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the gap filling capability of the TEOS/O; process.
Apart from the work on understanding and improving the TEOS/O, process for
better gap fill ability, efforts have also been made to identify new organosilicon

25  precursors that could be used to deposit SiO, films of quality superior or comparable
to those deposited by the TEOS/O, process. These new organosilicon precursors
-include hexamethyldisiloxane (HMDSO), hexamethyl disilazane (HMDS),
octamethylcyclotefrasiloxane (OMCTS) and 2,4,6,8-tetramethylcyclo tetra siloxane
(TMCTS). The SiO, films deposited from these precursors had properties similar or
30  poorer compared to the films deposited using TEOS/O, and therefore offered no
advantage over the already very established TEOS/O, chemistry.
In the development of new chemical precursors, the different types of CVD
systems must be considered. A variety of CVD systems are utilized in the
semiconductor industry, and are typically divided into two groups: thermal systems
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precursor chemistry and their processes, particularly as device densities decrease and

the demands on the gap filling properties of the films increase. Moreover, the cost
20  and/or consumption of certain conventional precursors is high, and it is desirable to

develop new, less expensive and/or lower consumption precursors.

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to provide an improved
25  precursor chemistry and method of depositing oxide films or layers on the surface of
semiconductor substrates.
It is a related object of the present invention to provide a method of depositing
a film which promotes reduced cost of ownership (CoO) of the CVD system.
In the present invention, a method of depositing oxide films or layers using
30 volatile alkylsiloxane precursors is provided. Specifically, the alkylsiloxane
precursors of the invention are of the formula: (CH,),Si[OSi(CH,),]JnOSi(CH,); where



3Q vol atile al kyl siloxane precursors is provided. Specifically, the

al kyl si | oxane precursors of the invention are of the formul a:

( CH3) 3Si [ OSmo®yR3 nOSi (CH3) 3 where r f WO 01/ 04942 PCT/ BSABISIHE#2 - 3 n=1
and 2. Such precursors thermally reacts with ozone to produce silicon

di oxi de for depositing on the surface of sem conductor substrates, and of

Significant a&éﬁ%pezgm,ﬁecmwmmﬁykxctmfo%neftspmm sflicdBdivkias o devi ce
applications. In tact, a duper of such alkylsil oxane,

hexamet hyl di sddpositingon thesnrfseeef semiconducton subsiratesy adef significant advaptageare 5

advant age, th | ’ : :and ire the
conpl ex addi f%‘@‘%‘@ﬁ%?%@@“@%sﬁkﬁ?%%ﬁw Pﬁﬂagglﬁﬁ? gg?ﬂef??/ﬁgg%i nj ection
of dopant pr dkylsiteams, bexamethyldisiioapt dasbeeninyésbigatod easkierp Ofputigdars with t he
al kyl si | oxane recugpsor in.th [ | ki .cate gl ass
(PSG) , borbe: FiAulER B‘FR?S“(‘ B%ﬁ?‘e‘ﬁ‘ﬁgéggﬁg%ﬁg&"% g?%?f)‘fgg‘ﬁ{a yelﬂ‘%@sdéé"( BPSG)

films can al saiditionfofplamna OV Driechiblegiesl Un additiomby vinjectiorhafdlopdnt t he pr esent:

i nvention. The i nven%lglrbgsmkﬂg&iefgﬁgﬂ - ?ﬁi{n&%i ggﬂlff“hé%ﬁet lif&ﬁ{e chem cal
usage and excPPFHETNS I'NY e nethod of the
present i nvengleQitsorin 6O pRRMEofioRones pivgplivansilicate glass(PSTH, Bbrosilibate glagshe  sane
filmquality and deposition rate vve{aéas(@gﬁi ned. Fui;%g)er accarding to one
enbodi nent of @S@agfb@@hosnmﬂwtss, ﬁ‘ﬁflcﬂ‘?@? o was mi xed
with 15 ogpnegednd BYDIASthe] GEEe prédentivention! helif\htotsHate folidthar ocess

generated | ess .Earticul ates in the exhauyst lines as conpared wth

convent i onal 3ty lowver ghemicalpsagand sxcellent gap ﬁgéﬁ%all’%ﬁcb’@ usiRg Hser

exhaust cl eani,oloflbf thibrelthiiventibl BEconiphel idsing doRbntidAE TEOS SilicR the have al so
found that thié1 qgg)osﬁh?ﬁon ra?e of silicon di‘dgxi de accor di_n%to t he net hod

of the presensamefilmquliiy apddeposition rats vesemaintaingd  Fusther acoarding te @iher at ur e

t han conventi . \ ' : o Qe fré whémixed with owar ds

i mpr ovenent o%ﬂl?dndlerﬂésn?ﬁf@%ﬁésdﬁn %@?’ﬁlgo 2’5%?%%&? | glgggfg@uni for m'w': y. BRIEF
DESCRI PTI 3N Ghzofitin thiRgisphBGE Iivize fouod that this QMTS proeess genseateddesst he present

invention wl]l becone par . 25 | AR scription of
the i nventi onpﬂﬁ‘a‘f"?‘?’rén@gﬁg'ﬁ%}gmﬁa§i°§s'?‘8&8‘?‘§§€5@g°‘]%eﬁ%‘w, anéfg%f)%ﬁ ref erence
to the draw nghich cdh sighifidantlyieduce ehdinbies exbhasst bleaing duridg highanluoe one

enbodi ment of an CVD sy%em wWhi cﬁa gprbed%gp&o%edsmsﬁpaééﬁilggﬁ hod of the
pr esent inven?‘mct‘mng' ¢ inventors have also fouh e depo

dioxide according to the method of the present invention is much less sensitive to

