] METHOD OF Sl LI CON-OXI DE AND SI LI CON GLASS FI LMs DEPGCSI Tl ON Background’%f's'
‘Ilnvention Field of the Invention This invention relates generally to

ibri cation of sem conductor devices and 5 nore particularly to the
fabrication of a silicon oxide and silicon gl ass deposition using a
conbi ned power-optim zed Plasnma-Activated CVD with
t et r aet hoxysi | ane- ozone- oxygen reaction gas m xture (TEOS-O[ err]/O0f[err]
-PACYD). Description of the Prior Art 10 In the fabrication of devices such
as sem conductor devices, a variety of material |ayers is sequentially
formed and processed on the substrate. (For .the purpose of this disclosure,
the substrate includes a bulk material such as sem conductor, e.g.,
silicon, body, and if present, various regfons of materials such as
dielectric #HORIQE SHICON OXIPEAND SHIEONGLASS FILMS DBROSITIGNs, and/ or
sem conductor materials). Oten, one of the material regions utilized in :
this fabrication procedure i ncII%J"&’é%'mé.“ds‘? In¥eBPloxi de, i.e., a material

nom nal Ipfeld BPFHRIAPERISNDY the formula Siderr], where n=~ 2. For exanpl e,
silicon oxide regions are utilized as |nsulat|ng/paSS|vat|ng | ayers as
el ectrical insul ati dhisiexendenrelatos gensrillygo fabsication oﬁseguqonqhmtqrsiehcescandor met al

| duct t abl
donan | ALe pffodt B8 ORGSO b be sdHits bise daPtion e Bt de | o
of t en degpmbintdpoveer-cptimized PlasmavaA ctivival C VD avithastiasthoRysilhiér cdohd-xygkn Edabiftsh,

e.g., conductin ate represents-a sem conductor structure 10
and over&a§lfnﬁ‘&" gﬁég%@zj’% hes 112). It is desirable that the deposi t ed

silicon oxide conformally coats this non- 25 planar surface. If a
conformal silicon oxide |ayer is not achieved, an irregular coating, (118
in FIG I)escrﬁmqmothePrlohAmnderl ying steps, 112. If deposition is
contj.nued, voids, 110, as shown in FIG 2, are often produced. An irregular
coat’i'ng such as shown in FIG 1 is, i-n many situations, unaccept abl e

~ because a non- pl anay ﬁiérfilﬁ\l%ﬁldmﬂ"a@ﬂ@e% shdhs sﬁﬁ%&dﬂh&tgpdé?/fce

phot ol i t hogr aphy. Voids such as shown in are even ess %gm rabl e -
because meaterig] layerais qequentiallyl fasmed and progasssd onttheswbstiatd. (For thecpurpose bbthis | n

ei ther cagRsurk afiksublirdl ABRAL M HERGLAN LYchRE OS8ESRuctor, e. g., silicon, body, and if

present, various regions of materials such as dielectric materials, conducting materials, metallic’
15  materials, and/or semiconductor materials). Often, one of fhe material regions utilized in this
fabrication procedure includes a silicon oxide, i.e., a material nominally represented by the
formula SiO,, where n=~ 2. For example, silicoh oxide regions are utilfzed as
' insulating/passivating layers as electrical insulation between conducting layers, e.g., polysilicon or
metal layers, and as a cap doped semiconductor layers to limit unacceptable dopant migration

20  during subsequent processing.

_ Asilicon oxide is often deposited on a non-planar substrate having a plprality
of steps, e.g., conducting steps. Substrate represents a semiconductor structure 10 and overlying
| layers (e.g., lines 112). Itis desirable that the deposited silicon oxide conformally coats this non-
25 planar_ surface. If'a conformal silicon oxide layer is not achieved, an irregular coating, (118 in FIG

1), forins over fche underlying steps, 112. If deposition is continued, voids, 110, as shown in FIG.
2, are often produced. An irregular coating such as shown in FIG. 1 is, in many situations,
unacceptable because a non-planar surface degrades the resolution of subsequent
photolithography. Voids such as shown in FIG.2 are even less desirable because etching and

30  dielectric properties will be non-uniform. In either case, lack of planarity generally produces -
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2 difficulties in subsequent processing. Therefore, it is very desirable to
produce a conformal coating. The prior art processes do not provide
éonformal oxide |ayer that can conformally cover on and between the
i'ncreasingly tight step features of new sem conductor 5 devices wi thout
form ng seams. The inportance of overcom ng the various deficiencies noted
above i's evidenced by the extensive technol ogi cal devel opnent directed to
the subject, as docunmented by the relevant patent and technical literature.
The cl osest and apparently nore rel evant technical 10 devel opnents in the
patent literature can be gl eaned by considering the follow ng: US 5,593, 741
(I keda) Method and apparatus for formng silicon oxide filmby chem cal
vapor deposition - shows oxide and oxyntride film Pl asma- Enhanced Chem cal

Vapor Depa&iltids @subBIgi6H procBssha! Thbreorditad ery BREAINE td prE@uck REGMBhmal OF

el ectron cyclotron resonance type (Ecﬁ) reactor with about 1 second
cycl ed- gpdmga excitation of the gas mixture to provide cycled 15

concentration of th ' el 5 ( Kwok)

Met hodf or depositinghg gﬁéﬁ%&éégg#?Pé@ﬁggﬁpégﬁ#gﬁﬁﬁfmgﬁl%ééé%% surface
sensi t i \cotfgrmally eavdnen and berivbsndhoincrdssingbi tight gep frathragwf héw yeniibendagtor CVD
silicgon oxide l-ayers over a PECVD TEOS/ oxygen silicon oxide |ayer

conpri sidﬁﬂcqs(W‘WPﬁ'géE{W% PR2B¥stitial ‘1 ayer by ranping down the power in the
| ast few seconds of the PECVD deposition. This 20 invention has a step
with the lowering of the plasma power of PECVD fil m deposition that hel ps
to reduce the surfadde inposian¢eifioversomihg thewafious dsfifiensicy ioed ebayeds SACVD

devi ce FPRRRRELRYthe CRRANe po BB S RoHoRat BRER 1 MR i BB Lk
i N a gashd relebam pagnttand teRRiitud KiefdituraNThediosestand appapéntlp ogertleyam tethnicdt | ow
P 2o ERTRRTEIEHSR e Pt BEraust Aoy reteapest SKropoeing s SIpiEB i oxide -
th eaches a nul ti - st eygiesestdli (R MERSPand Bpalails £§i RE 98BS0 Vi Y
I gh chanber pressure and’| ow tenperature, "and T and ozone reactants. A
pr ef er r elemipal vapendepesifiany| shows exidgand ougnitride film BlasmarGnkanpdd-Chemicab¥apoir| i con
i onl s Do fetEAGE bhBIl TS 188 PEETD)! i Uebi?fibcyortbh FesSlafBEyBE ©
(ECR) reactor with about 1 second cycled-plasma excitation of the gas mixture to provide cycled
15 concentration of the high degree ionized molecules. _ |
US 5271972 (Kwok) Method for depositing ozone/IEOS silicon oxide films of
reduced surface sensitivity - teaches a method of depositing good quality thermal CVD silicon _
oxide layers over a PECVD TEOS/oxygen silicon oxide layer comprising forming an interstitial
layer by ramping down the power in the last few seconds of the PECVD deposition. This
20 invehtion has a step with the lowering of the plasma power of PECVD film deposition that hélps
to reduce the surface sensitivities of the following TEOS-ozone SACVD oxide. | _
_ US 5643839 (Dean) Low temperature deposition of silicon oxides for device
Jfabrication - teaches a deposition procesé involving a plasma struck ina gas including |
tetraethoxysilarié and source of oxygen yields, at low témperatures, conformal coatings of silicon
25  dioxide. ) o
 US 5362526 (Wang) Plasma-Enhanced CVD process.using TEOS for
depositing silicon dioxide - teaches a nﬁulti-_step deposition process. The CVD SiO2 process uses
'very high chamber pressure and low temperature, and TEOS and ozone reactants. A preferred in-

situ multiple-step process for fof__ming a planarized silicon dioxide layer is described. Various

30 combinations of the steps are disclosed for different applications.
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3 Summary of the Invention It is an object of the present invention to
provide a method for fabricating a silicon oxide |ayer that conbines
advant ages of both | ow tenperature Plasna-Enhanced Chenical Vapor 5
Deposition (PECVD) and | ow tenperature Sub- At nospheric Chemi cal Vapor
Deposi tion (SACVD) using power-optimzed Plasma-Activated CVD with
TECS- ozone- oxygen reaction gas mxture (TECS-(err]/Jerr] PACVD). It is an .
*obj ett of the presént invention to provide a nethod for fabricating a
silicon oxide | ayer over. a stepped surface using power-optim zed

Pl asma- Activated CvD with TECS- 10 ozone/ oxygen reaction gas m xture that
produces in oxide-layer with rounded coners, not sharp corner or flowlike
corners with good integrity of filmalong the device steps. The invention
shows a soft "power-optimzed PLasnma- Acjivated CVD with of

TEOS-Jerr]/err] reaction gadummaryptthepyentiobenti on conbines the

advant ages of both | ow tenperature PECVD 15 and SACVD net hods. The

i nvention di dtis@swebies of thermwesentsinventicetpqsotidesa method fon fibtieating aailicomodds TECS
03/02 PACVD t hat uses TECS and 03/02 gas mi xture and soft power-optim zed
react i on@¥Es et eorahines advastagesefibeth lopdempesatpre@iasgs/Bbaread Ghemical Sfapan  bel-ow i n

ol asin Denogfigt (PRI i Bt o Amospbrri Chegioak ek GgpRorey or 11 -
Pg%g;ﬁ(gﬁ&g‘?@?ﬁﬂk %))wgﬁéyéfgh%%gg’gﬁﬁaiAJﬁ%ﬂe%%ﬁ@fgéggg(za%g@%g% fehtion g‘é’?f er
mixture (TEOS-03/0, PACVD).
It is an object of the present invention to provide a method for fabricating a silicon oxide
layer over a stepped surface using power-optimized Plasma-Activated CVD with TEOS- |
10 ozone/oxygen reaction gas mixture that produces in oxide layer with rounded comers, not sharp

corner or flow-like corners with good integrity of film along the device steps.

The invention shows a soft power-optimized Plasma-Activated CVD with of TEOS-03/0,
reaction gas mixture. The invention combines the advantéges of both low temperature PECVD
- 15 and SACVD methods. The invention disclosures a process to deposit silicon oxide by a process
TEOS 0s/02 PACVD that uses TEOS and 0s/O, gas mixture and soft power-optimized

reaction conditions.

A preferred process TEOS-0s/0, PACVD is shown below iln Table 1:
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- pressure (torr) 0.2 - 20 9.5 RF frequency -

(KHz) 400- 1356 1350 - plasna density
«Wecenferr]ferr]) 0.05 -0.5 ' 0.2 - ozone concentration
i'n (qerr] /Jerr]) 0.5 - 15 - 11.8 mixture (W %) Tot al
oxidizer flowrate (Jerr] + 1000 - 8000 5000 Jerr]) (sccm
TEGCS fl ow (ngm : . 100- 1000 400 He flow (sccm
.1000- 6000 ~ 2000 wafer spacing (ms) 200- 600

250 The nost critical paranmeters in the invention are RF plasnma density,
ozone concentration in oxygen and the deposition tenperature. 5 .

