WO 03/ 031676 PCT/ US02/ 31525 METHOD FOR MAKI NG A CARBON DOPED OXI DE FI LM
BACKGROUND [ 0001] The present invention relates to sem conductor |ayer
depositi owodsnsmasti cular, 5 the present invention rel at egTwsoearseon doped
oxi de deposition. BACKGROUND OF THE RELATED ART [0002] In the fabrication
of sem conduct or devHERSD HQRyMRKINGA \CARFIN GOPRM PBEXS FaARR formed on a

sem conduct or substrate. One such layer, an inter-layer dielectric (ILD),
is deposited and patterned to isolate and support capacitor features such
as parall el BACKGROUND ve netal |ines. As sem conductor devices and device
features decrease in size, the distance between such conductive |lines 275
correspondi pgby deThemsasnt indédtiodtrdl@Es tofsamiconductor MENdepOsiGaTISthpatticulal)i S
results in a higher capacitance (C). For exanple, given the parallel

conduct i ye fhi pRSen TReMRRGELRE cafdpachddanide défositioAn be vi ewed as KEA where
(d) is the distance between the conductive |ines 275, (A), the area of

each conducghkdrROENPOFNEE RISATEIPART he perneability of the ILD, and
(k), the dierectric constant (a ractor ot how nuch effect the ILD materi al

nas on_capagobfl’ Vel i) abdABiBhe Sdmieaube: &a@esﬁ%ﬁm bhSardhiVifirgfeakicon

that, all er factors remaining constant, as t di stance (d) decreases,

the capaci t apge, () SQJ,chmcﬁ%y%&b%&tk O AchStayer - Bt HIRH &k%e%ﬁmﬁ}p@c' tance

(O |ngreases so does si transmssion time. O pro such as
ower di t h ,
Feduced capidtt %ﬁc%%?e?@eﬁée%iéu“‘ofm %B%OSEM%%@“ Zée?ﬁ*?éér SR BRI ot e

bove h F | f
vacuum af aRPaKhE TERE 1S Ssmf%éffd%c&o"?wdes MR Bty G5 RS N o

effect on CaRaRl iRl Hoiwel MEfPondi@RE 1ndf 5% LEVEhosd P alddates AR Gty Nave

factors remaining constant, this results in a higher capacitance (C). For example, given the
- . . . keA
parallel conductive lines 275 described, capacitance (C) can be viewed as — where (d)

is the distance between the conductive lines 275, (A), the area of each conductive line
15 interface, (&), the permeability of the ILD, and (k), the dielectric constant (a factor of how

much effect the ILD material has on capacitor value).

[0003] It can be seen from the above equation that, all other factors remaining

constant, as the distance (d) decreases, the capacitance (C) of the system increases.

Unfortunately, as capacitance (C) increases so does signal transmission time. Other
20 problems, such as power dissipation and increased cross-talk can also occur. Therefore,

reduced capacitance (C) is sought.

[0004] The dielectric constant (k) noted above has no units of measure. For example,

where the dielectric is of a vacuum or air, the dielectric constant (k) is about equal to 1,

having no effect on capacitance. However, most intra-layer dielectric materials have a

25 degree of polarity with a dielectric constant (k) above 1. For example, silicon dioxide, a
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25 degree of polarity with a dielectric constant (k) above 1. For exanple,
silicon dioxide, a | WD 03/031676 PCT/US02/31525 comon |ILD material, has
a di el ectwom3mersss ant general |y exceedi ng about 4. Due toPdraiSogigsegeasi ng
size of sem conductor features (e.g. and reduced distance (d) leading to

i ncreased capacitance (C;)zD efforts have recently been nade to reduce the
dielectric c¥wRet B mafeialphas mdickestric sansipnheenprally gxrpdinmatayt f-o fiye &o the
capacitance (C). That is, where 5 capacitance (C) is k and all other
factors renficriapige cirsselaprmiconducien iff@g"féﬁf (etghengj reflused rdigance disteafing (R) can
reduce capacitance (C). [0005] Low dielectric constant (k) materials (i.e.
'l ow k' mat Beieased) capaqifercealC)}. | affrts lape decestly been glads do relg thesdielectrignd
carbon doped oxides (CDO s) have been used to formthe ILD, thereby
reduci ng capasiantafigef the)lLDHswemesns by hehidetogeduct rpapitance w. kKThapriss shprgl s

i ncludes a 10 problem of | ow deposition rate |eading to increased

sem conduct or ocessi. nfea | |so, referred to as lLow th t | EF
PESCRI PT Oneid PR By Tyt Rl ol rep §loh SRR Hisles, Few of
an enbodi rent of a sem conductor substrate in a reactor. is [0007] Fig. 2A

