WO 01/18848 PC |1 BOO 01242 PRE- METAL DI ELECTRI C RAPI D THERMAL PROCESSI NG
FOR SUB- M C@lel 5sg—|NO_OGY Rel ated Applications The present application is
based on a prO\/;{m onal application having Serial No.: 60"ﬁr§§?ﬂ%@y§ filed on,
Sept enber 7, 1999. Background of the Present Invention Over the years,
silicate glass such as borophosphosilicate glass (BPSG has played a

critical role a (KO o (= J=YaN ol o rgjﬁg m conduct or
devi ces: :?ecena?:ﬁﬁ%rﬂgﬁéé'g%@?&r g(b f%&”‘é@%ﬁ% dg?{?été%ﬂ[?@_ﬁbﬁcgne .
Bhggegfﬁ In‘gv)él :ngnde(raileﬁoio g%igppsnﬁgﬁ#mﬁgve&%segﬁenlt Imy,nI ;St e-hatsobzgorre
much nore difficult to properly fill the gaps of the intertayer dielectric
| ayers, i.e. satisfy gap fill" requirenments. Typically, the integrity of

t he shallow junctions of a sem caonductor device can only be maintained by
restricting the thermal budget rﬁﬁ'ﬂéﬁhﬂ@% .post junction flow
processes. Such reduced thermal budgets are essential for keeping the

| ateral and verti d&e prasentapglication t§1ba~°&épraﬁvrgvismalaappﬂpaﬁpmﬁwmﬁeﬂakr@ mai ntain the

ultra-shallow junction integrity of sub-mcron devices. However, reducing
t her mal budget /152, 608filed ombieptember hd8%% a chal | enge to nmintaining the

.
e

gap-fill requirenents and surface planarity desired for PVD BPSG filns. As
ment i oned above, traditi onal Bski#eurdiof the Presentavestioni ng t echni ques are no
| onger suitable for satisfying flow and gap fill" requirenments of

interlayer diel ect igver theyears Silicatd@k¥pbiuh s hadphdspldsiidate glseyBPSEyagl |y only
possible with these structures if the anneal process

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 ym levels and even to 0.15 ym

and beyond. Consequently, it has become much more dificult to properly fill the gaps of

the interiayer dielectric layers, i.e. satisfy ,gap ﬁll“ reguirements.

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 fo 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 fiims.

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

Complete gap fill is realistically only possible with these structures if the anneal process

1



1 WD 01/18848 PCT/1BQUrol 242 allows the flow of the deposited filns. In
furnaces, tlwooags®ef wet steamrefl ow processes has shownP mi'zgproverrent
of- BPSG fl ow over dry nitrogen under identical annealing conditions. As
such, a wet steamreflow process is currently preferred over dry nitrogen
in furnace flow processes. Simlar to furnace applications, conparable

st:udi es have aklfws hefiow oftierddptsiteddinisor t he use of wet steamin rapid thernal
processi ng. These studies denonstrated simlar reflowresults for RTP

processed BPSG fil N ffacsd, BB lidel of #st Stodim refiiiiGr8She P06 s&rﬁber mal budgets. For
y be

exanpl e, RTP processed BPSG films for PND have recent en denonstrated
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TEB/ FEPO 7.05 B wt % 3.7 P. wt % BPTECS fil ns. These filns were deposited at
500C wi th t hei PROSRSEESnSMilanjefuaace appliczlions copparghls stydies Aave 0 BRSA| ysi s met hods.
The alternate dopant chem stries allowed higher dopant |evels, thus
account i ng f or Sqnguctedderineusaef wet steardn rapi¢ fermal Amsessing r tessrstudigese  fi | mms.
Despite the above advances, a need neverthel ess exists for BPSG fil ns
havi ng i npr ovdemanBieatadsimilgr refiow results éor RTR procsesed BRSG filws &tsignificantiyal i ng
techni ques applicable to sub-mcron devices that can optim ze BPSG film
properties to sdhiedprcessfhemathudgetsabi 1ity, while also-allowi ng BPSG film
fl ow at reduced tenperatures.

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

demonstrated for 300-mm generation applications (see Schaffer, et al., Solid State

Technology, p. 117, Sept. 1997). During the demonstrations, the films were first
densified in RTP, and then further planarized by chemical mechanical planarization
(CMP). The films used in the 300-mm demonstrations were TEB/TEP, 7.05 B wt%/3.79
P wt% BPTEOS fims. These films were deposited at 500°C with their dopant levels
verified by wet chemical analysis methods. The alternate dopant chemistries allowed
higher dopant levels, thus accounting for the reduction of the flow temperature of these
films.

