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[ 0001] This invention is a nmethod for 1producing fluorinated hydrogenated
silicon oxycarbide (H F:Si OC) and anorphous fluorinated hydrogenated
silicon carbide (HF:SIC) filnms having |ow dielectric permttivity. The
met hod conprises reacting a silicon containing conpound with a
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bonded to F or . The resulting filnms are useful in the formation of

sem conduct or deV| ces. 15 BACKGROUND OF THE | NVENTI ON [ 0002] The use of
cheni cal vapor deposition (CVD) to produce Si02, SINCor SiCthin filnms on
gm conduct or devices fromsilicon-containing materials such as silane
tetraethyl orthosilicate (TECS), silacyclobutanes, and
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Cheni cal vapor deposition processes typically conprise I'ntfoducing the
gaseousMstdhi2doP0®ont ai ning material and a reactive gas into a reaction
chanber containing the sem conductor substrate. An energy source such as
thermal or plasma induces the reaction between the silicon-containing

material and reactive gas thgpehyoregut hipeNtfokhe deposition of the thin
filmof Si02, SINC or SiC on the sem conductor device. Plasma 25 enhanced
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constant as well as the integrity of econe |
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as Lowk Flowfill(r), produces filns having a dielectric constant of <3.0.
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[0002] The use of chemical vapor deposition (CVD) to produce Si0,, SiNC or SiC thin
films on semiconductor devices from silicon-containing materials such as silane (SiHy),

tetraethyl orthosilicate (TEOS), silacyclobutanes, and alkylsilanes such as trimethylsilane has
20 been disclosed in the art. Chemical vapor deposition processes typically comprise
introducing the gaseous silicon-containing material and a reactive gas into a reaction chamber
containing the semiconductor substrate. An energy source such as thermal or plasma induces
the reaction between the silicon-containing material and reactive gas thereby resulting in the

deposition of the thin film of SiO,, SiNC or SiC on the semiconductor device. Plasma

25 enhanced chemical vapor deposition (PECVD) is typically carried out at low temperatures
(<500°C) thereby making PECVD a suitable means for producing dielectric and passivation
films on semiconductor devices.

[0003] As semiconductor device structures become increasingly smaller the dielectric
constant as well as the integrity of the film become important. Films produced by known

30 CVD processes have high dielectric constants (i.e. 3.8 or greater). Therefore there is a need
for processes and materials that result in low dielectric constant films. A new deposition

processes known as Low-k Flowfill®, produces films having a dielectric constant of <3.0.



peroxi de to produce a nmethyl doped silicon oxide film(See S. Md atchi e,
K. Beekmann, A. Kiernmasz; Low Dielectric Constant Oxide Filns Deposited
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semn conductor substrates may contain one or nore |ayers of )
optionally added to produce the H:F:SiOC films. These films have a low dielectric constant

20 and are particularly suited as interlayer dielectrics.

DETAILED DESCRIPTION OF THE INVENTION

[0006] This invention pertains to a method for producing amorphous fluorinated
hydrogenated silicon carbide and fluorinated hydrogenated silicon oxycarbide films on

25 substrates, preferably semiconductor substrates. The method for producing the films
comprises the plasma assisted polymerization of a silicon containing compound and a
fluorocarbon or fluorohydrocarbon compound having at least one unsaturated carbon bonded
to F or H (“fluorocarbon compound”). An oxygen providing gas may also be present to
introduce oxygen into the films.

30 [0007] By “semiconductor substrate” it is meant to include, but not be limited to, silicon
based devices and gallium arsenide based devices intended for use in the manufacture of a
semiconductor components including focal plane arrays, opto-electronic devices, photovoltaic

cells, optical devices, transistor-like devices, 3-D devices, silicon-on-insulator devices, super



W ring. The sem conductor substrate may al so be those substrates prior to
the formation of any wring |ayers. [0008] The anorphous fl uorinated

hydr ogenawed2sii3econ carbide fil nms produced herein may 5Pog/useposssent ed by
t he general fornula SiaCbHcFd wherein3the ratio of C:Si can be in the range
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her ei n fimgor porated by reference for its teaching of silicon containing
conpounds. The silicon contai ning conpounds tgpi cally contain a unit
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Useful silicon containing compounds are disclosed in detail in U.S. Patent No. 6,162,742,
herein incorporated by reference for its teaching of silicon containing compounds. The
silicon containing compounds typically contain a unit having the formula R-Si where the R
group is selected from a hydrogen atom, a fluorine atom, a fluoro substituted organo group, or

25 an organo group. R is preferably an alkyl group, more preferably a methyl group. The Si
atom may be bonded to additional R groups (organo silanes), other Si atoms through
hydrocarbon groups (polycarbosilanes) or other Si atoms through O atoms (siloxanes).
Preferred silicon containing compounds are those that are gases or liquids near room
temperature and can be volatilized above about 10 Torr.

