provide a thin filmmterial having a low 20 dielectric constant
and i nproved nechani cal properties, thermal stability, and chenmical

resi stance (to oxygen, aqueous environnents, etc.) relative to OSG
materials. This | i [eTel -\ ! i i | mof carbon
(which may be si P?‘é%’%B?ﬁﬁﬁﬁ”ﬁ%%%ﬁ@f‘@%?%@@ﬁ%ﬁﬁ% inthe form
of organic carbon, -CHx, where x is 1 to 3) and inorganic fluorine (e.qg.,

1o on) W ol 1B B8 4eki Mo ool S o FRORED PhupBa L 9BBRS
conpri ses"ke%fepe'}celr@ﬁleﬁfé_ﬁggig.gar;‘g:mé%g‘éwhg%oe Hefur e, substantially free

of , and nore pre ree of any C-F bonds, and

pr ef ermabl y WDSﬁ?.gLa %i é“%r?rsteﬁﬁﬂnéﬁhmw&iﬁ@mc%wg%(TGKA) 8Han bioabiment

terms,,a prefer m e 1nvention contains™. 5 atomc%or |ess,
pr ef er abl of 5 fimarove ipYertfon! €ss, and nore preferably .01 atom c%or |ess of
the fluorine present in the filmbonded to carbon. Lesser portions of

ot her functi ongigi 1b Sifowstarsigthednal T&EAof a Pliordnt film)) and 0-H, may al so be
present in certain filnms of the invention. Thus, preferred enbodi nents of

t he i nvention Fign2u steews 4 T Aaican bf 40 etnbodirent oBofilmadfahe adentimr,e preferably
@j)out 20 to about 30%silicon; (b) about 10 to about 65 atomc% nore

pt ef er abl y abdkig. 20showsceb©OA 5¢8n af aprielarbfiggen; (c) about 10 to about 50
atom c% nor edPr ef er abI?/ about 20 to about 40 atom c% hydrogen; (d) about 1
to 100about 30Figtdshews IFprofilesrod mpreathodine of tee filon efiiheinvestien and e @iekr bon;
and (e) about 0.1 to about 15 atomic/a, nore preferably about 0.5 to about
7.0 atonmi@&bhlfiuorine. Lesser portions of other elements may al so be

present in certain filns,of the invention. Both FSG t%nd_ OSG materials are
consi dered t o g 4 shews sadIMB spegleum of ap embodiment of refllm of the invention;

Figs. 5a, 5b, 5¢, 5d, and 5eshow Dynamic Secondary lon Mass Spectrometry
depth of profile spectra;
15 Figs. 6a and 6b respectively show TGA scans of an OFSG film of the invention

and a comparative OSG film.

DETAILED DESCRIPTION OF THE INVENTION

Preferred embodiments of the invention provide a thin film material having a low

20 dielectric constant and improved mechanical properties, themmal stability, 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-0, Si-F, C-H and Si-C bonding structure, substantially free of, and more preferably



dielectric constant is less than that of the standard materi al
traditionally used in the 15 industry - silica glass. The conbination of
both inorganic fluorine and organic carbon doping to the filmresults in a
coupled effect on the k of the final material. This may manifest itself in
di fferent ways. For exanple, the filmnmay be of conparable mechani cal
properties as an OSG material but with a lower k, or may be of conparable k

s Tl T b T L
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neat . arHDES P pai T ShOGPA G PR by pms'sszéiﬁpﬁf'é‘ﬁe;etf'ﬁveﬁﬁﬁ??@'eﬁ?ow Wi
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Films s @GP EE BTerasApoursy %r&ryz 46@? °‘e oG fuskest 1 tookad
(bl of er abl 30 PEgdtond107S PESTRDR AR StBteaﬂouEBﬁéétﬁ%%aq/dhv&em@rw@éw 6? the
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rel ative to reference OSG materials or filns. The term"” reference 0sG

mat er i al "Leseer partignssef athansigments;may alspdhe pregentdn RerkAl et pag invention; y

simlar dielectric_constant and/or stoichiaonmetric co il tion i’;\
Both FSG and OSG materials are considered to be low k materials as their

dielectric constant is less than that of the standard material traditionally used in the

15  industry - silica glass. The cembination of both inorganic fluorine and organic carbon
doping to the film results in a coupled effect on the k of the final material. This may
manifest itself in different ways. For example, the film may be of comparable mechanical

(L | properties as an OSG material but with a lower k, or may be of comparable k but with
superior mechanical properties.

20 incorporation of methyl groups into a silica film may impart nanoporosity to the
fitm, which helps to reduce the k of the film, but can also reduce the mechanical
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 functionaiities 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
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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
filmof the present invention has a dielectric constant in the 20 range
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Pref er abl y, {rrﬁe B cofenion B%Eqraﬂv Paer BadB o) st tﬁ%ﬁ?ﬁbo&cénﬁf or

0 1. The |eI ectri nst ant prefer I ncreases n amount
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constant of a reference OSG f In certain nmbodi e ts the dielectric
const ant RAfegesiodhe 59599(9'%"%?9‘1“&%"‘1’0' RS’PEV%?"!S'SI@ teffalss  or nore

preferably by 10%or |ess by an anount whi ch the enV| ron nt aI
condition i ncré%%é’f tthe inyeitiep: have Eﬁﬁ’fgl’%(%tp"?ﬁe@?sr &glativende n E?WCF"I 9\%%

materials or fiims. The term “reference OSG material” or “reference OSG film” as used

herein has a substantially similar dielectric constant and/or stoichiometric composition as

15 the OFSG material but for the absence of fluorine in the reference OSG material. A

given OFSG material will have mechanical properties superior to those of a reference

OSG material. For example, preferred embodiments of OFSG materials of the invention

( have a dielectric constant of less than 3.5, more preferably less than 3.0. In certain

embodiments, the OFSG film of the present invention has a dielectric constant in the

20 range from 2.8 to 3.2, with a modulus of elasticity greater than 10 GPa and/or a

