METHOD OF FLUORI NATED SI LI CON OXI DE FI LM DEPGSI TI ON BACKGROUND OF THE

| N\VENTION (1) FIELD OF THE | NVENTI ON The invention relates to the general ..: -

field of chem cal vapor deposition with particular reference to the
deposition of fluori- nated silicon oxide filns. (2) DESCRI PTION OF THE
PRI'OR ART As dinensions in integrated circuits grow ever snmaller and as
circuit speeds grow faster, the demands nmade on the materials from which
they are fornmed grow ever nore stringent. An exanple of this is the
inter-nmetal dielectric layer (IMD) that is used to separate different

| evel s of inter-circuit wring. To minimge the incidence of mutually

i nduced signals between two such levels it Is necessary to make the | MD as

thick as possible dde® o %hﬁBEE. ETW%L%&??#'&BW ?fLQOI?%%%I?S}O#‘?m t the

practice, considerations suchas planari - plug 1 n
maxi mum | MD t hi ckness so attenpts have been néae in recent years to find

alternative dielectrics to silicofackgréuntfigXinte WRERTTdN!! now, has been
the material of choice for | MDs. Since silicon dioxide already has a

| ow di el ectric con- stant (about 4), the choice of materials is very
limted.
(1) FIELD OF THE INVENTION

The invention relates to the general field of chemical vapor
deposition with particular reference to the deposition of fluori-

nated silicon oxide films.

(2) DESCRIPTION OF THE PRIOR ART

As dimensions in integrated circuits grow ever smalle: z2nd
as circuit speeds grow fastei, the demands made on the materials
from which they are formed grow ever more stringent. An example
of this is the inter-metal dielectric layer_(IMp) that is used to
separate different levels of inter-circuit wiring. To minihize
the incidence of mutually induced signals between two such levels
it is necessary to make the IMD as thick as possible and its

dielectric constant as low as posSib}e.

In practice, considerations such as planarity and via plug
integrity limit the maximum IMD thickness so attempts have been

made in recent years to find alternative dielectrics to silicon



A prom.sing candidate to replace silicon dioxide as an | MD has been
fluorinated silicon glass, known as FSG or SiOF. FSG filns are known to
have a dielectric constant of 3.2-3.6, depend- ing on the fluorine
concentration. The probl em addressed by the present inventionis to _
determ ne the best conditions under which to formFSG filns. Whi | e many
different ways that differ in detail have been described, they all depend
on precursor gases that deconpose under the influence of heat into
fluorine, silicon and oxygen. The oxygen _conmponent is usually nade nore
reactive through ionization/dissociation in a high density plasm (HDP)
and/ or by dtdeiderclwsion) afildzonew, i Rag heoddnX the Drpesdisy &M tdheiesaghbr
conditions used, filnms of varying quality wi |l be obtained. One such
variabl e i §¥B3ep covecagd liicon @rowidtorlaeediypddsvei diow mMisrlwaitriic the—
film Sone exanph? i.nclude; a) Fukuda_ et al. in "Hghly reliable SiOF film
formation B5*My Qﬂ?ﬁdéH3|F?epFagﬁﬁec%ﬁt%ﬁqﬁQﬁflﬁyéﬁoﬁéﬁY }ideseeedi ngs of
the 1997 DUM C Conference Feb. 10-11 pp. 41-48 describe using inor- ganic
sources such as silane and silicon tetrafluoride together with a plasna

generator and Ny Q5enint @anet8tats LREYe kb %Jé@vldaga@ heCkizhC

constants between 3. b) Laxman an ennte

m cr owave nhﬂSMQemﬂﬂﬁmuﬁﬂiHSEBd silicon glass, known as FSG or SiOF. FSG
films are known to have a dielectric constant of 3.2-3.6, depend-
ing on the fluorine concentration. The problem addressed by the
present invention is to determine the best conditions under which
to form FSG films. While many different ways that differ in
detail have been described, they all depend on precursor gases
that decompose under the influence of heat into fluorine, silicon
and oxygen. The oxygen component is usually made more reactive
through ionization/dissociation in a high density plasma (HDP)
and/or by the inclusion of ozone in the mix. Depending on the
exact conditioné used, films of.varying quality will be obtained.
One such variable is step coverage with or without trapped voids

-

internal to the film. Some examples include:

a) Fukuda et al. in '"Highly reliable SiOF film formation using
high density plasma containing hydrogen" in Proceedings of the
1997 DUMIC Conference Feb. 10-11 pp. 41-48 describe using inor-
ganic sources such as silane and silicon tetrafluoride together
- with a plasma generator and hydrogen. They were able to achieve

films having dielectric constants between 3.3 and 3.6. .