30 [0011] The silicon containing compounds useful in producing the films may be exemplified
by, but not limited to, silane, tetrafluorosilane, trifluoromethyl trifluorosilane, methylsilane,
dimethylsilane trimethylsilane, tetramethylsilane, disilanomethane, bis(methylsilano)methane,

1,2-disilanoethane, 1,2-bis(methylsilano)ethane, 2,2-disilanopropane, 1,3,5-trisilano-2,4,6-



4 trinmethylene, 1,3-dinethylsiloxane, 1, 3-bis(silanonethylene)disiloxane,
bi s(l1- nethyl disiloxanyl)propane, 2,4,6,8-tetranethylcyclotetrasil oxane,
2,4, 6,8, Wo operm3anet hyl cycl opent asi | oxane, PCT/US02/08689
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fl uorobenzene, di(trifluoronethylbenzene), octafl uorotoluene and others.
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Oxygen providing gases include, but are not limted to air, ozone, oxygen,
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di(trifluoromethylbenzene), octafluorotoluene and others.
[0014] Amount of F to Si containing material. The ratios of the Si-containing gas flow to
the F containing gas flow would range 1:3 to 10:1. '
[0015] A controlled amount of oxygen may be present in the deposition chamber when it is
25 desired to produce a F:H:SiOC film. The oxygen may be controlled by the type of oxygen
providing gas used, or by the amount of oxygen providing gas that is used. If too much

oxygen is present in the deposition chamber a silicon oxide film with a stoichiometry close to

SiO, will be produced and the dielectric constant will be higher than desired. Oxygen

providing gases include, but are not limited to air, ozone, oxygen, nitrous oxide and nitric
30 oxide, preferably nitrous oxide. The amount of oxygen providing gas is typically less than 5
volume parts oxygen providing gas per volume part of silicon containing compound, more

preferably from 0.01 to 4.5 volume parts of oxygen providing gas per volume part of silicon



WO 02/ 077320 PCT/ US02/ 08689 5 containing conpound. One skilled in the art
wll be able to readily determ ne the anount of oxygen providing gas based
on the tywe tf7msygen providing gas and the deposition ceaditSonossss [ 0016]
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nmlorr; and a tenperature of 25 to 500C. Con i ned, | ow pressure (1-5 mforr)
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films progdugfdsiierein may be of varying thicknesses. Films having

t hi cknesses of 0.01 to 10 m may be produced by the nethod of this
i nvent i ®919Pr bf REQWDythe gas mixtws ihmaeted by passing it through a plasma field. The

20 plasmas used in such processes comprise energy derived from a variety of sources such as
electric discharges, electromagnetic fields in the radio-frequency or microwave range, lasers

or particle beams. Generally preferred in the plasma deposition processes is the use of radio
frequency (10 kHz to 102MHZ) or microwave (1.0 to 10 GHz) energy at moderate power

densities (0.1 to 5 watts/cmz). The specific frequency, power and pressure, however are

25 generally tailored to the equipment. Preferably the films are produced using PECVD at a
power of 20 to 1000 W; a pressure of 1 to 50,000 mTorr; and a temperature of 25 to 500°C.
Confined, low pressure (1-5 mTorr) microwave frequency plasmas, often referred to as high
density plasmas, can be combined with a RF frequency excitation in a process which helps
planarize a varying surface topography during CVD growth.

30 [0020] The films produced herein may be of varying thicknesses. Films having thicknesses
0f 0.01 to 10 um may be produced by the method of this invention. Preferably the films have
a thickness of 0.5 to 3.0 um.
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to reduce permttivity. 30 [0026] This nmethod for 1ncorporation of
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20 similar to porous silicon oxides. The incorporation of fluorine into the film can help to further
lower the permittivity. Fluorine has a depolarizing effect on silicon bonds, and can produce
an overall lower dielectric permittivity film compared to the same silicon material without

fluorine.

[0025] The advantage in the use of the fluorine compound is the incorporation of F into the
25 film from CF radicals. Incorporation in this manner should be more efficient and result in
higher thermal stability fluorine bonds. Also, by controlling the relative generation of CF
radicals compared to F radicals, the etching of the film by F radicals can be reduced, thus
minimizing film densification during growth. Minimizing the density helps to reduce

permittivity.

