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THERVAL R o NG FOR SUB- M CRON TECHNOLOGY Rel at ed Appli cations

present application is based on a provisional application HaVIBi§0R42| al
No.: 60/152, 698 filed on Septenber 7, 1999. Back round of the Present

I nvention Over the years, silicate glass such as borophosphosilicate gl ass
(BPSG has | ayed a critical role as a pre-netal dielectric (PMD)

i nsul ator f oBRgé\ﬂEWnE@ESFRW‘BﬁﬁHEMROQESSING FOROSER-MICRON

sem conduct or devi ces has becone increasingly smaller. For exanple,

devi ce geonetry has di m ni shed toTeolNOLBBYPM | evel s and even to 0.15 pm
and beyond. Consequently, it has beconme much nore difficult to properly
fill the gaps of the interlayer dielectric layers, i.e. satisfy "gap
fill"™ requirenments. Typically, the integrity of the shallow junctions of a
sem conductor device can only pe majntained by restricting the thernal
budget requirenments of post-j ungﬂﬂ&gﬁﬂ&HﬁMocesses. Such reduced t her mal
budgets are essential for keeping the |ateral and vertical diffusion of
dopants to a m rihepresamdpplisationiimbased ob beravistonal-aphidaticoviayitig SerabNo.: | ntegrity
of sub-m cron devices. However, reducing thermal budgets 1n this manner

poses a chablen®es filed aRiSEptamberTy14dve gap-fill requirenments and surface
planarity desired for PND BPSG filns. As nentioned above, traditional

BPSG films and annealing tﬁfé&ﬂio%ﬁ%f ﬁnreePrQé)entlnvention

Over the years, silicate glass such as borophosphosilicate glass (BPSG) has
played a critical role as a pre-metal dielectric (PMD) insulator for semiconductor devices.
Recently, the geometry of semiconductor devices has become increasingly smaller. For
example, device geometry has diminished to sub 0.25 pm levels and even to 0.15 pm
and beyond. Consequently, it has become much more difficult to properly fill the gaps of
the interlayer dielectric layers, i.e. satisfy ,gap fill" requirements.

Typically, the integrity of the shallow junctions of a semiconductor device can
only be maintained by restricting the thermal budget requirements of post-junction flow
processes. Such reduced thermal budgets are essential for keeping the lateral and
vertical diffusion of dopants to a minimum and to maintain the ultra-shallow junction
integrity of sub-micron devices. However, reducing thermal budgets in this manner
poses a challenge to maintaining the gap-fill requirements and surface planarity desired
for PMD BPSG films.

As mentioned above, traditional BPSG films and annealing technigues are no
longer suitable for satisfying flow and ,gap fil* requirements of interlayer dielectric layers.

Complete gap fill is realistically only possible with these structures if the anneat process
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| onger suitable for satisfying flow and "gap fill" requirenments of
interlayer dielectric layers. Conplete gap fill is realistically D&IFgB 2004
possible with these structures it the anneal process 1 2 6 F E B 2004
allows the flow of the deposited filns. | n furnaces, the use of wet steam
refl ow processes has shown sone inprovenent of BPSG fl ow over dry
nitrogen under identical annealing conditions. As such, a wet steam

refl ow process is currently preferred over dry nitrogen in furnace flow
processes. Simlar to furnace applications, conparable studies have al so
been conduct eoF"‘PWhetﬂﬁ‘éOfL?@élew'tedng-steam in rapid thermal processing. These
studies denonstrated simlar reflowresults for RTP processed BPSG fil ns
at significantly fndevasesdthp issobust sitamgelinw prodsssdgkes showfFreameexanpl e, RTP
processed BPSG filns for PMD have recently been denonstrated for 300-mm
gener at i on appinprowmen niBPES dew Gertinfritiegen umler identical aBehiinglcdBliine AsTechnol ogy, p.
117, Sept. 1997). During the denonstrations, the filnms were first

densi fied i n RiEh, aaetdtebrnefiow prceds Ercunehiypefeiradaderidy nitrbenindedacefieehani cal

pl anarization (CMP). The filnms used in the 300-nm denonstrati ons were
TEB/ TEPo 7. 05 focessss. Bimfiér lo Amude Yo idalidn€ Xoorfipalabie studiEl fsve alkd Hee®s wer e deposi t ed
at 500C with their dopant levels verified by wet chem cal analysis

met hods. The adchduetadiethed@peime! stdar in radid thedal prbdeting. dThedis@bies dopant | evel s,

t hus accounting for the reduction of the flow tenperature of these filns.
2 2 6 FEB 2004demonstrated similar reflow results for RTP processed BPSG films at significantly

reduced process thermal budgets.

For example, RTP processed BPSG films for PMD have recently been

demonstrated for 300-mm generation applications (see Schafier, et al., Solid State
Technology, p. 117, Sept. 1997}. During the demoenstrations, the films were first
deﬁsiﬁed in RTP, and then further planarized by chemical mechanical planarization
(CMP). The films vsed in the 300-mm demonsirations were TEB/TEP, 7.05 B wt%/3.78
P wi% BPTEOS films. These films were deposiled at 500°C with their dopant levels
verified by wet chemical analysis melhods. The alternate dopant chemistries allowed
higher dopant levels, thus accounting for the reduction of the flow temperature of these

films.



UK patent application GB-A-2168340 shows a nethod to planarise a gl@iﬁ
coating on a substrate by pul se heating the substrate. The gl ass b §w%y
is determned by control of an atnosphere in which heating is effected.
In US patent US-A-4455325 a nethod of inducing flow of densification of
phospho-silicate glass is described. Phosphorus-doped silicon oxide gl ass
is flowed by raising the pressure of a process chanber in which a wafer
is placed above atnospheric for a selected period of tine. The atnosphere
i ncludes noisture to enhance the flow of the glass at tenperatures
substantially below those at which dopants in an underly-ing integrated
circuit nove. A nultistep nethod for planarizing a silicon oxide
insulating | ayer such as a depos-ited borophosphosilicate glass is
described in the international application W A-0031788. Additi onal
refl ow net hods are shown in the Japanese applications JP-A-10223859,

CIP- A 5;891;3@651 R{ibgﬂ i %an R ah@m t} %Q%egnc s 2 need
Eg\elgrexﬁstdg rbﬁﬁ%gj?ﬁ s&rg . as§ %n devi ces
that can Gpt m ze ? re '§' chihed B%S or stability,
while als w duc d t res. 2a WD 01/18848
PCT11B001 g W%;?ﬁ%’g%? Iﬂ?‘%{%@ daqf' 8'"9 d&ﬂs'%l?g'oglroés?%nt i nvention
recogni ze%’ by ralsmg e pressure of a roce erin wﬁg&a wafer is placed

above atmospheric for a selected period of tlme The atmosphere includes

moisture to enhance the flow of the glass at temperatures substantially below
those at which dopants in an underiy-ing integrated circuit move.

A multistep method for planarizing a silicon oxide insUIating layer such as a

depos-ited borophosphosilicate glass is described in the international application
WO-A-0031788.