The invention has the foll ow ng advantages: stationery CVD process; no
surface sensitivity; inmprovement of step f#overage; comer roundi ng and

i nprovenBable bf filmintegrity in the bottomcorners of structures; power
can be UBexeks 8samaeter addi ti on pariewesioes "sdfiplasmanag ¢ rample offprafhopdsatof 0xi dg
depositj on- sinply realized; |ncivatoasf TEOSG:Khge W desi gn. The |present
i nventiln_achieves these henagf(dopants) gas mixmresnnt oy nown _process

technoljogy. 10  However, a f|dsimied aaef9€r st andiing of the nature ang
advant agne aof tha nracont ir\\ &Wﬂ@’{s rn:nl hn raoalli zad hvy t ha raof ar epge to the

latter 'B’?fef”%ﬁée"%ﬁﬁé“ébeci 1|38%F%n and att aché@\l(é?sg‘%sxé‘sl. Bri ef
Descri th-JIﬁBsuféf(to&fle Dr awm ngs 9.2-20 9.5 The Teatures and

ni-ac

advant age contuetor e :3'5"6 aceot-thHg tljasothe pHesernt—+ravedti on and
further effeﬁlelr‘?ﬂﬁ$i a_process op(ﬂ abricating su¢gh™as a_seni conduct orf devi ce

in acco {wamaademtﬂwmmé presertOOISthént ion will B@2nore clearly underfstood
%Li ph—t-akenr—r t,crf' e t+-Hon—w-th—the—
e reference nureral s designate sifm | ar or

ol I raoc 1 and 29 oy A

' on%)l OXI de fI;‘I”na 51 5% :a;;srt ro; SRR
TEOS flow (mgm) 100-1000 400
He flow (sccm) 1000-6000 : 2000
Wafer spacing (mls) 200-600 : 1250

The most critical parameters in the invention are RF plasma density,
ozone concentration in oxygen and the deposition temperature.
5 The invention has the following advantages: stationery CVD process; no
surface sensitivity; improvement of step coverage; comer rounding and improvement of film
integrity in the bottom corners of structures; power can be used as an addition parameter for

management of dopant oxide deposition- simply realized; no need to change chamber design.

The present invention achieves these benefits in the context of known process technology.
10 However, a further understanding of the nature and advantages of the present invention may be

realized by the reference to the latter portions of the spec1ﬂcatlon and attached drawings.

* Brief Description of the Draw'ings

15 The features and advantages of a semiconductor device according to the
present invention and further details of a process of fabricating such as a semiconductor device in

accordance with the present invention will be more clearly understood from the following
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Figures 3 and 4 are cross sectional views of an oxide filmdeposition
showi ng net hods for neasuring/quantifying conformance of the oxide |ayer
Qver a conductor or stepped .surface. Figure 5A is a cross sectional view

for illustrating a method for forming a 10 silicon dioxide |ayer over .
conducting lines according to a PECVD Low Tenperatureé Oxi de (PECVD-LTO)
prior art process. Figure 5B is a cross sectional view for illustrating a

.method for formng a silicon dioxide | ayer over conducting |ines according
to the prior art process of Sub-Atnospheric pressure Undoped'Si licon G ass
deposi tion (SACVD-USG). 15 ‘Figure 5C is a cross sectional
view for illustrating a method for formng a sili con di oxi de | ayer over

conducting lines according to the present 3nvention 's TEGCS- Jerr]/Jerr]

PACVD prg&@iption faketi@ofjuhdtion Wit tRORc8mPinyig Araslisds i WHICY lildyeRraéofg@ndrhls i con
di oxi de SACVD process at different substrates/underlayers. 20

Fi gure 7dsigratesimilaraaricerresphnding elemeysss sagians prdiinhighi - path and rul ti-step CVD
process.. Figure 7B is a kinetic schene of nodified process with an
adsorption path of CVD process, which explain the TECS-ozone interaction.
Figure 7C is a ki netHigurechande2 aré ctdaeseptional viewd ofia coacknfitidbokidé fillh PACVD 25
of t present. i nvention. Figures 8A and 8B are tables showa correl ation
of the f9PATS% coverage and kinetic parameters of CVD processes for

di ffer ent condi ti onsfigures Parded ak erod@seetidrial vids SfanlorRle Bk HgTosHEN EbRasE ment s
The present invention will be described in detail with reference to the

acconparipethgisd‘eramaﬁgylg/qmnmfweg tenforwenerpidesserideayen averareondugtor op stepredc
details set forth such 5 as flow rates, pressure settings, thickness,
-etc., in orcfer to provide a nore thorough under st andi ng of the present
invention. It will HEgub§Adsiscroksssetional view fondlusiatingadnetirod foefoamningtahat t he

PT es&p silicon dioxide layer over conducting lines according to a PECVD Low Temperature Oxide
.. (PECVD-LTO) prior art process. _ .

- Figure 5B is a cross sectional view for illustrating a method for forming .a
silicon dioxide layer over conducting lines according to .the prior art proceés of Sub-Atmospheric
pressure Undoped Silicon Glass deposition (SACVD-USG). _

15 : Figure 5C is a cross sectional view for illustrating a method for fomﬁng a
silicon dioxide layer over conducting hnes according to the present invention 's TEQS- 03/0;
PACVD process. . .
' Figure 6 is an example of non-staﬁonary TEOS-ozone silicon dioxide SACVD
process at different substrates/underlayers.
20 Figure 7A is ﬁ kinetic scheme of generalized multi-path and multi-step CVD
process. _
| Figure 7B is a kinetic scheme of modified process with an adsorption path of
 CVD process which explain the TEOS-o0zone interaction. R
Figure 7C is a kinetic scheme of the power-optimized TEOS 03/0, PACVD
25  ofthe present invention. _
Figures 8A and 8B are tables show a correlation of the film step coverage and

kinetic parameters of CVD processes for different conditions.



I nvention may - be practiced wthout these details. In other instances, well
known process have not been described in detail in order to not unnecessary
gbscure the present invention. Also, the flowrates in the specification
can be scal ed up or down keeping the same nolar %-or ratios to 10
accommpdat e difference sized reactors as is known to those skilled in the
art. Li-kewi se the other process paraneters for the invention's processes
.can .be scal ed up or down depending on the specifications of the reactor and
requi renent of future technol ogy products. L Background A

Measur enent of oxide |layer conformance 15 : Conf or mance can-
be nmeasured using several ways. In case of rectangul ar shape of conducting
lines in section, as showmn in FIG 3, tlée rati o between di nension S and

di mensi on T, which iDetdihdeseipionosf thé PréfépedEmbodimentyd on the substrate
surface, can be used. In the real and nore conplicated case of
non-rectangul ar shape of conducting lines in section, as shown in section
for one exanple in ' h or the,conformnce
20 char ac{ne)ri zatigrlrlalgﬁge\?ee i %ggﬁgégg%gﬁbe?ﬁ'g@%%g@?ﬁfekerﬁ"&°4thFhe sane as

nent i onadconipanying dravingk eInthefolloiving desceiption muRtrabis spsific@etails sra SetFerivisiRR f or
char cter'hzat i on of steQ,cov rage, e rati o between di nension C and

and t C :
di medsi MU CURS BEPSHLR TGS, tRIRkICER Pidn inordrdh PEIvidechTBere tharpyghgnderstauding
" oundi N thblifestShverish. NP GAMBEDLIRES BEREVr o WIIBE L &P 11 thk Bists ke OF

rounded type of CVD film deposition. ens of conventional (A)
PECVD - adtyentinn maybemristisedowithoyt these details nincthes instancesdwelbknownguiodessliavenetyi ous
silicon ' e ' n ne t he changi ng,rfequi rements -
ot now QemkiSer BRI ok R NGRLER - Bl el the b en LB CABR AR BV ©
por t i on raes inhige gpecification can Heabadaud upsoraldwintile€ing the bangrhbdlar % ratids té 0 t he
present inventjion..Rather, . this highly sinplified, discussjon js an effort
Lo APov AR Re et Shbbieactarar Rgndws 9 Bossshiled fshe wk: LikPwse hectife. by
the inv ?fﬁde@ rameters for the invention's procES@§ BanfeQcdlduP@Sdowwn! depeddRBRANRL ur €
undoped/ doped silicon gl ass deposition techniques: (1) |lowteénperature

Pl asna- EPgsHications fthastepctenand pegivement of fupgetahmrdagy products.

L. Background

A.  Measurement of oxide layer conformance
15 Conformance can be measured using several ways. In case of rectangular

shapé of conducting lines in section, as shown in FIG.3, the ratio between dimension S and
dimension T, which is the same on the top of line and on the substrate surface, can be used. In
' - the real and more complicated case of non-rectangular shape of conducting lines in section, as
shown in section for one example in FIG.4, more complicated approaches for the conformance
20  characterization have to be used. For instance, in FIG.4 the same as mentioned above ratio |
between dimension S and dimension T can be used for characterization of step coverage, _and. the
ratio between d_imension C and dimension T can be used for characterization of comer
filling/corner rounding. The last one becomes necessary to characterize a flow-like or rounded
type of CVD film deposition, | |
25 I

B. Problems of conventibnal (A) PECVD and (B) SACVD processes
The inventor's have determined that previous silicon oxide deposition

techniques do not meet the changing requirements of new denser products. It is understood in



~ PECVD-BPSG, etc); and (2) |owtenperature Sub-Atnospheric pressure

TEGCS- ozone deposition (SACVD USG SACVD PSG SACVD-BPSG etc). The general
characteristics of both methods are listed in the Table 2 bel ow.  Conpari son
of net hods shows that both nethods 10 have obvi ous advant ages and

di sadvantages that limted their usage in technology for devices with snal
features. 8 Tabl e 2: Deposition - "Advant age '
. Disadvantage nethod PECVD - prior art 1. Stationery CVD process

1. Poor step coverage and seans appearance, 2. No surface sensitivity
especially for doped filnms 2. Bad gap-fill 3. High deposition rate 4. Good
filmproperties because of low film 3. Bad filmintegrity along the step
of conducting porosity line. 5. There is a
correla i - ﬂﬂﬂ@g
concent?g$ﬁﬁgﬁgﬁgﬁo ﬁgﬁﬁggﬁﬁggk%§§ ggwgﬁﬁﬁﬂgnggﬁ %%}%ﬂgger toh%anage

t he CVDinventinns sRaﬂTEf,ﬁmé)thlg simplified discussidH ipan effdretoprexidecamimpenyed

1. Non-statio roc cellent gap-fil

> surt BB EREielor RSt e ar sty e ety or

to suppress it by pretreatment or liner pre- deposition 3. Addi ti onal
surface pre-treatnent or in-situ liner pre-deposition need to be used to
suppPess the surf acdhereqed toasiy low temparatispuriopedigpped silicon glass depositiom

Pr oper t iy &snfie&aHS fowienpeRiurt PlathPBLARLY deposition (PECVD-LTO, PECVD-PSG,
PECVD-BPSG, etc); and (2) low~temperature Sub-Atmospheric pressure TEQS-ozone
deposition (SACVD-USG, SACVD-PSG, SACVD_-BPSG, etc). The general characteristics of
both methods are listed in the Table 2 below. Comparison of methods shoWs that both methods

10 have obvious advantages and disadvantages that limited their usage in technology for devices with

small features,



6. Strong dependence of doped oxide deposition rate on the dopant to TECS
ratio. 7. There is a strong correl ation between the deposition rate and the
dopant concentration in doped SACVD filns, Invention: power- 1. Stationery
process optim zed Pl asna- 2. No surface sensitivity Activated CVD 3.
Hi gh deposition rate (PACVD) with 4. Good step coverage and gap-fill
oxygen- ozone 5. Good filmintegrity along the step of reaction gas
conducting |iqgeql xture. 6. Gooll film properties because of | ow
filmporosity There is a correlation of the deposition rate for doped
films V\AthePﬁg%opantA‘B’Hr’i%ntratlon but pow=Plsa6‘aﬁ‘*alse used as an addi tilonal

par anet er thann hn ("\ID nrocess—Conelusi '\nc the
TECS- 0zord "SRG E%h Ef 'Pg)ﬁg"ﬂs cause of %ﬁgﬂ%i%%
sensitive process w i: HPSositoh uality. AI age?p F
processes cannot be uee&aﬂa@ﬁu&ﬁb&ﬁusmmﬁlﬁte)3.cnawmﬁa;ggm&nﬂgt&aﬁpéfb&dueung
Advant aggs of 9 bcmhsnvret hods can be achi eyi»d usi ng "soft plasna
activatidn" of TEGCS-P3B d‘@ﬁﬁm@ @wﬁWt ires in optinized process
condi tions, (PACVD). f€d°P°d 7 5 Fig. [5A
sy

shows thg follow ng bm;;ﬁudg% ni n PECVD deposition: a)

differend€s in the JImdeposrtion rate over[the conductTng t+Tmes—T {or|,

that is tjhe sanme, onthe flat substrate surifce) and on the side wartsof

struct ur gSESS-03/02s phie Mowdik@Ep covdragdDI € PIr ONOUNL @dn-btdibnedy pode’@nNgUl ar shapé |of

conduct i n@AFVHefn?rn e Brcilieptigap-ls shown f or i n$? sumfece sensivicy, of chemical reaction. - need
_ to suppress it by pre-treatment or liner pre-

deposition '

3. Additional surface pre-treatment or in-situ liner

pre-~deposition need to be used to suppress the

surface sensitivity _

4. Low deposition rate '

5. Poor film properties because of high film

porosity.