30 [0026] This method for incorporation of fluorine can be used in processes to further reduce

permittivity in new lower permittivity dielectric films based on amorphous SiCH and



permttivity in new |lower permttivity dielectric filns based on anorphous
Si CH and WD 02/ 077320 PCT/ US02/ 08689 7 anor phous SiCOH all oy materi al s.
These natwpoioalog73as e useful in integrated circuit fabricatipen/usapmeseati ons
such as internetal dielectric isolati@n |ayers and as diffusion barriers.
[0027] The followi ng non-limting exanples re provided so that one skilled
i n the amdrpiey SiGOHalloyaukténals Tdesesmatadals ee ysaipd in ingagrated xpuiHaBSatibBranpl e

1. Hexafl yoropropene.(HFP added, during the PECVD. process for the
depps, RBICHPRSEERS ity madiel e dr QTP HOERPE o BHSOPTREST: The f1 1 ms
were grown on bare silicon wafers as 10 the iubstrate Usi ng a capacitavely

coupl ed0@&Hal The folpwing nondimmting gxemples 1epropided s thahenagkpleddpdhe ast may i | m
gr owt h, L XU . ..and helium (He) was used in PECVD process.
For HF&%S%%S%MJ‘?@WE?%%O&} nitrous oxi de (N20) was anot her added gas
i the m xture above. The PECVD paraneters, dielectric constant, growth

rate for HFP-doped SIiC.H are in Table 1. The typical conposition and
density of the filns produced in 5SAMEES 15 are in Table 2. WD 02/ 077320

PCT/ US02/ 08689 8 aki j MOMKn 110 r knto Nt cd Vn NNNr --~ NOKk
N ~I tEkampddl-- N~-ONOO\OO~t O00f "O-+ MIITO\O-O\OMMMVL MM

N N N RHEaRioptoRRARA v aa Nimigeef BCY RProce RS daeisas SO '
or SiCO:H using trimethylsilane (“TMS”). The films were grown on bare silicon wafers as
10 the substrate using a capacitavely coupled parallel plate PECVD reactor. In the case of HFP
doped SiC:H film growth, a mixture of TMS, HFP, and helium (He) was used in PECVD
process. For HFP doped SiCO:H film growth, nitrous oxide (N,O) was another added gas in
the mixture above. The PECVD parameters, dielectric constant, growth rate for HFP-doped
SiC:H are in Table 1. The typical composition and density of the films produced in examples

15 are in Table 2.
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CCU 04 OOOQ Na )11 Hz, m'0ti W 02/077320 PCT/ US02/ 08689
10 anbient As the HFP fl ow anmount increase, the CSi ratio and the growh
rate i ncrwale/07Be0the sanme tine the values of K and the Pefrrzso2/08689 i ndex
(RI') decrease. As the CF radicals fromthe HFP raises the flux of carbon

containing noiety at the surface, increasi_ga% t he carbon content and film
t hi cknessbienthas thediicR flovy agfount mrwases the @/shetigmnd thagrewtihiate inereagey At the

insertign, .is due to 5 th.car ..an | geor i ' r t] ' car bon
a1 ovee Y RalSer D I RRR R Y R A3 RO PR i Sfie 01
r educesthgideykite S G dagi dohtaymidg shohed sethé befate sheehdih€ the@iwhadhtend N
addition, fluorine hel ps de-polarize S bonds, hel pi n% to reduce k. The

(~

PECVD apdfdmehiskeess dThe reduqtion of diekackin consfantapseiopeidie SFRansartigre is ¢uetabl e 3.

Tabl.e 3. K* G owt h _Power Rr.essure TVS,He HFEP M A MM @
B e e B o L T T S R T e
fil m anpealedro s:gid@Taiaﬂa % EhidhGediicBs B0 bakGholaiAB0itBarPhende BR4icldEiri275 250

3.5 75 500 25 400 3.213 3.066 16 275 350 3.5 100 500 10 440 3.285 3.112
17 275 ®5gas, B aldgiofuosnaipipsaleggdarizeti bondg helpigsaedics ki JheFBE VA3 700
3.566 2.988 * Post -.anneal 400C for our.in N2,anmbient. There was no
met al  FEHFESIYH (ggleftﬁgfﬂ’&ﬁ%aq%%%rta%%}l?%f)ﬁf! %Eéeg\fé?j‘q ﬁaql%%' two filmtypes. This
is an advantage of the organo-Si + HFP chemi stry, as the Si content
s(;pports better adhesion than typically associated with a-CF. H materials.
1

Table 3.
K*
Run Tegr:e‘;:?ure PowernPressure] TMS | He | HFP | N20O Ié@(:;ﬂdl\fg (Ngf)vslt)-@
No. °C) (W) | (torr) | (sccm) |(sccm)|(sccm)| (sccm) film  |annealed
film
14 275 250 | 3.5 50 500 | 25 300 3296 | 2.924
15 275 250 | 3.5 75 500 | 25 400 3.213 3.066
16 275 350 | 3.5 100 500 10 440 3.285 3.112
17 275 350 | 3.5 100 500 | 25 500 3.399 | 3.061
18 275 350 | 3.5 100 500 | 75 700 3.566 | 2.988

* Post-annealed at 400°C for 1hour in Ny ambient.