Additional reflow methods are shown in the Japanese applications
JP-A-10223858, CJP-A-58012340 and JP-A-6177129.

Despite the above advances, a need nevertheless exists for BPSG films having
improved chemistry. Moreover, a need exists for annealing techniques appiicable to
sub-ricron devices that can optimize BPSG film properiies to achieve superior stabiity,

while also allowing BPSG film flow at reduced temperatures.
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"and others of prior art constructions and methods. Accordingly, |t;ijst@r11[|[]4
obj ect WO B34/ esent i nvention to provide an i nproved nRCHUBIOREI4Lf or ni ng
| ayers in integrated circuits. In general, the nmethod includes the steps
of processing an object, such as a sem conductor wafer, in a rapid

t hermal processing (RTP) system The object placed in the RTP systemis
at least partly covered by at |east one (1) |layer conprising silicate

gl ass. Once placed into the RTP system the object is heated in an

at nosphere conprising at |ea Lyge..gas that is reactive to at

| east one material covered by%—tu‘lI ﬁﬁg“" |09|i fically, the object is
heated to a te rature sufficient for reflow of the silicate glass
within a predemﬁipf?éamt”?VﬁE‘!O”Wﬁoﬂfézqsﬁéd 6@‘%&?5 ihe forRgpiRg disacypiagest ne
concentration of the reactive gas is controlled for selective reaction of
t he gas wi tahd vhers ofvprias it abnstricioomanderefwds.nent , t he at nosphere cont ai ned
within the RTP system conprises steamin conbination with a reactive gas.

The reactive gasce@Bingig, it i & objkdn 6t tRGrEsentEbhRED proVisy 8 praved I ogen,
di nitrogen oxi de, ozone, hydrogen peroxide, atom c and/or nol ecul ar

d
hydr ogen, or . . ' m.xtures thereof. In general, the
vol une rat i"??nt?@tf&g@ﬁ{'@%;egﬁqg&?égzarji%d?@éé‘r eactive gas i s between about
1:0.01 to about 1:1,000. 3 WD 01/18848 2 F E13 2004 PCT/|1BOQ 01242
According to thdnpenssddie ppthpgciydesdiasteps {RIAESHRY an ohiech SUAASEont ai ned
with the

semiconductor wafer, in a rapid thermal processing (RTP) system. The object placed in
the RTP system is at least partly covered by at least one (1) layer comprising silicate
glass. Once placed inlo the RTP system, the object is heated in an atmosphere
comprising at least one reactive gas that is reactive to at least one material covered by
the glass. Specifically, the object is hgated to a temperature sufficient for reflow of the
silicate glass within a predetermined time. While the object is being heated, the
concentration of the reactive gas is controlled for selective reaction of the gas with the
matenal.

in one embodiment, the atmosphere contained within the RTP system
comprises steam in combination with a reactive gas. The reactive gas can be, for
instance, hydrogen, oxygen, nitrogen, dinitrogen oxide, ozone, hydrogen peroxide,
atomic and/or molecular hydrogen, or in general radicals or mixtures thereof. In general,
the volume ratio between the steam and the reactive gas is between about 1:0.01 to

about 1:1,000.



RTP systemis diluted with other gases as described above so that theFEB 7004
st eam dwes01/18848 oxi di ze materials covered by the silicat epgtggﬁ,mh& an
alternative enbodi rent of the present invention, the atnosphere contained
within the RTP systemis an inert gas, such as argon or nitrogen. In this
enbodi nent, steam can be present to reflow the silicate glass while the

S eam can be pr KSRy ‘8'“9%’?65%% e P B, S Rkt o

concentr at hﬂ; i nsuff] (gnt t 0 cause adverse oxidation reactions from
occurring. ROF REYEN & 'Léf? with-gier 9asee @t dessribadabope exBatthe stoam doesnar e

di scussed in greater detail below Brief Description of the Drawi ngs A
full and ensititd matetdiswiversd bethesilitdteegiggsesent i nvention, including the best
node thereof, to one of ordinary skill in the art, is set forth nore

par i cul ar |y | 1 iea AERkbgifn of HE pRABRMERRY B0 ripld ng ref er ence

to the acconpanying figures, graphl C

representati t obtaln din is a

bhot ogr aph P e P BE ) R B R e banmle. Fig.
3 is a phot ographl c representation of the results obtained in the exanple;
and Fig. 4emgodimgticiiengrcaphe ereseniarstov the siicate flasthehile émibdrsgastis aseded in t he
exanpl e. Repeat use of reference characters in the present specification

and draw ngsprotect othet leyetiesh the sutePate s Partinstai®, sisanfdkmliR@Ptendigat ures or
el ements of the invention. 4 WO 01/18848
accordance with the present invention at a concentration insufficient to cause adverse
oxidation reactions from occurring.
Other features and aspects of the present invention are discussed in greater

detail beiow.

Brief Description of the Drawings

A full and enabling disclosure of the present invention, including the best mode
thereof, to one of ordinary skill in the art, is set forth more particularly in the remainder of
the specification, including reference to the accompanying figures, in which:

Fig. 1 is a photographic representation of the results obtained in the example;

Fig. 2 is a photographic representation of the results obtained in the example;

Fig. 3 is a photographic representation of the results obtained in the example;
and

Fig. 4 is a photographic representation of the resuits obtained in the example.

Repeat use of reference characters in the present specification and drawings is

intended to represent same or analogous features or elements of the invention.



‘2 6 E EB 2004 PCT/1B0O0101242 Detail ed Description of Preferred 26 FEB 2004
Enbodi mv el/18848 s t 0 be understood by one of ordinary ski pbcThBoddignar t

that the present discussion is a description of exenplary enbodi nents
only, and is not intended as |imting the broader aspects of the present

i nvention, which broader aspects are enbodied in the exenplary
construction. In general, the present invention is directed to a silicate
filmthat has inproved chemistry to satisfy reduced thermal budget reflow

requi renents. For instanc. he. silicate fj c&m be borophosphosilicate
gl ass (BPSG), nitrosi |ﬁ@&®&%ﬂéﬁ£&%@é}?‘—e§%%%—"ﬁmi' e. Moreover, the
present invention is directed to inproved filmdeposition techniques for
provi di ng bet t eft i¥ {poibaurdessioad yyne atordingry skibin thel aih@thspsesenks. Furt her nor e,
the present invention is also directed to a doped fil m cappi ng process

that al | owgistiksiopetes@iptichof @kemidrp 6RBGHiIGeSs shiy, BMbis hethtehdedes mal
processing (RTP) to enhance the renoval of voids in the gaps to inprove

surface pl i f epit: i be used to
Form and 1 A ¥ propE SBSRRTT hedrese M BhE Dt SRUERE bORCBR 0 T egr at e
circuit chi F‘B ﬁ quEd herein, the term formng is intended to nean a
flow or refnediesin fexppplpfyEensYUEBRG il mto i nprove the properties of
the film such as gap filling properties. However, the invention also
conprises the fdrgavefabthegireseniiewgntionds directed div a biinadd filh Aabhasompyesied s of t he

| ayer, such as in selective processes |ike selective oxidation or

reducti on @henistryds 68tRyI€RcEMthaatbudgeTefiow requipmentf Foridstande, theoxyni tri de,
silicon oxynitride is forned. However, also other |ayers of other

chem cal c Qm&?ﬁilﬁicgﬁ b& ﬁ&oﬂﬁsﬁﬁgm glass (BPSG), nitrosilicate glass {NSG), and the

like. Moreover, the present invention is directed to improved film deposition techniques
for providing better film stability and improved flow properties. Furthermore, the present
invention is also directed to a doped film capping process that allows the penetration of
process gas during rapid thermal processing (RTP) to enhance the removal of voids in
the gaps to improve surface planarity.