6. Strong dependence of doped oxide deposition

rate on the dopant to TEQS ratio. -

7. There is a strong correlation between the

deposition rate and the dopant concentration in

doped SACVD films, :

ECVD

Invention: power- | 1. Stationery process

optimized Plasma- | 2. No surface sensitivity
Activated CVD 3. High deposition rate -
(PACVD) with 4. Good step coverage and gap-fill

OXygen-ozone 5. Good film integrity along the step of

reaction gas conducting line

mixture. 6. Good film properties because of low film
porosity

7. There is a correlation of the deposition rate -
for doped films with the dopant concentration,
but povver can be used as an additional
parameter to manage the CVD process

Conclusions: the advantages of TEOS-ozone SACVD can not be used because
of non-stationery surface sensitive process with poor film quality. Also, the advantages of

5 PECVD processes cannot be used because of poor step coverage and gap-fill: Advantages of .



.1); 10 b) sharp corners 30 of the PECVD-LTO oxide |ayer
120 when forned over conducting lines 114, which have in this particular
exanpl e non-rectangul ar shape in section and which are worse for
rectangul ar shape of conducting line in section; c) thin seans 40 crossing
t he deposited filmfromthe bottomof structures to the top of film which
are nore pronounced for rectangul ar shape of conducting lines in section.
15 Al'l these nentioned phenonena a), b) and c) are caused
by intensive reactions in the gas phase consisted of precursor and
‘oxi di zer. These gas-phase reactions are the result of the interaction of

hi ghly active radi.cals fornmed in the gas-phase due to the excitation with
hi'gh density RF power. All these effects: a), b) and c) cause the problens
of filmitself such as bad gap- 20 filling, bad filmintegrity on the
side walls and, especially, in the bottfom coners of structures. Moreover,

t hese efbothunethadsicambeeachiewedmsing I'sfteplasink hctiyatior" iof TEQS D3B0BMdopartdrgage of doped

films deposited over .silicon dioxi IImwhen it is used as a liner before
t he dep({'@"‘%‘{%w%3‘"&%?88&“"?%%"8{“{?@&%@59&?tor structure 10 can represent the
top surface of a dielectric |ayer, a conductive |ayer; a conbination of a
dielectric |ayer and conductor; or a wafer surface. 25 D. SACVD- USG
- Fig. 5B Referring to Fig. 5B, SACVD- USG layer 122 shows an shapeé of film
in sectiof-or ﬁ%\#l(ﬁ@ bPle 50 that is due to the very specific CVD
reactsi on. The fl ow Figk®A plicasithefolféwviag probleins asuallReein TEOVIPEepatifibrce
sensitivity nmean th If ferences.in the filmdeposition rate on the -
different substrat e® QHereneaLinthe filpdeposition £ate pys thegodustinglines T 6er, that isbout 2
times f aidsameldnahe 14l 3tbsthte surf: \ falld 4 | adual
change of deposition rate w taﬁgd%&ggﬁeﬁgﬁ%aglﬂggﬁggﬂgﬁgﬁ}é?&%%g%‘%Fi gure 6
i s an eMEpPrengymesdiRr ectangulas shape v&%dwm&neg iin $eciéom, e shewnl for BAGYE, PF@cess - at
di ffereny. substrates/underlayers. FIG 6 shows the Si(Jerr] deposition rat
as a function of 5 deposition time on 3 different conposition '
unddPl ayers. The Si bR shagp ¢apneredD ofithg BECED-L(TIE) oxideclayen | 200whetcformred ofer)
[II_:EthI_ (g);&{@uglr% lﬁigé) Yﬁ, &Mm il‘l ﬂﬂlstpgl%caiuj éxgt(t)l&e (Plél'll-lde%tage a?' SS anIe ?nnserct?c;[neanldn

which are worse for rectangular shape of conducting line in section;

c) thin seams 40 crossing the deposited film from the bottom of structures to
the top of film, which are more pronounced for rectangular shape of conducting lines in section.
15 All these mentioned phenomena a), b) and c) are caused by intensive reactions
~ in the gas phase consisted of precursor and oxidizer. These gas-phase réactions are the result of
the interaction of highly active radicals formed in the gas-phase due to the excitation with high
density RF power.
All these effects: a), b) and c) cause the problems of film itself such as bad gap-
20 filling, bad film integrity on the side walls and, especially, in the bottom comers of structures.
- Moreover, these effects enhance the problems with gap-fill and step coverage of doped films

deposited over silicon dioxide film when it is used as a liner before the deposition of doped film.

Semiconductor structure 10 can represent the top surface of a dielectric layer, a
conductive layer; a combination of a dielectric layer and conductor; 6r a wafer surface.
25 D. SACVD- USG - Fig. 5B :
_ Referring to Fig. 5B, SACVD-USG layer 122 shows an shape of film in
section or flow-like profile 50 that is due to the very specific CVD reaction. The flow-like profile
50 as well as the effect of surface sensitivity mean the differences in the film deposition rate on the

different substrates or underlayers (deposition rate on silicon is about 2 times faster than that of
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SACVD with the deposition tinme for Si substrate, Si substrate pretreated
with a thermal oxide |layer and a Si substrate pre-coated with silicon
nitride. FIG 6 shows that there the oxide growth rate is also double on S
conpared to Thernal oxide. 10 The | ast process property
means the non-stationery type of the CVD process. The reaction nmechani sm of
TECS and ozone interaction is rather unknown at the nonent despite of the
known attenpt to explain it as a formation of |owflowable organic

i ntermedi ate products called "oligoners” in gas phase followed by their
flowing on the filmsurface. But there is no any evidence so far, which
could prove the ability of such |ow tenperature flow ng of silicon-oxygen
15 contained substances. An alternative explanation of this effect, which
is based on chemi cal kinetics, is the follow ng. TECS and ozone can adsorb
separately on the.growing filmsurface atol ow tenperature and furthernore

react t f I b LOXI ' . | ff.exent... adsor pt i.on
coef fi c?oe’élc{é %ﬁﬁ#é%g&ggg?gdz %Jdgj nm%g%glﬁ#b?%@%a s%’ghsée?)gﬁlteosn e srﬁhgvgr S
(that menk¥G.6ifferent 20 concentration of these species in adsorption
| ayer), the depositi®@n rates on different su t es/under ). ayers are
different. In this g?a%lée- K" ¥ qqf%gn'ﬁ?%?qwgéé@@z@ﬁé‘ﬂ?@éiﬂ’g %’f‘a e
hi gher omomeydt differentisubbtratdsindetagert) CEIGEPGWE the S80S dépositibiPiatedNaThRBsn of

condtéct :fgg L ayers t'hslt@gauses the rel ail ve increase of deposition rate in
the Cor rfSPEitisn tnjgons$ different compostion underjayers. The $iQy isformed op (DS () thesed t he
flow i kexiderand (d) Qit:de. RIS SHoSvs cRAng@th B2 sifieon oﬁ&tdeﬁgsitﬂfn‘?ﬁ% ﬁ{’PEOg-UC nt film
properties on the conducting steps, nanely on the top o I nes and on the
si de wal YACYP paththe depasition fime forSigubtrats, Sishbstratgoratientpd with athermaloxids rate. |t

I's kno TECSS, . S Sarnon. t1 ' S
11§ oo Pier 8 alGEshbaRal B AR SPOiBE FRIE oy TAE I nk B84 ABRRE | |
gener al Tafeds alecdeuble o8 81 ¢compared o Thermal dRIEVD il ms, nanely filmdensity and

porogj ty. 30 1. vention.s. TEQS-02 /03 PACVD. process«Fig. 5C shows
theogjxi de | ayer forr%gllat%tsp?ﬁ%sstﬁgsﬁnxwﬁﬁtﬁ?\noél'%%\?gfryb’g\ﬁé?-g‘ﬁz}\&#ng‘?é STECS 5
O[ er r ] / Ofhereaptié?| meahimnishe of TEO$ehd@Zbnd itetacioris LIRS uiltoMi iatile hdwRht dedfitewi t h

r ounded rners 6 t sharp comers. nor, fl owljke coners. The oxide | ayer
1241 o 1B IERAo R e A 4 HERAGH Oplefomable rgari miemiedate products.

 called "oligomers" in gas phase followed by their flowing on the film surface. But there is no any

evidence so far, which could prove the aBility of such low tempefature flowing of silicon-oxygen
15  contained substances.

An alternative explanation of this effect, which is based on chemical kinetics, iS
the following. TEOS and ozone can adsorb separately on the growing film surface at low
temperature and furthermore react to form silicon dioxide film. Because of different adsorption
coefficient for TEOS and ozone on the different substrates/underlayers (that means different |

20  concentration of these species in adsorption layer), the deposition rates on different |
substrates/underlayers are different. In this case the flow-like profiles are the results of the higher
concentration of the adsorbed species near the bottom steps of conducﬁng layers that causes thé
relative increase of deposition rate in the corners of the structures. '

| The surface sensitivity effect causes the flow-like profile 50 and the following

25  set of problems: different film properties on the conducting steps, namely on the top of lines and
on the side walls like film surface roughness, film density and film etch rate. Itis krioWn that
TEOS-ozone SACVD is non-stationery reaction that means difﬁéulties with manag.ing 6f the
CVD process and the film properties in general are much worée that those of PECVD films,
namely film density and porosity. '

30



stepped structures 114. The Table 3 shows ‘the characterization of :
conformance for the structures presented in FI G 5A and FI G 5C, nanely: the
Ratio 1, which is the ratio of dinmension Cto dinension T (Ratio 1 = CT),
and the Ratio 2, which characterizes the ratio of dinension S to 10
~dinension T (Ratio 2 = S/T). Table 3 CVD process Ratio 1

Ratio 2 Oxi de deposition rate * (CT) , (S/T) _
([err]/mn) PECVD LTQ, 1.02-1.05 0. 60-0. 64 . 1220- 1300
prior art -FlGBA TECS- 03/ 02 1.19-1.25 11 0. 85-0. 90

1360- 1400 PACVD [err] Invention's power- optim zed process -FI G 5C * For
any substrate/underlayer: silicon, silicon nitride, silicon dioxide In
sumary: the advant ages of TEGS-ozone SACVD (prior art) can not be used
because of poor filmaqualit The advant ages of PECVD cannot be used
because oﬂ-pod!“’%!t‘@ﬂ 53@&5‘&%@3 VD prgesidvant ages of both methods can be
conbi ned using the invention's "soft plasm activation" of

TEGS O er ] | Lpag IS shlaPg biie M7 £8HnkA Ll theinbiBHs Al sobilo el QPHIOY 220
process conditi Advant ages of the Invention'; soft pl asma

activagi ooglozmlasﬁmxﬁa?aédlevn(tm produces agaddetayer 124with ﬂ)uﬁ(wdlcﬁméﬁdiopﬂd?c ess
condi tions (PA CVD process). The invention has the follow ng advant ages:
st ati oner wamsrﬂnooﬂowékeconm El‘lrs@mﬁabeersléﬁz§|fomnpdtoyer conguctingdinenior agherst ep

coverage; stgp%légl 9t|rur2: es llgotl'hg 'F;bf %{vg the égl)rgcggne.zartt?o%tof cgnfonnance for the structures
presented in FIG.5A and FIG.5C, namely: the Ratio 1, which is the ratio of dimension C to
dimension T (Ratio 1 = C/T), and the Ratio 2, which characterizes the ratio of dimension S to
10  dimension T (Ratio 2 = S/T).