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
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Fl uorine distribution, or the tendency of fluorine within the filmto
mgrate to one or nore adjacent |ayers, is another film property nade
resistant to environnental challenge in preferred enbodi nents. Carbon
concentration is still another filmproperty nade resistant to 20
environnmental challenge in preferred enbodi nents. The carbon concentration
preferably decreases by | ess than an anount by whi ch the environnental
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it 2‘3?2""4‘%&% f%é} T eIE S iggff%fh”%o%’?%%ﬂéﬂﬁe”%% ﬂo"f‘égi
ani sot r opfebatos g ongentené" GPe R bRt e%’ﬁpi%ﬁhﬁ?ﬂbﬁfiﬁ‘%"bé? gy
G 1 of 1 BRI s PRACT, R B erlghog; YRR miegrmarenc BReRStd afepsn .
parr iy g%ﬁfﬁgﬁﬁ% ﬁ?ﬁ%ﬁ"‘i%%:*%\} koS bﬁqgéﬁ?%ﬂﬁéofﬁri’ﬁéw‘aaﬁ e
Rer e n acSIaRE PrOREBM, ETRSRSR B ?%attrﬂ?p A %B*obﬁﬂpitr @hwﬁbﬁe'd%’nv?rﬁ'ﬁ%f?ﬁﬁ
Cuch s CoRARARETRERHe % treRare ARG rabion oh SupfEpnes, HSE By e oy
are not embodiments, the dielectric constant increases by 50% or less, , preferably by 20% or
less, or more preferably by 10% or less by an amount by which the environmental
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 reference carbon concentration.
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necessarily planar or thin, and a nultitude of objects not necessarily used
inintegrated circuits. 20 In addition to the inventive product, the
present invention includes the process through which the product is nade
and net hods of using the product. In certain enbodi nents, the invention
conprises an inproved process for depositing OSG by chem cal vapor
deposition, wherein a source of inorganic fluorine codeposits inorganic

1 vort e S oS8 e RN £y bGP e oy R sduB |
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o Lo AP TR TP B bl S B
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ARGt SN TRE L ERE PR e R AR N
1129 100 b i TS SRR ord B L RS ©

porous organic and inorganic materials, metals such as copper and aluminum, and metal

barrier layers.
Although the invention is particularly suitable for providing films and 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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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 R2 is alternatively hydride (e.g., nethylsilane,

et hyl phefy Samerkin U5 Po NoRoB pgh 876 8 T o8 phd BrimaAUACING B4z,
di et hy! o RRERE SRS e PRPeR aTbée SHESY TRPRYRR pmestos e o
| near or SerERTansugAtbd e Bl “BFBhy " REeAt ot R i g,
formil & (RABSERsT et el 2P 1S JBEHE STesfy 3 e R Randraced e e as
e 5 S b B RSO A0 ot o

hexanet hyl di si | pxane, 1,1, 2,2- tetranethyldisiloxane, and

oct anet hyl"?"PP8¥Y-oxane); and (c) a linear organosilane ol i goner represented
by the formul a_R2(Si R R2 where n.is an i.nteger from2 to. 10, or, cyclic
of ganosi | ane. + B BBSRELT AP A GYino:R B AleSHHe condiBil corpties e Febdc e

f 3 to,10, R d [ £ defi ned ab €. L

1’r gmdl rre?‘ﬁ'yl(ﬁ] gﬁ%r\}g”@, a %QE%‘;?Q%%E'”?%Y?%E lrlgtl 4 01}/ @&'_ﬁf‘%“b‘"g into the vacuum
G e e eB5MR A s SRURRY b 3! S6Bor-provein ge
emboder ot Res Lo HEEHISST 978 PalersS: T dHe raupaourpising o by aramndiien s
cyclic al koxysilane or contai at | east one al koxy or al kgl bri dﬁe bet ween
2 pai 1 ofand BnsPIGRBERIOXE AN (G apRIYIDG 22NA1aY ffa1be(JRseals reagents i sa

1, 3-di si | anopr opane,, di net hyl si | acycl obut ane, .

1, 2- bi s(t9@ QPs'f‘F"ﬂﬁ&/)’%%Fégﬁb‘EIt &'ﬁegasﬁwi regoeRis ANd. o form the film on the

-si |l a- 2, 6-di oxacycl ohexane, 1, 1-

di met hy| -SHP&irate. 5_ oxacycl ohexane, 1, 2- bi s(tri net hyl si | oxy) et hane, 1, 4-

bi s(di net hyl silyl)benzene or 1, 3-(dinmethylsilyl)cyclobutane. In certain
enbodi ments, t @f%?@&ﬁB%PP%@%FmW%VP&W& contains a reactive side

15 Organosilanes and organosiloxanes are the preferred precursor gases. Suitable

organosilanes and oréanosiioxanes 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

f least one branched or straight chain C; to C; alkyl group (e.g., methyl, ethyl), a G; to C;
substituted or unsubstituted cycloalkyl group (e.g., cyclobutyl, cyclohexyl), a C; to Gy,

20 partially unsaturated alkyl group (e.g., propenyl, butadienyl), a Cg 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, cyclohexylsilane,

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

dimethyldimethoxysilane, dimethylethoxysilane, methyldiethoxysilane, triethoxysilane,
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20 group selected fromthe group consisting of an epoxi de, a carboxyl ate,
an al kyne, a diene, phenyl ethynyl, a strained cyclic group and a C4 to
C o group which can sterically hinder or strain the

or ganosi | ane/ or ganosi | oxane, such as trinethylsilylacetyl ene, 1-
(trinmethylsilyl)-1,3-butadiene, trinethylsilylcyclopentadiene,
trimethylsilylacetate and di- tert-butoxydi acetoxysilane. 25 Preferred

carbon) . (e RBReRRIEe oR6 hrefibysindl B3, fdeal oroanobiyaf dRCaRel By,
Nrzar, rahiiBmuaRaP.on e el s ameder ot tld, B i ordidionhp
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thﬁgéﬁdp:tlsmp yicsden LSVLﬁ%—ﬁﬁv%lﬁﬁﬂn_TE%F%{vﬁmo%Qﬁlg%Sé‘#Ifﬁ%ﬁé@@éﬁ%‘%ﬂ% y