Despite the above advances, a need nevertheless exists for BPSG films having
improved chemistry. Moreover, a need exists for annealing techniques applicable to
sub-micron devices that can optimize BPSG film properties to achiéve superior stability,

while also-allowing BPSG film flow at reduced temperatures.
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PCTABOO/ Owd4¢assesinmary of the Invention The present invepyisyenigs09ni zes
and addresses the foregoi ng di sadvantages and others of prior art
constructions and nethods. Accordingly, it is an object of the present

I nvention to provide an inproved nethod for formng |layers in integrated
circuits. In general, the nethod includes the steps of processing an

obj ect, such as a sem conductor wafer, in a rapid thermal processing (RTP)

system The object placed in Sﬁlﬁ\ﬁmﬂ th%lﬂﬁhﬁtmni s at least partly covered by

at | east one (1) layer conprising silicate glass. Once placed into the RTP

system the obj ehe basdileffinodtizetiiRARISEShe BRIAI] Raliindles! east one

reactive gas that reactive to at l[east one mat ed by the

gl ass. Spec';fnh%f?tlan{sﬁf Pm@mﬁ&‘t’"ﬁﬁﬁ. R@lﬁ&ﬁd to a tenperature sufficient for

refl ow of the a predeternined time. \Wile the object
I s being heated, the ohcent.r.a n of he [.e ct Vi as is.controlled for
sel ective reacti &qco(sqmgfyhglsaggby% ?f tpﬁeée" Mﬁ"@?'\ 3Pf°Vlﬁ?%3q'd'H%(°\@Hbod, ment, the

at nosphere cont d w the RTP. system conprises steamin conbl nation
with a reactm‘?}@ Sormw@%'a&‘é%@éﬂdg@%an be, for instance, hydrogen,
oxygen, nitrogen, dinitrogen oxide, ozone, hydrogen peroxide, atomc

and/ or ol ecul ar mgaredh oA meg\pd P?{”‘ﬁ%ﬁéﬁ‘ﬁﬂ’sqfa"&'i’%ﬁ'l‘%a“@Ple%%mﬂs@s thereof. In

general ,
semiconductor wafer, in a rapid thermal processing (RTP) system. The object placed in

the RTP system is at least parily covered by at least one (1) layer comprising silicate
glass. Once placed into the RTP system, the object is heated in an atmosphere
comprising at least one reactive gas that is reactive fo 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
material.

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.



the volune rati o between the steam and the reactive gas i s between about
1:0.01 to @Rfuihgsis 1. 000. '3 W 01/18848 PCf11BOQ 01242 Aﬁeﬂﬁq' to the
process of the present invention, the steam contained with the Igsystem
is diluted with other gases as descri bed above so that the steam does not
oxidize materials covered by the silicate glass. In an alternative

enbodi ment of the pA&érﬁlﬁﬁtoiﬂié\spﬁogﬁkgﬂheﬁr&‘ént%&ﬂ&mh@%@amEdﬁﬁ]n@{lﬂiﬁghé’“thi n the

RTP systemis an inert gas, as argon or nitrogen. enbodi nment ,

steam can be pges g{%ﬁgﬁé’qiﬂ}t@é Wi%th%%ﬁ%iaé ggs@ﬁb%d ?Ao Mi‘{hlﬁ g ifGoek PGt gas is

used to protect ayers on strate. For | ance, Steam can be
present in accardance i th Lesent invention at a concentration
i nsufficient t& Cdgagenal\é\%oiv ’&‘iﬂe‘%‘%“@?%ﬁ%- reactions fromoccurring. O her
features and aspects of the present ipvention are di scussed in greater
detail below. Brief E‘BB@'?M&%’F"*B'WW“M eaea%ﬁmg?h%fm?mosa enabl i ng
di scl osure of the present invention, including the best npde thereof, to
one of or di nar gordained withinthe REP syplem isjag inge gasr syeh 45 argon er nimeen duisr 1y in the
remai nder of the specification, including reference to the acconpanying
figures, in whiembadineinysteam ¢ap bepreseotiotpfiewthe silicate giassaubiier the inestgasis usdde resul ts
obtained in the exanple; Fig. 2 is a photographic representation of the
resul ts obt ai néchrotect bther lagersonthessubstiateg Fordnstasceastedmoda be srgdentdn r epr esent at i on
of the results obtained in the exanple; and

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 below.