The process of the present invention can be used to form and improve various
fitm layers during the manufacture of integrated circuit chips. As used herein, the term
forming is intended to mean a fiow or reflow of a fiim like a BPSG film to improve the
properties of the fitm, such as gap filling properties. However, the invention also
comprises the formation of a new and/or additional layer or parts of the layer, such as in
selective processes like selective oxidation or reduction or in processes in whiche.g. a
layer of nitride, oxynitride, silicon oxynitride is formed. However, also other layers of

other chemical composition can be formed.



5 26FEB2004 WD 01/18848 PCT/|BDQ 01242 I n accordance with the preserktf FEB 2004 -

i nvent i oo ¥9issss €am can be used as an anbient gas when prwhﬂ\%ﬁ& BPSG
filmusing rapid thernmal processing (RTP). The use of wet 'steam ichis

an oxidi zing agent, can help grow back the gate oxide filmlayer that was
etched away during patterning of the netal gate. As used herein, a rapid
t hermal processi nber té(_{ﬁ ers to a device that rapidly heats objects,

g ch
such as seni condE‘(ﬁcﬁ‘?rgWé‘f' SRIRIEIHBYENEYS Welsiarutanypeiuped asR anbiegitibst r at e

hol der for hol ding a sem conductor wafer and a light source that emts
| i ght energpp when prosassingg BREG vilaf wsing rEwid thegndhpratesting RTiRpnThe usbef wel
sem conduct or wafers are heated under controlled conditions according to

a preset tedpeh adithSs AeStidBr | I ' e
capabl e of heating w%f ersl v’égr%ﬁ?@'ﬂf@ﬁ?@ﬁrbgﬁg@?%?3”%?’3@?@&%&5ur es

for tinmes that .are typically.le th few m nutes. As stated above, the
wafers are ﬂéﬁdﬂ%&gﬁﬁg qainalﬁpgé’ig’ﬁafﬂ@eused herein, light energy refers
to radiant energy like e.g. ultraviolet light, visible light and/or

infrared |ight 608 Used e, RdERid e pesessingsharater griers i piavigethat i ned
spectrum of the radiant energy. This offers the possibility of a

sel ective hepidiyreasiobptecduel aé sérBorductsi walert US®H devices typfoalbsihdladets
resulting in controllable tenperature distributions of the filns or

structures sdﬂ@frft@hﬁlﬁ&ﬁw&ac i iSRG W Ghd Q6 tgdhréeﬁ@\éﬁftseﬁghg rThe

reactions corprise not _ emcal reactions 11ke reductio

Ml ade. phyd SN Tof 089 B ST gDUTIGRE St HBHSUE SVOBHCBT APS AT ace. by
heated under controlled conditions according to a preset temperature regime. Rapid
thermal processing chambers are capable of heating wafers very quickly to relatively
high temperatures for times that are typically less than a few minutes.

As stated above, the wafers are heated using light energy. As used herein, light
energy refers {o radiant energy like e.g. ultraviolet light, visible light andfor infrared fight
or a combination thereof such to get a predetermined spectrum of the radiant energy.
This offers the possibility of a selective heating of stacked films or structures on a
substrate, resulting in controllable temperature distributions of the films or structures
which can support selective reactions on the wafer. The reactions comprise not only
chemical reactions like reduction or oxidation e.g. selective oxidation as described
herein, but also can include physical reactions e.qg. like the modification of a surface by
influencing the viscosity of a film like a silicate film. Further, selectivity regarding
radiation also can be done or supporied by an appropriate ratio of coherent and

incoherent contributions of the radiant energy. For example, coherent laser light can be



- influencing the viscosity of a filmlike a silicate film Further, 2§ FEB"2004

sel ecti arding radiation also can be done or sup an
appropr"ygb'élqbgqgi o of coherent and incoherent contri butig’ﬁé‘hgﬁnﬁ%‘g radi ant
energy. For exanple, coherent laser |light can be 6 26 FEB 2004 WD 01/ 38848
PCTI 1 BOO101242 m xed with incoherent [ight frome.g. halogen | anps. Al so,
different parts of the substrate can be irradiated with different |ight
such | i kemided widriesnherepdightrfeim ¢.grhalogerhlempsnt Alsh dFerentnarts eldhdosi tion. As an
exanple, the front and backside of a substrate can be irradiated with

such di f f gihertte bdnatiradldies Wit tkepar: lidheSith keodiffdrérR shécgrlitforl s i nf | uenci ng
potential interference effects on the substrate surface, especially if

patterned fers or wafers.w th S fo £i in the
heat tr ea‘fq\ﬁﬁﬁngfﬁfﬁﬁﬂ?{“h@m%‘ﬂ”od\é aﬁ)?b%ﬁﬁ%tﬁsowée@a%ﬁjg @i?gﬁﬁﬁggdemnst rate
flow and gap fill results of one enbodiment of the present invention at
si gni fi ca¢an be ivasipledwthy suphdferenidal. Thecoherent iepain afthe @t ’Hfr’g%@@@d in nore
detail bel ow, experinments were conducted to test BPSG filns processed

wi t h st eapatemidl isteseranderefigeion the salpsirdietsbiacepespprially dsiterned Witers oexper i ment s
generally illustrate some of the beneficial aspects .of the present

| nvent | Onwafe}s:}'ﬁtk\‘écgtémlof s al‘éeﬁﬁé@jss%d ir‘?tﬂ@ﬁeé?flreétn\g a?ﬁée?glﬁé.t s of using wet

steamin rapl her ma processi ng. For each o experinments discussed,
O I ane SRR BN e B Ao o © T
as-deposited PVMD fil mstep coverage and gap fill behaviors are shown. As
shown, | apoeentidieninidhepresant invenitisn bl s@gniﬁgarﬁlméedggqﬂslemmeratures. in

particular, as discussed in more detail below, experiments were conducted 1o test BPSG

films processed with steam and dry nitrogen in rapid thermal processing. The

experiments generally illustrate some of the beneﬁciél aspects of the present inﬁention,

including, for exampie, some of the benefits of using wet steam in rapid thermal

processing. For each of the experiments discussed, BPSG films were deposited on sub

0.15 pm test structures suitable for Gigabit Dram applications.