_ " Table 3 _
CVD process | Ratio 1 Ratio 2 Oxide deposition rate *
| (C/T) | (ST (A/min)

PECVD-LTO, |1.02-1.05 0.60-0.64 - | 1220-1300
prior art :

- FIG 5A

TEOS-03/02 1.19-125 1 0.85-0.90 1360-1400
PACVD =
Invention's
power-

optimized
process

- FIG 5C

* For any substraté/underlayer: silicon, silicon nitride, silicon dioxide
In summary: the advantages of TEOS-ozone SACVD (prior art) can not be used because
of poor film quality. The advantages of PECVD cannot be used because of poor step coverage.
15  The advantages of both methods can be combined using the invention's "soft plasma activation" of |

TEOS-0,/0; (dopants) gas mixture in Power assisted and optimized process conditions.



filmintegrity in the bottomcorners of structures; power can be used as an
addi tion paraneter for nmanagenent of dopant oxi de deposition- sinply
reallzed no need to change chanber design. The invention's process can be
perforned in any parallel plate type reactors provided necessary wafer
heat i ng, equi pped with necessary RF-power assenblies, gas supply 10 system
and vacuum punpi ng system w t hout any nodi fication of reaction chanber
design. For instance, it can be realized in the "Precision-5000" or
"Centura" made by Applied Materials, Inc., or in Novellus's Inc., "Concept”
reactors, etc. The reactor can be drawn schematically as any existent type
of design, for instants, such in lIkeda's reactors showed in his US Patent -
5,593,741 as ' FIG 1 and FIG 8. 15 12 Theoretically it is possible to
realize thp,i nwmma b8 d?tthérln 'Qf"séﬁ ééiﬁa%k‘ ‘ba nEG?ﬂfros*BE’/o 2-
Nevert hel ess, ( gﬁﬁp 85@3 extrenely
Iom/dep05|t|o ate ganos 1con e npoun s at very
| ow pressures norna used in such reactor types. Due to this reason, it
is highly preferred Téﬂpmlenmthe follawipp advantages; ststionang deppsition rades fion any

14 el ) " by
D0 A 1 R Fokt, G ey AL 0erald, SlnEn B2 B o Shers RS eRhonl B o s
"soft pl flsniategntyiiv theibottoth cofneiEEﬂl‘Struﬁ{utes rp]oﬂw@{ anrb]eu(sdbasamtaﬂahugﬁparm&teufoes in
optim zed process ond| ti, &(i EPACVD ocezgZ The i nventiqn' %EF oft plasm

activati® ggrpenﬁg OR§AY ¢r9 ﬂﬂ?%)s‘ need, iechapag cham i8R0 nake

the follow ng type | 2N &EhentibPEpioc éﬁé‘érﬁ;gh al i cate
gl ass (BSG, é)hosphom | i c%ntne gpfasés@(éi%nsﬂe}) and %%r ahﬂgﬁﬁﬁpé?ﬂ%t ate ?ljé‘{ss
e

( BPSG £ provided pasessty yeaférrheating, eduipped dm]bcmscdssaomREfpnwgr Faesblimn gas supply

pet ol et §eatil Sp AR ing S rineb i Giian afon mebioh bempep e Sor

process ﬂiktaﬁ‘cej iwaﬁﬂiel reﬂrzsd mahe smeéla&esm'\ ot ! CorfurBTinbchyPAfDled Sfatdrha®, Inc.,
I mpr ovenent ﬁogv Lge ste coverage and rounding of filmin the corners using
2

1 step d¥8 cepﬁ‘ TRACHQIP. &84 Fheyfeactor can be drawn schematically as any
existent type of de_s1gn, for instants, such in Ikeda's reactors showed in his US Patent 5,593,741 as
FIG. 1 and FIG. 8. |
15 Theoretically it is possible to realize the invention in other types of reactor such as ECR or

HDP. Nevertheless, it has been considered as non-suitable because of extremely low deposition
rate from TEOS and related organosilicon compounds at very low pressures norrnally used in
such reactor types. Due to this reason, it is highly preferred to perform the PACVD process of

~ the invention in any parallel plate type reactor, such as "Preclslon-SOOO" or "Centura" made by
20 Apphed Materials, Inc USA |
B. Application of method of invention's "soft plasma activation " of TEOS-

05/0~(dopants) gas mixtures in optimized process conditions (PACVD
process). :

The invention's "soft plasma activation” of TEOS-03/02-(dopants) gas
25  mixtures can be used to make the following type layers: USG films, including liner oxide;
borosilicate glass (BSG), phosphosilicate glass (PSG) and borophosphosilieate glass (BPSG)
- films, and fluorinated glass'deposi'tiorl using TEOS and ﬂubrotriethoxysilarle (or FTES,
- SiF(OC,Hs)s).
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5 type reaction chanber. Detail ed paraneters of the invention's Plasma
Activated Chem cal Vapor Deposition (PACVD) process for deposition of
undoped silicon glass are shown in Table 4: Table 4: Invention"s
Jerr]/derr] PACVD oxi de process Process paraneter

Esti mat ed range of Most preferred paraneters : range of
paraneters - wafer tenperature ([err]Q - : 300 -600
425-475 - pressure (torr) 0.2 - 20 6-14
- plasma density (Wcm2) 0.05 - 0.5 0.1- 0.3
pl asma frequency (KHz to MHz) 4.00 KHz -13.56 Mz 13.56 Mz
TECS fl ow (mgm 100- 1200 400- 800
oxi di zer ' Jefy] /Jerr] m xture

err] / e centration
1015 Torabec ox. séwf Feseiie SEPiERNoR's fAdopsd s Z’@méx'dsﬁwogﬂm
3000- 6000 CarrP sses ' He

carrier flow (s cc n) This invention's non-surface sm&ilﬁ'e ﬁmﬂibd prowdes the 1mproveﬁ15ﬁlQ)_lt_'aﬂH)0

f e
br boess” BEb st Bhe uoding o6 n hagommers (e buen dspsiion propess ieseale] B 10
PACVD5 OX tyde réal6i calibbr. i DetsllRR Bakatietels FROHvaREA Pnamm& feﬁ‘(%efnﬁéafv 39T

borosilicate, phosphosilicate and boro Phosphom | cate gla
or gani ¢ Depesition @AOYI)precessfor Shpb@tlame urldpp@tﬁﬂgpbbglamase showinrie Tale ghosphi t e,

trimet hyl phosphat e’l‘abtléieanAtBH“é’g B‘E%Crpo%%?gggsggahgroﬁt ;ndl nthis

case particular flows of precur

phospho Bﬁocessrpafmtetat ion need to be tmaeéa rahgdelgfW Se€, | (a6 prébired Of
~organi clboric and phosphoric acid et hegsanddtersf | OWs to THGRddow are ¢hosen
based on the desirable concentration of boron and phothﬁH}zHﬁetéﬂB t he :caiss.
Si m | ar [DLARE Adtdacy 5 _can be used doogogeposl 0T Of 45t %r rratedifil s
(FCSiG%:Tléi'i' Hﬁssﬁ?{?r}” e of —TECSand FTF%Z 50‘ fi—s—case—th 6-212{ H-ow—of TEOS
an - plasmia density (W/cm-2) L 0.05-0.5 : 0.1-0.3
lasma frequency (KHz to MHz ) 4.00 KHz -13.56 MHz= 13.56 MHz
TEOS flow (mgm) ' 100-1200 400-800
oxidizer 03 /0, mixture 03 /02 mixture
- 0zone concentration in oxygen (wt %) 05-15 10-13
Total oxidizer flow rate (Os + 0;) (sccm) | 1000-8000 - | 3000-6000
Carrier gasses Ar, He He
carrier flow (sccm) ' 1000-6000 1500-3000
Wafer spacing (mis) ' 200-600 250

The process parameters presented in Table 4 can be used for the invention's
10 PACVD oxide layer that is doped with boron and/or phosphorous (the borosilicate,
phosphosilicate énd borophosphosilicate glass films) using organic ethers, such as trimetylborate,
triethylbirate, trimethylphosphite, trimethylphosphate, triethylphospohate, tripropylphosphate, etc.
In this case particulaf flows of p_reéursors are chosen based on boron and phosphorus
concentration need to be achieved. Likewise, the ratio of organic boric and phosphoric acid ethers

15 flows to TEOS flow are chosen based on the desirable concentration of boron and phosphorus in
the glass. '

Similar process parameters can be used for deposition of fluorinated films

(FSG) using a mixture of TEOS and FTES. In this case the total flow of TEOS and FTES
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assumed to be equal to the TECS fl ow presented in Table 4, and the shar e of
TECS and FTES in total silicon conpound flow will depend on the final
fluorine concentration need to be achieved. The ratio of
fluorotriethoxysilane to. tetraethoxysilane are chosen based on the
desirabl e concentration of fluorine in the glass. 5 The npst inportant
paraneters in the invention are RF plasnma density, ozone concentration in
oxygen and the deposition tenperature that can be clear understood with the
follow ng explanation of the Invention's idea. It is known that any

chem cal deposition process is very conplicated and it includes nany
particul ar chem cal reaction steps. Based on previously 10  published

i nvestigation of the gas-phase CVD reaction kinetics of polysilicon,
silicon nitride, silicon dioxide, phosphddilicate, borosilicate and

bor ophos pi3gisiéd to®leGualtcthe qeomg@ﬁesé\{euz@@lameﬂ tahd (HR¥hdte BPFEOYIahd FTEGE OVD
process approach 1 has been devel oped to explaln the reason of observed

r eact i ontotal silieenegospounghpw will deperd ontbe Gnal finerine sondsntsativinmeed toibeackigedoach,
: d
gg [ 13 ::‘ ; ]er g }aﬁg ]opﬁiomﬁgthgf}gﬁ%rfﬁg {e]t ﬁ{))gy]sﬂa}-lg E_Jre Sgg%‘é gﬁ’stgﬁ’ 8;HL g@degg%l ?]O npoun

possi bl ecqmemtanoxeoitﬂwnnamhhegassgeneous (1st) path or a two-step (2[err] )
path with the honbgeneous gas-phase formation of internediate product
(IMP[err]) followed by its heterogeneous deconposition into the f| | mon the

surface of substrat eT](é:r[]gsrt rL%drtaﬁ??aﬂ}ﬁ’et?rﬁ&r&h?% lowrlie)ggpﬁgomi rocesses