20  wafer temperature than conventional processes, which is a very significant factor
towards improvement of the silicon dioxide deposition thickness uniformity.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects and advantages of the present invention will become apparent
25  upon reading the detailed description of the invention and the appended claims
provided below, and upon reference to the drawings, in which:
Figure 1 is a schematic diagram of one embodiment of an CVD system which
may be employed with the method of the present invention.
Figure2is a schematic diagram of one embodiment of an injector which may
30  be employed with the method of the present invention.
Figure 3 is a graph showing the deposition rate as a function of temperature at
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Figure 9 illustrates the deposition rate as a function of O,:Si at 200 torr and
450°C for a conventional precursor and for one precursor of the present invention.

20 Figures 10a-c are scanning electron microscope photographs illustrating the
gap fill capability of: a conventional precursor deposited at 450°C, 600 torr and
0,:8i=10.3; and of two inventive precﬁrsors deposited at 500°C, 200 torr and O,:Si=S5;
and 500°C, 200 torr and O,:Si=11.0; respectively.

Figure 11 shows the gap fill capability of OMTS and TEOS as a function of

25  depositionrate. -

Figure 12 illustrates the stress of the as-deposited films at 450°C and 200 torr
as a function of O,:Si ratio of a conventional precursor and for a precursor of the
present invention.

Figure 13isa graph showing deposition rate as a function of temperature at

30  different O;:Si ratios carried out at atmospheric pressure according to another

embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

A method of depositing an oxide film or layer on the surface of a substrate by
thermal chemical vapor deposition using alkylsiloxane precursor is provided.
Specifically, the alkylsiloxane precursor has the general formula of!

20 (CH,), Si{OSi(CH;),In OSi{CH,),
wherenis 1 or2. '

Thus, suitable alkylsiloxane precursors of the present invention include:
octamethyltrisiloxane (OMTS) and decamethyltetrasiloxane. The alkylsiloxane
precursor is reacted with ozone in thermal CVD system to deposit a layer or film of

25  oxide (such as silicon dioxide) on the surface of a substrate.

The method of the present invention further comprises thermally reacting the
alkylsiloxane precursor and ozone in the deposition chamber to deposit an oxide film
on the surface of the substrate. The thermal reaction is carried out at a temperature in
the range of approximately 300°C to 600°C, preferably at a temperature in the range of

30 approximately 350°C to 550°C with a temperature in the range of approximately
450°C to 550°C being most preferred. The reaction may be carried out at different
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20  CVD system 20 which generally includes a CVD chamber 22 which houses a heated
chuck or susceptor 24 for supporting a wafer or substrate 26 adjacent an injector 28. A
deposition region 30 is formed between the injector 28 and the substrate 26. The
substrate may be moved relative to the injector 28 via translation means 32. Itis
important to note that while one CVD system is shown, the inventive method may be

25  practiced with other thermal CVD systems, such as for example a conveyorized
atmospheric pressure CVD (APCVD) system as described in U.S. Patent No.
4,834,020 which is héreby incorporated by reference.

The alkylsiloxane precursors of the present invention are typically in liquid
form and must be vaporized before introduction to the injector 28. The liquid

30 alkylsiloxane precﬁrsor is metered through a liquid flow meter (LFM) 34 and then
vaporized in a commercially available directed liquid injector (DLI) 36. Vaporized




inportapt to note that while one CVD systemis shown, the inventive nethod
may be 25 practiced wth other thermal CVD systens, such as for exanple a
conveyori zesvo atomaspheri c pressure CVD (APCVD) system as RSSOV in U. S
Patent No. 4,834,020 which is hereby 4 ncorporated by reference. The

al kyl si | oxane precursors of the present invention are typically in liquid

formand nust axfe@r,i}egggérz&sﬂsopsa‘ie fife DINI6QHY ithtohibybd 'R theinRE0PI8, Zhe The

liquid 30 al k e precursor Is netered through a liquid flow nmeter

(LFM 34 and liquidpreourpes cinyash bervaporizednsing ¢ bubbler. Buliblegpare well keewnda | i qui d

i njector (DLI : ' ‘ h@ggy :