ai et oy AR AR  1-80¢ S B xEanannersflaae, Teimey! EEsiphenyifiane
fluorine. It | al so Ible to use a single gas to act as a precursor

t IS, . pos
and oxyge??—dp"ﬁ%'\?m!i\eﬁ‘édﬁg@eje. g., tetraethoxysilane, trimethylsilylacetate

or di nmet hoxydi net hyl si |l ane, each of vvhi_i:h ) . , )
- In certain embodiments, the organositane/organosiloxane is a cyclic alkylsilane, a

cyclic alkoxysilane or contains at least one alkoxy or alkyl bridge between a pair of
16 silicon atoms, such as 1,2-disilanoethane, 1,3-disilanopropane, dimethylsilacyclobutane,
1,2-bis(trimethylsiloxy)cyclobutene, 1,1-dimethyl-1-sila-2,6-dioxacyclohexane, 1,1-
dimethyl-1-sila-2-oxacyclohexane,1,2-bis(trimethylsiloxy)ethane, 1,4-
bis(dimethylsilyl}benzene or 1,3-(dimethylsilyl)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 C,, 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 film. Thus, preferred fluorine-providing gases include,
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20 provides carbon, oxygen and silicon), to use a single gas to act as a
precursor and a fluorine-providing gas (e.g., trinethylfluorosilane, which
provi des carbon, fluorine and silicon), etc. In any case, it is preferred
to avoid the use of any reagents containing GF functionalities. Although
t he phrase "gaseous reagents"” is sonetines used herein to describe 25 the
reagents, the phrase is intended to enconpass reagents delivered directly
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rocu, <R O o i 19 g 6 S0 R SRS "
whi oh car A BREre NG GRreal PHOOBr T BloBEmAMIdnes HiTdpRRiInaiEne
0V qui amgiyikioResiEas o earetplysiage. o uhirochl S e diBidth, 08 “cuch
as, e g., .. CH,  CH6, C2H4, C2H2, C3H8, benzene, naphthal ene, tol uene and
styrelfe afifiuqragim $i#8€carbon for inclusion in the inventive fil ns.

BT 00 1 PP LSl e RTSR SRR e AL, NS %55 uelgt
?nguct It Cg;;%;rg%’g%ﬁéé\lnﬁé,%ﬁ:iosrzﬁia‘gulrgsstﬂgr’eop.a i con plasma, high density plasm,
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 single gas io act as a precursor and oxygen-providing gas (e.g.,
tetraethoxysilane, trimethylsilylacetate 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 to describe

25 the reagents, the phrase is intended to encompass reagents delivered directly as a gas
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renote plasma nmethods. A secondary rf frequency source can be used to
nodi fy the plasma characteristics at the substrate surface. Preferably,
the filmis fornmed by plasma enhanced chem cal vapor deposition. It is
particularly preferred to generate a 25 capacitively coupled plasm 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

anges 1 rgnpd Bbiore BBybledtl £ lpd o BAGH, & ublifed SREHBUGIRSRR ORS00 Y
he dos 1 06t ShiehFEs IR LPR GF%F | Lori ne. car bon, etc. in the fi1m The
cont  gur at on Mantaie SRGIETET piGfps; o0 el oo NaREs andior .
east 5o crarmetoRke 35t Beed P STRERator AR e WihipdnE S5, B8A B o

Pt of o eciapesihdlionsil iyl FidrenCRidinBTaRg dots alal coRibisng of e

v or subtureBeredbyasn BRYing BordE AP, Syt oRSpaele ol SoEIEahE 8
02 11 ow SPYPTOSeeienRo i bphSlip s NP | ¥ o WEheiEee Phcact
's conpl %S (ljnviegtic?n Po' !5] | E ﬂBér?n%?esé o?gtaﬁgsil\ém.mta ratc>h|:i>r8\r}|de fluorine and/or carbon) along

{\} with a non-fluorinated organosilane (to provide carbon).

10 In addition to the fluorine-providing gas, the oxygen-providing gas and the
organosilane/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, Np, Kr, Xe, etc., which may be reqguired as a carrier gas for
lesser volatile precursors and/or which can promote the annealing of the as-deposited

15  materials and provide a more stable final film) and reactive substances, such as gaseous
or liquid organic substances, NH,, Hz, CO,, or CO. Organic substances, such as, e.g.,

CH,, C:Hs, CiHi, C:H,, CgHg, 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

20 form the film on the substrate. Such energy can be brovided by, e.g., thermal, plasma,
pulsed plasma, helicon plasma, high density plasma, inductivély coupled plasma, and
remote plasma methods. A secondary rf 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

25 capacitively coupled plasma at a frequency of 13.56 MHz. Plasma power is preferably
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t hroughput. Wthout w shing to be bound by any theories, it is believed
that the process of the invention provides filnms having nore uniform

di stribution of inorganic fluorine throughout the entire cross-section of
the film unlike nultistep post-treatnent fluorination processes, such as
taught by Uchida et al. In addition, any insubstantial anDunts of 20
organic quorine present in films of the invention (wherein "insubstantial"

{1 uor | ne TEORPAR© TR eTardargranico ST 3 harlbn’s BN a ek e  ne

content) al e uni formy distributed throughout the entire
Cross- secq%'beh @.}stg%e filmand is not centrally concentrated. Although a-
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oot eacod Lo JUREE ?ﬁ?ﬁ?t@é'entog@ ATy em't'é’"e e of at e §§ﬁ§'{f§ ot the 15

mat eri al and endln applicability of this pmateri to future
e i ome( hePressite inihe VaRurs SPambRY Aing,fanosiian 1 patarsly Ot fo

detail with referefn to the followng Exanples, but it should be
bnder @t oé?f“trﬂ%rteﬂrﬁéragﬁ%g%w,{%ent|on is not deemed to be linmited thereto.