(l'i ke thermal TEGS deconposition "&nt  at

t he t enpesnaéntration inicghgen anth the depOjtionaeapdigthicala dard &ﬁkﬁndﬂrﬁ?&& zmh ﬂ%cgr dance
with the_qne step 1st C onpt t hrough the formation of .adsorbe
speci es ﬁt"@?‘&f}iﬁ%'?'b&f;g irve?twegﬂ er Hrigkimmehatany ehemice feposiion BIOPEsS i wi t h

the reacdrpBorglieated Bid lkfnemaés maty fpﬁrtfcﬁlgll HeRRaMeAciol E‘tbé@ rB8std Jf»{@]%ae tion,

very ood Step coverage and gap- and good properties o hes il nms as
wel | 10 Thpublighed investigatinn ofitke gﬁ@@wrﬁi@) reactionsinetiesefpolyeilicors sifiten nitide,usi ng t he

25 h th two i d t t
t her esgr e ;oeér%h%l%g& oglﬁ%hé Ibggbgil?gét ‘f°é%&‘ﬁﬁpé’8s‘f‘%§°r%ﬁ§° W?%ff'eo n “and
gap-fi | I])atlnaﬁd/muitlstagedaVB iprocessrapproachr Basrbaexedwelapeacxeesplslﬁmlcﬁ kas@n%f These

principal differenc n st coverage for stydied CVD reactiops are shown
in Fig. go0SE8 &aﬁwnﬁ%&"@cﬁﬁ drauss afg‘ﬁp o tis.gimplified appropch. AR MNSTAYIONT he

di er entwidh prétarsot Al (s%o&&&ﬁboﬂﬁ%)@@c&hﬁ&ﬁﬁig g@mﬂ&hﬂ , 8,0, 18¢) freb&e@egneous

(k2 << k1), or honpgeneous, (k as s FIG8 to ether with
the Ut avieiggwo pessibly paths: sitkes abaterogoneons (1sV epthee swergiep (2 ) path with the

homogeneous gas-phase formation of intermediate product (IMP,,) followed by its
heterogeneous decomposition into the film on the surface of substrate (Fsona), as shown in
FIG.7A.
Decomposition processes (like thermal TEOS decomposition in either inert er
20  oxygen ambient at the temperatures higher that 650°) were believed to take place in accordance
with the one step 1st reaction path through the formation of adsorbed species (Aads,) followed by
their transformation into the solid film with the reaction constant k...;. This explains very uniform
film deposition, very good step coverage and gap'-ﬁll, ah_d good properties of these ﬁims as well.
The reactions .of two compounds in most cases were explained using the
25 scheme of the 2nd reaction path with two steps. It was found that there are differences in the
basic CVD features (nafnely step coverage and gap-fill) between used silicon precursors and
process conditions. These principal differences in step coverage for studied CVD reactions are
shown in Fig.8. Based on above presenfed approach they were explained with the difference in the
limiting step of CVD precess, namely either heterogeneous (k2 << k1). or homogeneous (k1 <<

30  Kk2), as shown in FIG.8 together with the drawings. Moreover, a comparison of step coverage
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15 shows that its worsening correlates with the increase of effective

reaction constant Klerr]), i.e., the nost -efficient and, therefore,
activated processes, provides not- only high deposition rate, but also bad

. filmstep coverage as well. (This effective reaction constant is cal cul ated
based on wel |- known kinetic equation, which in general formfor the
reaction of two conponents A and Bto 5 formproduct D (nA + nB => kD) can
+be drawn as W= k*[A][err] [B][err]. In this equation Wis a reaction rate,

k* is a certain coefficient, [A] and [B] are the concentrations of :
.conponents and power values n and mare the stoichionetric coefficients. To
apply this equation to CVD processes, need to use the filmdeposition rate
as a reaction rate W and concentration. ofl3conponents in the chanber can be
cal cul atshewbtaeits worsktifg corfdlvswitlPthe GRFsdsfReffetliv’, reablibs Codsthnt KR!, akdir €,
and chanber volune. |t necessary to note that in the nost studied CVD

pr ocess 8ot picient andgtherefore, astivated prmesssesaprovidescaat onlyrhighadeppsition tete; biet alsol i con
compoun e d o) r t | r t he secand

Fenct | o i bEE Eover gl MR e B R b P SREC G MR R FRIE e

fol | owi rigrosmketié equation)wetiichoin gévasdidonm] fof Hiel regtion pf Wé&ﬁ}fdnent?h?nﬁ&to
sinplified equation allqws us to conpare nany CVD processes -an recursors
usi ng vefgvn BrOgpFtd bt SR Ry kDeran be drawnasW=k*[A]|-r[§]e Inghis equatig W isi8e known
except i Qadiifn HE KPADRYBlin Medbe AT ' d not
be expl ai a}re nvéi t’h the prelbl&%uSCF%‘}EJ&&%@Ag}e&{l}%@%ﬁg@g@g%%%og cg\%mgﬁal n

FI G 6A. pbwes valgesan ahd @barezbastoiohipmetricCoelfipients.eTo apply thivedquatipetosCiDe. | t
assuned to be the g};oceﬁqsﬁlvr}ii h the interacti,on of _two conmpounds, .nanely

TEOS and'85ie, "¢h PRYEANrata s @ reqetien mate Vo 2)d epncantratiop ofio not

i Nt er acteogipohdifs in TREOGHambbl @f be ERYANEA baseP8f IERFoHR, pro%&@?fésélﬁe,fv?ﬂéﬂ” es of
this reaction, e.i. non-stationery reaction, surface sensitivity effect,..

f 1 ovi i Kempsratiire, and ehamber vadumé, elt aggshsanntouwteiatdo vaerroest studied (G\ID pexckssee of

ot h- adnd st O il efdion Regat i e B e SRR B gt oree ! "

~ | nt er actresvtion withdespedrad theeesnd| restidh esthponend Bliehedns abovetQudtionPafibé f ace.
Conpar e to,rea.ctlgn f the 2nd path this reaction is slower. 25

It has DEWHAteL8lathe followmingsimplified squation WitKee dSilieonorreeursas].  Ehgjast simplified or
TEGCS- o s J ' i I P : ' | '
{orper at rRioR RS X mplty fihy VIS piitRskf et the P very S Yottt

usudis confornal, butTheré ismt jsashpee knaven exeeption imthebehavidreof dmeractidnrofaweor dance

ithr i on h in,Fl.G 7B i | aj n . The whol e
Wt eac%}rfpgundss,c wﬁ%céu% not%e expllaitnecf %ﬂh t ee peré lOL?S y eC\irel%IS)eJ (Q,{/'i)oﬁlygcess scheme

shown in FIG.6A. This is a TEOS-oz'one-oxygen CVD process at low temperature. It assumed to

~ be the process with the interaction of two compounds, namely TEOS and ozone, because it is
known that TEOS and oxygen almost do not interact at low temperatures. However, observed

20 speciﬁc features of this reaction, e.i. non-stationery react_ion, surface sensitivity effect, flow-like
profile, etc., can be ‘explain using advanced reaction scheme of the general CVD process, which
inciudes the 3', also heterogeneous reaction path, as shown in FIG.7B. This addition path
supposed to havé an interaction of adsorbed molecules A4 and By, on the film surface.
Compare to reaction of the 2nd path this reaction is slower.

25 It has been sho% that there is an optimized deposition temperature for TEOS-
ozone interaction, which is close to 360-450°C. Behind this temperature region the flow-like
profile becomes worse, i.e., closer to usual conformal, but films properties remain aimost the
same. In accordance with reaction scheme in FIG.7B it can be explained as follows. The whole
TEOS-ozone CVD process can be considered as a combination of two parallel processes, namely

30 1stand 3rd reaction paths, see FIG.7B. Def;ending on the process conditions an impact of each



TECS- ozone CVD. process can be considered as a conbination of two parallel
processes, nanely 30 1st and 3rd reaction paths, see FIG 7B. Dependi ng on

t he process conditions an inpact of each 16 reaction path becones either
Wi gher or |ower that eventually causes the changes in observed reaction
features. Therefore, the enhancenment of the 1st reaction path inpact wll
be corresponded to the partly suppression of the surface sensitivity effect
‘and, "therefore, the flow like profile will be gradually changed to nornal
conformal step coverage. Finally, it necessary to 5 note that the only
ozone provides those very specific oxide deposltlon features and unti l
recently there is no-any information reg ding simlar behavior of other
oxygen sources. A nodified schene in FIG. C can be used for the explanation
of the r eactiongpatlf besbmeseithienhigher or toreen thad eventAACvisey the elmgesihobserved at i vel y

-l ow and r-opti-m citation of gas hase has, been errpl oyed to
manage tﬁeé%oig. P@éeigereggﬁ sﬁ(“s’?{"’hg}?ﬁmﬁq tof thedst teagtionpath igpaet) wfl b Snshl p of
I nventio VS in
T o our BRI PURGRY bR e a@*‘f* HE AR SRR JERRES e
onl y SACHks problcesl be prduallyshangsd Temnmhcbnﬁzrmahstepembrage\ Exlnallytlﬁ nswsiaaﬁaa in
accor dang 3 react ath rese d.in FJG.7B. At the high RF
power deﬂ‘gte\&ﬁtt q’f’? ‘{I'fyn%ggﬂg PY eégp %’ 1%8 é’§§ dEEﬂ?H*Wlf?ﬂﬁurFi #nd ypsil eseently
advant agtheteis %6 hixy iﬂfcﬁﬂaﬁl&ﬂ‘éﬁérﬂing @mﬁﬁP E‘Qhawm Sfitherdfy géﬁ%oﬁl)&\é en radicals

U[err],, 15 are fornmed in gas phase in accordance wt e 2[err]
reaction path from bémodifigdschemein IGoiecandleased fos Ihemkplanattohaxf thelreactions a

f t l. ' d h t f d
o the ¢ Rpdirenih BtveBible PAC YD fbehe BB Rlatival ol and hob i n R RE T Do cos | o
limited kncitatien dsttgmgmehassbeesamplbm t@fmdnhg tht/eve f)ﬂoc&ﬁr rmislsﬂibmemosreﬂ&@ns
|tsLatur?s(I|kethe Wor sen of the step_ covera and% i1l)y wll be
i ncr t%si dfFlationship pblnyention’s & éqwgi’Wéeséf"‘fl@db? prdor gt RS C‘g&pmmses in
accor dangrodidAdné l)?r%%n réa§5t13a11S WA Wbt 19 8&/8’ efxﬁ@tth% tﬂgé&lg%@&?‘}oﬁ hi gh

nat ure of the oxyg source oes not si gni |can
RF power procesd ¢iht asupesTHOS and brane reactigeon tladud‘aadesin hﬂ:oghhcélwglﬂ 3¥epagioni on

rate. In f th ant djff.erence between oxygen sources
descr i be{’ia R eF%?fgm?IG;Pre]%t‘ S}(%‘ﬁﬁhdkﬁﬁgw? S“HE@H“%@S BRIFAREC YR dreeeshy dr ogen
per oxi decsnditival(e: ma?&r aHSarﬂég"‘er ‘V%}ﬁgﬁ legtsitfoh P4¥k), B&h?ﬁé?g@?a%%ef lafficdlc 4@t the

stron eXCI tatlon 0] TE 0zone- oxygen m-X i'ng .SACVD process
wi | 1 12 aude forme ¢rhgﬁ$g@gsedn agqo)@damw@h the 2™ reaction path from both oxygen and ozone

molecules. After that there i is a formation of highly active IMP,,, product, which is instantly

transformed to the film while achieve substrate surface. In general this CVD process is limited by
the homogeneous reaction of the IMP,,, formation. This means its features (like the worsening of
the step coverage and gap-fill) will be increasing with the increase of the effective reaction
20  constant in accordance with FIG.8. It is important to note, that in this case the nature of the
oxygen source does not significantly matter because of high RF power needed to produce active
oxygen radicals to get high deposition rate. In fact, there is no significant difference betwéen
oxygen sources described in Ikeda's patent (US 4;493,741), such as oxygeh,_oz_one, hydrogen
peroxide or water. It is also very clear from the scheme in FIG.7C that the strong excitation of
25 the TEOS—oz_one-bxygen mixture during SACVD process will cause the changes of the whole
process to the PECVD process. _
The invention's PACVD reaction path (see FIG. 7C) assumed to have very soft
excitation of ozone - oxygen mixture with the creation of the new, 4th reaction path, due to the o
soft excitation of ozone molecules. It assumes the formation of "soft-activated" ozone radicais