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 resuits 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 resuits obtained in the example;
and

Fig. 4 is a photographic representation of the results 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.



Fig. 4 is a photographic representation of the results obtained in the
exanpl e. wWBepasss use of reference characters in the prepeihpdpeabfi cation
and drawings is intended to represent sane or anal ogous features or

el ements of the invention. 4 WD 01/18848 PCP/ 1 BOOr 01242 Detail ed
Description of Preferred Enbodinments It is to.be understood by one of
ordinary skill in the art that the present discussion is a description of,
exenpl ary "enmbodi nents only, and is not intended as |imting the broader
aspects of the present DetailedDestriptiontof Piefemed Embodi cts are . enbodied in
t he exenplary construction. In general, the present invention is directed
to a silicate fi limtbbatndestod byunevktinafisklNindtie’art thaths presenf Y r educed t her mal
budget reflow requirenents. For instance, the silicate filmcan be

bor ophos phosjiscissiah B adlestfigtioh BRIEMplary britodimbdts G, , and the like.
Mor eover , th(la l|:)reser?t [ ngagnt I on I?E}sff‘%i roect ed&ﬁ)ﬁldﬁéﬁﬁ@tgwg‘%m deposi tion
techni ques & b &L | abi L] Lproved fl ow
properties. h&ﬁ'&?ﬁé?%@é?ﬁfﬁi&té@&%ﬂtm&%@ﬁh’b'ﬁfﬁr@#%ﬁeg%la irected to a doped

filmcappin n%éf&%&e%@ﬁp{a&%gﬁé@@ctime penetration of process gas during

rapi d thernmal "processing 0 €nhance the renoval of voids in the gaps
to inprove surface planarity.. .The.progcess of .the_pr nt. i nventi on can be
used to form and?rf 9@?@/@3erggq"gﬂ\ée"mﬁ'p'i'ﬁ%%‘é?§'ﬁ° ﬁﬁﬁ%@ﬁ?ﬁé"‘w& facture of
integrated circuit chips. used herein, the term formng is intended to
mean a flow CB?’"'gB(ft‘i’ iﬁk&s’gfed‘ﬁ? f"leﬁ'iaﬂ?“g@téfﬂwg%"rﬁ?‘?ﬂﬁ- {PB”F?WF%W the properties
of the film _such as gap filling properties. However, the invention also
conpri ses t flicatfifmgan Rebormphosp W@Pﬁ%nw&%gl@samwd Barts of the
| ayer, such as in

Y 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
film layers during the manufacture of integrated circuit chips. As used herein, the term
forming is intended to mean a flow or reflow of a film like a BPSG film to improve the
properties of the film, 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 which e.g. a
layer of nitride, oxynitride, silicon oxynitride is formed. However, also other layers of

other chemical composition can be formed.



sel ective processes |ike selective oxidation or reduction or in processes
in which ewpoiassdgayer of nitride, oxynitride, silicon opypideboBf | S
f-ormed. However, also other |ayers of other chem cal conposition can be
formed. 5 WO 01/18848 PCT11800101242 |In accordance with the present

I nvention, wet steam can be used as an anbi ent gas when processing a BPSG

il musing rapid tiheedEncewiReRse intdilidn) wet S84 t4hDe 08ed W ln anftig@@M  which s
an oxi di zi ng agent, can help grow back the gate oxide filmlayer that was

Cher mal pr g obg e FRRERY BB B b e o R TR TP S oA, % ob ect s,
ol der f or ot A e in Y bW Beck WERB e i ek s 7" ©
!sia?nhf:ongzg[ g?’m{n%?g%ﬁ%@riyx@%a&{q&@g‘éﬁﬁ%ﬁ@?ﬁ%hﬂ?rgle?tedtEgﬁ;ﬁpghstggcordi ng to a
b “heat i ng. wat er s AP THENCAPY! PETPRSRUBRARORH GRe BadBBRIELr co for {1 mes

that are typically less than a few m nutes. As stated above, the wafers are
heated usi ng MRidiReatsRBIPgS, SUCh3S spaicandyatpravafers. |Sugevices ygieally inelededr s t o r adi ant
energy like e.g. ultraviolet light, visible light and/or infrared light or