Referring to Figure 1, the typical, as-deposited PMD film step coverage and gap

fill behaviors are shown. As shown, large voids are clearly visible in the gaps. A

STEAMPULSE RTP too! {available from Steag RTP Systems, San Jose, California) was

used for processing the samples shown in Figure 1. Both the wet steam and dry

nitrogen process temperatures were varied between about 700°C and about 800°C to

investigate the effect of temperature variation on gap fill and flow behavior of the films.

The experiments were conducted with process times ranging from about 30 to about 180

seconds to monitor the progression of the reflow at these temperatures.



STEAMPULSE RTP tool (available from Steag RTP Systens, San Jose, 76 FEB 2004
Cal i f or NYY@)01{18848 used for processing the sanples shown in f&%lﬁm%ﬂ Bot h
the wet steamand dry nitrogen process tenperatures were varie egvveen
about 700C and about 800C to investigate the effect of tenperature
variation on gap fill and flow behavior of the filns. The experinments
wer e conduct ed W ghle i I Qut 30 .to about 180
seconds to nonitor trﬁgq%??;?gﬂm ogfigq?%ﬂ%oi%f \ﬁ’%ﬁfn qChQrdance ¥ atures. 7
WO 01/ 1884 . . 2004 PCT/ |1 BO0O/ 01242 In order to illustrate inproved
f1 ow resul [seg%n? ’@558%1‘ qwgg{"%{@e'&mﬂ%@emswqmd@mﬁmm@ avention, flow
angl e nonitoring experinments were conducted at 7500C and 8000C with
process ti AREC yith prcessaimesefi 30,80, 3¢ d60 decondduDurigy hé RTRPRBceSes ases, the
flow of the steamwas two (2) liters of steam per m nute. These

exper i ment gowehtee stesnaab &b @) K6k obibdnt Hir Hhuk .erfﬁgzé)&ﬁ%rﬁnd&]tts%to dry
e 1o

nitrogen to obtain a neasure of the flow enhancene the wet steam

process. R i o M,cross-sections illusjrate the
vari ous fI?\R/ggt%ﬁg%ts%@t'@hgg%ﬁ%gﬁﬁﬁgo %6@'&9%%8 Q‘Qédm?é‘ﬂfﬁp{elget hat were
annealed ip wet steamand dry nitrogen. As shown, the flow angles

i mproved wiQhenhaRremanbduelodheoued steamprocesseach i nst ance. Moreover, it is

clearly evident that the steam process sanpl es produced significantly
i mproved flow r Befeing.to Figarecs thierddierlogdrspctandiiviatenficornsss lvangrsal es from

these experinments are present in Table |I below 8
obtained from the 7500C processed samples that were annealed in wet stearm and dry
nitrogen. As shown, the flow angles improved with increased process time in each
instance. Moreover, it is clearly evident that the steam process samples produced

significantly improved flow results. The estimated dry and wet process fiow angles from

these experiments are present in Table | below.



-2 6 F E B 2004 WO 01/18848 TABLE |: Estimated BPSG fl ow angl es of g?@pﬂpmm
and 8000C RTP processes using N2 and steam fl ow PCT/ | BOO O 242 7500C BPSG
8000C BF‘S@”F@?QE)‘BW processrefl ow process Process Tinme (s)NPCPABAYIIPD0 N2
H20O ProcessProcessProcess 3067646145 9062595541 18054484636 In order to
denonstrate the gap fill behavior of BPSG filns in accordance with the
present invention, various gap fill experinments were conducted. The BPSG
films were deposited on test structures with varying gap sizes and gaps
aspect ratios [gap height:gap width]. The gap sizes of the test
structures ranged fromAgF@HtEs@m 2d BPSE 96% an égoﬁ%@gl% 02 mcrons, with the
ou

aspect ratios of the test structures rangling froma t 2.1 to about
10: 1. The sanples were gﬁ&g%ﬁd for 30.s§fon$}s at 7000C, 750UC, and 80000
in steam and dry nitrogéht SFePS3ES ¥origad deamiaky 4, the SEM

cross-sections illustrate the results
7501C BPSG 8008C BPSG
reflow process refiow process
Process Time (s} N3 Process H0 Nz H20
Process Process Process

30 67 64 61 45
90 62 5% 55 41
180 54 48 46 36

in order 1o demonstrate the gap fill behavior of BPSG films in accordance with
the present invention, various gap fill experiments were conducied. The BPSG films
were deposited on test structures with varying gap sizes and gaps aspect ratios [gap
height:gap width]. The gap sizes of the test structures ranged from about 0.85 microns
to about 0.02 microns, with the aspect ratios of the test structures ranging from about 2:1
to about 10:1. The samples were annealed for 30 seconds at 7006C, 750:C, and 800iC
in steam and dry mitrogen.

Referring to Figures 3 and 4, the SEM cross-sections illustrate the results

obtained for the gap fill experiments. Figure 3 represents the results for the dry nitrogen



obtained for the gap fill experinents. Figure 3 represents the resu.ﬂ@vﬁ-é.zl{
the dry midopgess 9 WO01/18848 2 6 F E B' 2004 PCTnBOO 0l 242 tests, t- 04
Figure 4 represents the results for the steamtests. As shdT/IBa/0B3D0C,
both the steamand dry nitrogen processes produced void free gap fill of
the 0.02-mcron gaps wth aspect ratios of up to 10:1. As illustrated in
Figure 3, th &jll capability of dry nitrogen processes significantly
di ni ni shed tﬁ?slt%ﬁge l8¥E 4 éepress o theamsuafor therstemmetests € As MavaOMEBO0ICR botif 50BC.
only 0.25 micron gaps with 2:1 aspect ratios were filled during the dry

ni trogen pribesisam anduiry hitrogentiocabset Brbdo@RSoMiHR 040 fil _ratios were
filled during the steam process (see Figure 4)g. Qléu?f?ﬁeggrsr%%c?éna%a%ghovm in

Figures 3 ag agpecﬂatiaé)@@g’to fde gap fill capability of both processes
declined. Gaps with aspect ratios of only 2:1 could be filled. However,

t he steam procesgs, .consi st ent | roduced better gap fill results than dry
ni trogen at thi fs lﬁ%ﬁﬂé&ﬁ?&u .B-Maﬁiﬂ)cﬁ‘ﬁaplmy@f@U@ﬁ@gﬁ!mdzassesare present ed
in Table I'l. 10 WD 01/18848 TABLE Il: The 7009C, 750DC and 8000C 30 second
RTP pr oces s¥ifigmtidigirished i theleedace?l 76008 afinéhl 20Mperatite.T MoRORCH 248:C.

only 0.25 micron gaps with 2:1 aspect ratios were filled during the dry nitrogen process,

while 0.04 micron gaps with 10:1 aspect ratios were filled during the steam process (see

Figure 4).

Furthermore, as shown in Figures 3 and 4, at 7000C, the gap filt capability of
both processes declined. Gaps with aspect ratios of only 2:1 could be filed. However,

the steam process consistently produced better gap fill results than dry nitrogen at this

temperature. The gap fill process results are presented in Table 1i.