30  03*gs, which are able to adsorb on the surface to form active enough 0s*as followed by théir



H

process to the PECVD process. The invention's PACVD reaction path (see FIG
7C) assuned to have very soft excitation of ozone - oxygen mxture with the
creation of the new, 4th reaction path, due to the soft excitation of ozone
Mol ecul es. It assunes the formati on of "soft-activated" ozone radicals 30
O[err]*[err], which are able to adsorb on the surface to formactive enough
O[err]*[err] followed by their 17 reaction with adsorbed TECS to form '
PACVD film It is clear fromthis scheme that power optimzation is very
inmportant to produce "soft" activated ozone radicals, but not strong
activated oxygen radicals O [err] because the increase of power wll| cause
t he change of reaction to the PECVD process. Such activated

TECS- ozone- oxygen process does not reveal 1gurface sensitivity.5 because of
fast int ecation with adsoststd TEOSItoTofPPWOVD filne 1 iksedéald GOmakis BéhefrRdhat posver
Therefore, .there is nq flowlike profile at this conditions and the

possi bl e PHEIzEtOIs Ve BpPPTiAn, tRredins, soft Achraterbesops sadicalsy butinet steangragtivated
opti m zat, : ) 0 ' ' - en

it ur o, I RIEORE AR e AR and HIEuicl WP DA S0 oPRABBISHAET |
pr opos ed PEEYId pragessa Sseh dctivated TEOSexkoperskyden processydosoiidt revehl susfateosensifivigz one
nol ecyl es. 10 . . Fi.gures. and 8B are tapl es _show a
correfat ?’8??“8? ofifast interaction,of gdsorked THIX &’Hgﬁk‘ﬁ ’ﬁé‘?rigﬁd B%ﬂ“ﬁﬁ%?‘@fss ﬁ‘FregVB there
processess fdflowlliké frofiRtat B \EHntitidRSandthd bdsible iﬁxgﬁct%?m"b océsgH ettagk
paranmeters of the iInvention's PACVD process are presented in Table bel ow.
15  Tabldecrsased by thetcareful optimization of priResspawes nudozme coqpentrativin il heonermygens e

of plasma.density.increases. the concentration of RF plasma densit _
active oxygen: r‘g%i“@g?%angE?amé%ﬁ?%%nytpiaénﬁr{%&?"fc&ﬁ?‘bbea‘ts% PRrPRRsed FegiMhct i on
M xture bbasel Biticeddd jist €ativety sBRSOV Aol ¥PoRIne @Rsiccule® t he PECVD process The
hi gher ozone concentration produces the better step Ozone concentration -

covetige due to the iFigreddvanstSBatgithlesalipwalcomelsrienofithafiimpstep fovsragemnd
i mpact  ofg 3yt Eﬁ%ﬂe{eﬁa&b\ﬂf‘pﬂo@&s@estfgpdi%%hteco%{aoﬁgOcess

S

Finally, the summary 'of impdrtant parameters of the invention's PACVD

process are presentéd in Table 5 below:

15 Table5
arameter Reason step is important
RF 1l densi The increase of plasma density increases the concentration of
plasma density active oxygen radicals and causes the undesirable activation of
reaction mixture that eventually can transform CVD process to
the PECVD process
) The higher ozone concentration produces the better step
Ozone concentration '

coverage due to the increase of ozone radicals concentration,
i.e.,, the impact of surface reaction into the whole CVD process
compare to gas phase reactions of TEOS with oxygen radicals.

There is an optimized range of deposition temperature with the

Deposition temperature | o5 effective impact of ozone in the surface reaction,

D. Insitd Liner/Cap deposition before/after insitu PACVD (doped) oxide
deposition. : '

The invention also provides the following preferred embodiments where a liner
20 layer is formed, and then without removing the wafer from the reactor, the invention's PACVD

oxide layer is formed insitu thereover.



. .
conpare to gas phase reactions of TECS with oxygen radicals. There is an
optim zed range of deposition tenperature with the Deposition tenperature
nmost effective inpact of ozone in the surface reaction. D I nsitu

Ci ner/ Cap deposition before/after insitu PACVD (doped) oxide deposition.
The invention also provides the follow ng preferred enbodi nents where a
liner 20 layer is forned, and then without renmoving the wafer fromthe
reactor, the invention's PACVD oxide laydr is formed insitu thereover.

18 The invention i ncl Tikasvettive intlodds twifeligwing peferredastiuctires/insitumethddsnsi t u

met hods: [err]..oxi ' s j LI con glass PACVD | ayer. [err] oxide
| iner and goﬁ%&%eg@ghgﬁgyﬁ%ﬁgﬁg?ngggﬁg% de cap layer [err] oxide liner and
f I uor osi | i Catsidglinasad deped gla PACYBaypr andseiideaa layeer and fl uorosiliciate gl ass
| ayer and [ ) ows the.liner |ayer 140 which can be
formed of %ogg?@,ggmh%&%cgﬁ ?/\s}gla?%e liner |ayer 140 and the cap | ayer 150.
The cap 5l ayke roxideliner afl Bncrbsiligiate glagsdayerind oxidexcapleyer. E. ‘Differentiation of the
i nvention WS YR R, I npares the
I nvention' ?‘g? %l%ggglgv%%/ ﬁye?ﬁig) prior .ﬁé#@ﬁ%ﬁ%ﬁ)o%%?l&?{égﬁw%éﬂ%g‘rﬁty gl'gAC_IVD :
processes afftiand thegpn lgyes @w3he qap laykr isppeafesshlyeconpaseded gxifhe | nvention and t he
priror art processes while realized at the same parallel plate reaction
chanber typek. Talbifferentfstioncstahe mivantidredver the PECVD ahd SACVDQro6essesf t pl asma
activation" Prior art . Prior art PACVD _

PECVD - LTO The Table 6 beR@oDparesiWBGnvestion'sprioesss withrthgepriof art PECVIPs@Homar anet er s

2r2 gf 2r7r5190d pa.l(?t‘ %%ggbep;o%es\s{gfagg cléaﬁynﬂgurisatﬁ-ng %&ﬂ&'ﬁa eg\&eg% gxe tn%l%lp?rf 3919 ih% %Qlor art 0 } 2.20 '

6- 14 procdsses while realized at the same parallel plé#®ref86h chamber type.
Table 6 ' '
Process parameter Invention's "soft plasma activation” Prior art Prior art
-| PACVD ~ | PECVD -LTO SACVD - USG
Estimated range of - | PACVD
parameters preferred
' parameters
Wafer temperature (°C) 300-600 425-475 420 ' 440
Pressure (torr) 0.2-20 : 6-14 7 , 100-600
Plasma density (W/cm %) 0.05-0.5 - 0.1-0.3 2-3 . NA
Plasma frequency 400-1356 KHz 1356 1356 NA
(KHz ) -
Type of plasma excitation Constant o Constant Cycled with NA
1 second period

TEOQOS flow (mgm) 100-1200 . 300-600 800 600
Oxidizer 0; /0, mixture 040, Oxygen 040, .

mixture " mixture
Ozone concentration in 0.5-15 10-13 NA 7-12
oxygen (wt %) _
oxidizer (0s +0; ) flow (sccm) 1000-8000 3000-6000 [ NA 3000-5000
0, flow rate (seem) NA NA | 1000-2000 NA
Addition carrier gases Ar, He He He He
Carrier gas flow (seem) 1000-6000 1500-3000 [ 500-1000 4000-6000

Wafer spacing (mils) 200-600 230-300 200-300 200-300



0 .
Pl asma density (Wcm[err]). 0.05-0.5 0.1-0.3 2-3

NA Pl asma frequency 400- 1356 KHz 1356 1356
NA (KHz) Type of plasnma excitation Const ant’ Const ant
Cycled with NA 1 second period TEGCS flow (ngm _
100- 1200 300- 600 800 - 600 Oxi di zer
JQerr] /Jerr] mxture err]/derr] xygen
Jerr]/derr] mxture m xture Ozone concentration in 0.5-15
- 10-13 NA : : 7-12 oxygen (wt % oxidizer (Jerr]
+Jerr]) flow (sccm 1000- 8000 : 3000- 6000 NA
3000-5000 02 flow rate (seem NA _ : NA
1000- 2000 NA Addition carrier gases Ar, He
He He As the Table 6 shows, theéndsinigoflant0BFerehtPardne o the
1000- 6000 1500- 3000  500-1000 4000- 6000 Wafer

spaci ng {mysqtion are the powsigensifypand type of plasma excitatior @s 36l as gas mixtge Gompare to

200- 300 ' - ' ' di.ff erent paraneters
or the |ECumfioranf akdinker Bl 404 oldie R bpb SR SHERmBHY 05T o on, 2
wel | as gas mixture Expermeneal resufSSadineasiremens be sAown ROFIGS SIEFH dnd sand
press rw?re {0 ACVDMDri or art). Experipental results and

measut e Parebasshon HEMs @ crogs-sestionsam agtuabsemigonduetprstrugtusese based on
SEMs of cross-sections on actual semiconductor structures. It should be
recogni.zed that many publications describe the details of comon 10

techni ques used in the fabrication process of integrated conponents. Those

t echni ques can be generally enployed in the fabrication of the structure of
the present invention. Mreover, the individual steps of such a process can

be perforned using corgkBaIAbRkdbeRmYAd thi’t%ﬁyk)%ﬁ)ﬁ%@ﬁ s&ibw{@ ﬁéﬂ@%ﬂ:&%wﬁ

machi nes. As specifically necessary to an derstanding o e present
i nvel i otechniquenpsadrip thedbbrivation proaesa ofiintegsated dompionerts s Ehibsa pechniquestoan be

e bl 5 SBRRB e bk R T et BZRRCH
individual steps of such a process can be performed using commercially available integrated circuit
fabrication machines. As speciﬁcé.lly neéessary fo an understanding of the present invention,
éxemplary technical data are set forth based upon current technology. Future developments in the

15 art may call for appropriate adjustments as would be_obvious to one skilled in the art. i
Also, the conductive lines in the FIGS can represent any stepped structure on a
semiconductor device and are not limited in composition.. _
While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
20  changes in form and details may be made without departing from the spirit and scope of the

invention.