20 EXAMPLES Al | eriments Werenperformad n an pl.i terials
Preci si on- 5000 el te& gd recipe of the invention based on usin tnmet yl silane as the

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

Tabile 1
Pressure (torr) 4.0
Substrate temperature 350
(°C)
Spacing (mil) 320
RF power (Watts) 400
Trimethylsilane flow 540
{sccm)
O, flow (sccm) 80
SiF, flow (sccm) 250
L
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 films having more uniform distribution of inorganic fiuorine
throughout the entire cross-section of the film, uniike 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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in a 200nmm DxZ chanber fitted with an Advance Energy 2000 rf generator,
using an undoped TECS process kit. The recipe involved the follow ng basic
steps: initial set-up and stabilization of gas flows, deposition, and
pur ge/ evacuati on of chanber prior to 25 wafer renoval. Subsequently, a
chanber cl ean was perforned after each deposition wusing an in situ C2F6 +
2 clean followed by a chanber seasoning step. -18 Dielectric constants
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Conparatiye Exanple No. 1 2 3 4 5 6 Substrate Tenp. C 350 350 350 350 350
350 Thi c¥¥RTEMnn) 668 633 661 669 1324 643 Unifornity +/ 8 6 7 12 5
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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 a 200mm DxZ chamber fitted with an Advance Energy 2000 rf generator, using an
undoped TEOS process kit. The recipe invoived 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,Fs + O; clean followed by a chamber seasoning step.
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GPa 8.7 9.0 8.4 7.6 7.18.2 N hardness GPa 1.4 1.4 1.3 1.1 1.1 1.3

El emental (XPS) % C 22.2 23.3 23.5 23.5 22.4 %Si 32.7 35.2 35 35.1 35.3
% 44.3 41.1 41.2 41.4 42.3 9% 0 0 0 0 O Note: Atom c % hydrogen not
determ ned by XPS for Table 2. 15 Physical studies of several different
filnms produced in accordance with the invention are tabulated in Table 3
bel ow (Note: Atom c % hydrogen not determined by XPS for Table 3). -19 t
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p-type wafers (< 0.02 ohm-cm), mechanical properties were determined using MTS
Nano Indenter, thermal stability 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 5000LS.

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 trimethylsilane and oxygen

Comparative Example

No. 1 2 3 4 5 6
Substrate Temp. (°C) 350 | 350 | 350 | 350 | 350 | 350
Thickness (hm) 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]0.0020(0.0073(0.0047
Average Cap./Hg (pF) | 38 | 39.1 375 | 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 | 2833 | 235 | 235 | 224
% Si 32.7 | 35.2 35 35.1 | 35.3
% 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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Thi ckness and refractive index were neasured on an SCl Fil ntek 2000

Refl ectonmeter, 5 point average. Adhesion was neasured by a tape pull test.
Young' s nodul us and nanoi ndentati on hardness were neasured on an MS
Nanoi ndenter. El enental analysis 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 Isothermal TGAs at 425C under N2 for 5

hours f ol ' : fi gure |Retedddhld of
the i nven#ﬁ%?%&#ﬁﬁ%ﬂ%ﬁé)ﬁ?ﬁ S| P%ﬁﬁ@%ﬁ%?ﬁg{r&?@%gﬁt ype drtré{%/gri al s
under i negt: sﬁwe% . W& u i hy, heat reto
air, a drgér;%lg ?ﬁergéu%mrapi %Revlvg%t Ioggedi ngeteaﬁ%%}r“ 'teﬁg Wf‘dgh gGmﬁ‘%l?EfPQF

wher eas t ighdirdeftation hafdrieBY @akd MRasirbs ohah MTS Wanbmeiehter NElefrichldl halysis Fi gs.
2a and 2b show TGA scans in nitrogen or air to 1000C after isothermal at

425C. ThepexXPEsWHsaResdiped hiter 4 S®setRndHrapidtert Whefatérhieod valesy repertéd inthe
(Exanmpl e 16, shown in Fig. 2a) versus OSG (shown in Fig. 2b) upon scanning
to 10@0C tfablesido.notirelud8@ydrogierr i al shows a much nore rapid wei ght |oss
starting at about 400C when scanning at 15 10C mn in nitrogen, whereas the
i nventive fil nFighotean hushow eothermpl TGARat#R5°Casler By tar Schouesciolioned byer i od
of time and starting only at about 470C/ m n when scanned at 10C/mn in
air. Fig.aig Jhesw figmepsbpw|that therthenmal fstabiliho of theainyentive dilm {Exampieat6)495C
isothermal in air, This figure shows that while the inventive fil médotted
li ne prof$ligbtly sppeyios t9PHGCEPe meferaly undeeinert (N algrosphere). HPwewas) YROD | ne
profiles) |osses a substantjally |arger anmount, of CO2 as well as ter and
CHA. | Ther BVIRRIRG RMPIREY BEISERETSIoA1 o SABIHA NG SABFGRioR! 108 {550 78RS g
i)g'!sge Eda{q%,&rpngtgﬁaﬁﬁ-@%aeg th‘é@iing gf We%&enggﬂ %)é e%%li sdow{fsf eécgﬁenqgﬁflftyal did
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
15 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»
20 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
25 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 —CFs. 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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Fig. 4 shows a 13C NWR spectrumof the filmof Exanple 16, in which there
Is no 25 visible sign of organic fluorine, which woul d be expected to show
a signal at about +90 ppmfor -CH2F up to about +150ppm for -CF3. The only
form of carbon seen by this technique is carbon attached to silicon, '
showi ng. a response centered around O ppm -22 Thus, the invention provides
films and processes for making such filnms, wherein the filns are
substantially or conpletely free of CF bonds, and have a | ow di el ectric
constant and igproyed. mechani cal opert | r I Lo G .
chenical resi sf&lﬁcxhe W8"twgﬁ'9eghﬁgsoﬁ'id gﬁ%f’%’%ﬁggﬁbg %‘gfg o} kl} t"?‘%ﬁ' gﬁé\?eemt 0
OSG mat erj al, 5 . ' éamH g? f ' & aed on
using 1, 3f,h§,)"§mstaer€r§§§g{aﬁt§,%%y® %q@@%ggqr%igﬁe ( Y %)a%ds.'ﬁ? %ggg&‘g’anggﬂﬂane
precursor . ithProt RS RUpdrids, therRAMSBiityl 6RA cMEhRAl RYRfnEat €.
Pyt NG ithBrolal hipondniB8 ¥pd s, ity