al kyl si | ox anehﬁ?ﬁﬁ(}%@?&%ﬁﬁ?@ﬂb}?@ﬂ%ﬁ%@#& 43590{'[1 en (%%\g}géielgq% t he

i nj ector 28. Watent Noi 5,078)92% ecur sor can al so be vapori zed using a bubbler.
Bubbl er s e well known .j he,_art an e of ' | er may be
used such s t hat ‘Jéoe‘gegPﬁli)‘gﬁﬁ#t?f 2 .IS%%&\egﬁﬁC{]‘ﬁ%.mg?%@g%%#%Pdeposit
the film thegabkart sonveyedne theiiector28r Oneembddivaent bfarinjevter suitdble foert  gases
are conveyed to the.injector One enbodi nent of. an jnj,ecior..suitable for
P act i ce. w t hPEHe fatbtmEhod oo Eeat TV RROLRAIDM P Felrb i) A Fipted or

detail in Fi gl gneral, thefnjeRer28abnsistd 6 niuMigsté &r0§s cBEneIs)Gtiptin8mo 40 fihing Pl e Cross

channel s, or plenuns 40 runnin the length of the inj ect%{,z& each of
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vided to rendv

channels 48 are pro e unreacted gases and by products from
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chanmber. Int | t ; pr el N the
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at about 760_tpor he injector.is fur r | | t No.
5, 683, 516 andpfe%&%n%e %ﬁ"*“éﬁ’r"&ﬁ“‘i‘%"’ﬂyﬁf‘ g%&“%géf 5@?5%&%%9@&@?& cket
No. A-59471- A1nARd dthvicspheAOpretsurziembodiniant, the ipeassioy/initircdhamberad maintained atf er ence.
Al t hough one gpecific e e of n_injector b ibed, it isto
be under st oodas'{%ﬂbjfgoﬁﬁﬁy)fgﬁnﬁffm’f ‘ﬁ&*@‘%‘?es{“ﬁieé& H&gﬁmﬁ %, 5686316358
patent application serial no. 09/113,823 (Attorney Docket No. A-59471-4/ATT/MSS)
20  which are both hereby incorporated by reference. Although one specific example of

an injector has been described, it is to be understood that many other types of injectors
are suitable for practicing the method of the present invention.
To deposit the film, the vapor phase alkylsiloxane is preferably diluted with an
inert gas, such as nifrogen, and flowed to the injector 28. Other reactant gases, in this
25  case ozone (O,) are also conveyed to the injector 28. Alkylsiloxane vapor mixes with
ozone at the outlet of the gas injector and is delivered to the surface of the wafer or
substrate. Preferably the substrate is heated to a temperature in the range of
approximately 300 to 600°C when the pressure is either in the range of 200 to 600 torr,
or at atmospheric pressure.
30 The alkylsiloxane reacts in the gas phase with ozone to form additional
intermediates. The deposition rate can be a function of this rate as well depending on
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Al Kyl 1 | oxGhen Foapes o BOS A So af dcondiorde fpobef PRt N ECS, 1 he
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i nvention. Further, the diffusion rate for the al kyl sil oxanes has been

found to bfoughiaperaivypsrginglly smaller eampagidio TEQS; Fhesecdre fapforsiesyltiB af act or s
result in gompapibRASr¥RhaAcA gap HNUEBARF AP prebirborabiordihig/ tothe pré®nr ecur sor

according to the present 1nvention when conpared to conventional TECS. In
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20 m xed wi th dgpastheraSpecCathSpednBinvatiby RONRIGIAMY féuRbridhROSPhat e or
20  mixed with dopant sources such as alkylborate and/or alkylphosphate or .
alkylphosphite in the vapor phase and co-injected with ozoﬁe on to the substrate
surface to produce doped silicon dioxide such as BSG, PSG and BPSG.
Of particular advantage, the method of the present iﬁ_vention provides for
introducing more than one Si atom using the same amount c}f the precursor molecules
25  which allows for a higher deposition rate when the equival_e‘nf amount of conventional
“TEOS precursor is used. Alterately, the same throughput as that obtained from the
conventional TEOS/O, process can be achieved by using a iqwe: amount of
alkylsiloxane chemical. This can lower the cost of ownership (CoO) of operating the
semiconductor processing equipment by as much as 3 times'_ or rhore.
30 By introducing a lower amount of chemical without reducing the deposition

rate according to the present invention, powder formation due to gas-phase reactions is
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OMTS were evaluated and compared to the conventional TEQS/O, process. The

20 following examples are set forth for illustration purposes only and are not intended to

limit the scope of the invention in any way.
Certain properties of OMTS and TEOS are listed in Table 1 below. According

to one embodiment of the present invention, the method was carried out with OMTS at
a temperature range of 300-500°C, at a variable pressure range of about 200-600 torr

25  (i.e. low pressure), and using O, as the co-reactant. Films were also deposited with
TEOS for comparison. The effect of varying temperature, pressure and O,
concentration on the deposition rate and carbon content of the deposited films was
studied. The film qualities such as etch rate, shrinkage, carbon content and stress of
the as-deposited films were compared to the SiO, films deposited from a conventional

30 TEOS/O, process. The gap filling capability of the films deposited from OMTS and
TEOS were also studied. According to another embodiment of the present invention,
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concentrat | jrmr ~t=ire e PoOS T omT at .o rro—carbojr—cont tre—eteposi t ed
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P torr The experihehts were