of fluorine doped silicon dioxide fromFASI-4 and FTES" in Proceedi ngs of
the 1997 DUM C Conference Feb. 10-11 pp. 57-63 used
fluorotriethoxysilane (FTES) in conbination with an organo- 'silicon
conpound and plasma activated oxygen to formSiOF filnms with about 8 atom c
% fluorine and having dielectric constants around 3.6. c) Instead of an
organo silicon conpound, Laxman and Hochberg al so used TECS
(tetraethyloxysilane) [Si(OCCJerr]Herr])[err]]. d) Homma in
"Characteristics of SIOF films forned using TECS and FTES at room
tenperature by CVD' in J. El ectrochem =Sdc. vol. 143 1996 pp. 707-711

descri bes g) PLOGRSS and WOLBBEEgSihi TREMERd GR cAeRAsE! | flasmdl enh@ABEAAEWHES
as low as 25 [err]C and atnospheric pressure using a hydrolysis

reacti on obf af ke@Sriel ESopiedt usélucoh widaexidevafaom FASDHY/ mand | KEESI'| min
structures were found due to silicon oligomer formation during the

hydr ol ysi sP¥eeredigis &Ff | Adbeedq9df PYBES t&anferengee BebPyneli1daPPen 8F-FBCS

and FTES with_water vapor, Homm, in his patent (USP 5,288,518 Feb 1994)
descri bes WSV HAIRNF yedhorgsiiager (NHF3 ﬁe”b TRRRGOR 4 b RPox PEEARPT s

at temperalyf go e d i 3% 200 LSLLhS 5L NG deraupashtion:aly 2ikexysilane
and fl uoroal Koxysilarne vapor | e preséence of 0zone, or under "ul travi ol et
radi ation, wOfh i dbcutdd RItIWIR 2 TBBuorind- and having dielectric constants

around 3.6.

c) 1Instead of an organo silicon compound, Laxman and Hochberg

also used TEOS (tetraethyloxysilane) [Si(OCJ{Q4].

d) Homma in '"'Characteristics of SiOF films formed using TEOS and
FTES at room temperature by CVD" in J. Electrochem. Soc. vol. 143
1996 pp. 707-711 describes a process for undoped silicon oxide
deposition at  temperatures as low as 25 °C and atmospheric
pressure using a hydrolysis reaction of a TEOS-FTES mixture with
water wvapor. Polymer-like film structures were found due to

silicon oligomer formation during the hydrolysis reaction.

e) Instead of room temperature polymerization of TEOS and FTES
with water vapor, Homma, in his patent (USP 5,288,518 Feb 1994)
deéscribes a CVD method for forming fiuorine containing silicon
oxide films at temperatures as low as 200 °C, using decomposition
. of alkoxysilane and fluoroalkoxysilane vapor in the presence of

ozone, or under ultraviolet radiation, or in a gas plasma. The



resulti-ng filnms were found to have a conposition of SiJerr]F[lerr] Boron or
phosphor us-doped filns were supposedl'y also forned by introduction of boron
or phosphorus precursors in the gas mx- ture. Note that all -l ow
tenperature (around 200 [err] C and bel ow) deposition nethods for silicon

di oxi de have at |east two well known, but neverthel ess serious,

di sadvant ages whi ch nmake them unusable in today's reality. The first
problem is structural reconbination of nmaterial on heating above the
original tenpera- ture of formation, which is a typical treatnent in the
manuf ac- ture of real devices. It |eads to findesirabl e phenomena such as
subst ant i alFeshiFhkagli kel stemes Soundf kbnshav¥é vor icompont tiéd usf @iof f,cH | owed
by changes in dielectric constant), etc. The second problemis the
phenonenon B9F98nRANcRROFRRRY T doResh fidmen W§Te cswnpemedi ut atso ddsuwiede by
silicon digxide.fi]| s mh'ﬁg{causes Egoblens of instability of film
propert i es *PFFOBBB i?%s?é Tl  9fr REERPPOT IR BTSFUSEOrSr Mihghe 9as mix-

quorosiIigggg gl ass by reacting an (Qerr]/Si precursor gas, a F 2precursor
gas, and hydrogen. The aimis to avoid the incorporation of Cor Nin the

film  F concepbtat £t i Sa11coRsy oltleﬁgewwf@h(atxfa%nhydw@erb%%h BSi‘Sf«?
F. ubo et al.

with, and thus renoves fromthe reaction site, excess g)
in "An Si Geposltibnlmetlepisifidron sileéebnodDeyiddISiAge at least two well

tetraethylorthosilicate and ozone for interlayer netal dielec-

known, but nevertheless serious, disadvantages which make them
unusable in today's reality. The first problem is structural
recombination of material on heating above the original tempera-
ture of formation, which is a typical treatment in the manufac-
ture of real devices. It leads to undesirable phenomena such as
substantial shrinkage and stress in films, fluorine outdiffusion
(followed by changes in dielectric constant), etc. The second
problem is the phenomenon of enhanced moisture absorbtion by low
temperature deposited silicon dioxide films which causes problems
of instability of film propertiés.

f) Dobuzinsky et al. present a method of forming~a fluorosilicate
glass by reacting an Oz/Si precursor gas, a F ,precursor gas, and
hydrogen. The aim is to avoid the incorporation of C or N in the
film. F concentration is controlled through the hydrogen which

reacts with, and thus removes from the reaction site, excess F.