10 Tabl e essure torr ate tenperaturé 350 C Spacing m |
250 RF pQyBiyde ,é&@oﬁ@ﬂvir&ﬂm,@t&) reldtive @2 OB Mafetia® 50 SiF4 flow (sccm
150 The expect'e value will be in the range of 2.8 to 3.0, with a Young's
nmodul s of  abpxdmpie 2¢Pa and a nanoi ndentation hardness of about 2 GPa. A
prospective exanple of the invention based on using di methyl di met hoxysil ane
15 (DVDMOS) asAt hsrogpseptinesidxamplepr et utiwor inventidrowbased Tabl eusngellg®bf7er a
200mm silicon wafer substrate. Table 5

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

4 below for a 200mm silicon wafer substrate.

- 10 Table 4

k/;
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 moduius 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 200mh

silicon wafer substrate.

Table 5

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

Spacing (mil) 250
RF power (Walts) 500
DMDMOS (g/min) 1.0
Q. flow (scom) 100
SiF, flow (scem) 200

-23.



Pressure (torr) 4.0 Substrate tenperature 350 C Spacing (ml) 250 RF
power (Watts) 500 DVMDMOS min 1.0 02 flow sccm 100 SiF4 flow (sccm 200
-23 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. A
prospective exanple of the invention based on using di et hoxynethyl sil ane
(DEMS) as the organosilane precursor is show in Table 6 bel ow for a 200mm

il 5 waf b I
tj'en{ozggt u e 350 @@egt?(gﬁ%s e i t;ee B e gt Oy & yoR Bl ot )
: F4 d k I Il b
I n thedraﬁ%\é’vt i?@\‘%‘; rﬁim% 'OH%B%WSLQF%BO&E?SE xpec;gom \1/2 gawand ae
t at 22 f h
venti on wer oA CEBERTE] BSmBBnH e, EVEP I, PREACE °Pa"f§i"o%%: ey fand "o
1 1000 SCE}@MS) #le organosflllar?éN pFe%tu?so?fls %hc}v(v)nopn '?at():l 6 gé]owofc%r gaéOOmm siidod at ©

5  wafer substrate.

Table 6
Pressure (torr) 4,0
Substrate temperature | 350
Q)
Spacing (mil) 250
RF power (Watts) 300
L‘ DEMS (g/min) 1.0
O, flow (scem) 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 trimethyisilane (at a
flow rate of 1-1000 sccm), SiF, (at a flow rate of 1-1000 scem) and O, (at a flow rate of
1-200 scem) at a pressure of 1-16 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 trimethyisilane/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 fluorine may ensure that no C-F bonds are present in the
precursor mixture. |t 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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1-200 sccn) at a pressure of 1-16 torr, plasma power of 100-1000 Wafts, an
el ectrode spacing of 200-400 mlli-inches (5.08-10.16 mm), and a
tenperature of 200-425C. Conparative OSG filns were deposited from gaseous
m xtures of trinethylsilane/02 15 using simlar deposition conditions but
wi thout the addition of SiF4. The precursor structure and conposition can
greatly influence the chem cal structure and conposition of thin filns
deposited by CVD processes. The use of SiF4 as the exclusive source for

fluorine may epsure that C-F bqnds,_are present in.the recur sor
mxture 10 ST PreseRs offiones a8 indheplcier e Butre maY ABSETRRI e |
because 20 t - F dd | j Y. r ' ELel S .

t her nody n‘g?ﬁog'i'f)ﬁp rg{é%% éIJ h}sgsﬁﬁéﬁélé%b %’tgﬁﬁjea%]ﬁ{?ﬂég% trnetg| g ndcf" @8(&)'1!'8]? Iﬂ?}g ralf ne as
SiF4 int C Qgﬂ : lﬁﬂcgsfffe‘f@ : 1L ess.
This is n@gtfﬂégegoﬁ?aégser%“e asa%é%ﬁgg' 'n the- g%%(giwtﬂﬂg‘g\g}rﬁla Ie&c?)'fdmbﬁﬁe
films. Cogp | L b bGaibrahd fdr SIS G Gith

condi tions @{é‘i@étﬂﬁb %&?ﬁéﬂﬁggﬁé E;#é%%{ﬁ?ﬁiﬁﬁt 'gﬁf)?gc_ur sgr an?x%rur e, t heé
deposist | GRaf BéRaihOSIFTIPthd ipkéBurorthisduré Qi aonsdsh Fovidt. t TRis Hh&Y WS Mfrom Xt ur e
are 30-60% sl ower. This may arise from surface annealing by tluorine

radi cal s duptat® Girfigalingoby Maofned fathicalke Porfiedi @utingAhki pigdriia depbsitidn. ofA tilkdhys
change in deposition process is the renoval of weakly bound species from

t he surf asfiecbdf thisecHanbein ddpusttiongirecesslie tHeRSMdval ofswebidysiBoundt species [fm
conpositions, as shown in Table 7. 10 Table 7 OFSG OSG Refractive I ndex,
n 1.42 1.thd suifacd efctheifiimsCombisanakesxh@ QISG GinB3densedat sitil@oconvpahitions, #s5Pa)

12.5;t 0.5 8.0 0.5 Hardness (H GPa) 1.67 0.20 1.21 0.25 Density
(g/cc) 1.shewn.igzFablBgposition Rate (nmmin) 330 80 890 140