is a side cg&gﬁﬁ%%ainqg@geyg atafife (e substrate of Fig. | follow ng
deposition of a film [0008] Fig. 2B is a side cross-sectional view of

the substrap@ef Fiow dfefech! doflthdi%) rhdiih _i.g.t'l%grg' ]Engﬁléﬁgﬂs)_, Gilcl-as a&“?rhﬁtea si de

cross-sectional” view of the substrate o [ owing 20 formation of

conductive g@&@%ﬁsgon ;s KO0, ﬂ%h%o?egl dxRie@ (CDOYWRAL beesi WETRD kGhNBe D,

enbodi nent ctor substra

thereby reducing capacitance (C). However, the deposition of low k' materials includes a
10 problem of low deposition rate leading to increased semiconductor processing times, also
referred to as low thruput.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Fig. 1 is a side cross-sectional view of an embodiment of a semiconductor
substrate in a reactor.
15 [0007] Fig. 2A is a side cross-sectional view of the substrate of Fig. 1 following
deposition of a CDO film.
[0008] Fig. 2B is a side cross-sectional view of the substrate of Fig. 2A following
trench etch.
[0009] Fig. 2C is a side cross-sectional view of the substrate of Fig. 2B following
20 formation of conductive metal lines.
[0010] Fig. 3 is a flowchart summarizing an embodiment of semiconductor substrate

processing.



processing. 2 WO 03/031676 PCT/ US02/ 31525 DETAI LED DESCRI PTI ON [ 0011]

Met hods of deposition of CDO features are described. Aspects of

enbodi menwe tangledescri bed and illustrated by the acconpanycmgisde/aishgs.
Wiile the follow ng enbodi ments are described with reference to deposition
of particular carbon 5 doEed oxide films to formILD s, the enbodi nents are
appl i cabl e TAILE any carbon doped oxide feature. This can

i ncl ude carbon doped oxide films fornmed from precursors having fornul as
such as H, SI00EH3) 4 Metheds qudggqq’giog@j-@]ag , feagyres are described.  Aspects of
tetramet hyl cycl otetrasil oxane, anong others. [0012] Enbodi ments descri bed
bel ow ar e gemeqditnéys argpdeseritistl end dllysiraied 9% i thyy aggompanying drayingsndMbileothe
substrate. Once a substrate has been obtained, initial processing can

i ncl ude t hefdllowimaet ¢roodofienss di elesribed with aglerenebtovdepasitieon papatioflartdaghon
substrate. Enbodi nents described here focus on the deposition of CDO

di el ectrisc datedokalk filhntoplar lck,ahg etbyodimenty odapilicale af theXgrgetion of anye
presence of a CDO precursor to increase the rate of CDO deposition. 15

[ 0013] Ref ecarbergddéped Fexile featuren Eribogh imehtle icarbeh dupedodxide SluissforraddefrdB0 t hat
is exposed to a gas mxture 160 that includes a CDO precursor. Oxygen is
al so i ncl udp@cirsort h@adas forinxlasir such6Qist H,BSHCHYAS eadre(CHRY,SI(OCHYX) or
deposition on the substrate 100 when, for exanple, the gas m xture 160 is

excited to &ﬁu&@m?ﬁpﬂ&&h&p@ma§aﬁ@ﬁgé&é@d further herein. [0014] The
substrate 100 includes an initial dielectric etch-stop |ayer 120. The 20

substrate 1f@1gan bebedimehdsi deSitibeddeRiNge EABMB apgitable B Rbdeddify ofl A€
etch-stop layer 120 is not required but is shown for illustration as

describeg fWlib&iduher Sit3eratdddbideON@hsate iHAs been obtained, initial processing can

include the formation of a dielectric layer above a surface of the substrate. Embodiments
described here focus on the deposition of CDO dielectric material, in particular, by
introduction of oxygen in the presence of a CDO precursor to increase the rate of CDO
deposition.

15 [0013] Referring to Fig. 1, an embodiment is shown of a substrate 100 that is exposed
to a gas mixture 160 that includes a CDO precursor. Oxygen is also included in the gas
mixture 160 to increase the rate of CDO deposition on the substrate 100 when, for
example, the gas mixture 160 is excited to cause deposition as described further herein.
[0014] The substrate 100 includes an initial dielectric etch-stop layer 120. The

20  substrate 100 can be of silicon and other conventional materials. The etch-stop layer 120
is not required but is shown for illustration as described further herein. Additionally, in
other embodiments of the invention various other insulating or conducting layers and
features may be present on the substrate 100 that are not necessarily described here.