. g) Kubo et al. in "An Si0, film deposition technology using

tetraethylorthosilicate and ozone for interlayer metal dielec-



-5- trics" in J. Electrochem Soc. vol. 143 1996 pp. 1769-1773, descri be _
the deposition of SIQ2 filns (no fluorine) that exhibit good void free step
coverage. Fujino et al. in "Silicon dioxide deposition by atnospheric
pressure and | ow tenperature CVD using TEOCS and ozone" in J. Electrochem
Soc. vol 137 1990 pp. 2883- 2887 report on the characteristics of filns
deposited in this way. Again, no fluorine was involved. h) Qan et al. (USP
5,571,576 Nov 1996) form SiOF filnms using plasma CVD and no ozone, while
Jang et al. (USP 5,536,681 Jul 1996) shows a nethod of oxide formation
wherein a plasma treat- nent is followed y ozone/ TECS dep05|t|on As

poi nted out,k ahpve, there i s de range of condi tions under whic

f1 uorinat BEST | i ddh Joxi f&e FFF Wﬁy g e58%|tea43lt1?ﬁﬂspphomévé? 15%%n
found thag.ig,. rBae{]%rfFAaﬁé %Q?béﬁs%télﬂséﬁlQrgesgﬁr.tém%”h%%e@(at exhibit

satisfactory. € pros ana cons

of sonme ofcbhesea iU step @bv59£cﬁE"§t' ATRNRY a1. in "FHAMRINAEESxide
Di sadvant ages | norgani c -sour ces | ént cover age OSSIbIFIty of

pl asma Hi delemsi torplbas mmosphadigaprdddire and low tedisgragairer abbedSing
TEOS and ozone'" in J. Electrochem. Soc. vol 137 1990 pp. 2883-
2887 report on the characteristics of films deposited in this

way. Again, no fluorine was involved.

h) Qian et al. (USP 5,571,576 Nov 1996) form SiOF films using
plasma CVD and no ozone, while Jang et al. (USP 5,536,681 Jul
1996) shows a method of oxide formation wherein a plasma treat-—

ment is followed by ozone/TEOS deposition.

As pbinted out above, there is a wide fange of conditions
under which fluorinated silicon oxide films may be deposited. It
has, however, been found that in many cases the resulting films
are not entirely satisfactory. In TABLE I below we summarise

some of the pros and cons of some of these methods:



M crowave pl asma Reduced pl asma danmage Non-conformal step due to

renote plasma coverage and gap-fill Possible voids; |ow deposition rates
Room t enper at ure No pl asma damage Poor oxi de quality;

hydrol ysis of TECS pr obl ens Changes in fil'm properties
and FTES wi th heating; .Enhanced

nmoi st ure absorption phenonena; Poor step-coverage and gap-fill for

subm cro ' epositi I Low t enperatuge No pl asnma
damage %&%m:g’%grmlegﬁl?%e qual il’ty;anggeg%osrrposition of 61"=‘a‘il"ﬁrr“2') “&ns (Wi t hout
Change ofinqorgpetd isesrdéd h akwedllieharesesnst HJsashaLi®y of plasma

film heatiingensitorpdasnwxysphdrgeg-£idlol et radi atdapage problemsEnhanced

moi st ur e WieIousve Blasne T R e s 1adna damage  Non—cont
] n-conform D
phenonena, 628 ‘é’ ﬁ_ﬁ'&? due to remote plasma coverage an g§a§re§llllll ty OT
pl asma danmage ul travi ol et Possible voids; ﬁgb ens with
pl asma or ultra- radiation or gas deposition rates Vi ol et
activati orT pitaaTuI, —" 3 !‘J()lgﬁeonf or mal
step cov %}e PIRASSBE SIS/ boFgPlasma damage Poor oxide qualgdfyi gap fill,
Si bl q 381 @2 B oxi Beohiens Changes in Filn FrQEHi&
possi bl e PE 11g ot oxi with heating; ! n
devi ces under so possible _ Enhanced moistued8r8Eion
ultraviolet; Increase of dielectric phenomena;
Poor step coverage and
gap-£fill for submicron devices
_ Low deposition rate
Low temperature No plasma damage Poor oxide quality;
decomposition of problems (without Change of properties with
aloxisilanes and plasma or ultra- film heating;
?luoroalkoxysilanes violet radiation) Enhanced moisture absorption
in the presence of phenomena;
ozone, under Possibility of plasma damage
ultraviclet

-V problems with plasma or ultra-
radiation or gas violet activation;

plasma; Non-conformal step coverage

Phosphorus/boron and gap fill, possible voids

doping of oxide is in submicron devices under

also possible plasma or ultraviolet;
Increase of dielectric
zonstant with dopants

Ozone based Si0, = Excellent step-cover Surface sensitivity

CvVD and gap-fill; - of chemical reactions

No plasma damage prob.