a combi nat i orsub¢iaiedollerdnnboldingn sgmicondugieravaier and ilight spurcp detemitardight t he radi ant
energy. This offers the possibility of a selective heating of stacked
filns or str uenengy fesheatingdhe veaddnsDuriag keat treatmeht thexgemicondictotwafrd asbl e t enper at ur e
distributions of the filnms or structures which can support selective
reacti ons on lidaed walkrdontrolétcondiiand dcoondingto apreset @mperature rdgime. Rigidri cal reacti ons

i ke reduction or oxidation e.g. selective oxidation as described
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 to radiant energy like e.g. ultraviolet light, visible fight and/or infrared light
or a combination thereof such fo 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 controltable 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, selectiviy regarding

radiation also can be done or supported by an appropriate ratio of coherent and

incoherent confributions of the radiant energy. For example, coherent laser fight can be



herein, but also can include physical reactions e.g. |like the nodification
of a surf smeolngsssi Nfl uenci ng the viscosity of a fil'mlikgcpevbizgate film

Further, selectivity regarding radiation also can be done or supported by -
an appropriate ratio of coherent and incoherent contributions of the

radi ant energy. For exanple, coherent |aser tight can be 6 WO 01/18848

PCT/ | BOO' 01 2#ised with ineshershtiibhtifrom elgehvaiogén tammshAlsd, differest perts digleogen | anps. Al so, .

different parts of the substrate can be irradiated with different |ight

such |ike digibsaRidhn beifaated|with Giferert RINESUEHTE Hiflstert Sgelidl fof ONPOSIi ti on. As an
exanpl e, the front and backside of a substrate can be irradiated with such

different | icﬁﬁ@r?ntfiﬁ%efé%ﬁﬁd%ﬁio . F8%h Bxefple! thSfrdnt 413 badkSidd ??falsHﬁasF}Et%ng potenti al

interference effects on the substrate surtface, especially i atterned

waf ers or %E B& ﬁa&ﬂt&ﬁiﬁ.sﬁ&hﬁl’émﬂﬁigﬁﬂ Jfﬁéscaﬁe(r:rf\é lﬁﬁg{&ﬁ(ﬁﬁ%ﬁ@ﬁ iisrinfﬁl%}ginaeat treating

appar at us. rirous experinents werfe con stra | ow and gap
fill results of. | ( S deNYENt | o f significantly
reduced tenﬁ@%ﬁ?%ﬁ@gergﬁgﬁ%g‘r%p ?h@%{lbgwgg@é%r gs%cééélg%pﬁtﬁ}nﬁxgw%era& ai | bel ow,
experinents re condugt to test BPSG, fil rocessed with steam and dry
nitrogen in %H&ﬁ%ﬁﬁﬁ"ﬁ%@%?sﬁ&" at"@&ﬁ%?‘?pﬁ@ﬁ‘?s general ly illustrate
sone of the beneficial aspects .of the present invention, incluting, for
exanpl e, sonme of eASEEREReRswess condycied to demonsirals fiqw and gap kil desultsdf ra)
processing. For each of the experinents discussed, BPSG filns were

deposi t ed orenegmbodimentof figprasent invenfioreat signifisansly redugsd tempesatuesglabi t  Dram
applications. Referring to Figure 1, the typical, as-deposited PND film

st ep cover agpartsvier, asdfiscussed in moweidatail kelow, expesiments ware ceaduetediangst BRECGge voi ds are

clearly visible in the gaps. A STEAMPULSE RTP tool (available from Steag
RTP Syst ens, filitsagroctesed witlCaidant and dryajtrogensn rapid thermal processing. The

experiments generally illustrate some of the beneficial aspects of the present in\.lention,
inclulling, for example, 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 tool (available from Steag RTP Systems, San Jose, Califonia) 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.



used for processing the sanples shown in Figure 1. Both the wet steam and
dry nitrogevoarnessss tenperatures were varied between abegrapiagizand about
8000C to investigate the effect of tenperature variation on gap fill and
fl ow behavior of the filnms. ' The experinents were"conducted with process
times ranging fromabout 30 to about 180 seconds to nonitor the

progressi on of t he Ineddrwilustatd inpoed IenBRIEHBPSS fimé in\dEtorikAck&RY the