[0015] The substrate 100 is placed within a reactor 180 for deposition of a material on

25 the substrate 100. In the embodiment shown, the material to be formed on the substrate
3



ot her enbodi nents of the invention various other insulating or conducting
| ayers and features nay be present on the substrate 100 that are not
necessar i Wy wd@3m7é bed here. [0015] The substrate 100 is plragadonstasn a
reactor 180 for deposition of a rraterial on 25 the substrate 100 In the
enbodi nent shown, the materi al formed on the substrate

03/ 031676 PP/ iEa&srbendoped Qyige K%DQ) @aﬁCb%fr?“[BbBed\ @?Pdéatff@b@a 'E‘Bte%ﬁlltthaés an

ILD. A CDO material is a material that has incorporated silicon (Sl)
carbon (C), harigeosnaygfesh sifiegn (Shh suben - eed xyese|(). reeniding relpely fegyeed
density, and conductivity. For exanple, CDO material can have a dielectric
constant ( kpolarkxt dansity, @@é cppediativibiouFore@mpleh D9 staterialomm bave e diglegtriar e
generally considered s 'low k' materials, and useful for |owering

capaci t anceconbtent (kstbaf islssd tha aboats3. @i BheeferedCDO unatdriels areogenpmlly f@oiEerdi n one
enbodi nent, the reactor 180 is a conventional chem cal vapor deposition
(CVD) appar &k’ mtagal C\ADd apgfalr fat isvenng chpacitdnas mhier nfedresddD(s asediscasPECYD
apparatus) and operated by conventional neans. In the enbodi nent shown, the
PECVD 10 apfusthetthesein.s provi ded with a shower plate 150 coupled to a power
source 155. The substrate 100 is grounded and positioned adjacent the
shower pl at @01§0. I oh&leembedinadt, nihat reshi@wi§0 tihea subehti@tab chfichls vigmsi ti oned
bet ween about 15nm and about 40mm fromthe shower plate 150, preferably

bet ween abogdpodsmiGUTD) Appattis. 26808 aVID Appardtushgebet frama ehbdne &t @e. LOEEG\SD
positioned and the PECVD apparatus sealed, the gas 15 mixture 160 is

i ntroduced égéhfatdsmda@ﬁaaﬁe@tsyscohvem@m inch@ Mh 18 EHbddana Ysdwh, tHea@HEVD
frequency ( is applied through the PECVD apparatus such that the gas

m xture 13—60aﬂp§rattﬁ)ﬁ§'p§'&¢deﬁ%ﬁ1 Bls‘ﬂ&W@r ShRt B0 BupIBY S aqRARP Isbkred 199 e
surface of the substrate 100. In alternate enbodi nents, at |east a portion

of the gas mbgt}a% 80868 ééurﬂ%&'&n@dp&sﬁloﬂeﬁla%%t ShékRower plate 150. In the

embodiment shown, the substrate 100 is positioned between about 15mm and about 40mm
from the shower plate 150, preferably between about 24mm and about 26mm.
[0017] Once the substrate 100 is positioned and the PECVD apparatus sealed, the gas
15 mixture 160 is introduced into the apparatus in vapor form. Simultaneously, radio
frequency (RF) is applied through»the PECVD apparatus such that the gas mixture 160 is
excited to a plasma state to cause deposition on the surface of the substrate 100. In
alternate embodiments, at least a portion of the gas mixture 160 is excited to a plasma state
at a remote location prior to introduction to the PECVD apparatus. In such an
20 embodiment, this portion of the gas mixture 160 can enter the PECVD apparatus already
in a plasma state.
[0018] The gas mixture 160 referenced above includes a CDO precursor and a
deposition enhancing gas such as oxygen. As discussed further herein, the inclusion of
oxygen increases the rate of deposition and formation of the CDO material. An inert gas

25 such as helium (He) can also be provided as part of the gas mixture 160 to serve as a
4



at a renote location prior to introduction to the PECVD apparatus. In such
an 20 enbodi nent, this portion of the gas m xture 160 can enter the PECVD
appar at uswalm@atye in a plasma state. [0018] The gas m xt mca/user3ref er enced
above includes a CDO precursor and a deposition enhancing gas such as
oxygen. As discussed further herein, the inclusion of @ oxygen increases the
rate of depddrmg-GHeryithip HieRRG\IharraysuengyIepesitien- al he ingit BEeh 2l§age 25 such
as helium (He) can also be provided as part of the gas m xture 160 to serve
as a 4 WO e3dgBreredmey tugoanaq gegnalvpiiommty  Hoverveniit diieh nptrstupihctaie

appar at us duringwgeposition. The inert gas can also be a good heat

conduct or t parpcbemaicalyt inetherd¢positipt piopgss.yIn additie éo helium disd Sthepinegesias.| y t ake
part, chemcally, in the deposition process. In addition to helium (He),