There was no metal adhesion or thermal instability observed in the two film types. This is an
advantage of the organo-Si + HFP chemistry, as the Si content supports better adhesion than
typically associated with a-CF:H materials.

15

Comparative Example 1.

The same process was used as in Example 1 except that CF4 was used in place of the HPF.

Results are in Table. 4.
20
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Conparative Exanple 1. The sane process was used as in Exanple 1 except
4 'n\ON"I

that CF4 was used in place of the HPF
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WHAT IS CLAIMED 1S: 1. A chem cal vapor deposition nmethod for producing
f1 uori Nl BGEOYIKEY B silicon carbide filns conprising introducing a

reactive ] Xt ur i Si LU LNl - a 5
1 tor ociard oie Dist e SRR i oy phRBAE PRLAROLT R GRERAHASIRRA, 7. <
I nduci ngriadé 8med dodfpridgigreen the silicon containing conpoud and fl uorocarbon
conpound at a tenperature of 25C to 500C to provide a film conprising

hydr ogen, siipiredising arepeibie sap sixiurropqnpEisingn silicopgoniaining gompowidanddd i n
claim 1, wherein the rati f, sil.icon-cont aini. d to the
1 oo LR ofholl o RleRiod it AR llififs SATROIL

gposition cha e range of 1:3 to

10:1. 3. ThendwiihPsl reastic Bdtiveéh the siticah Bonkaintigr®iibotilané tlhéreesrbent ai ni ng
conmpound is a nethyl- containing silane. 15 4. The nmethod as clained in

cl ai m Fowpsuad at & tsepeesturg lof 2816t i SN0 tosprowide aifdmeqonmsising hydragae, silicon,

carbon and fluorine.

10 2. The method as claimed in claim 1 wherein the ratio of silicon-containing compound to the

fluorocarbon compound in the deposition chamber is in the range of 1:3 to 10:1.

3. The method as claimed in claim 1 wherein the silicon containing compound is a methyl-
containing silane.
15

4. The method as claimed in claim 3 wherein the methyl containing silane is trimethylsilane.

5. The method as claimed in claim 1 wherein the fluorocarbon is selected from group
consisting of hexafluoropropene, trifluoromethylpropene, di- or tri- fluorobenzene,

20 di(trifluoromethylbenzene), octafluorotoluene.

6. The method as claimed in claim 1 wherein the fluorocarbon compound is

hexafluoropropene.

25 7. The method as claimed in claim 1 wherein the film has the formula Si,CyH_ F4 wherein

the ratio of b:a is in the range of about 1:1 to about 10:1; c is greter than 0 to up to about 40
atomic % based on all the atoms in the film and d is in the range of 0.01 up to 15 atomic%

based on all the atoms in the film.

-30 8. The method as claimed in claim 1 wherein the reactive gas mixture additionally comprises

a carrier gas.



5. The method as clainmed in claim1 wherein the fluorocarbon is selected
fromgroup consisting of hexafluoropropene, trifluoronethyl propene, di- or
tri- fluowolenzeee, 20 di (trifluoronethyl benzene), octafl pematsob/ossse. 6.
The method as clainmed in claiml wher8in the fluorocarbon conmpound is
hexaf | uor opropene. 25 7. The nethod as clainmed in claim1 wherein the film

has t he-f Bremethospucpiraddnginemd; whereindhg reactipngs ingluged By pxposig thersgetiver
about 1; . t - 1 ' e n mc %
pased ot g1 RuP el ok oAk Tod Al Brebdbre Bt @ AR it BT 070
at om c%mpéastte 62l S00P@. atons in the film .30 8. The nethod as cl ai ned
in claiml wherein the reactive gas m xture additionally conprises a
carrier gas. WO 02/077320 PCT/ US02/08689 13 9. The nethod as clainmed in

o R GRS B i PR Mo G iEon S,

mror r mc@bideqmg@aﬁl?ﬁgngf 25 to 500C. 5 10. A chem cal vapor deposition
met hod for producing fluorinated hydrogenated silicon oxycarbide filns
conpri si ng iintrodubing frgaeti veczss miviargeamprisiias dlieghgantaning camppyndsan