' 10 Table 7
: OFSG 0S8G
Refractive Index, n 1.42 1.44
Dielectric Constant, x 2.86 £ 0.03 2.90 £ 0.09
Modulus (GPa) 12505 8.0+05
Hardness (H, GPa) 167 +£0.20 1.21+0.25
Density (g/cc) 1.49 1.35
Deposition Rate (nm/min) 330+ 80 890 + 140
Adhesion (Mpa) 55 N/A
Elemental (XPS) % Si 361 361
% O 42+ 3 41x3
% C 19+3 23+3
% H N/A N/A
% F 3:+1 n.d.
Elemental (RBS) % Si 22+ 1 18 +1
% 0O 3013 26+3
% C 18+3 213
% H 27+3 35=x3
, % F 3+t 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

-95-



Adhesion Ma 55 NA Elenental (XPS) %S 36 1 36 1 % 423 41 3 9% 193
233 % HNANA %F 3 1n.d Eenmental (RBS) %S 22 1 18 1 %O 303
263 9%C 183 21 3 9H 273 353 % F 3 1 n.d. Exanple 23 The thernal
stability of filnms prepared in accordance with Exanple 22 was 15 studied,
with the results summarized in Table 8 bel ow. A conparison between OFSG
and OSG fil mproperties before and after annealing for 4 hours at 425C
under an air atnosphere shows significant differences in their thernal

> o6 whi BT ?ﬁ%fd5§+ee%qhé e IR bt Bhe JokS, 6 Siiahic BlolB5" A fredsdd he®D 1 ©
har dness g&;}r ity n mbncérﬁ:%mﬁﬁﬁ Yfth & o bt hnﬁa@@chel%ﬁaf bofBs2SLEN as

anneal i n |ve 0 0ss of organic groups I'nclfeases the
porosi ty/ &i@A, that hﬁ%&%q%ﬁ%‘gctﬁ@%s{aﬁf mati on of unwanted chemi cal

bonds, such as - hat may 1 ncrease the dielectric constant. Table 8
5 Property OFSG before OFSG after OSG bggpese OSG after Dielectric Constant
2.89 2.96 2.96 3.50 Modulus (GPa) 7.20 7.66 7.85 10.64 Hardness (GPa)
1.25 530 1.30 1.43

Property QFSG before OFSG after 0SG before 0SG after
Dielectric Constant 2.89 2.96 2.96 3.50
Modutus (GPa) 7.20 7.66 7.85 10.64
Hardness (GPa) - 1.25 1.30 1.30 1.43
L Refractive Index 1401 1.398 1.424 1.401
Example 24

The compositional stability of OSG and OFSG films prepared in accordance with
Example 22 was evaluéted 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

-26 -



J Refractive Index 1.401 1.398 1.424 1.401 Exanple 24 The conpositi onal
stability of OSG and OFSG filnms prepared in accordance with Exanple 22 was
eval uat ed using Dynam c Secondary |lon Mass Spectronetry (Dynamic 10 Sl M)
measurenents. Two sanples were deposited on silicon substrates: the first
consisting of a 1.0 mcron OFSGfilmwith a 0.5 mcron OSG cappi ng | ayer,
and the second a 0.5 mcron OSGfilmwith a 0.5 mcron OFSG cappi ng | ayer.
Dynam ¢ SIIVB depth of profile spectra were perforned before and after

ynam ¢ SRErRARerRSR Hom i o Rein SRTRIES Bla pviedihd® TR, R BHfRtELT"
wth a0, @‘an“i% HRREE ot *ﬁ'%“ﬁ%ryhfé'ﬁi %’%‘f’ﬁ%‘%ﬁ?ﬁ% e Phoibue In{hagihcd o

per f or medy @ aflitin effme (solid line) and after (dashed line) thermal
anneal i ng to nonitor elemental stability during 425C thermal anneal in an
oxi di zi ng at nosphere. The 20 transition fromOSGto OFSGis readily
observed for all elenments except oxygen. Referring to Fig. 5c, it appears
t hat tghe car bopxdmplel?s unstable within the OSG capping |ayer but highly
stable within the OFSG film Fig. 5e also shows there may be no -26
fluorine m gr aThenhdrimanstdilitoRBCDEG &> ORS@r flimaduprepgreainime atéondanceéhwith i t
is believed that the presence of fluorine within the OFSG conposition nmay
i mprove tBeansplal2Rlwasyevaluatedby owasoringuveighhloss es fai functich tifne ap#25°Lountee
thermal stability of OSG and OFSG fil ns prepared in accordance with

Exanpl e 2mtrogen mdaaluatmlsnh-presealgeﬁultagow@?gﬁtando@%afdrna aresbewn in Figgebat
425C under nitrogen and air atnospheres. Results for OFSG and OSG fil ns
are showmanch6lki dhe f@’&‘e"éﬁp'%ﬁ weiglat |Pﬁ pie®-Oaiesparahipur i nigegen 689 0% Pe5% per
pour in nitrogen and O 10%$ ' hour in air._ Analysis of the ngéshows
t\hat 10 | haugdn giroAnalysisgfith &%GISHO‘M? iffaég’éﬂseso‘i!r95 upeighlyges in pikp ous

0,
2% wei ght urld%rgoe%nesrt]aneté Sous 2° Owe%hq loss w%zeg exposed to air at 425 °C.