ot her i nert sughgsergon (AnotsomENar kypprof Agr), and eenren((Xe) canlbe ypadas abeReroundd xenon
(Xe) can be used as a background 5 gas. [0019] A CDO precursor, which is a
part of theggas m xture 160 descri bed above, supplies a source of carbon
(© and silicon (Si) for the formation of CDO features. A CDO precursor
can al so suf@8il9] a #oUDbOepredursxygienh (03 patHofieheegas miviuse 160 dexcrivedgabored, as
oxygen (0) is separately provided according to enbodi nents descri bed
herein. 10 kippliel arenire ff caftioR (0) esdsifams(Si)nfol t@deformation of CDO features. A
tetramet hyl cycl otetrasil oxane ((HSi OCH3)4) and gasses having a fornula of

HXSi ( CH3) 4_CDOOfreduedds r26Si{dXabisl) 4 _sbiirce of eXyg@X@)pIHdweldt, hikds narbquibiedreast
di et hyl di net hoxysil ane (CH3)2Si (OCH3)2 is used as the CDO precursor. Such

CDO pr ecur sgkyeh 8 tis 1s8pRatéiPOproRided | &lcoingh t@ chitRdREdntd @escOibed aeteif k) t hat
is less than about 3.0 as described above. 15 [0020] In the enbodi nent
descri begd apRysdime@x¥ 9D edufsoURdeqbtrdnRtHyS c B Roxane (HSIOCH3),) and

gasses having a formula of HsSi(CHs)sx or (CH3)Si(OCH;)sx. For example, in one

embodiment dimethyldimethoxysilane (CHs),Si(OCHs), is used as the CDO precursor.

Such CDO precursors result in a CDO material with a dielectric constant (k) that is less

than about 3.0 as described above.

15 [0020] In the embodiment described above, oxygen gas is supplied to the PECVD
apparatus and excited (e.g. O") by application of RF. The oxygen gas supplied as part of
the gas mixture 160 can initially be in the form of ionic oxygen (e.g. 0%), molecularly
stable oxygen (O,), elementally stable oxygen (O), or ozone (Os3). Regardless, RF is
applied affecting the oxygen gas as it enters the PECVD apparatus such that at least a

20  portion of the oxygen molecules will be in an excited state (e.g. 0"). The excited oxygen
molecules interact with the CDO precursor to increase the rate of CDO deposition. In
another embodiment, oxygen, in the form of ozone (O;) is excited thermally without use

of RF to increase the rate of CDO deposition. The ozone (Os) form of the oxygen gas is

more readily excitable in this manner.



apparatus and excited (e.g. 0) by application of RF. The oxygen gas
supplied as part of the gas mxture 160 can initially be in the form of

i oni c oxygemns(elege 02-), nolecularly stable oxygen (02), peltarseBesksy

stabl e oxygen (0), or ozone (03). Regardless, RF is applied affecting the
oxygen gas as_it enters the PECVD appar atus such that at Ie st a 20 portion
of “the oxyglfiZHol elufnathepajternyge em’wﬁﬁ%e@txéffet et §i‘5e‘5(eé‘°'g§e 61°ns K g}ici t ed
oxygen nolecules interact with the CDO precursor to increase the rate of
CDO deposi t baskeroyiq sagrasapeinote fasatipmsprate 6599’9% CDhpresissor 6f HE GRS BHPEWE (03)
is excited thermally without use of RF to increase the rate of CDO

deposi ti on. 16hdndhisRBbEDEnts B DS PIERESD XY GeHodron; igtrodyeticn tp didi GV D
excitable in this manner. 5 WD 03/031676 PCT/US02/ 31525 [0021] In anot her
alternate emtpemiusewhere it kembinssyuith thaalraady excitpd @rgemeasng with the backgr ound
gas, at a renote |location separate fromthe CDO precursor of the gas

m xture 516023n t Bé dessribrsldibaventhe gahiaix@mO! ¢ft endars e PECY Doapphraig, Wipeinis
introduction to the PECYD apparatus, where it conbines with the already
excited oxyegergizgddy iBrqdog@]of RE. dbe prortse dareiiyoseed withia topaREGY Riappagatds® ent er s
t he PECVD apparatus, which is energized by introduction of RF. The process
can pr oceedcomvertionalt fressRECWmmparatradio dequeogn(Rdntand patverprias syanegle, in
tenperatures, radio frequency (RF) and power. For exanple, in one

enbodi ment , onger @slsadireerit,Sprasimet iainmddaibet weeenafiout 22. Torifend aloud 1800Ldrr, 10. 0
Torr, preferably between about 3.0 Torr and about 6.0 Torr, tenperature of
t he suscept prefetadly Béwednpgbout 3.0Jotrhvdd abbas taraTer, tOfpérstureenfithakusedptdrel3ieen
about 250C and about 450C, and RF is nmintained at standard frequencies
and bet weensipbértihg the@OB:taR106 isafigintainedibetdkeaQBout\IB) tGardraBosUPpPtd, aald RF0023]
Wth respect to the enbodi nents descri bed above, the oxygen gas is in an

is maintained at standard frequencies and between about 1,600 watts and about 1,800

watts are supplied.