TABLE I

Thus, none of the existing methods for preparing SiOF films
are totally satisfactory even though many experimenters have
tried a wide range of deposition conditions. As we will describe

below, excellent films can be obtainedubut only over a relatively



; constant with dopants Ozone based SiJerr] Excellent step cover Surface
; sensitivity CVD and gap-fill; - of chem ca
-reactions No plasma danage prob. TABLE | Thus, none of the existing nethods
. for preparing SIOF filnms are totally satisfactory even though many

- experinmenters have tried a wi de range of deposition conditions. As we will
descri be bel ow, excellent filns can be obtained but only over a relatively
-7- narrow range of deposition conditions. SUVMMARY OF THE I NVENTION It has
been an object of the present invention 1@ provide a nethod for depositing
a fluorinated silicon oxide filmthat is fully conpatible with existing

deposi ti on, gpfheds,n hkigg?gg&gigpeg$§@§tﬂ@ﬁgr Deposition. A further

obj ect of the present invention has been that said filmbe free of voids
and provi de good step coverage. Yet another object has been that the
surface covered by said filmbe free of any damage resulting from exposure
to a plasma. These objects have been achi eved by neans of LPCVD using
fluorotriethoxysilane (FTES) and TECS as the precursors, together

SUMMARY OF THE INVENTION

It has been an object of the present invention to provide a
method for depositing a fluorinated silicon oxide film that is
fully compatible with existing deposition methods, particularly

Chemical Vapor Deposition.

A further object of the present invention has been that said

film be free of voids and provide good step coverage.

Yet another object has been that the surface covered by said
film be free of any damage resulting from exposure to a plasma.

These objects have been achieved by meané of LPCVD using
fluorotriethoxysilane (FTES) and TEOS as the precursors, together
with ozone (mixed with oxygen) at relatively high temperatures
which are closer to those of post deposition heat treatments,
given to the silicon dioxide, than tﬂe temperatures reported in
the prior art. If tight control over the deposition conditions
is exercised, high quality films having no surface damage and

good step coverage, with no trapped voids, can be obtained. In a



w th ozone (m xed with oxygen) at relatively high tenperatures which are
‘cl oser to those of post deposition heat treatnments, given to the silicon,
di oxi de, than the tenperatures reported in the prior art. Ff tight
control over the deposition conditions is exercised, high quality filns
having no surface damage and good step coverage, with no trapped voids,
can be obtained. In a -8- second enbodi nent of the invention, the TECS
is omtted and only FTES is used. Anpong the nost inportant deposition
paranmeters we include tenperature 400-500[err]C, pressure 200-260 torr,
ozone concentration (in oxygen) 8-12% and 6ane:precursor ratio 3-10 to

wei ght Pe! dong, B%BEQ?%ex&M@f%PetHPSii] 2Rt 18k SEH&"FEdﬁaXL%r 8mi§£?f§%’gd only

FSG silicon ayers, eac ayer I nlependent1y contro can

obtai ned. BRI DESCRLETI Ohh&ig Thke RAW Madobtont defdiiWsiod pea&hé©drs we
chanber for CVD of the general type used for inplenenting the present

i nvention. iMd3ude? tefpefatGross4G®eiddin ¢f, paessetal 260 cbvered odpne
i nsul ation deposited using PECVD, show ng trapped voids. FIG 3 is a
cross- sect ieanasintyagaeal (LayePxt@R) éi:ﬂt?%ri ASEI aProRe REFSITERE TdtHy 3-10

TECS Ozone’tghqu% g%)écglelz:ggrtltPl an}%s_idezsattlh%ndgggsggicgr{ a%%e%i\ﬂg.ll.gslayers,

stacked FSG-silicon oxide layers, with each layer independently

controlled, can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a reaction chamber for CVD of the general type

used for implementing the pres?nt invention.

FIG. 2 is a cross—-section of a metal layer covered by

insulation deposited using PECVD, showing trapped voids.

FIG. 3 is a cross—section of a metal layer covered by
insulation deposited using TEOS/ozone, showing excellent planar-

ization and no trapped voids.

FIG. 4 is a cross-section of a metal layer covered by a

stacked film.

1



FIG 4 is a cross-section of a netal |ayer covered by a stacked film
DESCRI PTI ON OF THE PREFERRED EMBODI'MENTS In FIG 1 we show a schematic view '
of a reaction chanber for CVD of the type wused to inplenment the present
i nvention. It consists of substrate holder 1 with heater 2 inside.
Substrate 3, typically a silicon wafer, is placed on the hol der which can
be heated to a tenperature of 500 [err]C or nore with a precision of about
0.5-1 [err]C. Leaving the chanber is outlet 5 which is con- nected to
punpi ng system 4 (not explicitly shown). Ih@_jeaction chanber could al so be
posi ti oned upside down fromthe position shown in FIG 1. Showerhead 6,
which is placed in froRESERIPRECH (BB (THE FREFFRREBr EMBORBHAESt ed to a source
of TEGCS (not shown), port 8 connect- ed to a source of FTES (not.shown),
and port 11 connected to ozone generator 10 and oxygen source 9. For each

of these ports,dIA 96 e te,gts \eggg'ghscﬁaw& g, ?gemaiéﬂi%réf gpamﬁggwfgg' ve

(coll ectively designated By control l'ing settlng eac W

val ve i ndi gylugt | eits el 38elin€o PUIM NGt @hat frededl Xiniedt9bn [ECSTt
FTES, oxygen, and ozoné, in any desired propor- tions, nmay be obtained

i nsi de thecoealétHrofhuptiratAnhoz@se gendtat beatapadl enoifdqar odgebegrazaene

a8 flomlg?tgypically a silicon wafer, 1is placed on the holdef which can
be heated to a temperature of 500 °C or more with a precision of
about 0.5-1 ©°C. Leaving the chamber is outlet 5 which is con-
nected to pumping system 4 (not explicitly shown). The reaction

chamber could also be positioned wupside down from the position

shown in FIG. 1.