Example 26
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 scem trimethylsilane; 80 scem 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 sccm trimethylsilane; 90 scem oxygen; and time of 72 seconds. IR
20 spectra of OFSG and OSG films before and after thennal annealing (4 hr, 425°C, air

atmosphere) are provided in Table 9.
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Exanpl e 26 The conpositional stability of OSG and OFSG fil nms prepared in
accordance wth - Exanple 22 was evaluated using Infrared (I R) Spectroscopy.
The deposition conditions 15 for the OFSG fil mwas as follows: plasm
power 400W 200 m|s spacing; 6 torr pressure; 350C ternperature; 540 sccm
trimethyl silane; 90 scan oxygen; 250 sccm silicontetrafluoride; and tinme
of 200 seconds. The deposition conditions for the GSG film was as foll ows:
pl asma povver 600W 260 mils spacing; 4 torr pressure; 350C ternperature;

540 sccm thyI silane; 90. sccm oxygen; and tine of 72 seconds IR 20
spectra g f‘ and—OSG-f+-rs—before—and—aHter—thgrral—anneatng—(4—ht
oG o%'crsla@&@ AR e il 28820 500 Fhi-ckned L am—96 oEERE Mg

Refractiv g gqgﬁ &i ﬂ éi é]3~2 _ﬁﬁpam tance (pF) 28 %066. 7 Dielectric

Const ant E—Thckress—(nm)—897 95— Thrckmess—Change
(% <0'01Th! n%s ractive 1 1.393 1.392 Capagghance (pF) 28.1 2814
Di el ect ri ' '

OFSG fil rﬁ%% ﬁ%gd a decrea,s_@zf n capacitance aRgyggi el ectric const afit

11%

after thermar—annear g By gontTast,;—Te | CTri¢
constant| @ dofignddEr] | | mincriggsed after thermal apggal ing. Wile the
i nvent i gmtas beemn described i m detait— and Wttt T¢f erence to specific
Dielectric Constant 2.92 _ 2.91
AFTER ANNEAL
. Thickness (nm) 897 915
L Thickness Change (%) <0.01 | 4.6
Refractive Index 1.393 1.392
Capacitance (pF) 28.1 28.4
Dielectric Constant | 2.88 . 2.98

As the results in Table 9 illustrate, the OFSG film experienced a decrease in
capacitance and dielectric constant after thermal annealing. By contrast, the
5 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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exanples thereof, it will be apparent to one skilled in the art that
various changes and nodifications can be made therein w thout departing
fromthe spirit and scope thereof. 10 -28 CLAIMS 1. A filmrepresented by
the fornmula Si"ONCXHYFZ, where v+wx+y+z = 100% v is from 10 to 35
atomc% wis from1l0 to 65 atomc% y is from10 to 50 atomc% x 1is from
2 to 30 atomc% and z is fromO0.1 to 15 atom c% wherein substantially
none of the fluorine is bonded to the carbon and wherein substantially all
of the <carbon is bonded to silicon. gLAMMS filmof claiml1, wherein nost
of the hydrogen is bonded to the carbon. 3. The filmof claim1l, having a
dielectric constant of less than 3.5. 4. The filmof claiml, having a

di el ectric donst anfimofeptesestet g rthd fdimula SITDEC.HF nwhérecHartxri+z K@Dy v is
superior mechanical properties relative to a reference OSG film 6. The
filmof claiml, floavi(hig 35 dtoic%densifrosn i tol68satornicdn y2s Bomy/1©do 50 Atorib, ki | m
of claim1, having a bulk density of less than 1.5 g/cc. 8. The film of
claim1, having & pone Wi 3atominds tdvdrz 5 from 8duiovid atomiadphwherein|subgiaetiadly er |,
as determ ned by small angle neutron scattering or positron annihilation
lifetinme spectroseopyf the fiupriee is honded te the ¢arkon ﬁ@d/WﬁgfeHI suhstangallyeall efdbe t han
2.5 nm equival ent spherical dianeter, as determ ned by small angle neutron
scattering or posatenis kandediq siliqodn lifetine spectroscopy. 10. The film of
claim1l1, deposited on a sem conductor subst rate. 11. The filmaof claim1
wher ei n t he % i | mne filg of caiay 1. shereln mestof Hedigradsn ds kended totheamaNmsul at i on

| ayer, an i nterl ayer dielectric |layer, an interpe dielectric |ayer, a
cappi ng | ayer, Aim e%qla'%bﬁawn%md'%cgw%ﬂﬁfo'ﬁ%sa{'sm%Sr etch stop

layer, a b%r ri etl'he?'y fé?alma1n hgﬂﬂge g'd?e'?ecltrijl constlantc%bssq engﬁﬁt ed circuit.

5. The film of claim 1, having superior mechanical properties relative to a reference
OSG film.

6. The film of claim 1, having a bulk density of less than 2.0 g/cc.

7. The film of claim 1, having a bulk density of less than 1.5 g/cc.

8. The film of claim 1, having a pore size less than 5 nm equivalent spherical
diameter, as determined by small angle neutron scattering or positron 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.

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.
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29 12. The filmof claim1, having an average wei ght loss of less than 1.0
wt% hr isothermal at 425C under N2. 13. The filmof claim1, having an
average weight loss of less than 1.0 % hr isothermal at 425C under air.
14. The filmof claim1l, having a bulk density of less than 1.5 g/cc, a
pore size less than 2.5 nm equival ent spherical dianeter, as determ ned by
smal | angle neutron scattering or positron annihilation lifetine
spectroscopy, wherein nost of the hydrogen is bonded to the carbon, and
the filmisidepoThé emost dlaiflinshavih@ anSavaragd @@Rjht (Wse off lebd ehar dl0Pwt%/hr
consisting ofan insulation |ayer, an interlayer dielectric |ayer, an
i nternmetal diel esbthetmblaatde5°CaurcigpNb.ng | ayer, a chem cal - mechani cal
pl anari zation or etch stop |ayer, a barrier layer, or an adhesion layer in
an integrati@d ciTheUilm. of 18aimT He havihgnanf adragenweightvitssedfnless zhan 0.2861%/MH6. A
filmrepresented by the fornmula Si VONCXHyF=, where v+wx+y+z = 100% Vv is
from 10 to 35 at =etheknahat 485 wdeldirt o 65 atomc% y is from10 to 50
atomc% x is froml to 30 atomc% and z is fromO0.1 to 15 atom c%
provi ded thd#. x/ Zhe fim 26 claimwilchaving & bblstdensityaefl lgsaibae 1dF gichea PPIgoYZaIESS S
bonded to the carbon and wherein substantially all of the carbon is bonded
to silicon. 17. Whsa 3.5 nm esuivelent sphegicalidiameter, as sgtekmined by spnalanpleqeutran n
1.5 g/cc, a pore size less than 2.5 nm equival ent spherical dianeter, as
det ernmi ned by sn&Fattelng | pesifianoannikiiation dfetime spechiessopyowharein maskaf Jhe
l'ifetime spectroscopy, Wwherein npst of the hydrogen is bonded to .the
carbon, and the hYrR¥eishonaed e sarbonsapkihedim is,dengsiteq an & subpitatg @s @ o
group consisting,of an insulation |ayer, an interlayer dielectric, |layer,
an intermetal di 38teps of I“?ﬁ/@F",“pacclf‘é%w?%ﬁ?al“a'%‘l"?haé' %M%Tma&‘df‘t.%}%a?{?'ﬁ‘%ﬁc 30
| anari zation or,etch st | ayer, barrier lLayer or an_adhesion |aver in
gn i nt egr at ed C,aryg[“?r? u%grmeellgl diblectric layer,” a capping ?ayer, a d emlca?-mecﬁélméal
planarization or etch stop layer, a barrier layer, or an adhesion layer in an
integrated circuit.