PGT/ 1 BOO 01242 In order to illustrate inproved flow results of BPSG fil ns

in accordance 'sbllﬂiriv&ﬂiorp.lﬂ@ﬁ@igférﬂoﬁtbﬁh‘@?éx%ﬂmeﬁtéﬂé@é&iﬂﬂﬂc@dHﬁ@bﬁb@ﬁd ng experinents
wer e conducted at 7500C and 8009C with process tines of 30, 90, and 180

seconds, Our i rgaofcin FHERSRHASEFRL0, akd 180 scobrRY! Slfind HERS. ggéaé%;ée@%et wo (2)

liters of steam per mnute. These experinents we ed after

switching the i o} 1.0 ure of the

fl ow enhancene@%"ggﬁéé?%&\?%;ﬂl %}I@ﬁo&%ﬁn&ﬁ%@@g{g: T%g#%’%"%&tgﬁ%gﬁ gure 2, the
SEM cr oss-sect OnEe Iﬂ{rﬂl us{c@.atlﬁ t he vaﬂr.' guﬁf f.{ ow &g’&la.es obt ai {Red fromthe
75011C pr ocessERFaEd Al MWichifig e pracess sieam 10.dry pitrggn 08 JEEVR A8y  nitrogen.
As shown, the flow angles ipproved with increased process tinme in each

i nstance. Mor é@W@P,a“FS?“ePEd“E{‘T’E’%?rW st RIRAES: t hat t he st eam process sanpl es
produced significantly inproved flow results. The estimted dry and wet
process flow angl efefefbgio RgyeLetheEN errsseaetignsdiugiratn tesvarqus flow angles e 1 bel ow. 8

WO 01/18848 PGI/1BOOrol242 TABLE |I: Estinmated BPSG fl ow angl es of 750i 1C
and 8000C RTP gblingdfaretbe &iGpjogessed samnpies thatwere appealed in wet steam 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 flow angles from

fhese experiments are present in Table | below.



75MC BPSG 8000C BPSG refl ow process refl ow process Process Tinme (s) N2
Process Higohitsshi2© Process Process Process 30 67 64.61 45 90 62 59 55 41
180 54 48 46 36 In order to denonstrate the gap fill be SVTROARAZ BpSG £ | s
in accordance with the present invention, various gap fill experinents
wer e conducted. The BPSG filnms were deposited on test structures with
varying gap sizes and gaps aspect ratios [gap height:gap wdth]. The gap.
sizes of the test structures ranged from about 0.85 mcrons to about 0.02

m crons, wth the aSp%BLélatE'f:t?!?atengPtSa‘ﬁowﬁg@fegghlfsgﬁtagr es rangi ng from about

2:1 to about 10:1. The sahplres were ann seconds at 7000C,
75000, and 8000C in st nitr Referring to Figures 3 and 4,
the SEM cross-sections g@%ﬁp%{?%gﬁeﬁgsm&gﬁmﬁea Wai ned for the gap fill

exper| mept-s—FF; gur-e 3 represents—the-result for the dr \. nit rogen 9 WO
01/ 18848 PCT/ | BOO/ 01242 7508¢ BRPSGVhi | e Fi gur ¢ mﬂcegps@sent s the results for
the stepmtests. As showh, at 80000, both tHe steam and dry nitrogen
processgs produced void r,g@wg,%gesgl |1 of thg rQﬂOQ mg%]sgron gaps Wwifth aspect
ratios pf up to 10:1. Asjillustrated in Figdre 3, e gap fill capability
of dry pH+eger—processesr—si-ght-H-carty—di-Hi-Ai-shed—4] 7500C
anneal_ errpp;bw‘synme(gybre)\mrpmcegs 7500920 N2 H0
Process Process Process

30 67 64 ' 61 45

90 62 59 55 4

180 54 48 46 36

in order to demonstrate the gap fill behavior of BPSG films in accordance with
the present invention, various gap fill experiments 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 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 700iC, 750iC, and 800iC
in steam and dry nitrogen.

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



only 0.25 mcron gaps with 2:1 aspect ratios were filled during the dry
nitrogen pr while 0.04 mcron gaps with 10:1 aspect_ratios were
filled duri ﬁ’ggﬁﬁb"%”t eam process (see Figure 4). Furt her mdicE B o\ i n
Figures 3 and 4, at 7000C, the gap fill capability of both processes
declined. Gaps with aspect ratios of only 2:1 could be filled. However,