Showerhead 6, which is placed in front of the substrate, has
port 7 connected to a source of TEOS (not shown), port 8 connect—
ed to a source of FTES (not _ shown), and port 11 connected to
ozone generator.TO and oxygen séurce 9. For each of these ports,
located between the source and the manifold is a flow valve
(collectively designated as 12). By controlling the setting for
each flow valve individually as well as the pumping rate at 4, a
mixture of TEOS, FTES, oxygen, and ozone, in any desired propor-

tions, may be obtained inside the reaction chamber.

An ozone generator capable of producing ozone at a flow rate
- of up to 5,00 SCCM with a concentration 1level in oxygen of

between about 0.5 and 14 weight % was used.



of up to 5,00 SCCMw th a concentration |evel in oxygen of between about
0.5 and 14 wei ght % was used. --10 - Since the vapor pressures of TEGCS
and FTES at roomtenpera- ture are fairly low, it has been our practice to
preheat our TECS source to between about 20 and 60 [err]C and our FTES
source to between about 20 and 60 [err]C prior to admtting theminto the
reaction chanber. The actual concentrations of the various
conponents inside the reaction chanber depends on precursor/ oxidant/inert
gas ratios within the total gas flow as ygll as on total pressure in the
chanber which was constantly nomtored and controlled with a throttle

val ve. Hol der fimser dther ¥apasi pres s g adt IEASchdRYES\aS wearutetipeya—

t hermocoupl e. Since the nethod of the present invention includes both

f 1 uori nat B ArRFS I53dMilYe 1PMeel ki PR2 REPY EPTr BERELLGE LR PHREeRs QRPoLREPSa
ked digl [ il ] | f ofh f
s acked helefd 6, B Y SO T e L8 sl s oRicBlle

during depositron ese struc- tures i ncl one

of silicopegyésie arbaneod ayas 66 FEGpARkR StHUSEN €8idY O\nda LARSOVER.
deposition characteris- tics and inproved filmstability in particular

cases. Asrpactiad dfhesloeni.ng @héi rattwibodioneshtodtidies profsehe | ngebdasn,
we have determ ned the best conditions for the deposi-
components inside the reaction chamber depends on precursor/
oxidant/inert gas ratios within the total gas flow as well as on
total pressure in the chamber which was constantly momitored and
controlled with a throttle valve. Holder temperature inside the

reaction chamber was measured by thermocouple.

Since the method o©0f the present invention includes both
fluorinated and fluorine free silicon precursors, it allows to
deposit a stacked dielectric by simply switching one of the
precursors on or off during deposition time. These stack struc-—
tures include ét least one layér of silicon oxide and one layer
of FSG. The structures provide improved deposition characteris-

tics and improved film stability in particular cases.

As part of developing a first embodiment of the present
invention, we have determined the best conditions for the deposi-
tion of SiOF films using the above setup to be as follows (all
mixture concentrations given below are in volﬁme $ under normal

-conditions for TEOS, FTES, and oxygen and in weight $ for ozone

in oxygen):



tion of SIOF filnms using the above setup to be as follows (all m xture
concentrations given below are in.-volune % under normal conditions for
TECS, FTES, and oxygen and in weight % for ozone in oxygen):
concentration of TEOS in the m x to be between about 2 and 7% al t hough

satisfactory filnms could still ‘be obtained in the wi der concentration range
of fromabout 1 to 10% concentration of FTES in the mx-to be between
about 8 and 13% although satisfactory films could still be obtained in the

wi der concentration range of from about '5 To 15% concentration of oxygen
in the mx to be between about 50 and 70%. al t hough satisfactory filns
coul d still becapertretiom tdfe REOFeincoheanix dtd oer Hejeeen abpa abauntd 40

Bt hough s PLFRGRGRy T3 IREASHATY SLLME Bt ad BF SDbRtRed I the '
concentrqﬁ?&g %??ﬁgnEiﬁé{ |s§g§8g é}.%rka &§ggtt 3§£1R&§ssure bet ween about

200- 260 to ough Ssa actory fi1lns cou tllr be obtained over a
wi der range obohbeAtAReLdn Ik Folkd Ofih; theRek atdink Buthagnf i dBowterpsidd on

bet ween about 400-500 [err] C, although satisfactory filns could still be
obt ai ned 13%6r aathbdeh sainpefaftdoyofidheut c@dDd 5X) 1lette] Gbtained in  the
wider concentration range of from about 5 to 15%;
concentration of oxygen in the mix to be between about 50
and 70%, although satisfactory films could still be obtained in
the wider concentration range of from about 40 to 80%;
percentage of ozone in the oxygen to be between about 8 and
12%, although satisfactory films could still be obtained in a
wider concentration range of from about 0.5 to 15%;
total pressure between about 200-260 torr, although satis-—
factory films could still be obtained over a wider range of from
about 10-760 torr;
temperature'during £ilm depésition between about 400-500 °C,

although satisfactory films could still be obtained over a wider

range of from about 250-500 °C.