T(K) +1. 23x1p" sT(K) 2 Vapor pressure 20C
conducted i ¢ tzﬁklﬂr"f r 15 injector as phown in
Figures 1 ¢ P( ot shown) is attaghed to

t-he chanber | he

Vapor pressure @ 20°C

The experiments were conducted in a CVD system equipped with a linear

15  injector as shown in Figures 1 and 2, respectively. A vacuum pump (not shown) is
attached to the chamber and isolated through a valve so that the pressure of the
chamber can be controlled below atmospheric conditions. The liquid flow rates of
TEOS and OMTS are controlled by a liquid flow meter (LFM) and sent to the DLI
where all of the injected fluid is completely vaporized. The vaporizer temperature is

20  monitored and controlled using a temperature controller. The vapor is then introduced
through the inner port 40 of the injector as shown in Figure 2 along with dilution
nitrogen. The lines from the DLI 36 to the injector 28 are heated to 120°C to prevent
condensation of the precursor vapor.

. Ozone is generated by passing oxygen through a Sumitomo (Model SGN-

25  04CUA-95-8) ozone generator (not shown). The output from the ozone generator
consists of a mixture of oxygen and ozone which is introduced in the reactor through
the outer port 40 of the injector 28, along with nitrogen as a dilution gas. The ozone
concentration can be varied by varying the power supplied to the cells generating the

ozone.
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the chuck 24. ExpegiihPpirs d@%@i‘i’é&%@@o kﬁd PGpY e100P&liSon bRt fndekHW Pressure)
variety of process conditions. Specifically, films were deposited using OMTS

20  according to the present invention. Films were also deposited using conventional
TEOS for comparison. The process conditions are set forth in Table 2 below:



Films were deposited on 200 mm p-type [100] silicon substrates under a .
variety oWwopieeess conditions. Specifically, films werepefnpswhéasl usi ng
OMI'S 20 according to the present i nﬁnt ion. Films were al'so deposited using
conventional TEGS for conpari son. e pr ocess conditions are set forth in
Tabl e 2 bel ow. WO 01/ 0494 blcgUbJSOOJ.l Tabl e 2. Deposition Process
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nitrogen fl oy (sl ntgégﬂoml(ﬁ{,m eratpre (O 14f1dghree to fg;e runs were

conduct ed under each condition. The filn)thickness was measur using a

PrometrPx spdct r onf@MISHioeratesmobmin) usihg 49 poi r?txé Wi th a 10 nm edge
excl usi on bed auseoggnem%aﬂrmwﬂtquﬂgum fprm deposr t3on on the fer. This

I s because t [fe—we -tenperatt Of corpro—ttre c7\ rruclu i ghly non-

uni form and farje ﬁ?‘{éﬁ'%ﬁfpmﬂr )at_thb edge to a6yt 301C i H the center
of the wafer. Thaedopadilutisrouitrogenlistint ure reported 2 the pr esgnt work

therefore COrrea onas ST e TeMmer gt ur g atr—rihrecerer—of fer.
Despite the t rﬁgxt‘t@}}fl F@Eﬁ deposition Jroi f orng LV aried from

7-15% M&. Th umSepamtdryxi&ogpirﬂwdslm} t he terrperat urle was incrgased from

300C to 500CyTnrs _ IMcrepstng  te atuare, defgosition
becones nassH uBbles % 140 oIIed and

t herefore becones a function of the gas flow field rather than the
tenperature profile. The above observation therefore suggests that the gas

flow field 25 wabregin Bvemny werRrendueted pader earpapnditione The Simthicknrste il ns were
etched in avé%els@%sagtmbﬂ&n é&tréxh&? Bvédel SRROVES ﬁwuﬁswnﬁﬂd the

t hi ckness before and after the e was neasured to determ ne the etch
rate. 15 10 mm edge exclusion because of the h1ghly non-uniform deposition on the wafer.

This is because the wafer temperature on during the experiment was highly non-
uniform and varied from about 265°C at the edge to about 301°C in the center of the

wafer. The deposition temperature reported in the present work therefore corresponds

to the temperature at the center of the wafer. Despite the 10 mm edge exclusion the
20  deposition uniformity varied from 7-15% 10. The uniformity improved as the
temperature was increased from 300°C to 500°C. This is because with increasing
temperature, deposition becomes mass-transfer controlled rather than kinetically
controlled, and therefore becomes a function of the gas flow field rather than the
temperature profile. The above observation therefore suggests that the gas flow field
25  was more uniform than the temperature profile.
The films were etched in a 30:1 BOE solution maintained at room temperature,
and the thickness before and after the etch was measured to determine the etch rate.
The wafers were annealed in a furnace (Canary, NOBLE IPS 812) at 900°C for 30 min
in a nitrogen (N,_) ambient. Shrinkage was determined by the thickness measurements
30  before and after the anneal. Stress was measured on a stress gauge (Tencor, FLX-
2410) in a dry N, ambient. The carbon content in the films was analyzed using
quadrupole-based Secondary Ion Mass Spectrometry (SIMS) with an O, ion beam of 6
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(r:gem stry ulﬂ‘%g‘e% ﬁé&g&@ﬁ; sogrces sucr; a% TECS .
ported in TRtrdnereasecdfrerm abont 25 A/mis b0 200 Adorin whersthat  hi gher
t enper at ur es deguitdf teMperatd?bvBSincreased from 300 to 400°C, and then decreased slightly
with increase in temperature to 500°C. The deposition rate with TEOS showed a
20  similar trend with temperature, although the deposition rate showed a significant drop
when the temperature was increased to 500°C. This trend for O, based chemistry
using different Si sources such as TEOS and OMCTS has been reported in the
literature. The decrease in the deposition rate at higher temperatures can be attributed
to parasitic gas-phase reactions. It has been shown that the temperature at which the
25  deposition rate reaches 2 maximum decreases with increase in pressure for TEOS/0,.
The deposition rate increased more rapidly with temperature in the case of
TEOS compared to OMTS in the temperature range of 300-400°C at 200 torr. This
indicates that the variation in the film thickness due to variations in the wafer surface
temperature will be lower for OMTS compared to TEOS, which is a desirable
30 property.
Figure 3 also shows that the deposition rate from OMTS was always lower
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20 from TEOS increased with an increase in the deposition temperature but was fairly