t he steam proc I odu etter p.fill r ts.than dry
nitrogen at thfggtg’ %@%@lﬁ%f@b%%ﬂ%{\g%@%gqﬁeﬁ%egp&e%@sés §hg»§quf@bb oty esent ed
in Table U 10 W) 01/18846 PCT/|B0a01242 TABLE Il The 70000, 75000 and
80000 30 seconﬁ’eﬁ?ﬁnﬁ?‘g@%@@ﬂ‘w{%@"ﬁdwm %pﬂl‘if{ﬁl OSHVFTONGEPSSt eam Gap
fill process fill process Tenperature (0C) Gap Gap Gap Size Gap Size
Aspect (pm) Asw@bﬁspecﬁﬁﬁ‘iscﬁé&tggo:hati o 800 0.02 10:1 0.02 10:1 750 0.25 2:1
0.04 10:1 700 0.44 2:1 0.25 2:1 The results above indicate inprovenents
usi ng the steam pr ofsdiistraies i Dgiid, &he ganp ) capabilityefdryrittogengpencessesocess. Mor eover,
the flow angle nonitoring results showed inprovenent in the flow angles
wi t h i ncr easedsignifizandlg diminishe 2 thel redaneth 85080 anness tefnperativet Moretvep atsb@8m and dry
ni trogen processes. Superior gap fill and flow results have been

only (.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 700C, the gap fill capability of
both processes declined. Gaps with aspect ratios of only 2:1 could be filled. 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 {l.

10



observed from both steam and dry nitrogen RTP anneal processes. Both
processeswohgsssli t abl e for sub-m cron technol ogy ‘with ?@Pfflfnbofz\?\%i os up to
10: 1. At 80000, both processes produced good gap fill results, ile the -
steam process exhibited inproved flow capabilities at |ower tenperatures.
At 7500C and lower, 11 W 01/18848 PCTI | B00101242 for exanple, the gap
fill capability of the dry nitrogen process declined, while the steam
process denonstrated a consistent inprovenment in gap fill behavior. Thus,

wet steam processes SEABQE fi mbﬂ@,fﬁﬁ(@‘éﬁﬁﬁboﬁﬁﬁ's@éoﬁfik‘?ﬁr mal budgets for BPSG

films. However, in many device applications that [ack adequate diffusion

barriers to steam pure ste ggeg{?Q?pgéGg §iﬁeaat{my not be suitable due to the

hi ghly oxidizing nature of the hot process Steam In particular, in sone
+O1Ts S S DT art—ot1e Aims s d—eev-ee appteations, it is

often desired to repl ace|ddyNsGdpl con conduct|iWe SwaimiGap(l i nes) with nore.

conduct{ve netals, such &s tungsten. Tungstgn, for exanple, has a|l nuch

| ower rgsistance than evenfillpersssl y doped pollysiipiogd®. Such a reduced

resi stapce can inprove the overall frequendy response of the devjces by

r educi ng—theRCA—vatesTT— rstamcerm-t+phet—by—ecapeaet tanEe. The RC

appl i caftrenrs—stet

SV -V V- V_N

C. I'c
val ue, gl soTdmpersturex(iC)t he [t i @apcon$t antGap detler Bapdize how f aGap t he stored
charge fromthe conductof tines can be renpved or how| fast a ground zero
line cap be charged up t¢ a Sizeghef pdAspenti al| (syanmi)chi hg opsmef ). | However,
while patterning a netal |[filmsuifable to the conductor |ines, it} attacks
the gate oxide filmas Yell(umfor [a dRdticce tjo properly furgdipon, he etched
oxide f{l mnust be regrown.

800 0.02 . 10:1 0.02 10:1
750 - 025 21 - 0.04 10:1
700 0.44 21 0.25 2:1

The results above indicate improvements using the steam process as compared
to 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 800iC, both processes produced good gap fill results, while the steam

process exhibited improved flow capabilities at lower temperatures. At 750IC and lower,
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As stated above, the use of wet steamcan often help the etched oxide film

be regrown.wéipwayar, the-regrowth of the oxide filmis apcoxhddaidePn
process that also tends to oxidize the netal itself. For exanple, regrowh

woul d oxidize a tungsten netal to form oxidized tungsten. Oxidized
tungsten has a high resistance, which can render the netal wuseless in

hi.gh- speed appibi éxarbple) e gaplfl cifabifty- b iR &HAGIBGeN pldees dBdindiZwhid N s@B&RT €, 11