10



-_III_)ry N2 Gap Wt )St eam Gap fill processfill process Gap Gap Gap Si zej §5APB 2004
enper a Si ze Aspect (Pm Aspect Rat i oRati o 800 X 0210: 1
7500, 2o 75000 aaz: 10, 5301 The 1 eeul t 9 above | ndf AR0IH

| nprovenents using the steam process as conpared to the dry nitrogen
process. Moreover, the flow angle nonitoring results showed i nprovenent
in the flow angles with increased process tine and tenperatures for both
the steam and dry nitrogen processes. Superior gap fill and flow results
have been observed from both steam and dry nitrogen RTP anneal processes.
Bot h processes are TAaBLEADLITée 700IC ST A 8I00C 3cenariddP wi t h aspect rati os
up to 10:1. At 800DC, both processes produced good gap fill results, while

the steam process exhi bited Qved icgpabilities at | ower
tenperatures. At 7500C and lcb(gc\BAcg%e 11 @ééﬁ’FllF

Dry N2 Gap Wet Steam Gap
fill process filt process
Temperature {IC) Gap Gap Gap Size Gap
Size Aspect (Hm) . Aspect
(um) Ratio Ratio
800 0.02 10:1 0.02 10:1
750 0.25 2:1 0.04 10:1
700 0.44 21 0.25 2:1

The results above indicate improvements using the steam process as compared
1o the dry nitrogen process. Moreover, the flow angle monitoring results showed
improvement in the flow angles with increased process time and temperatures for both
the steam and dry nitrogen processes. Superior gap fill and flow results have been
observed from both steam and dry nitrogen RTP anneal processes. Both processes are
suitable for sub-micron technology with aspect ratios up to 10:1.

At 800C, both processes produced good gap fill results, while the steam

process exhibited improved flow capabilities at lower temperatures. At 7501C and lower,

11



WO 01!'18848 26 FEB 2004 PCT/ 1B00/ 01242 for exanple, the gap fill 26FEB 7004 -
capabi | iWQ 0b1884Be dry nitrogen process declined, while the steam process
denonstrated a consistent inprovement in gap fill behavi orl.’CTﬂﬁ?Q’,““a%t

st eam processes significantly reduced process thermal budgets for BPSG
films. However, in many device applications that |ack adequate diffusion

b [ : . t b itable due to
Che highly orr orer e Thal oraoiy of EER 3R TRREEY dedus, wik e ul ar, | n

sonme appl i i ...such as Dram and ot her high-speed device applications,
it is ofte@rgééég;aé@an#régpéﬁPa%%efBMaf@wemenbngnmﬁﬂdmbmmg paths (lines) with
nore conductive_netals, such as tungsten. Tungsten, for exanple, has a

much | ower resilRiSanelsiaaraprocessss sypiiarity réﬂjg&@i%r&‘éks}'tﬁér#ﬂafﬁﬂ whyh a reduced
resi stance can inprove the overall frequency response o g%e devi ces by

reduci ng tBRSG filRs I-b@b#b@,ﬁr?] n’ianfdevic%%ﬁfglﬁgfo’ﬂgﬁa%#l@%ﬁ#&di%c paci tance. The

RC val ue, also known as the tine constant, NOgEETSt he st ored

h f | i b d h f ast round zero
e can o8 sigafh, B8 SRehHocld GeS iy b6l oh entabledsnda bahighy ondizing 5. - However

whil e patterninParretaI filmsuitable to the conductor lines, it attacks
the gate [RWBETIENALRICegESteamFor a device to properly function, the
etched oxide filmmnust be regrown. As stated above, the use of wet steam

can often hel p bipartieslenmdsomei applichiidng) dagh ﬂggﬁh%'oth'ép@&{egd g@\g regrowt h of

the oxide filmis an oxidation process that also ten %1% ze the

met al it sedpplicakions, BiaNeh gesir@@zgjrrge%&mghigpn%rimq]icﬁe athtsténgs_ten metal to form

ng paths (lines) with more
conductive metals, such as tungsten. Tungsten, for example, has a much lower
resistance than even heavily doped polysilicon. Such a reduced resistance can improve
the overall frequency response of the devices by reduﬁing the ,RC" values, i.e.
resistance multiplied by capacitance. The RC value, also known as the time constant,
determines how fast the stored charge from the conductor lines can be removed or how
fast a ground zero line can be charged up o a higher potential (switching on/off).
However, while patteming a metal film suitable to the conductor lines, it attacks the gate
oxide film as well. For a device to properly function, the etched oxide film must be
regrown.

As stated above, the use of wel steam can often help the eiched oxide film be
regrown. However, the regrowth of the oxide film is an oxidation process that aiso tends
to oxidize the metal itself. For example, regrowth would oxidize a tungsten metal to form
oxidized tungsten. Oxidized tungsten has a high resistance, which can render the metal

useless in high-speed applications.



“oxi di zed tungsten. Oxidized tungsten has a high resistance, which Z&hEB 2004
render woeninesal usel ess in high-speed applications. 12 p@nB0ABR3248 2 6
FEB 2004 PCT/1B00/ 01242 Therefore, in accordance with the present
invention, a method and systemare provided for effectively reflow ng
gate oxide filnms without affecting the netals thenselves. in particular,

the oxidizing nﬁwtehgf&e% ﬁ(gcoﬁlﬁg?ﬁ%fﬂ% @é&ﬁﬁﬁ\%nﬁgn 55‘:@1!1?5 %ﬁiﬁggtemiaﬁ’en“ on can

be nodified to reduce t y oxi'dlzing nature o steam The
process steam can be diluted with any_ conmpound that all ows the oxidizing
nature of &rw@edM@Bﬁ@k\'@wﬁﬂ@w”%@a*@%ﬁi%/%m%%wt BHg h’?l“@éﬁ% The process of
the present invention is particularly well suited for reflowwng silicate
films, sucherevBRPSIB partici®CGhe\tkidining haturerode wetstdam pretess @ thequesenh a rapi d
thermal processing chanber in the presence of steam it has been

di scover eqpfchidn diBe mMARANBE fAEAICE the FRjAIlyRRidBhE hiti @furé-QiEarh NBicance, BPSG can
be processed according to the present invention at tenperatures |ower

t han about 900C,. and rij cul arl r . C. NSG on
t he ot her Mf&SS 5‘?@8&?&@%&@%@%% {?Wﬁﬁé{%@%ﬁ%&?{xu%@am@fﬁi ically, NSG
can be processed at tenperatures |ess than about 1200C, such as from
about 1100Wre geam ke suiiceally OO¥YIEd t he process of the present invention,
steam can be diluted with various gasses. For instance, the diluent gas
can be an i nertTigasoceanofdhé prieganhigvagdion is parliaularly edisitefoymefowiMhe di | uent gas
chosen for a particular application, will depend upon the

silicate films, such as BPSG or NSG. When the process is carried out in 2 rapid thermal

processing chamber in the presence of steam, it has been discovered that the
temperatures can be minimized. For instance, BPSG can be processed according to the
present invention at temperatures lower than about 900°C, and particularly from about
800°C to about 850°C. NSG, on the other hand, requires a slightly higher temperature.
Specifically, NSG can be processed at temperatures less than about 1200°C, such as
from about 1100°C to about 1150°C.