constant with respect to the deposition temperature when OMTS was used.
The shrinkage of the SiO, films deposited from TEOS and OMTS at different
deposition temperatures is shown in Figure 5. The pressure was held constant at 200
torr, a O,:Si = 10 and Si flow of 0.009 mol/min were u_sed. The shrinkage of the films
25  deposited from OMTS was slightly lower compared to those deposited using TEOS. .
The shrinkage of the films (deposited from TEOS as well as OMTS) decreased with
an increase in deposition temperature from 300°C to 450°C, and then remained fairly
constant at 500°C at a shrinkage about 5%.
The shrinkage of the films can be attributed (based on thermal desorption
30  studies) to the loss of water—rélated species such as H,0, OH, O and H,, O, and
ethoxyl-group related species such as OC,H,, OC,H,, C,H, and C,H, which arise due



depositi-on tenperatures is shown in Figure 5. The pressure was held
constant at 200 torn, a 03:Si =10 and Si flow of 0.009 nol/m n were used.
The shri nka$é® B044he il s 25 deposited from OMIS was s! i R§HYSV166%e
conpared to those deposited ‘using TEQS- The shrinkage of the filns
(deposited from TECS as well as OMIS) decreased with an increase in
deposi tion téwbnomplmdedmiﬁm thoprd&@:or. Higlierttémaperatencaivowdd ldadia | y

atiributed (RRgeripfe RehAbARR I aR ook ST D ot 0o o "

wat er - r el at ecdhdnkage.es such as H2Q, OH, 0 and H2, 02 and ethoxyl-group

rel ated species s i ch ue is WO
01/ 04942 PCT/ usooﬂﬁ%?@““&%“&%%ﬁﬂ%?g“&@&%%‘¥ﬁw°] s°8?’°[“r1’§ ﬁr ecur sor .
Hi gher t espen2alol? gemived hmdoerladzoo«m iﬂlar@, :Sie10) ataecl:ﬁiecssm_gﬁabwomg apf the f
pr ecur sor ore resu n a lower i nka e carbon content o
the filns de%éé%eégg o@rﬁ% J&EEF@&?&M@?\‘%@BB curEnos,of St at ony cnB at
300C (200 toreoﬁpréteQﬁeo‘ﬁhposma@hmgx@eﬁakaﬁréxm&:ﬁhm:a&%f&%ﬁhﬂéOC (200 torr

03:Si = 10). This is npst |ike due to the occurrence of nore onpl ete

deconposi ti oepasited %‘Hﬁﬂp&%@f"éﬁ‘hm abonh 2x 107 atgam{cnt o BROC 3P0 Pﬁénﬁl | s
deposited fr E A2 o 1] 200 tort
and 03:Si :@%}S)I tq@ g%gﬁtﬁﬁgﬂs;té %gn%& g?wer%ng(Z orrtﬁgggbscfn = 10).
Thus, t héocaﬁbﬁmtlwthé@if@%‘iﬁpmﬁdﬁh@?EQW@\B@SW%P‘W@WFE@OW | over ,
especial |y atgh tion tenperatures (300C). The above data

suggests that operating ifh the tenperature range of 400-450C results in
t he best fil m qualhe aboygdatasuggestsithal oprsatingiin the tempsratiERngnof 49Br450Cage f or

]e;(;msnceigpiofll &%ﬂ]{.{“ S terrpergiml tgrr%%&% &ﬁ?{ﬁ%ma@femer ﬁrg \gﬁst he gap

fill capabil rﬁﬂrysdqposxtstdﬁomswsandQM%‘S.pHmet;tbesﬁﬂzctoﬁpnesls\ubmeiﬁhmedmerat| ng

pressure, f ( ha er ar|e fro 200 ton at 400C and
450C and ?t smﬁaﬁ%on IEE% %%?8% °s%aﬁé?l deposr tion
rate using T_E@xswﬁinﬁkﬁﬁraitmcms:eﬂ;wth |ncreas| ng pressure as 20