accordance with the present invention, a nmethod and system are provided for

erfectively I et difofated £eohéiert inbRerithi i\l Sihbigs! | Ng L he et al s

t hensel ves. I n particular, e oxl dizing nature of a wet steam process of
the present i nvent I £ r t i I di zi ng
nature of pure st e%@ﬁgga‘gﬁgé%%éfs@@%@??&%%g@’%Eﬁ“%?@’aﬁ\%‘»{%ﬁ?@ny conpound
that allows t 1 di zjng nature of the .pure steamto. be sufficiently
control | ed. T@%ﬂi&%i“?‘”@?ﬂ {nﬁrglaneglg%ﬁlﬂp[?opppgﬁ{q?tilqgkaf?eguaé%t?lfu?teq}pagfersy wel |
suited for ref|low n% silicate filnms, such as BPSG or NSG \When the process
is carried out!s&am PurgSieam pioesssgases Paypelde svitable dyedrdhe ighlyoxdizBy pr esence of
steam it has been discovered that the tenperatures can be mnimzed. For
i nst ance, BPS@atefthe hptpisesssieamaccording to the present invention at
tenperatures | ower than about 900C, and particularly fromabout 800Cto
about 8500C. NSG, dmpartisdaroin heme dpplisations; sughias Bram andsdtheg high-speéd dghies
tenperature. Specifically, NSG can be processed at tenperatures |ess than
about 1200C, sapplivatinas, itisroften delired to rai£6 tblysticonloonductid pei(s.(inE¥) mitngore he pr ocess
of the present invention, steamcan be diluted with various gasses. For
i nstance, the @hdudeimeRBssucioas tigsten Tumsieh, fgetampRDha@4infitizlowg gas, or a

resistance than even heavily doped polysilicon. Such a reduced resistance can improve

the overall frequency response of the devices by reducing 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 to a higher potential (switching on/off).

However, while patterning a metal film suitable to the conduclor lines, it attacks the gate

axide film as well. For a device to properly function, the etched oxide film must be

regrown.

As stated above, the use of wet steam can often help the etched oxide film be
regrown. However, the regrowth of the oxide film is an oxidation process that also 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.
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reduci ng gas. The diluent gas chosen for a particular application, wll
depend upomorisess desired results. For instance, an inerpcumewsdss be added
to control the reaction of steam wth any |ayers contai ned under the
silicate glass. Oxidizing gasses and reduci ng gasses on the other hand,
can be added to selectively react with conponents under the silicate glass

| ayer. Further, Themforbyiniacogrdgres withthe presansinvintion, 7 rafiot 3fd §8tema@rd dati on  caused
by the steamitself. 13 WO 01/18848 PCT/B00101242 Exanples of tiSrt gasses

i ncl ude ni tprevite forsitbcively eflowikgdatt okide Bms ARG thedkfetaik ygen, ozone,
hydr ogen peroxi de, radicals thereof and m xtures thereof. Reducing gasses

i ncl ude at Omérﬁsetwédrwmmambsndﬂ.@rnamwsna@tea:h'adﬁe anﬁdb;g gt thereof, and

m xtures thereof. For nost applications, stea present in the gas

streamin aiﬂveﬁmnlégnbedi&nﬂh@to@m&btth@ﬁg/tﬂ'%{aM n%ﬁatttg&puegféa@aﬁt g cularly from

about 10% by vol unme to about 90% anoun steam present in

I net ance. - reAstnt 59@‘@@@“@1“*\% ot R ORI Fhecni i on i <

carried out_in the re eng rretal metal silicide, tungsten nitride or
other et AUEYATY @B&ﬁ ~'steam shoul d be present in an amount no

greater than 50% vol . emhodi me owever, such as when
conbi ned with nl-ﬁ heg E??“Hg‘tﬁ?é%?ﬁ& Gﬂ'Pﬂ'ng’P‘Hg ﬁ"‘ﬁeﬁglﬁ@wgocesm ng gas and
an anount greater than 50% by volune. In one enbodi ment of the present

i nventi on, %@temeﬁwneﬂﬁ’ﬁﬁmté%ﬁmm th RIpcEEds camed ol ingrarid thermak  di | uti ng the

wet steam w th hydrogen is that h?/drogen IS a reducing
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 ét_bout 12000C, such as
from about 1100°C to about 1150°C.