[0023] With respect to the embodiments described above, the oxygen gas is in an

amount that is less than about 5% of the volume taken up by the oxygen and CDO
1s  precursor. Additionally, flow rates, in standard cubic centimeters per minute (Sccm), for

the individual gasses of the gas mixture 160 can be as follows:

Precursor gas flow rate 50-200 Scecm
Background gas flow rate 20-200 Scecm
Oxygen gas flow rate 1.0-20 Scem

20
[0024] Flow rates such as those above can be established depending on a variety of
factors, such as temperature and pressure conditions. In fact, flow rates other than those
described above can be used without departing from the spirit and scope of the present

invention.



amount that is |ess than about 5% of the volune taken up by the oxygen and
CDO 15 precursor. Additionally, flow rates, in standard cubic centineters
per m nutwo(Sesrey¢ for the individual gasses of the gas mCTiusom3e® can be
as follows: Precursor gas fl ow rate 50 200 Sccm Background gas flow rate

20-200 Sccm_ Oxygen gas,flow rate - Sce [0024] Fl ow rat es such as
t hose abovel%%H beTE%f‘daddW“P”sH@Bxﬁébéﬁdbﬁéasoﬁ“’ﬁ“r\?aﬁoe‘t"ya anngrajuehy ag that o as

tenperature and pressure conditions. now rates other than those

descri bed a#s¢ibed hoysdeads éqja deronition r&lﬁ‘“eﬁfa@?pr?@toftﬁ%ﬁﬁ‘b(sﬁ@eé%@ thet cagsicSdope of
the present invention. 6 WD 03/031676 PCT/ US02/31525 [0025] The addition
of oxygen t#oth&odhangsranypes misge, in anciahedimest (P@deronien rafecietwea above

| eads to a deposition rate of CDO onto the substrate 100 that can exceed
about 5, 620akenbs2bangstpas per miue andrpbewt®,GOfsagHrAEAPSr NDmedRpEEIbL] Wrior ate i s
bet ween about 5,620 angstrons per mnute and about 9,600 angstrons per
m nute, pr emuamsgo upgstranGpebondte.9 ThigGamngpstatcoints ghent i Mo insreashin<CR@N
translate into about a 70%increase in CDO deposition rate as conpared to
convent i onafleppEtvDrateposompued ¢¢ capenigneh8EEVDnhdepopitior o8l (dIQ ovithot digrygen.
[0026] Referring to Fig. 2A, the substrate 100 of the enbodi nent of Fig. |
i s shown wintthdwtiGbd dxiyken. 200 deposited above an etch-stop | ayer 120. The
CDO film 200 has a 10 dielectric constant that is |ess than about 3.0. In
one enbodi npOR6]t heREEInkitd Migd2al ehetsubstraolidtodinie dnshodmsemt bhBig. Alxothbwd. 7.
Addi tionally, deposition of the CDO film 200 in the
with a CDO film 200 deposited above an etch-stop layer 120. The CDO film 200 has a
10 dielectric constant that is less than about 3.0. In one embodiment the CDO film dielectric
constant is less than about 2.7. Additionally, deposition of the CDO film 200 in the
presence of oxygen may provide a slightly lower dielectric constant, when compared to
the deposition of the same CDO film 200 in the absence of oxygen. In the embodiment
shown the CDO film 200 is to form a CDO ILD (see Fig. 3). However this is not required.
15 The CDO film 200 can be used for a variety of insulating purposes.
[0027] Referring to Figure 2B, the CDO film 200 is etched to form trenches 250. In
the embodiment shown, the CDO film 200 is patterned and etched by conventional means.
For example, a protective mask pattern can be placed above the CDO film 200 exposing
areas to form the parallel trenches 250. A chemical etchant is then applied to etch through
20  exposed portions of the CDO film 200. The etch-stop layer 120 is of a material resistant
to chemical etchant and helps control the depth of the etched trenches 250. The etch-stop
layer 120 can be of silicon nitride (SiN), silicon carbide (SiC), or other conventional etch-
stop material.