Al so, the conductive lines in the FIGS can represent any stepped structure
on a sem conductor device and are not limted in conposition. Wile the
i nvention has been particularly shown and described with reference to the
preferred embodi nents thereof, it will be understood by those skilled in
the art that various 20 changes in formand details may be made w t hout
departing fromthe spirit and scope of the invention. 20 CLAIMS 1. A
‘met hod of forming a silicon oxide filmover a heated substrate by a Pl asnma
Activate chem cal vapor deposition (PACVD) using TECS and an ozone source
as essential reactants in the constant presence of a plasma; the nethod
conprising the steps of: a) pl acing a substrate in a parallel plate type
react or chanber; said substrate has at an upper surface with a plurality of
steps; b) in aydeposition step, inducing a reaction in a gaseous mxture
conposition to produce deposition of a-silicon oxide filmover said
substrate, said silicon oxide filmis deposited by subjecting said
substraté to A npﬂtlaﬂnf fornting\@silicon oxidei i@ ovar £hed@AGEbstiaty bysd BlRsnActivagy ei n
sai d composj ti,o rises TEOS and a source of ozone; and wherein after
the deposi FheBHe Yapgé epositipn (RACYD) yeing TERS and am gzqnesourge as ¢ssentigl rgactants ion
oxi de fil V, od of claimi1
TR pBine O £ Bk (ARG cormrsing she Bedile

wherein said react on oc ions: a frequency of
energy of rea®ti q)iaontmm:;tratemmpnﬂﬂlebplamltybqn‘emmhmbérﬁteﬂiﬂ@ﬁbsﬁ’é&tﬁas410&1 KHz
and 1356 Khz; and sald Ias Rﬁa a ﬁsasna density in the range of between
about . 0. 05 and O'RBER #ﬂaa LHPISSur ce of ozone is a Jerr]/Jerr]

m xture with-gn Ggqare r [a% a¥7s] % and
sai d Qerr]/q@err] mgﬁgi}g%{tggsﬁgh‘?ﬁgo%vﬁﬁate ﬁgtggvv%gﬁ?%%% @B(gsé%agn CCM and
at a tenper at ur eprofucsdeppsitionof pailicometidefim ausosdid Abstratadsdd Sfieon dxids fildh

The net hod of cl. erej.n said. reaction occurs, under the fol] ow, ng
condi ti ons: ? déBo%1 el ?‘g‘gb%‘t‘*\/%@ ?f“’@d’@“?%ﬁ’re]eﬁtlreéaﬁ pegition

bet ween 0. 2 and sté) dndrwherein ﬁh@mddmaﬁ chmph@ts PEOS SaddPscdied dFozotl ard errl.
Pl asma frequency between 400 and
wherein after the deposition of said silicon ox1de film, a sharp corner in said silicon

Q

oxide film between said steps is avoided.

-2, The method of claim 1 wherein said reaction occurs under the followmg conditions:
a frequency of energy of reaction chamber to produce said plasma is between about 400 KHz and
1356 Khz ; and said plasma has a plasma density in the range of between about 0.05 and 0.5
W/em?, and said source of ozone is a 03/0, mixture with an Ozone concentration in oxygen
between 0.5 and 15 wt % and said 03/0, mixture has a flow rate between. 3000 and 6000
SCCM; and at a temperature of said substrate between about 300 and 600° C.

3. The method of claim 1 wherein said reaction occurs under the following conditions: -
a Wafer temperature between 300 and 600 °C, a Pressure between 0.2 and
20 torr, a Plasma density between 0.05 and 0.5 W/cm 2 aPlasma frequehcy between 400 and
1356 KHz, |
 said source of ozone is a 05/0, mixture with an Ozone concentration in
oxygen between 0.5 and 13 wt % and said 03/0, mixture has a flow rate between 3000 and
6000 SCCM,; and He Carrier gas flow between .1 000 and 6000 scem; | - .

SRR



1356 KHz, said source of ozone is a JQerr]/Jerr] mxture with an Ozone
concentration in oxygen between 0.5 and 13 w %and said Jerr]/Jerr]

m xture has a flow rate between 3000 and 6000 SCCM - and He Carrier-gas

'l ow bet ween 1000 and 6000 sccm and a Wafer spaci ng between 200 and 600
mils. 21 4. The met hod of claim 1l wherein said reaction occurs at the
follow ng conditions: a Wafer tenperature -between 380 and 440 [err]C, a
pressure between 6 and 14 torr; a Plasnma density between 0.1 and 0.3 Wcm
[err]; a Plasma frequency between 1350 and 1360 KHz; a TEGCS fl ow between
400 and 800 ngm said source of ozone is a Jerr]/Jerr] mxture with an
Ozone concentration in oxygen between 10 and 13 Wt % and said Jerr]/Jerr]
mixture has a flow rate between 3000 and 6800 SCCM a He Carri er gas flow
bet ween #500 Fhelmevod of claim 1 svhexkeine said pactiongdoars wethe fARWiRgCondAdnsi | s. 5.

The net hod %kgtpl aim1l wherein said prior to said deposition step, -
per f or mi ng 2i"hAFE I§MBErats briweeniio ad 4A0 £6, & prespuesrbetxeead anddtom;aPlasrag d

substrate : rof i i d. i ki t, i f~Sahd silicon
oxi de. 11 | meauiy BB 0 LI 9 vieh, #ARG Fing tefhvde 13S0 DopKite 3| (200
conposi t T&EOS flow Hhetweden 3D drb 800 mgmy mid soiirde@f oromeisla ©310d Miktire vithaxi@néi | M
is doped with boraon. 7. The thod of claiml erein_said conposition
or ey - ehhdetlnan oren betgpon KU o Wven ol G/t sk basd oot 1 | &

doped Wi bBwBR STID0r 2l $00BSCCM; T Bl ®irfi%a flow! lﬁétm:e}l %h%@@g&mé p Wafer

conposition further includes a source of” phosphorus an sour ce oron
and sai dspacingdetwesni 259 and 39 mils.doped wi th boron and Phosphorus. 9. The
met hod of claim 1 which further includes formng a |liner [ayer on said
substrate and formng said silicon oxide |ayer on said |liner |ayer. 10.
The nethod of claim1 which further includes formng a liner |ayer on said
substrat @ and.{orm,n id silicon ide | a on.said liner |layer; and -
f or mi ng g' capﬂ‘%’ﬁ@‘h ogrs??g]%fg‘h’ﬁe@osﬁ'%x(ﬂﬂoﬂg’? osition step; performing Insii an

'  oxide liner step to form on oxide liner over said substrate and then performing said deposition

step to deposit said silicon oxide film over said oxide liner.

6. The method of claim 1 wherein said composition further includes a source of boron ‘and

said silicon oxide film is doped with boron.

7. The method of claim 1 wherein said composition further includes a source of phosphorus

and said silicon oxide film is doped with Phosphorous.'

8. The method of claim 1 wherein said composition further includes a source of phosphorus

and a source of boron and said silicon oxide film is doped with boron and Phosphorus.

9. The method of claim 1 which further includes forming a liner layer on said substrate and

forining said silicon oxide layer on said liner layer.

10.  The method of claim 1 which further includes forming a liner layer on said substrate and
forming said silicon oxide layer on said liner layer; and forming a cap layer on said silicon oxide

layer.

* c L M s *



22 11. A method of formng a silicon oxide filmover a heated substrate
by a Plasma Activated chem cal vapor deposition (PACVD) using TECS and an
ozone source-as essential reactants in the constant presence of a plasng;
t’he met hod conprising the steps of: a) pl acing a substrate in a parallel
pl ate type reactor chanber; said substrate has at an upper surface with a
plurality of steps; b) in a deposition step, inducing a reaction in a
*gaseous m xture conposition to produce deposition of a silicon oxide film
over said substrate, said silicon oxide filmis deposited by subjecting
said substrate to a plasma during the entire said deposition step and
wherein said conposition conprises tetraethoxysilane (TECS) and a source of
ozone, a source of boron, a source of phosphorus; and wherein after said
deposi ti &h of Agesthpdsofforming asilictn diidefilmapvehmhqatedaubstratd by sPlasmsAttivated oxi de

fil m betwegn said steps is ' .12 The nmethod of claim11l wherejn
sai d react? H“%LX?PPE ﬁ?ﬁ?&%‘f’“?‘\r‘fg&ﬁ} I“B'\’M;.Wgoécﬁ?aia{‘ PEHIE:Source P%Eﬁﬁ%‘ﬁ‘éi/t'eB?tmgﬁ& gy
of react i Othe@bAsIdR presénck 0P8 YRSmEahélmRihas BBmprisidgahdVgeps gtbout 400 KHz and
1356 Khz; and said plasma has a plasma density in the range of between

about 0.05 and 0.placugafubsirjte immparaliel platedypereactor chamber; issid aulifraterfias @ @r r |
m xture with an l%z% & agncetﬁtr?tiqn- t\?r} oxygen between 0.5 and 13 wt % and
said Jerr]/Jerrv P} 3?"531”'8 2t e bet ween 3000.and 6000 SCCM and
at a tenperatby e iafa depositiciirbep, rducing 8 reaehsh inAQuteodd hiane cBRPb&Midd toC. 13

The nmethod of claim 11 wherein said reaction occurs under the follow ng
condi tions: a \abreducesdepesitian ofa siconexide Blonover aid abstrate, paid silicow exida film

bet ween 0.2 and ; | 0. . J.err],
a Plasma fr equenI(%)g/e éé{t\é/\%tgﬂs@kgﬁﬁs& ﬂﬁ%@%}%ﬁﬁf éi%s?% @gﬁg (t:lge %glﬁ peosgléi\rﬁélee%ggs}{'(gl{
Jerr]/derr] mistepand wheréin said Campesitivhrromptises téttuathorysilaneg@EOS) t andarsofece and
13 wt % and said err]/ errl_ m xture hag a f] ow rate between 3000 and -
6000. SCCM and _?‘?’iaég"ﬁa borgny asoutce of Phosprif a6 000 sccm and a Vf er

spaci ng between whleinafeSA dBpbsition of said silicon oxide film, a sharp corner in said silicon

oxide film between said steps is avoided.

12.  The method of claim 11 wherein said reaction occurs under the following conditions:
a frequency of energy of reaction chamber to produce said plasma i.s between about 400 KHz and
1356 Khz ; and said plasma has a.plas.ma density in the range of between about 0.05 and 0.5
W/cm?; and said source of ozone is a 03/0, mixture with an Ozone concentration in oxygen

- between 0.5 and 13 wt % and said O5/O, mixture hasa flow rate between 3000 and 6000
SCCM; and at a temperature of said substrate between about 300 and 600° C.

13.  The method of claim 11 wherein said reaction occurs under the followihg conditions: '
a Wafer temperature between 300 and 600 °C, _a. Pressure between 0.2 and
20 torr, a Plasma density between 0.05 and 0.5 W/em 2a Plasfna frequency betwéén 400 and
1356 KHz, |
said source of ozone is a 0s/0; mixture with an Ozone concentration in _
oxygen between 0.5 and 13 wt % and said 0;/0; mi:;'ture hasa flow rate between 3.(l)00 and
6000 SCCM; and He Carrier gas flow Between 1000 and 6000 sccm; |
and a Wafer spacing between 200 and 600 mils. |

I



23 14. The met hod of claim 11 wherein said reaction occurs at the
follow ng conditions: a Wafer tenperature between 380 and 440 [err]C, a

. pressure between 6 and 14 torr; a Plasma density between 0.1 and 0.3 Wcm
{err]; a Plasma frequency between 1350 and 1360 KHz; a TECS fl ow bet ween

- 400 and 800 ngm said source of ozone is a Jerr]/Jerr] mxture with an

- Ozone concentration in oxygen between 10 and 13 w % and said
Jerr]/derr] mxture has a flow rate between 3000 and 6000 SCCM a He
Carrier gas flow between 1500 and 3000 gg£cm a Wafer spaci ng between 230

and 300 ni4,s. e methddef dinNQdvhefeirt ls@ill fRatfion\bRifi 20 thiedbMbwing ednditions:ai d
deposition step; performng insitu an oxide liner step to formon oxide

liner over sWaferdemparatureetwagn 8B endAA0°6); aipregsuse betweerp®and 14otorrs 8 Blasme -
deposit said siljcon oxi.de,fildnover _said.oxide liner. ) t hod of
Tt m 11" wr Rty bR 61126 DRy h PR SREhEEy PeEi 130 nd RTKER e ana
form ng SEEASHow Getveex 40EandB0e ﬁnTgQﬁ sfidissurté HRIzoh@KQI0:/Qy mixtufd\With Bl 026hef

or

claim 11 which further includes mng a |liner |ayer on said substrate and
form ng sedngensration dmoxygenieetvesndi0 apd 13 aytde | and spid mixtyreches 8r fiowgate cap.