containing ¢ ound, a, fluorocarbon. ound and an ox provi di ng gas
“hro a HEERERTRO af apd HORPIAPRYGREBRIA ARpoRBoR SHEREoREAEY, O
bet weengbfteatsi | i con cont ai ni ng conpoud and fl uorocarbon conpound at a

tenperature of 25C to 500C wherein there is a controlled anmount of oxygen
b? esent duriindudinga reagiden briween ibe silicge contpiningeompord iandg flhgweagem, silicon,

carbon, oxygen and fluorin Jhe method as clainmed in claim 10
wher ei ncottr_h[}él) Pg?f%g&pea%!lrleggr?éicgﬁ?@%' ng conpound to the fluorocarbon
conmpound i n Wh&edaR&siid 4 SshtlledBRbuntofloRyidheréRAORrRTg the Rat@onl@: plovide. The
nmethod as clainmed in claim 10 wherein there is about 0.01 to about 4.5

vol une flar ¢campradinglxydgegenpsiboord cargonanxygay anddlupmmeof sil i con cont ai ni ng
conpound. 20 13. The nethod as clainmed in claim10 wherein the silicon
contai ning conpound is a nethyl- containing silane. 14. The nethod as

¢hai med; i nTid Bbtbd 3s VIBRRE iR cldh8 108V KR éin @RYaAH BF Siticsi-t@Sining compound to

. the fluorocarbon compound in the deposition chamber is in the range of 1:3 to 10:1.

12. The method as claimed in claim 10 wherein there is about 0.01 to about 4.5 volume parts
of oxygen providing gas per volume of silicon containing compound.

20
13. The method as claimed in claim 10 wherein the silicon containing compound is a methyl-

containing silane.

14. The method as claimed in claim 13 wherein the methyl containing silane is

25 trimethylsilane.

15. The method as claimed in claim 10 wherein the fluorocarbon is selected from group
consisting of hexafluoropropene, trifluoromethylpropene, di- or tri- fluorobenzene,
di(trifluoromethylbenzene), octafluorotoluene.

30
16. The method as claimed in claim 15 wherein the fluorocarbon compound is

hexafluoropropene.



25 trinmethylsilane. 15. The nethod as clained in claim210 wherein the
fluorocarbon is selected fromgroup consisting of hexafl uoropropene,

trifl uorowetihphpeopene, di- or tri- fluorobenzene, PCT/US02/08689

di (trifluoronethyl benzene), octafluorstol uene. 30 16. The net hod as cl ai ned
in claim15 wherein the fluorocarbon conpound is hexafl uoropropene. WO

02/ 0773P0 REMBOPLADAMBR if 4laind .10 Wiereie theotmakasthaforeala 81, Cl,QkHALD wher ei n
the filmhas the formula Si vOWOXHyFZ wherein the ratio of viwis in the
range okheabiauhe hti8 of o:vardutthdngs off dbeur b itealfut 10X ; the ratmo ofrex is mrthe of

about 1:1 to. 20:1, 1S.greter than O to up,tq about, atqm c % based on
al |t heangg ohaboph! 4 fin 2Fil P ¥ioagiete tﬁﬁ% Gt] P aP%‘ng‘@ a&m’ﬁfk}gfa angllthe o oni ¢
based t ] bloin : pet i ' | ai m
10" wheray e iy eFu Tz i T o Eng? of DOTupd 13 My o S Pl s I ot
356. 1(filkR. The nmethod as clained in claim1l0 wherein the reactive gas

m xture additionally conprises a carrier gas. 20. The nethod as clained in
claim 10 wherein the reaction is induced by exposing the reactive gas

m xt ure I ; I : : r 000
ror T R o R i e e

cl ai m ldbowh2amd abduhd.60xygen providing gas is nitrous oxide. 22. The nethod
as claimed in claiml wherein the substrate is a sem conductor substrate.
20 23. The nethod as clained in claim10 wherein the substrate is a

16 m Confb,.l CHR mSHBS he Bhffned in claim 10 wherein the reactive gas mixture additionally

comprises a carrier gas.

20. The method as claimed in claim 10 wherein the reaction is induced by exposing the
reactive gas mixture to plasma at a power of 20 to 1000 W, a pressure of 1 to 10,000 mTorr

15 and a temperature of 25 to 500°C.
21. The method as claimed in claim 10 wherein the oxygen providing gas is nitrous oxide.
22. The method as claimed in claim 1 wherein the substrate is a semiconductor substrate.

20

23. The method as claimed in claim 10 wherein the substrate is a semiconductor substrate.