[0028] Referring to Fig. 2C, the deposited CDO film 200 provides structural support

25 and isolation of conductive lines 275 in the form of a CDO ILD. In the embodiment
7



presence of oxygen may provide a slightly |ower dielectric constant, when
conpared to the deposition of the sane CDO film 200 in the absence of
oxygen. |wotlhessnbodi nent shown the CDO film 200 is to fecmEsouB®3235 LD (see
Fig. 3). However this is not required. 15 The CDO film 200 can be used for
a variety of insulating purposes. [0027] Referring to Figure 2B, the CDO

i 'm 200" i sebEnba SORMPBIRIES 1% HESCBBIL bipn siet b BOH R SR Ehe DO
film200 is patterned and etched by conventional neans. For exanple, a
protective FROMLPAarty theggichiomlandddVabbors ehodimey. the sandetive ips<i’Ag

areas to formthe parallel trenches 250. A chem cal etchant is then applied
to etch thryaghcamperdkybsadiitnmatly. dhenegfmbodinentihe eichwiopdayer 1Halwracts-aseop

| ayer 120 is of a material resistant to chemi cal etchant and hel ps control
t he depth obarti¢retoeprsiend diffesinahes caper iomse(Catlcte seloy the yadirstapiryerahZbe of
silicon nitride (SiN), silicon carbide éSiC), or other conventional etch-
st op mat er i terefqrom2jaied adagragepf isolafpyof therondpaivddpes76ed CDO fil m 200
provi des structural support 25 and isolation of conductive lines 275 in

t he form of [029DO Thconductiveelimashdidi pannbe deposed By GR1GNEORCTNEIRY2/B1525
shown, the conductive lines 275 are deposited upon etch of the CDO film 200
to forma &B@pld R aewmbbdimeitearcibtinedsfoop of eopductiv ine ihatenal de.grhopéamdat , t he
conductive lines 275 are of copper (Cu). Additionally, in one enbodi nent

t he et ch- st applialyarvap@Ofoah 30 aaohgentisnah PEC¥DY apparats. Revanbe ghiplitdiss ta of
copper ions (Cu) to below the etch-stop layer 120, 5 therefore maintaining
a degree of appanhisttd @enepdte & peasmanddieffect depdsiies o2 2sondudaOhyerHacladinglthet | ve

| ines 275 can be deposited by conventional neans. For exanple, in one

enbodi mapt , cahdudtRBi ERd B M@herCORAUCHT e lcortRiciRt @yerakar @egremOugd ®gN be
supplied in vapor formto a conventional PECVD apparatus. RF can be applied
to the conventional Chemical-Mechanical Polishing (CMP) techniques such that the substrate

100 includes a smooth upper surface 290 and further isolating the conductive lines 275 as

shown in Fig. 2C.

[0030] The deposited conductive lines 275 are separated by a distance (d) wherein

1s  ILD material 200 is present isolating the conductive lines 275. As described earlier, where
. . keA L . . .
capacitance (C) is - reduction in the distance (d) can increase capacitance (C).

However, embodiments described here include the use of ‘low k> CDO ILD material 200
to compensate for this problem in a manner that does not sacrifice reasonable thruput (e.g.
semiconductor processing time) due to lengthy CDO deposition times.

20 {0031} Referring to Fig. 3, a summary of a preferred embodiment of CDO deposition
according to the methods described above is shown in the form of a flowchart. In
embodiments described here, a substrate is placed in a reactor where a CDO precursor and
oxygen are introduced 310. Deposition results to form a CDO film on the substrate. The

deposition takes place in an otherwise conventional manner, such as within a PECVD

8



apparatus to generate a plasma and effect deposition of a conductive |ayer
including the to conductive lines 275. O her excess of the conductive | ayer
can be rewowsa3tsye conventional Chem cal - Mechani cal Pol i s®CTgSOLBARs

techni ques such that the substrate 100 includes a snooth upper surface 290
and further isolating the conductive lines 275 as. shown in Fi g 2C. [0030]
The deposi t #WaREEReRicd andgrsgaveptenabequditions - Benogitiny ithys eengacekedaciher ei n
is ILD material 200 is present isolating the conductive |ines 275. As
descri bed e#ran igpreasggh &t dug ppde iprespitce of exvges. Kie CRQdmtis dignictrhehd2Qi st ance
(d) can increase capacitance (C. However, enbodi nents described here

i ncl ude t heEigBing 320 of /OO spehieyer irgpweptgnabmethodso with sppsgatianal gtglanishi s
problemin a manner that does not sacrifice reasonable thruput (e.g.

seni conduct @plipd de sks CRY tilme) Ontsecteling A tikhpompieted eprsictiyeornasi #dsare20
[0031] Referring to Fig. 3, a summary of a preferred enbodi ment of CDO
deposi ti on deposited di3fpghin tylronyretipmd meassweh trewitlzibePEGVD sppevwtusiopetated f or m
of a flowhart. In enbodiments described here, a substrate is placed in a
react or whenmeleacddDtpnaconditonsaiMP 340yigdhrenappliedrand ddisoestraglifavailetgo firt i on
results to forma CDO filmon the substrate. The deposition takes place in
an ot her w seongetioant fuothat progensieg andpackagmg 3%0.t hin a PECYD 8 WD 03/ 031676
PCT/ US02/ 31525 appar at us operated under conventional conditions.