/5 o, et SR BN e L o R O SIS o

deposi ti ogpacipGsiweeh D30gnd BiilEmildd an ozone source as essential reactants in
the constant presence of a plasma; the nethod conprising the steps of: a)
pl acing a substrate in a parallel plate type reactor chanber; said

substrat eifias The Mbthod pLaimUlvaeeeinbdid phorb Ysia ldepositivh skhepsiforiing insituan
deposition step, inducing a reaction in a gaseous m xture conposition to
produce depese fings sigp teyfosmionoxide Snercver saidsubsisate and then pesfarming said slgpesition
silicon oxi | bk B8R J ' <ai d substrate to a plasm
during the %ﬁ? Fdréaéﬁggl?s %‘éepogitoﬁagﬁ}{g?g% sggg)%grﬁ%i n said conposition
conpri ses tetraethoxysilane (TEQS) a source of ozone, and

fluorotri gf hoxyfi }aMba ofm 11 Gfich further includes forming a liner layer on said substrate and

forming said silicon oxide'l'ayer on said' liner layer.

17. - The method of claim 11 which further inc]udes forming a liner layer on said substrate and
forming said silicon oxide layer on said liner layer; and forming a cap layer on said silicon oxide

layer.

18. A method of forming a silicon oxide film over a heated substfate by a Plasma Activated
chemical vapor deposition (PACVD) ﬁsing TEOS and an ozone source as essential reactants in
the constant presence of a plasma; the mefhod comprising the steps of;

a)  placing a substrate in a parallel plafe type reactor chamber; said substrafe has at an
upper surface with a plurality of steps; |

b) ina deposition step, inducing a reaction in a gaseous mixture composition to
produce deposition-of a silicon oxide film over said substrate, said silicon oxide film
is deposited by subjecting said substrate to a plasma during the entire said deposition
step and wherein said composition comprises tetraethoxysilane (TEOS) a source of

I

ozone, and fluorotriethoxysilane; and



wherein after said deposition of said silicon oxide film a sharp corner .in
said silicon oxide filmbetween said steps is avoided. . 19. The net hod of
claim 18 wherein said reaction occurs under the follow ng conditions: a
‘f'requency of energy of reaction chanber to produce said plasma i s between
about 400 KHz and 1356 Khz; and said plasma has a plasma density in the
range of between about 0.05 and 0.5 Wcnierr]; and said source of ozone is-
a Jerr]/derr] mxture with an Gzone concentration in oxygen between 10
and 13 Wt % and said err]/Jerr] mixturé*has a flow rate between 3000 and
6000 SCCM and avhexein aftapeaiditiepositiof of saidisiliuoh Dikida film, aahip ebrmebnuhid3fiRoand
500[err] C. 20. rﬁ? ﬁe hodwé claim 18 wherein said reaction occurs under
the foll ow ng ¢ Sifle i e UPPSIL APt ur e bet ween 300 and 500 [err]C, a
Pressure between 0.2 and 20 torr, a Plasma density between 0.05 and 0.5
Wcnierr], a Plasma frequency bet ween 400 and 1356 KHz, said source of
ozone is a Jerr]/Jerr] mxture with an Qzone concentration i n oxygen

bet ween 19) anThekdetiéd SbcRas 1swnelreﬁsardrruc%ﬁbédur§ﬂﬁ&% folBwi %@g’o&sat e

bet ween 3000 and 6000 SCCM and He Carrier gas flow etvve and 6000
sccm  ankifreguppdyeat e§?§5§tpﬁga°@létlﬁbvé¢beﬂt}(prad@e@€ld phistng is betiveen alidug 40@ KElzchnd
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* enper at u%@éq%ﬁ't AR AR 0 pEH ) iy Wit o PobtEn BRRT B 05 RT 04" o1 o
Pl asma dWien? andasatdwemme of azoaank 020 VimiRtuk Wit an OzdfledbRRNIraRAUR Byt WEEN

1350 and 1360 Qw between 300 and 600 ngm said source of
ozone is db e]rora]“Fl (lf (3‘11/1 aﬁ’i’ %led%’ﬂ“f&rhaﬁoﬂ@”E%%E%W%tﬁogﬂamﬁ%gen

b fl '
pet veen %@8%0 e D fsp My Sl SRl B bl HACSRT: 100 23000

sccm a Wafer spacing between 230 and 300 mls. 25 22. The net hod of
cl ai m 18gvhergiey | I L Shbormng.insitu an
oxi de liner st eep e:E%(?)dd%glr% H[g?ls gv%erg |d%§#8§@é¢&ghal g ngr'@ ?ﬂ%“??fen

perform ng said depoaszafeotEnqieeqmrbbetdeaosno afd$0b G, hlPﬁé%EthMeﬁlﬁeeﬁl o0.oapyer
sai d oxi dg@ltl ner A net hod § éI‘Sfiorm n/g g silicon oxide filmover a
0.03 cm

heat ed suf%tPd; %Plgynaade'gplysmw%gs 0.5 W/cm *, a Plasma frequency between 400 and
1356 KHz,

said source of ozone _is a 03/0, mixtur_e with an Ozone cohcentration in
oxygen between 10 and 13 wt % and said O3/O, .mixture hasa flow rate between 3000 and
6000 SCCM; and He Carrier gas flow between 1000 and 6000 scem;

and a Wafer spacing between 200 and 600 mils,

21.  The method of claim 18 wherein said reaction occurs at the following conditions:
a Wafer temperature between 380 and 440 °C, a pressure between 6 and 14 torr; a Plasma’
density between 0.1 and 0.3 W/cm % a Plasma frequency between 1350 and 1360 KHz; a
TEOS flow between 300 and 600 mgm, said source of ozone 1s a 03/02 mixture with an Ozone
concentration in oxygen between 10 and 13 wt % and said 03/02 mixture has a flow rate |
between 3000 and 6000 SCCM; a He Carrier gas flow between 1500 and 3000 sccm; a Wafer
spacing between 230 and 300 mils.
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chem cal vapor deposition (PACVD) using TECS and an ozone source as
essential reactants in the constant presence of a plasm; the nethod
conprising the steps of: a) pl acing a substrate in a parallel plate type
.reactor chanber; said substrate has at an upper surface with a plurality of
steps; b) in an oxide liner step, formng on oxide |liner over said
substrate; c¢) in a deposition step, inducing a reaction in a gaseous
reaction conposition to produce deposition of a silicon oxide film over
said substrate, said silicon oxide film#®#% deposited by subjecting said
subst r at22. t 0 TheMettiodef dldin 1§ whérein@aidipiior foavaid ddpesitiontstepipaforming iskitwlagr ei n
sai d conposition -conprjises TEQS and a source of ozone; -and wherein after

t he deposiaxidsdingssteptodorn on exide liner eneer sqif gybstiatg gad thep perirming saidi depesitianc on,
oxi de fil The net hod of claim 23
wherein sg"]lt%et ﬁ‘ﬁ%ﬁ%@%‘f@aﬁé mao\(’?tgﬁfoﬁl%ow ng conditions: a frequency of
energy of reaction chanber to produce said plasm is between about 400 KHz
and 1356 Khz; and said plasnma has a plasma density in the range of between
about 0.05 and 0.5 Wcnjerr]; and said source of ozone is a Jerr]/Jerr]
m xture with an Ozone concentrati on in oxygen between 0.5 and 13 wt % and
said Jerr]/ err] m. xture hags a ro rate getwee 3000 and 6000, SCCM and
at a tenfer attimsthod ocraing 109%197@ LRIMRNEA2 Aerd mt%wgleﬂ{lws;st@;

The et hodepehicel v 2R SzbeSs ? Essbrtial
condi tions: acV\afE rrper a?ure et Wgen 38§Ban§) %Ooﬁlté:r r C,s ‘gapfr}ﬁéstglg?g‘
bet ween 6 thcndormantpmsencaof]:ﬂm@m,themhoﬂcbmpnilingtthesttpsmfd .3 Wcm(err]; a

Plasma frequ et wee 350_and 6 ca 26 TEQS f | ween 400
2nd 800 mom Na, FHEBEASIoR gy § el R Bt rehre pbpen B BRI B Ry one
concentration i rppessgficelsithivesioraliy ofedpst3 W % and said Jerr]/Jerr]

m xture has a flow rate between 3000 and 6000 SCCM_ a He Carrier gas flow
bet ween 1500 band i afhexi lmstap,v@ﬁeanggga&dﬁgn%@wmszwa%d 300 mls. 26.

The net hod of td cﬂgﬂ; sour ce
of boron and ai gﬁ S%Ygﬁgt%g ‘ﬁ?in %C}IQJS&} ‘Zg'eoé%\?ﬁ‘{“%%%hé mgﬁrfﬁe met hod
of claim 23 \/\herpeoduce dembsmonrpﬁa;smconmxfderﬁﬂmeverlsmdlsuldaaatea said silicen arfide film

phosphor us

is deposited by subjecting said substrate to a plasma during the entire said deposition
step and wherein said composition comprises TEOS and a source of ozone; and
wherein after the deposition of said silicon oxide film, a sharp corner in said silicon

oxide film between said steps is avoided.

24.  The method of claim 23 wherein said reaction occurs under the following conditions:
a frequency of energy of reaction chamber to produce said plasma is between about 400 KHz and
1356 Khz ; and said plasma has a plasma density in the range of between about 0.05 and 0.5
W/cm?; and said source of ozone is a 0s/0; miiture with an Ozone concentration in oxygen
between 0.5 and 13 wt % and said Os/O, mixture has a flow rate between 3000 and 6000

| SCCM; and at-a temperature of said substrate between about 300 and 600° C.

258. _The method of claim 23 wherein said reaction occurs at the following conditions:
a Wafer temperature between 380 and 440 °C, a pressure between 6 and 14 torr; a Plasma
density between 0.1 and 0.3 W/cm 2 a Plasma frequency between 1350 and 1360 KHz; a
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and said silicon oxide filmis doped w th Phosphorous. 28. The met hod of
claim 23 wherein said conposition further includes a source of phosphorus
and a source of boron and said silicon oxide filmis doped with boron and
"Phosphor us.

26 _
TEOS flow between 400 and 800 mgm; said source of ozone is a 0s/0; mixture with an Ozone

concentration in oxygen between 10 and 13 wt % and said 0s/0;, mixture hasa flow rate
between 3000 and 6000 SCCM; a He Camer gas flow between 1500 and 3000 sccm; a Wafer
spacing between 230 and 300 mils.

' 26. The methdd of claim 23 wherein said composition further includes a source of boron and

said silicon oxide film is doped with boron.

27.  The method of claim 23 wherein said composition further includes a source of phosphorus

and said silicon oxide film is doped with Phosphorous.

28.  The method of claim 23 wherein said composition further includes a source of phosphorus

and a source of boron and said silicon oxide film is doped with boron and Phosphorus.
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