During the process of the present invention, steam can be diluted with various
gasses. For instance, the diluent gas can be an inert gas, an oxidizing gas, or a
reducing gas. The diluent gas chosen for a particular application, will depend upon the
desired results. For instance, an inert gas can be added to control the reaction of steam
with any layers contained under the silicate glass. Oxidizing gasses and reducing
gasses on the other hand, can be added to selectively react with components under the
silicate glass layer. Further, a reducing gas can be used to reverse any oxidation

caused by the steam itself.



desired results. For instance, an inert gas can be added to controlzﬁﬁ@'m‘
reacti onwah gisgggm W th any |l ayers contained under the silicate gl ass.

Oxi di zi ng gasses and reducing gasses on the other hand, czfﬁ:Tﬂg‘]&@&éﬁ to
selectively react with conponents under the” silicate glass |ayer.

Further, a reducing gas can be used to reverse any oxidation caused by
the steamitsel fo 13 2 P%%_‘LOJQM WD .01/18848 PCTI | BOOF 01242 Exanpl es of inert
gasses i ncl ude rr@PBEERT BETLOassegdvludenitragen ang amess &xidizingloaskes inciadgen,

ozone, hydrogen peroxi de, radicals thereof and m xtures thereof. Reducing
gasses i nclaxeenagzente. dytrpgenggenide madisatthereofrand rgeras o2, Radadie al s

thereof, and m xtures thereof. For nobst applications, steam should be

present i 1 doeesRAS HARTBoN BBt 41AD 0o et iy vo! urre, and

particularly from about 10% by volunme to ou y vol'u The anmount
of steam prrﬁ?tﬁr’é&thie%o{ he processing gas will depend upon the particular
application.” For "I'nstance, when the selective flow process of the present.
invention is carried out in the presence of a netal, netal silicide,
tungst en nit ri ddopMogErications steamahatie bepresent bripe garisiresmdraan srthount d  be
present in an amount no greater than 50% by volune. In other enbodi nents,
however, supho aut®s% bpwdiime dnd\bariiculaity frerg ebout 16%eVoiahew shoeages esent in

t he processing gas and an anount greater than 50% by volune. In one
embodi ment fvoliie. PReSSRItht dFAEEA DBt ik pRlERMg' gs Uil dAb& Woh theydr ogen.
particular application. For instance, when the selective flow process of the present
invention is carried out in the presence of a metal, metal silicide, tungsten nitride or other
metat containing compound, steam should be present in an amount no greater than 50%
by volume. In other embodiments, however, such as when combined with nitrogen,
steam should be present in the processing gas and an amount greater than 50% by
volume.
In one embodiment of the present invention, wet steam is diluted with hydrogen.
One benefit of diluting the wet steam with hydrogen is that hydrogen is a reducing
agent. The presence of a reducing agent, such as hydrogen, can generally protect a
metal from oxidation during reflowing of a gate oxide film. Specifically, hydrogen can
constantly reduce the metal from oxidizing in the steam. Moreover, such a reducing
agent typically has no affect on the silicon oxidation process.
Hydrogen can typically be present in an amount such that the H,0:H, ratio is

from about 1:0.01 to about 1:1000. in one example of a hydrogen-diluted steam process

of the present invention, wet steam was diluted with hydrogen at the ratio of about 1/250
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"One benefit of diluting the wet steamw th hydrogen is that hydroggp Fieg 2
r educi nﬁ, %g% The presence of a reducing agent, such as_hydrogen, can
gener al f@ ct a netal from oxidation during refl owi nbcﬁﬁlmgmg’ﬁe oxi de
film Specifically, hydrogen can constantly reduce the nmetal from
oxidizing in the steam Moreover, such a reducing agent typically has no
affect on the silicon oxidation process. Hydrogen can typically be present

i n an anoufrkO&hk Huchaf/2b6 &0y et wastdchievad usingerh sidnderd liter peoningte  about
1: 1000. In one exanple of a hydrogen-diluted steam process of the present

i nvent i on, fiesf iz@@%emimmutéidm@hﬁg ofdiddin, Ny IDAUEID catimeles pertrirui@fwigbout 11250
14 | WD 01/15S48 26FEB2004 PCf'/1B00101242 (H2Q H2). Such a 1/ 250

(H2O H2) ragti i S| | 4 L qute flow of
hydrogen | HebaeRBREE Igh olid i S 2B AEBb e Reefoud et it .
Wth the above steam hydrogen flow, |ayers of up to 25 A of oxide film
wer e gr owntupgsten fof Ghifre@deyiens wihpy! opdizing theJungsn Wsefhout oxi di zi ng t he
tungsten itself. In accordance with the present invention, it is also
general | y desi r éaccardanap pitly the pheserg drverstion it is lalso geraralg desigd ehsupplgr at a
positive pressure (i.e., above atnospheric pressure). Positive pressure

can be eff geldayed iy ihd BFlai‘Blralisﬁﬁ cR&RRE B A¥hslife baSsui €8 Shlove btt3phdrien by any

sui t abl e met hod known e art. The need for positive pressure is
particul ar l.e s di en for rapid

t hermal pr b%éﬁ?)néggéﬁ%%gqrﬁéh Igspfe?@ﬂ]giﬁly ﬁgﬁ’ig‘ﬁ;g‘?‘f"fg\ﬁét‘%ﬁ?%ggﬁg re

invention by any suitable method known in the an. |

The need for positive pressure is particularly relevant when wet steam is diluted
with hydrogen for rapid thermal processing. Specifically, when hydrogen and oxygen are
heated to temperatures above about 5500C, water can be formed causing a violent
explosion. For wet oxidation processes of the present invention, hydrogen can be
present at high temperatures, such as around 8503C. Moreover, oxygen, which is
present in abundance in air, can often leak into the processing oven dusing wafer
processing due to poor sealing. Thus, when hydrogen is used in the present invention, i
is often desired to achieve a positive pressure within the processing chamber. Positive
pressure can effectively prevent ambient oxygen from leaking into the oven or oven
door, thus making processing safer when hydrogen is used to dilute wet steam as
described above.

in addition to providing safety, positive pressure can also provide various other
benefits, even when hydrogen is not used to dilute wet steam. For example, some

benefits of positive pressure include, but are not limited to, enhancing both reflow and

15



heated to tenperatures above about 5508C, water can be forned caus? 6dE8 2004
vi ol ent w@ém%ﬁéon. For wet oxidation processes of the present invention,
hydr ogen can De present at high tenperatures, such as ar oBRE1BMEEEY2