Deposi tion [0032]hi SEmbodiments akeasibpd abeve atludn OD degsitidn riattee userico dfhe
presence of oxygen. The CDO filmis then etched 320. Etching 320 of the
CDO i s achi ewgen. byAddadivnany, i enttaldinigitshhdiide wefkleneotov particudaraliove kC hartrials
applied to the CDOfilm Once etching 320 is conplete, conductive lines 275
are 5 daposidmsited3s. forBALD DY AGRGIEE NixEBpiaty EREUASELC BesasbenbdriidularaCIBECVD
apparatus operated wunder conventional conditions. CVWP 340 is then applied

and the subghieghig desosAdid RRhALDY additional embodiments are possible. For example,
CDO films can be formed at an increased rate according to embodiments discussed above
for insulating purposes apart from ILD formation. Furthermore, many changes,
modifications, and substitutions may be made without departing from the spirit and scope

15 of these embodiments.



conpl etion of further processing and packagi ng 350. [0032] Enbodi nents
descri bed above include CDO deposition in the presence of oxygen.

Addi t i onawioy3/oemiedi ment s i ncl ude reference to particul ar PAraisok315emt eri al s
10 deposited to formILD s. Al though exenplary enbodi nents descri be
particular CDO materials deposited to formILD s, additional enbodi nents
are possi bl SLABMS exanple, CDOfilms can be formed at an increased rate
according to enbodi nents di scussed above for insulating purposes apart
fromILD formati on. Furthernore, many changes, nodifications, and
substituti ows gmiyh:be nade wi thout departing fromthe spirit and scope 15
of these enbodi nents. 9 WO 03/031676 PCT/US02/31525 CLAIMS W Claim 5 1
A nmet hod conprising: providing a substrate; and introducing oxygen to a
carbon doped oxide precursor in the presence of said substrate for
deposition of a £a{bRA HApGGhLxi de fil mon said substrate. 2. The method of
claim1 wherein said carbon doped oxide precursor is selected from 10 a

group consi sting,of:qi, gr@ﬁg&pxigyclotetrasionane, a precursor having a
formul a of Hx qu %ig 3 ’3 a precursor having a fornmula of (CH3)x S

(CCH3) 4-x 3. The i;fgciumg gg&i f yic;lTbiiii%sednoﬁ@ grea%qqn the ﬁegén%sto@qalarom a

group consisting 0 nol ecul ar stabl e oxy elenmental |y

stabl e Oxygalc?lsuﬁé]g)r(a%;%@@i{)n of a cagl?onrg%& fﬂlﬁi oﬁlsg]d Su&,ﬂﬁ{ee' n Sa' d introducing

conprises a ner ack he presence of said
substrate to provide a volune filler for said

2. The method of claim 1 wherein said carbon doped oxide precursor is selected from
10 a group consisting of tetramethylcyclotetrasiloxane, a precursor having a formula of Hx Si

(CH3)4.x, and a precursor having a formula of (CHj3)x Si (OCH3)4.x.

3. The method of claim 1 wherein said oxygen is selected from a group consisting of

ionic oxygen, molecularly stable oxygen, elementally stable oxygen, and ozone.

4. The method of claim 1 wherein said introducing comprises adding an inert
s background gas in the presence of said substrate to provide a volume filler for said

deposition of said carbon doped oxide film.

5. The method of claim 1 wherein said introducing is via a chemical vapor deposition
apparatus.
6. The method of claim 1 wherein said carbon doped oxide film has a dielectric

20  constant of less than about 3.0.