15. The film of claim 1, wherein x/z > 0.25.

16. A film represented by the formula Si,0,,CiH,F;, where vtwix+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 substantially none of the fluorine is bonded to the carbon and wherein
substantially all of the carbon is bonded to silicon.

17. The film of claim 16, 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 of the
hydrogen is bonded to the carbon, and the film 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
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18. Afilmrepresented by the fornula Si vOAC'HYF=, where v+wx+y+z = 100%
vis froml1l0 to 35 atomc% wis from10 to 65 atomc% y is from10 to 50
atomc% x is from2 to 30 atomc% and z is fromO0.1 to 15 atom c%
wherein .5 atomc%or |less of the fluorine is bonded to the carbon, 0.5
atomc %or greater of the carbon is bonded to silicon, and wherein the
filmis adapted to resist alteration of a film property by an
environmental condition. 19. The filmof claim18, wherein the

envi ronment al  copginkiigitioh Soraetoh GtEE Bt I 8 Matrierplageresss iangadtesion @ger Fhanfil m
of claim 19, wherein the mcroelectronic processing step is chemcally

oxi dative and/ or intégatgd|cryuioxi dative. 21. The filmof claim 18, wherein the
filmproperty is a dielectric constant and the environnmental condition is
at | east ones8mi crofimeebrespnted (hydbe sormuta SKL@YC. bl .cohem viwiythe 1§0%uy is
consisting of a thermal annealing step, a dielectric etching step and a
post - et ch ashi ng fietret) to235, atdinie %4, W imfrom 1) tai 65 atamicih &rieframt1fdo SAAtorpiRe Nt al
condition increases the dielectric constant by 10%or less. 23. The film
of claim 21, wheisifromtzie Bratomisimand is fiom.-1 itoAS iatamietsuiereineS gloglieleof i ¢
constant by 0.1 or less. 24. The filmof claim?21, wherein the

envi ronnent al conesistof the fluedneishesdedis tie earben, Q.2 atomim %o areater of b8 cBRIR an
amount by which the environnental condition increases a . reference

di el ectric const dnbonsieddo silicen, angviametn the fim is pdagted-tp gesist|alteatiop ohp fiMm 4
wherein the environnmental condition increases the dielectric constant by
50% or | ess of aPreRREYBY ap@eNWFANRIENtal ORGi{A onment al condition increases a
ref erence diel ectric_constant  of reference OSG.film,.26. The, fil m of.

ol ai m 25, wHr ei riThe BN AL FREh tEnaereinoRe; VBT SROULOR i 2 Tisrasigdrpac
constant by 20% or |ess of an amount by which the environnental condition

i ncreases a ref ePERfOESIBY 8Bt ric constant of a reference OSG film

20. The film of claim 19, wherein the microelectronic processing step is chemically
oxidative and/or thermally oxidative.

21, The film of claim 18, wherein the film property is a dielectric constant and the
environmental condition is at least one microelectronic processing step selected
from the group consisting of a thermal annealing step, a dielectric 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 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.
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27. The filmof claim 18, wherein the filmproperty is a distribution of
fluorine throughout the film 28. The filmof claim 18, wherein the film
property is a concentration of carbon in the film 29. The filmof claim
28, wherein the environnental condition decreases the concentration of
carbon in the filmby 50%or |ess of an anobunt by which the environnental
condition decreases a reference dielectric constant of a reference OSG
film 30. The filmof claim?29, wherein the environnental condition
decreases thg conweimictiatn 28 wisattiRane biiviloRMmehtal conaitidn Wivesasies thedielectric
environnmental condition decreases the concentration of carbon in the film
by 20% or | ess okomstaritn®ub0%byr leshiof ant éracem \byr whick rthelensisorahnértaincotditieas es
a reference dielectric constant of a reference OSGfilm 31. Afilm
represent ed by t irerdasesmalrefef@invOdiEldelricTonstartrod avefereney ©5G-fl00% v is from
10 to 35 atomc% wis from1l0 to 65 atomc% y is from10 to 50 atom c% x
is from1 t @30 atrefiimf ckaitol 23, Wiseréindhe environmentdl canditioo Jocreases ithiedieleptdec x/ z
> 0.25, wherein 0.5 atomc%or less of the fluorine is bonded to the
carbon, 0.5 at omicenstantdey ge%aerelesefof tameamewnidry whichdhelmvirenmagntal cepnditian d
wherein the filmis adapted to resist alteration of a filmproperty by a
m croel ectronic [crRAses ArMefersnep diefpptric constant of a reference OSG film.

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

throughout the film.

28. The film of claim 18, wherein the film property is a concentration of carbon in the
film.

29. The fitm of claim 28, wherein the environmental condition decreases the

concentration of carbon in the film by 50% or less of an amount by which the
environmental condition decreases a reference dielectric constant of a reference
OSG film.

30. The film of claim 29, wherein the environmental condition decreases the
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 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+wx+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 fluorine is bonded to the carbon, 0.5 atomic %
or greater of the carbon is bonded to silicon, and wherein the film is adapted to
resist alteration of a film property by a microelectronic processing step.
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