In a second embodiment of the present invention it was
determined that excellent films could be obtained if the TEOS was
omitted entirely. For this embodiment, we have determined the
best conditions for the dJdeposition of SiOF films to be as fol-
lows:

concentration of FTES in the mix to be between about 5 and



In a second enbodi nent of the present invention it was determ ned that
excellent filnms could be obtained.if the TECS was om tted entlrely For
this enbodi ment, we have deternined the best conditions for the deposi tion
of SIOF filns to be as fol- lows: concentration of FTESin the nmx to be
bet ween about 5 and _ 12 - 12% although satisfactory filns could stil
be obtained in the wi der concentration range of from about 2 to 15%
concentration of oxygen in the mx to be between about 50 and 70% al t hough
satisfactory filns could still be obtaingg in the wi der concentration range
of from about 40 to 80% percentage of ozone in the oxygen to be between
about 8 ahdfs1Zktheughogghisfeckerrt orilms cepldostilktld | obsaspedi hedthe a
wi der concentration range of fromabout 0.5 to 15% total pressure between

about 200 48N °°2‘6’Gntt6|a ion FRRGRISN STHIsRROEEr ¢ ¥911R%icoul d still be
obt ai ned over e ut 0 to 7p0 ;torr ure
durlng film déﬁ%@ﬁ r t%@ﬁmeé% é%éﬁ%n ?g%d ébﬁ ?er?ﬁ(:bet ougﬁtgut 50
sati sfact oxy "fd%! ”%ﬂdl%ghsEbkis@&ct&?ﬁﬁ'ﬂqq\sov%ui‘dV&@ﬁrl hanggt2indd om gabout
250 to 500 [err]C third enbodiment of the invention the deposited
film the w1der concentratlon range of from about 40 to 80%; :
percentage of ozone in the oxygen to be between about 8 and
12%, although satisfactory films could still be obtained in a
wider concentration range of from about 0.5 to 15%;
total pressure between about 200 and 260 torr, although
satisfactory films could still be obtained over a wider range of
from about 10 to 760 torr;
temperature during film deposition between about 400 and 500

°C, although satisfactory films could still be obtained over a

wider range of from about 250 to 500 °C.

In a third.embodiment of éhe invention the deposited film
comprises a multi-layered stack. The best conditions for the
deposition of the stack structure have been determined as fol-
lows:

a) £ } i1 ide 1

concentration of TEOS in the mix to be between about 3 and 8
vol. % although satisfactory films could still be obtained in the
wider concentration range of from about 1 to 15 vol. %.

concentration of oxygen in the mix to be between about 60

and 70 vol. % although satisfactory films could still be obtained



conprises a nulti-layered stack. . The best conditions for the

deposition of the stack structure have been determned as fol- lows: a) for
the silicon oxide |layer concentration of TECS in the m x to be between
about 3 and 8 vol. % al though satisfactory filnms could still be obtained in

the wi der concentration range of fromabout 1 to 15 vol. % concentratian
of oxygen in the mx to be between about 60 and 70 vol. % al t hough
satisfactory filns could still be obtained - 13 - in the wder
concentration range of fromabout 40 to 7Q y9l_. % percentage of ozone in
oxygen to be between about 8 and 13 wt. % al t hough satisfactory filns could

still be obhatmedridert kentiedera€0os eridd i0¥n F-8Rd8p &bt f4PBRRBUL LY, Syto 15
vol. % total pressure between about 60 and 400 torr, although satis?aotory

filnms coul d stipdrdsmteigeaiofedzonerim awydem r &ngbe obe fwarm about 80ah@ 769
torr; tenperature during filmdeposition between about 400 and 500 [err]C,
al t hough s%ti sfa@idhpPudhy satdshpatary filys epuafinedibldre gbkirdaedr amgehef

fron1aboutw§ g to 500t err] C. _thickn %%'Of ﬁ s'IBcon oxi de |layer to be
bet ween abBttc 50PN TG0 TARES t Yo & Bth - hERKPed®ds” %in the

wider range iotal pressure between about 60 and 400 torr, although

satisfactory films could still be obtained over a wider range of
from about 10 to 760 torr;

temperature during film deposition between about 400 and 500
°C, although satisfactory films could still be obtained over a
wider range of from about 350 to 500 °cC.

thickness of a silicon oxide layer to be between about 500
and 1,000 Angstroms although thicknesses in +the wider range
between about 300 and 2,000 Angstroms were still satisfactory.

b) for the FSG laver

depositipn conditions were as previously described for the

first and second embodiments.