] ustrat ed in Fi 'gfileopera T{)]rlesssureo%&%a(,sﬂ?]) er22dw£s%%1|1£d ﬁ')om&&; to 6%8 n be

attributed to an
torr at 400°C and 450°C and its effect on the film properties was studied. The

deposition rate using TEOS and OMTS increased with increasing pressure as
20  illustrated in Figure 6. This increase in the deposition rate can be attributed to an
increase in the partial pressure of the precursors with the increase in pressure.
Atthough it is not shown in Figure 6, the deposition rate at 400°C using OMTS
jumped up to 1000 A/min at 700 torr. Considering that the flow rate of OMTS is
nearly one-third that of TEOS for an equivalent amount of silicon available, one can
25  use only one-third of the amount of OMTS and still achieve the same throughput as
that provided from TEOS. This results in a significant reduction in the cost of
ownership (CoC) of the CVD system and presents a significant advance in the art.
Referring to Figure 7, it is further illustrated that increasing the pressure results
in an increase in the WER of the films deposited using TEOS or OMTS at 400°C.
30 However, the WER remained fairly constant with pressure at 450°C. This is
consistent with the studies on TEOS reported in the literature. It is preferred to
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OMTS. The appreciable change with increases in the O,:Si ratio for both TEOS and OMTS. The
20  'WER remained constant at about 4 and 3 for TEOS and OMTS, respectively. The
0,:Si ratio did not affect the shrinkage which remained constant at about 8 and 6 for
TEOS and OMTS, respectively.
In the manufacture of semiconductors, the gap fill capability of the film is of
particular importance. As device densities shrink the gap fill capability of the film
25  becomes even more critical. Of significant advantage, films deposited with the
method of the preéent invention showed greatly improved gap fill capability over
conventional TEOS films. The gap fill capability was thus evaluated and sbove
analysis shows that operating at temperatures of about 400-500°C result in a better
film quality (low WER and shrinkage) compared to 300-400°C for both, TEOS and
30  OMTS. Therefore, the gap filling capability of films deposited according to the
method of the present invention were compared to TEOS films at the following
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Finally, the stress of the films deposited from OMTS and TEOS was measured

20  as a function of O,:Si ratio at a deposition temperature of 450°C and at a pressure of
200 torr. The data is shown in Figure 12 which illustrates that the stress of the as-
deposited films is tensile and remains fairly constant with an increase in the O,:Si
ratio for both TEOS and OMTS. Further, the as-deposited stress of the films from the
two precursors seem to be comparable.

25 Of further advantage, the method of the present invention promotes the
reduction of the detrimental powder buildup. With the prior art TEOS methods,
significant powder (typically the oxide and by-products) formation occu?s during the
CVD reaction. The powder deposits on the injector and chamber surfaces, clogs the
exhaust lines and damages the pumps. The powder becomes a significant source of

30  particulate contamtination in the films. The powder buildup decreases the longevity of
the CVD system and increases the downtime of the system since the powder must be
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and outer BARistich that the 0,:Si ratio varied as 12, 10, 7 and 5. The deposition temperature

20 was varied from 350°C to 550°C in steps of 50°C. No dopants were added to the

The film thickness was measured using a Prometrix spectromap (Model
SM200/E) using 49 points with a 6 mm edge exclusion. The wafers with the as-
deposited films were etched in 2 30:1 BOE solution maintained at room temperature

25  and the thickness before and after the etch was measured to determine the etch rate.
The wafers were annwted in a furnace (Canary, NOBLE IPS 812) at 900°C for 30 min
in a2 N, ambient. Shrin_kagé was determined by the thickness measurements before and
after the anneal. Stress was measured on a stress gauge (Tencor, F1.X-2410) in a dry
N, ambient. The patterhed wafers were analyzed by Secondary Electron Microscopy

30 (SEM) (Philips X140 FEG) to measure the extent of gap ﬁll They were etched for 20
sec in a 30:1 BOE solution.




respecti.vely. The ozone concentration was varied at each tenperature from
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the oW At O oo sensiive to chimgt ih the deposition tempetaturs, Fbier words OMTE ®
exhibits lower temperature sensitivity than TEOS, and thus films deposited with
OMTS can exhibit lower thickness non-uniformity than films deposited with TEOS.
20 The wet etch ratio (WER) was determined by comparing the etch rate of the
CVD film to the etch rate of a thermal oxide. The data in Figure 14 shows that the
WER for OMTS and TEOS were comparable and decreased with increase in the
deposition temperature as expected.
The shrinkage of the SiO, films deposited from TEOS and OMTS at different
25  deposition temperatures is presented in Figure 15. The shrinkage of the films from
OMTS was slightly lower compared to those deposited using TEOS, especially at
temperatures below 400°C. The shrinkage of the films (deposited from TEOS as well
as OMTS) decreased with increase in deposition temperature from 350°C to 500°C
and then remained fairly constant at 500°C at about 4.5%.
30 Figure 16 shows that increasing the O,:Si ratio from about $ to 12 resulted in a

linear increase in the deposition rate for OMTS. However, the deposition rate in the
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non-uniformty than filnms deposited with TECS. 20 The wet etch ratio (VER)
was det er neasedf THOS shmyeediampaxirhem avithitespactdo the Q,i8¢ ratiG\/Dhisideinferthet he etch rate
of a ther ' ' t. e for OMTS and
TECS wer eng%)mrr%{a&rr%gﬁﬂeggﬁ'cfg gateagt?‘}étgs?g%‘f fﬁailéﬁéjl’&ggg:léél '?H%ga%' pog'i tion

t enper at ur ThaWERpetheshrinidge didhaat sowganyapprebieblSckahgé withincdapminithieed from