Mor eover, oxygen, which is present in abundance in air, can often |eak
into the processing oven during wafer processing due to poor sealing.
Thus, when hydrogen is used in the present invention, it is often desired
t o achi eve gapfib&ioth are spenglysiependeint dn the partial pressies si stapncih svelyegcesdPosi ti ve
pressure can effectively prevent anbient oxygen from|leaking into the oven

or oven dagibient)erhaREid ﬂg;@egﬁegﬁewaomfasébimmfhefbmmropmrlﬁ,s,used to
dilute wet steam as described above. In addition to provi (il ng safety,

hyar ogen | St e PRty ER R la e kO Eha sl sRue B o o

positive pressure include, but are not |imted to, enhancing both reflow
and 15 2 6 appiicatipnspanskpreysnting intakeref unwantegoiopeeramcerigingpplicRiions.bot h ar e
strongly dependent on the partial pressure of steamin the process

ambi ent), enhancAsmepivoedstovgds agdiivatto diitionwetapsabi withthydrogent figerbul k of BPSG
films, preventing the intake of unwanted oxygen (a strong oxidi zi ng

agent) in nEBsdBAArRGYS ustPR dilﬁl@tﬂe@%gam?f%c&ﬂgrﬁﬁ With e &&Eﬁgﬁgﬂfonunmnt ed

nitrogen in certain applications. ment i on above, In Ition to

L9 e T e OB o 0P 0R, BT D11

can incl Udeusgaé] %rc%hb{ngggncxjvi%qiyd%ggrll grralc?n)éai tg i(:_gnitrrcllgtho:-gzJ g&%ﬁ?ﬁtrat?or:wdof{t:h%r;ve?e
steam. For example, the process steam can be diluted with nitrogen, oxygen, argon,
hydrogen peroxide, dinitrogen oxide, or any combin._ation thereof.
As stated above, the use of such gases allows the concentration of the wet steam to be
varied and controlled. Control of wet steam concentration can be important in many
applications. In particular, concentration of wet steam is dependent on time and/or
temperature. Thus, because diffusion constants are also temperature dependant,
control of wet steam concentration by the dilution gases mentioned herein aliows the
possibility of selective reactions, e.g. selective oxidation or reduction of layers below the
BPSG layer itself.

in this regard, one embodiment of the present invention utilizes wet steam

diluted with hydrogen, both of which are present within a background of nitrogen.
Nitrogen can help controlfminimize degradation by the wet steam. in another

embodiment, argon is used as the background for wet steam diluted with hydrogen. Still

another embodiment of the present invention includes wet steam diluted with oxygen so

16



.used. in conbination with hydrogen or alone to control the concent h%tiilﬂinlﬂﬁ&f
the wet steam For exanple, the process steamcan be diluted wt

ni t rogeYO&ki88d®, argon, hydrogen peroxi de, dinitrogen orCuUaBoO@IZENY
conbi nati on thereof. As stated above, the use of such gases allows the
concentration of the wet steamto be varied and controlled. Control of
wet steam concentration can be inportant in many applications. In

parti cul ar’as%@@rﬁn%?tﬁé‘hﬁifbﬂniﬂr‘;ﬁn}?‘fahalﬂcﬁ%@dxﬁe;ﬁﬁé}endent on time and/or

tenperature. Thus, because usi‘on constants are al so tenperature

dependant, contyol of we t eam concentrati o he di|ution gases

nenti oned her ei nlrt quUEWs‘ "Pf‘?gﬁhaggfsq%mef elsglbgé ”@@P@%’iﬁtwgewg@? PERAT e. g.

sel ective oxidation or reduction of |ayers belowthe BPSG |ayer itself.

In this regavanlionoeas bensetiomesniousubstratesp Fesaxample rdileted wetisteamidain bes wet st eam
diluted with hydrogen, both of which are present within a background of

ni trogen. et fP@Ebet o SLRCIRE Dkt Aloh BT $Hicoh, E8leEiRQ badtat TRk it the wet
steam In another enbodinent, argon is used as the background for wet

nvent  on 1 e ied THERE aebhoer, HRAGATIRC ol G MR ES D o ¢ &

B 2004 PCT/1B00Q/ 01242 aﬁs' to control the uniformty and quality of the
oxi de | ayerdenetal @algl mgtahpitrife,rerialoxide ot Hisidg AiBe- descri bed nethod and system

of the present invention can be used on various substrates. For exanple,
di luted wet st ealmsithandier embadimérdof ibe preeent ingéritiowthequdcess dande osdddat i on of
silicon, selective oxidation of silicon in the

convert tungsten nitride into tungsten.

These and other modifications and variations to the present invention may be

practiced by those of ordinary skill in the art, without departing from the spirit and scope

of the present invention. In addition, it should be understood that aspects of the various

embodiments may be interchanged both in whole or in part. Furthermore, those of

ordinary skill in the art will appreciate that the foregoing description is by way of example

only, and is not intended to limit the invention.
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nitride filnms or in general netal, netal nitride, netal oxide or silici
films. In still another enbodi nent of the present invention, the process
can be used to convert tungsten nitride into tungsten. These and ot her
nodi fications and variations to the present invention nmay be practiced by
those of ordinary skill in the art, without departing fromthe spirit and
scope of the present invention. In addition, it should be understood that
aspects of the various enbodinents nay be interchanged both in whole or
in part. Furthernore, those of ordinary skill in the art will appreciate
that the foregoing description is by way of exanple only, and is not

i nt eng@httio cldinmied i&he i nvention. 17 26FEB2004 What is clained is: 1. A
process for formng |ayers on a sem conductor wafer conprising the steps

chanbir e 3O Bitha POAFHE BR A e P RBRElor s bUEPERLSBR ISR BF

energy; placing a nultilayered sem conductor wafer in said thernal

pr Ocess'ﬁ?ﬁvﬂh@@ﬁherméﬁb%c@@ﬂh%%ﬁfﬂ&f sHRf Permal pebcebsingastiarnBér bangy
covered by a silicate glass, said silicate glass covering at |east one
other dicifigured torhear sahicoaddctoe ataferg wsing lighteoengguct or wafer in said
t hermal processing chanber in the to presence of an atnosphere, wherein
said sem conductor wafer is heated for a . ting andﬁgﬁ a tenPeratur

suf fi ci énacingra myllilgyersd semicosdurtosveaigr a3 said ingrae] precesging,chamber,

said semiconductor wafer being at least partially covered by a silicate glass, said

presence of materials such as tungsten, tungsten nitride filns, si}pFen 2004
i de

silicate glass covering at least one other dissimilar material, and

heating said semiconductor wafer in said thermal processing chamber in the
10 presence of an atmosphere, wherein said semiconductor wafer is heated for a

time and at a temperature sufficient for reflow of said silicate glass;
characterised in

that said atmosphere comprises at least one reactive gas at a determined con-
centration and that said heating of the semiconductor wafer is sufficient for said
15 reactive gas to react with said dissimilar material located beneath said silicate

glass.