It should be noted that it is essential thaf the relativély
narrrow deposition conditions, as enumerated above for the two
embodiments, be used if films of the highest quality are to be
obtained. Similarly, methods such as plasma enhanced deposition
must not be incorporated even thoughithey may offer some short
term advantages such as higher deposition rates. This can be

' seen by a consideration of FIGs. 2 and 3.



bet ween about 300 and 2,000 Angstronms were still satisfactory. b) for the
FSG | ayer deposition conditions were as previously described for the first
and second enbodi nents. It should be noted that it is essential that the
relatively narrrow deposition conditions, as enunerated above for the two
enbodi nents, be used if filnms of the highest quality are to be obtained.
Simlarly, nethods such as plasnma enhanced deposition nust not be

i ncor porated even though they may offer sone short term advantages such as
hi gher depesition rates. This can be sgen by a consideration of FIGs. 2
and 3. -14- FIG 2 is a schematic cross-section, based on an actual

ni crograph, of F&&ni céndifct BrSoremalily |cZper—99ctionuiasedg PRyRR 23ctum

100025 et QYR St 05 s PO, bbbl o™

enhanced en, der dblre™degr

| anari zat} hi | i L2d, |dsidle. 24
pl anari zat4pn E{}‘I%Z &QZ@?,O?@ LAY E0nad Cﬂ&?:xl é@vgi‘?‘ég gfgrﬂ(}hl'déco_ﬁg%ﬁ 4, 'chb}%&e_

maki ng it ‘unre future use. . emati c”cross- I on,
al so based; 18 aRsAGhUahaBine " cghR@icedicveen cARAUSAR LI skehdl al B@igr L. a
insulating layer 22, and lines 23 that has been covered by oxide | ayer 34,
depos- considerable degree of planarization has been achieved, voids 25
have been incorporated inside 24 making it unreliable for future

use.

FIG. 3 is a schematic cross-section, also based on an actual
micrograph, of semiconductor or metal layer 21, insulating layer
22, and lines 23 that has been covered by oxide layer 34, depos-—
ited using ozone/TEOS based CVD. As can be seen, 34 has achieved
an even higher degree of planarization, without the inclusion of

any voids.

FIG. 4 is 5 schematic crosé—section showing semiconductor or
metal layer 21 , insulating layer 22, lines 23, fluorinated oxide
film 34, lower silicon oxide layer 45 (for prevénting fluorine
interaction with the metal lines) and upper silicon dioxide layer
46 (for preventing moisture absortion and fluorine outdiffusion).
All layer can be deposited within the same process by changing

the flow rates of the TEOS and FTES. " : ¢

While the invention has been particularly shown and de-

scribed with reference to the preferred embodiments thereof, it



ited using ozone/ TECS based CVD. As can be seen, 34 has achieved an even
hi gher degree of planarization, without the inclusion of any voids. FIG 4
is a schematic cross-section showi ng sem conductor or netal 1ayer 21 ,
insulating layer 22, lines 23, fluorinated oxide film 34, lower silicon
oxi de | ayer 45 (for preventing fluorine interaction wth the netal |ines)
and upper silicon dioxide |ayer 46 (for preventing noisture absortion and
fl-uorine outdiffusion). Al |layer can be deposited within the sanme process
by changing the flow rates of the TECS-anh®#l +TES. Wile the invention has
been particularly shown and de- scribed with reference to the preferred
enbodi nent*s-tthePEof understood joy - thqse skihhadr siodhsy afkosEhaki Yarioun
the art t vario hanges-in form and details may, bhe nade w t hout
departing raélr%%tsheggpfc: i%t“ %61% @%%%Jelsof mtallfeglenW% i .tQ‘OUt- g%a?tﬂ% kom |
A et hod tHorseRShhliNgcofe dRYSHe i@fvehlyghinated silicon



di.oxi de, conprising: providing a reaction chanber; maintaining said chanber
at a tenperature and at a pressure; admtting into the chanber a m xture of
fluorotriethoxy- silane, present in a first concentration,

tetraet hyl oxysil ane, present in a second concentration, ”mmmmfmm uﬂ |“1ent
in athird concentration and contai ning a percentage of
deposition of the |ayer begins; and when the | ayer has réac hed" a "t hi*ckness,

term nating deposi- tion by reducing the_tgnperature and evacuating the
chanmber. 2. The meCheBisof claim 1 wherein the tenperature is between

about 2501 and H0udidicl Ceod aepdbee 1P 100 1VeE! 3 & yharGBat hey pressur e

is between about 10 and 760 torr a|n1 mhereln Raid
first coaceridal imprsshiagween about 5 and 15 volune % 5. The met hod of
claiml1l wherein said second concentration is between about 1 and 10
volunme % 6. prkwidimet hodeattibai ohardbeaerierein said third concentration is
-17 between about 40 and 80 volunme % 7. The nmethod of claim1 wherein
sai d per cent agerindraigigge sphd chamber at a temperature and at a pressure;
admitting into the chamber a mixture of fluorotriethoxy-
silane, present in a first concentration, tetraethyloxysilane,
present in a second concentration, and oxygen, present in a third
concentration and containing a percentage of ozone, whereby
deposition of the layer begins; and
when the layer has reached a thickness, terminating deposi-

tion by reducing the temperature and evacuating the chamber.

2. The method of claim 1 wherein the temperature is between

about 250 and 500 °C.

3. The method of claim 1 wherein the pressure is between about

10 and 760 torr.

4, The method of claim 1 wherein said first concentration is

between about 5 and 15 volume %.

5. The method of claim 1 wherein said second concentration is

between about 1 and 10 volume %.