TECS and .al. differer osition tenperatures is presented in

Fi gure 15.082:% rabﬁ??’%ﬁ%g@%m}%kﬁ?% nms from %S was sl i gh!tol y | ower

conpar eﬁ t oht _ho’ihe @pp'tfuﬁigthabﬂiqaffmgpr;émr; te:asd)a?lmteh¥réate mnesrplle\rabmr esdv?gl) ow
400C. The s nka 0 L M8 eposite rom S _we as

decr eased f# efﬁglfseaé%@eﬁcﬁ’fﬁglﬁ%’éf i ﬁ‘@?ﬁﬁm‘@@%ﬁ%to 500C and

t hen remai ekéirdnahictogcope (SEM)photdgripht Shomingithe gip fll aievédbya JEOS 16 shows

t hat incr_easi%g {]‘g 03: Si r'atigi.from bout, 5, to I:H re_gttqul}'[é,ed ina |inear

i ncrease i AoFfRa® ﬁﬁ?ﬁ“tﬂwsﬁ&f‘ HpRg WRIRHIRRAR T /8¢ BYEIOWn rate in
the VWO 01/ GAPFEOS isldbléI0 Qorhplete filt Bl gapvsoT si2é 0.15 i &ldQRLt AtiFBRAVEWM Wi t h

respect to the 03:Si . ratio. This data_further denonstrates the |ower

react i W t y2a¥ithelaped fideyalls atismperatupesaf 5947Cron bigher{Figuredda). Howeveeat and t he

shrinkage ¢5¢bCiRimSWErY agphYent 178)] At CeRRAGN JfA50TCSrIR/W delins Ne  03: S
ratio for both TECS and CJ\/ITS?Ila Th?)gap filling ability of tﬁe precursors

was eval uakiedppasent jnthe giprctires althpughdtherg ssnokeyhale fopmation(Figurerldelef or e

di scussed Whi faf fIBSLaLItY 'R bVerfise debreilel\dith PAaRGEsEfHh the€bQSivafd) M Croscope
(SEM phot ographs show ng the ga_?q;{?lgll achi eved by _a TEQS process at

di f f erent pr ocekhe samgdren it QMTSaswiell a5 Hinstrated inthe SEMjur es show

AR
that T | : by | b7 and aspect
ratio %Baggodgﬁ-?ﬂ&% 3&‘%%@#%%2?%5355&‘%??0%@%&9g()e(?g?gl'ggrse ]%?)mSOOC or hi gher
(Fi gur e 17wherepscatS§ELC seams werg 3ppareyt (rigurad$ and A" CFigpreil§ek e 17b) . At -

t t : : |
al houigh Koy e NP S BRI sl R iy A el L 11 g

jap
tvdfof 0. The sane

abi lity onOgberatigeo JEOS,ilt shouldde srentioned that thegap 11 gbi
trends wer gpnfRdnhed ﬁﬂar@éd SV hrafRe indkhding @8 O',:ki Mfbrated in the SEM
20 The stress of the films deposited from OMTS and TEOS was measured as a

function of the deposition temperature and the data is presented in Figure 19. The
stress of the as-deposited films was tensile in all cases. Because some of the wafers -
were measured within 30 minutes of the runs while others were measured after 2-3 hr.
(due to constraints on the logistics) the data should be viewed only qualitatively. The
25  data shows that the as-deposited stress of the films deposited using TEOS and OMTS
was comparable. In case of TEOS, higher O,:8i ratio leads to a higher as-deposited
stress. The trend seems to be the opposite in case of OMTS. No other definitive
conclusions are possible.
Silicon dioxide films deposited using alkylsiloxane precursors show qualities
30  such as the wet etch ratio, shn'nkage, carbon content and gap filling ability that are
comparable to the films deposited from TEOS. Further, this precursor costs less than




15 phot ggraphs of Figures 18a-c. The gap fill was conplete at 500 *C
(Figure 18a) whereas at 550C seans were apparent (Figure 18b) and 450C
(Fi gure 18cWoo01M%ever, in case of OMIS the gap fill abi PETYSHAMBed
sharply with decrease in the 03:S rftio conpared to TECS. It should be
mentioned that the gap fill ability for OMIS nmay be inproved by further
increasi ng t MEpdR3indireufié inQ lowét g%t%f&&ﬁ-ﬁﬁi‘du&mnﬁﬂa&ea&o WBOSS Thigdarf r om OMI'S

and TECS was neasured as_a. function of the_ depgsidion tenperature and the
data i s presdfildn prhanged igngevity of thedmedters sud CYP ‘gﬂéﬁ"‘%nﬁ@ AP | s was
tensile in aldfueaR@s usiBCOMISCisIOWR tih thdd 6f ORFISiA the\Waige of&mBifloftdl W thin 30
m nutes of the runs while others were neasured after 2-3 hr, (due to