2. A process for reflowing silicate glass layers on a semiconductor wafer comprising

the steps of:

providing a thermal processing chamber, said thermal processing chamber being

20 configured to heat semiconductor wafers using light energy;

placing a semiconductor wafer in said thermal processing chamber, said semi-

conductor wafer including a silicate glass coating; and

18



that said atnosphere conprises at | east one reactive gas at a determ ned
con- centration and that said heating of the sem conductor wafer 25 FEB 2004
sufficient for said 15 reactive gas to react with said dissimlar materi al
| ocat ed beneath said silicate glass. 2. A process for reflowing silicate
gl ass layers on a sem conductor wafer conprising the steps of: providing
a thermal processing chanber, said thermal processing chanber being 20
configured to heat sem conductor wafers using |light energy; placing a

sem conductor wafer in said thermal processing chanber, said sem -
conductor wafer including a silicate glass coating; and 18 2 6 F E B 2004
heating said sem conductor wafer in said thermal processing chanber while
fl ow ng hegliveg aieaserhicondgttos avalec Hanbaid; themmahqirecessing i ghamber yehi@ gas
stream conpri ses at |east one other reactive gas that conprises a 5

mat er i al flewingca gasfstieem HeodgbspicceimmnbBeiing of atoni c hydrogen, ozone,
dinitrogen oxide, hydrogen peroxide, radicals thereof, and m xtures
thereof. 3. A process as defined in claim1 or 2, wherein the
concentr%??%ﬁ?éhsqﬂHB reactive gas is controlled for selective reaction of
the gas. 4. A process as defined in claim11 or 2, wherein said atnosphere

or gas Sfﬂaﬁ??d :?% %QfHHnia nptiseaNiaead A6l otdriYesetive ipaachay eompsiseb.a A
process as Sfined in claimi or 2, wherein steamis present at a
concent r aigdteral selected from the group consisting of atomic hydrogen, ozone, dinitrogen

oxide, hydrogen peroxide, radicals thereof, and mixtures thereof.-

3. A procéss as defined in claim 1 or 2, wherein the concentration of the reactive

gas is controlied for selective reaction of the gas.

4. A process as defined in claim 1 or 2, wherein said atmosphere or gas stream

i0 comprises steam combined with said reactive gas.

5. A process as defined in claim 1 or 2, wherein steam is present at a concentration

insufficient to cause adverse oxidation reactions from occuring.

6. A process as defined in claim 4, wherein the volume ratio between steam and the

reactive gas is between 1:0.01 and 1:1000.

15 7. A process as defined in claim 1 or 2, wherein said reactive gas comprises steam

and said atmosphere or gas stream further comprises an inert gas.

8. A process as defined in claim 7, wherein said inert gas comprises argon or nitro-

gen,

9. A process as defined in claim 2, wherein said semiconductor wafer is heated in
20 said thermal processing chamber to a temperature from about 700°C to about
900°C.
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i nsufficient to cause adverse oxidation reactions fromoccuring. 6.

process as defined in claim4, wherein the volune ratio between stﬁﬁﬁfﬂdﬁm
the reactive gas is between 1:0.01 and 1:1000. 15 7. A process as defined
inclaiml or 2, wherein said reactive gas conprises steam and said

at nosphere or gas stream further conprises an inert gas. 8. A process as
defined in claim7, wherein said inert gas conprises argon or nitro gen.

9. A process as defined in claim2, wherein said senm conductor wafer is
heated in 20 said thermal processing chanber to a tenperature from about
700C to about 900C. 19 2 6 F E B 2004 10. A process as defined in claim 2,
wher ei n said process in said t her mal processing chanber is mai nt ai ned at

a pressure her t.h e

charrbiﬁ /'(‘ ioc spas)ggﬂgeé ?(z&"hehrgc'i %ﬁlﬁ}@&&? e‘r?‘eiéﬁidat P;Ei%'g%%siiagher
gas CO”IHHaﬁ‘?éerh%%Bmtaﬂﬁéd%@% n%t‘%%&@ié“h@ﬁbﬂtifa?mi@ﬁi@s%hfé owie.eatrn@s ged in
sai d ther processing ch er to a“tenperature from about 700C to about
900C f orgugrdunting esscharaber.about 180 seconds. 12. A process as defined in
claim2, wherein said reactive gas corrpri ses an oxidizing gas or a

reduci ng gas or an inert gas. process as defined in clai m% wherein

sai d fldadipreeessass defiped S’b§|aiﬂ"t3 d&lﬁfe'raﬁﬁeﬁ/ﬁbia%? QtRefi 9 FPPRHSRS NY IR esent

! s sai d gg en a?i&r\ﬁ g}elinn said saegi'ﬁié%tndﬂetotr%é‘@Pist heated in said thermal processing
chamber to a temperature from about 700°C to about 900°C for a time less than

about 180 seconds.

12. A process as defined in claim 2, wherein said reactive gas comprises an oxidizing

gas or a reducing gas or an inert gas.

10 13.A process as defined in claim 2, wherein said reactive gas comprises nitrogen
and wherein said nitrogen is present in said gas stream in an amount up to about

50% by volume.

14.A process as defined in claims 2 or 10, wherein said other reactive gas comprises
hydrogen or oxygen and wherein steam is present within said gas stream in an

15 amount less than about 80% by volume.

15. A process as defined in claims 1, 2, 4 or 10, wherein said silicate glass comprises

borophosphosilicate glass or nitrosilicate glass.

16.A process as defined in claim 15, wherein said silicate glass comprises boro-
phosphosilicate glass and wherein said semiconductor wafer is heated in said

20 thermal processing chamber to a temperature from about 700°C to about 900°C.

17.A process as defined in claim 15, wherein said silicate glass comprises nitrosili-
cate glass and wherein said semiconductor wafer is heated in said thermal proc-

essing chamber to a temperature from about 1100°C to about 1200°C.
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50% by vol unme. 14. A process as defined in clains 2 or 10, wherei nrri%i d
ot her reactive gas conprises hydrogen or oxygen and wherein stea iosFEB 2004
present within said gas streamin an is anmount |ess than about 90% by

vol unme. 15. A process as defined in clains 1, 2, 4 or 10, wherein said
silicate glass conprises borophosphosilicate glass or nitrosilicate

gl ass. 16. A process as defined in claim15, wherein said silicate gl ass
conpri ses boro- phosphosilicate glass and wherein said sem conductor wafer
is heated in said 20 thermal processing chanber to a tenperature from
about 700C to about 900C. 17. A process as defined in claim15, wherein
said silicate glass conprises nitrosili- cate glass and wherein said

senm cohduk poscesafl &3 deBnbe i ethims $and tthevharkinpsad-atdeasingne headtae gas a
tenperature from about 1100C to about 1200C. 20 2 6 F E B 2004 18. A
process &Smpisasdydragenai ns 4 and 10, wherein said at |east one reactive
gas conprises hydrogen. 19. A process as defined in claiml1l, wherein the
reacti as_conprises _a, mater.i al el ect fromthe group.consistjng, of
ot cul S RIRSERS CETBRR chIRAIrD deneraa e reafiNG Aagdir BRIt S RpisiR

ni trogen Jydiogen,MeiXifigup 'atsidng bheh@8tular a8 &h Uafsinich Al §¥gen?l

5 ozone, dinitrogen-oxide, oxygen, nitrogen hydrogen peroxide, radicals thereof,

and mixtures thereof.
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