6. The method of claim 1 wherein said third concentration is



t he oxygen is between about 0.5 and 15 weight % 8. The nmethod of claim
1 wherein said thickness of the deposi- ted layer is between about 1,000
and 20,000 Angstrons. 9. A method for depositing a |ayer of
fluorinated silicon dioxide, conprising: providing a reaction chanber;

mai nt ai ni ng said chanber at a tenperature and at a pressure; adnitting

into the chanber a mxture of fluorotriethoxy- silane, pr i
first concentration, and oxygen, present in_a second com‘ﬂi\‘ﬁi@ﬁmg“ﬁ“m\
cont ai ning a percentage of ozone, mherebi'aéﬁbsition of MK egs ns,
and when the |ayer has reached a thickness, term nating deposi- tion by
reduci ng PRE"E oty g 89a¥AitTRg®t he chanber. 10. - The nethod of
claim9 wherein the tenperature is between about 250 and 500 [err]C. 11.
The method of claim9 wherein the pressure is between about 10 and 760

torr. 7.18 thd 2 netpd®ehed aoh ¢! afie S Mheya8idn psabdnfagst SORERAL! ahi On
is between about 2 and 15 volume % 13. The nethod of claim9 wherein said

second cobhendxpdermnd bdiniesmeabahaud . 80aahd B&edghtng . %

8. The method of claim 1 wherein said thickness of the deposi-

ted layer is between about 1,000 and 20,000 Angstroms.

9. A method for depositing a layer of fluorinated silicon
dioxide, comprising:

providing a reaction chamber;

maintaining said chamber at a temperature and at a pressure;

admitting into the chamber a mixture of fluorotriethoxy-
silane, present in a first concentratiqn, and oxygen, present in
a second concentration and containing a percentage of ozone,
whereby deposition of the layer begins; and

when the layer has reached a thickness, te;minating deposi-—

tion by reducing the temperature and evacuating the chamber.

10. The method of claim 9 wherein the temperature is between

about 250 and 500 °cC.

11. The method of claim 9 wherein the pressure is between about

.10 and 760 torr.



14. The method of claim9 wherein said percentage of ozone in the oxygen is

bet ween about 0.5 and 15 weight %. 15. The nethod of claim9 wherein said

t hi ckness of the deposi- ted |layer is between about 1,000 and@‘\!ﬁo
s

Angstrons. 16. A nethod for depositing a stacked dj ‘\\‘\\m onpri s-
ing: depositing a lLayer of fluorinated silicon dio& ﬁ“

ance with
the method of claim1; and depositing on said |ayer~ 6f fluorinated

silicon dioxide a |layer of silicon oxide that is between about 300 and
2,000 Angstroms thick. 17. A nethod for depgsiting a stacked dielectric
| ayer conpris- ing: depositing a layer of silicon oxide that is between
about 3001 2nd Thed @ tAndst oénelabmck; whetedepesitli igroh saintdndyetioh is
silicon oxide a |ayer of fluori- - 19 - nated silicon dioxide in
accor danceelifean ahoure?hdddof Scyatwia . ®18. A nethod for depositing a
stacked dielectric layer conpris- ing: depositing a |layer of fluorinated
silicon dioxide in accor- dance with the nethod of claim?9; and

13. The method of claim 9 wherein said second concentration is

between about 40 and 80 volume %.

14. The method of claim 9 wherein said percentage of ozone in

the oxygen is between about 0.5 and 15 weight %.

15. The method of claim 9 wherein said thickness of the deposi-

ted layer is between about 1,000 and 20,000 Angstroms.

16. A method for depositing a stacked dielectric layer compris-
ing:

depositing a layer of fluorinated silicon dioxide in accor-—
dance with the method of claim 1; and

depositing on said_layer of fluorinated silicon dioxide a
layer of silicon oxide that is between abouf 300 and 2,000

Angstroms thick.

17. A method for depositing a stacked dielectric layer compris-—
ing:
depositing a layer of silicon oxide that is between about
- 300 and 2,000 Angstroms thick; and

depositing on said layer of silicon oxide a layer of fluori-



depositing on said layer of fluorinated silicon dioxide a |ayer of

silicon oxide that is between about 300 and 2,000 Angstrons thick. 19

WM

nmet hod for depositing a stacked dielectric |ayer conpris-
| ayer of silicon oxide that is between about 300 and 2, 00
and depositing on said |ayer of silicon oxide a |ayer of

silicon dioxide in accordance with the nethod of claim9.

- 19 -
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nated silicon dioxide in accordance with the method of claim 1.

. A

18. A method for depositing a stacked dielectric layer compris-

ing:

depositing a layer of fluorinated silicon dioxide in accor-

dance with the method of claim 9; and

depositing on said layer of fluorinated silicon dioxide a

layer of silicon oxide that is between about 300 and 2,000

Angstroms thick.

19. A method for depositing a stacked dielectric layer compris-—

ing:

depositing a layer of silicon oxide that is between about

300 and 2,000 Angstroms thick; and

depositing on said layer cf silicon oxide a layer of fluori-

nated silicon dioxide in accordance with the method of claim 9.