constraints oAplored singgprarthird sheameuns of shegpienl was wed. Hewwyar. S dppepifion; ¢ at i vel v.
The 25 datka gl?,so-m', & dretRirddf ONIES {dohiFBred &POSI t €d USi ng
TECS and g\mégﬂﬁcs? orrBfg?ft e. In caéxgqgf TECS, hi ghertOS: S ratio leads to
a hi gher as-d8i28iiswesdd. stress. The trend seens to be the opposite in case
of OMIS. No ot her i . Lons ' |} £ OXi de

i1 depos ¢ ed udil B drifinfeBfen i badhucB el QR chinbuee B 4 BBl
the wet et ch embbidiments)the déseuipion ditthsirativeoanddsmot bk agagirued by limigingthiel i ty t hat

are conpar ah| .0 tihe. ] i ; I; ,S precursor
costs | ess tﬁﬁﬁmW%T; %ﬁ%&%ﬁ%‘gg% E%Tﬁ#&%gﬁ%gk%sul ts in a
| ower genlér atwithoutddepirying froml tlst sopeaftewriadntion. TECS. This can result in
enhanced |l dvity of the injectors and CVD cl "afiibers. The deposition rate
of the filnms using OMIS, is |ower than that of OMIS in the range of
conditions explored since one-third the anmount of chem cal was used.
However, the deposition 5 rate is conparable to that of TEOCS even when
one-third of OMIS (conpared to TEGOS) is used. Wile the present invention
has been described with reference to a few specific enbodinents, the
description is illustrative and is not to be construed as limting the

i nvention. Various nodifications may occur to those of ordinary skill in
the art 10 without departing fromthe scope of the invention. WO 01/04942
PCf / USOQO 16642 - 22-




W Caim 1. A nethod of depositing an oxide filmon the surface of-a .
sem conduct or substrate in a chem cal vapor deposition (CVD) system having
at | east WM nber, conprising the steps of: 5 prowéfwé&’gﬁy

al kyl si | oxane precursor having the general fornmula of: (CH3)3

SI[CS (CH3)2]n CSi (CH3)3 where nis | or 2 to said chanber, providing ozone
to sai d chayéderim:and t her mal | y reacti ng sai d al kyl si |l oxane precursor and

ozone to deposi an OXI&‘H g l.m on t,gue sur f f tﬂ‘he substrate. 2. The
net hod of d ai de °§‘HE$%?’?‘ flmon ?15‘“&9% §s carried out at a
t enper at ur eemaoﬂdh@:of AuBEifardfn aRBhIRYI VB eyostIAECVD) S{NMm naVish s ddast Chanber
I's maintained at a pressure in the range of approxi mately 0O to 700 torr.

15 3. The @8 ¢hambes camprisingtheftensofin said thernal |y reacting step is carried
out at & tenper govidm Iaﬂah@fsna@ﬂgsree&rs&maﬁﬁ m:@&@é.m&%ﬁ&& 600C, and_said

chanmber is naintai ned at "approxi mately atnospheric pressure. 20 4. The
nmet hod of Caim| wherein t&&E:hSHPSK a@l(&ﬁﬁ)sozone are provided at a

mol ar conc%yeq,gnggrﬁg;gagmf,&ssed as ozone to silicon (@8Si) in the
range of approximately 5 to 15 at a pressure of approxi mately 200 to 600

torr. 5. The nepmwdingiozanedp said chamberiapnd t he al kyl si | oxane and ozone are 25

provided at a !cﬂﬁa] grgégﬁgﬁﬁ l'icon

(@Si) in the rT?‘ange % gprox ?feo%ﬂe to o preéﬁy&lﬁgﬁoﬁ‘lﬁé

appr ox10rat @lm onthesutfarsof thesubstreter e. 6. The net hod of Claiml wherein said

al kyl si |l oxane precursor is selected froma group of octamethyltrisiloxane

and decanethyltetrasiloxane. 30 [ 1LLLELEL L0 brer el 111111111112 CL MS
2, The method of Claim 1 wherein said thermally reacting step is carried

out at a temperature in the range of approximately 300°C to 600°C, and said chamber
is maintained at a pressure in the range of approximately 100 to 700 torr.

15
3. The method of Claim 2 wherein said thermally reacting step is carried
out at a temperature in the range of approximately 200°C to 600°C, and said chamber
is maintained at approximately atmospheric pressure.
20 4, The method of Claim 1 wherein the alkylsiloxane and ozone are

provided at a molar concentration ratio expressed as ozone to silicon (O,Si) in the

range of approximately 5 to 15 at a pressure of approximately 200 to 600 torr.

5. The method of Claim 1 wherein the alkylsiloxane and ozone are
25  provided at a molar concentration ratio expressed as ozone to silicon (O,Si) in the

range of approximately 5 to 15 at a pressure of approximately atmospheric pressure.

6. The method of Claim 1 wherein said alkylsiloxane precursor is selected
from a group of octamethyltrisiloxane and decamethyltetrasiloxane.
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