10



deposition of said carbon doped oxide film 5. The nmethod of claiml
wherein said introducing is via a chem cal vapor deposition apparatus. 6.
The net howoaB/oeieaé m 1 wherei n said carbon doped oxi de fil mdrassox3tieel ectric
20 constant of |ess than about 3.0. 10 WD 03/031676 PCT/US02/31525 7. The
met hod of claim 1 wherein said deposition of said carbon doped oxide film
occurs at a rate exceeding about 5,620 angstrons per ninute 8. The net hod

of claim 1 furt et SORRLLRLAR PLADLNGRRIILSALDOR.APDER OIS oLl Y O

deposi tion of con uCt |ve Ilne opedox 0 act as an

inter-layer ctric an uctlve Ilnes 9. A nethod of
formng a c &1 Bgﬁ’ B%e%iw%e}? §EOPY “’%s%zgnngg,tr %g M said nethod conprising:

pl aci ng said substrate on a susceptor of a chenlcal vapor deposition
apparatus; introducing a background gas, a carbon doped oxi de precursor

and oxygen gnto THeQnaRIdhFRRART ks c&m.seg%fcﬁfn}g@ad%ab&] é’db@%ﬁhé’ﬁlnﬁor

conditions to cause sald carbon doped oxi mto formon said

substrate. 10, Slﬁect {tﬂl@m%f lifds 2647 LartBeaghd éﬁ&éjﬁﬁ?rtg?%& SORR @b fe

precursor is se a group consisting o

tet thyl h f I f Ht Si
(GB) 4 X 8%%%%&“’3%‘3&?‘*“%%0“%9“6 ormita of (GG)x 8 (CCHG)4 %, 1L The

met hod of cIa|n19 wherein said condltions i nclude a tenperature of between
about 250C and about 450C of said susceptor.

9. A method of forming a carbon doped oxide film on a substrate, said method
comprising:
placing said substrate on a susceptor of a chemical vapor deposition apparatus;
introducing a background gas, a carbon doped oxide precursor and oxygen into
10 said apparatus; and
operating said apparatus at conditions to cause said carbon doped oxide film to

form on said substrate.

10.  The method of claim 9 wherein said carbon doped oxide precursor is selected from
15 a group consisting of tetramethylcyclotetrasiloxane, a precursor having a formula of Hy Si

(CH3)4.x, and a precursor having a formula of (CHs)x Si (OCH3)4.

11.  The method of claim 9 wherein said conditions include a temperature of between

about 250°C and about 450°C of said susceptor.

12.  The method of claim 9 wherein said conditions include a pressure within said

20  apparatus of between about 2 Torr and about 10 Torr.

11



12. The method of claim9 wherein said conditions include a pressure within
said 20 apparatus of between about 2 Torr and about 10 Torr. 11 WO

03/ 031676WP@B/0BSOR/ 31525 13. The net hod of cl ai m 9 wher eipeT8E023tFaEkgr ound
gas is inert helium 14. The nethod of claim9 wherein said introducing
includes a flow rate of between about 50 Sccm and about 200 Sccm of said
carbon doped oxi de precursor, a flowrate of between about 20 Sccm and

about 200 Sgcm sai d background qa and a fl ow rat f 5 between about
1.0 Sccn1angfabg&anﬁmgégﬁég?sglFﬁgﬁéygg%gﬂﬁgqg*Hé"ﬁgﬁﬁ@ﬂnbf claim9
wherein said chem cal vapor deposition apparatus is a plasma enhanced

chem cal vapor deposition apparatus. 16. The nethod of claim9 wherein said

carbon dopegh oxigg fiihdd éfSclaifhl TRhE¥InALREHLAQYRE lidMRles 2 Hod/ratefofARIRRR doped

oxide filmto be formed on a substrate froma carbon doped oxide precursor

in the pre?%ﬁ?sf%@ﬁ@%ou@ﬁo.s@aﬁ FAiBRLEOR d%,zsidg%lre_fchﬂsm gfﬂow @eBrl7 to

act as an I nter- ielectric between conductive |ines eposli ted on

said subst r%\g%ef ClooMMoShofl £ G Hoo Sl of il BRLHRRRS ehfiPa bl e des 19

The car bon oXI| m of claim having a ctric constant of

| ess t han @%@gé”hg%uﬁﬁgmgggﬁa<%39€§“99&%quﬁ$§ﬁ filmof claim17 fornmed at

a rate exce ng angstrons pe te on said substrate. 12

15.  The method of claim 9 wherein said chemical vapor deposition apparatus is a

plasma enhanced chemical vapor deposition apparatus.

16. The method of claim 9 wherein said carbon doped oxide film is

dimethyldimethoxysilane.

10 17. A carbon doped oxide film to be formed on a substrate from a carbon doped oxide

precursor in the presence of oxygen.

18.  The carbon doped oxide film of claim 17 to act as an inter-layer dielectric between

conductive lines deposited on said substrate following etching of said carbon doped oxide

film.

15 19.  The carbon doped oxide film of claim 17 having a dielectric constant of less than

about 3.0.

20.  The carbon doped oxide film of claim 17 formed at a rate exceeding about 5,620

angstroms per minute on said substrate.
12