During the process nf the present invention, steam can be diluted with various |
gasses. Forinstance, the diluent gas can be an inert gas, an oxidtzing gas,ora
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 gassee and reducing
gasses on the other hand, can be added to selectively react with cbtnponents under the
silicate glass layer. Further, a reducing gas can be used to reverse any oxidation

caused by the steam itself.
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agent. The presence of a reducing agent, such as hydrogen, can generally
protect a tal from.oxidation during reflow ng of a gate oxide film

Speci fi cal I%“H%f%gen can constantly reduce the netal fRIABHPARMzing in
the steam Mreover, such'& reducing agent typitally has no affect on the
silicon oxidation process. Hydrogen can typically be present in an anount
such that the H20: H2 rati.9 i.s from ahout 1:0.01 to about 1:1Q00. In one
exanpl e of a hydr PIgS ¢f; Eﬂaﬁ?sé@ﬁb?)’?'%@k@da@f’""{%‘ﬁﬁﬂ@?@?ﬁ’”"ﬁ‘ Rention, wet
steamwas diluted with hydrogen at the ratjo of about 11250 14 WO 01/18848
PCT/ | BOO/ 0124 9XY3¢n-pagagpydrogen pesoxide, radiogts thereotand mixbuyes theteplo RaRisingic hi eved usi ng
a 5 standard liter per mnute flow of hydrogen in m nute anounts of steam
i.e. 20 cubi cgas@smim&eatpwicbﬂrogm.mle@narbwmen, N, redingls éhesspleantl hydr ogen f1 ow,

| ayers of up to 25 A of oxide filmwere grown onto tungsten for Gbit Dram
devi ces wi t howixtumesifidreof.ng t he tungsten itself. In accordance with the
present invention, it is also generally desired to supply the gases in the
processi ng chanber Farinost apsisatibisysteany should begresent i.the gabstieem aitarampingr i C
pressure). Positive pressure can be effectively supplied according to the
present i nvegp joxBoud Y9 S0 by Vol ARl BarfitBbi FdmiaBAI0% By voliRe @'shout dlte need for

positive pressure is particularly relevant when wet steamis diluted wth

hydr ogen for gagidchet Wale¥ af b ogen and
- b et fd SHRuntdf SETrdsBt in tI%}ﬁ%deisﬁnﬁgﬁé Wil depbHRpdttEl

oxygen are to tenperatures above ‘about "55090, water can be forned

causing a VL;@?’%’?E %@g@%?&'insﬁ%e Wieh th%lalé’@&é f@ﬁg%&tﬁ@ﬁ esBft {he present

i nventi on, .pre_seht at hrgh t eratures, such as around
Bo0R0. Mor Che Myen R Sy oA EE raensst SR6) médd ST IR rikiBe & obher C2N OF ten

metal containing compound, steam should be present in an amotint 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 difuted 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 typicafly be present in an amount such that the H20:H2 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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proceséing due to poor sealing. Thus, when hydrogen is used in the present

i nventi onwd §11s6sg Of ten desired to achieve a positive -pr So; i.thin the

processi ng ctan%ér. Positive pressure can effectively hfeveﬂ&“l i ent

oxygen fromleaking into the oven or oven door, thus nmaking processing

safer when hydrogen is used to di-lute wet steam as described above. In

addition to | @i 955 Iwlak M J -oV] de various ,
ﬁzng\{) dlh% @-L:WH:)F?% wab X&ne@éﬁﬁﬁg é 5 Est(ﬁjﬁdélrﬁhet? ger%ﬁn\’e'

ot her benef even when hydrogen I's not us wet steam For
cxapl SOy ARG R A a2, |1
brocess. ambi IRORO sRARARRA R eler e Aot BERRR i [, ' e bul
oxi di 21 ng aqURF I GHARIER, VG AP LeEiPa eI B8 11 cvent i ng | ntake of

unwanted nitrogen in certain applications. As nentjoned above, in addition
to diluting wet sinasserdancenvithipe pesrahinveptioneltis alsggeaerally dpsicad o suppl used to
dilute wet steamin accordance with the present invention. GCenerally, the
gases can i nilegdsesinthe processinggbambgr at & pesitive pressuigi(isi, abpve alresphedind can be used
I n conbination with hydrogen or alone to control the concentration of the
wet steam Ppessue)aPgsitie preshigre gande efisctivelyeapplissiaacdrdingdé thepresentvi t h ni t r ogen,
_oxygen, argon, hydrogen peroxide, dinitrogen oxide, or any conbination

t hereof. As sweitiartbyanpsidablé hethodkeownfin theath gases al |l ows the concentration of
the wet steamto be varied and controlled. Control of wet steam

concentration canThehebdiperobitvalpressurdlia patticurihOrelevapt when wet steammadilited ul ar ,
concentration of wet steamis dependent on tinme and/or

with hydrogen for rapid thermal processing. Specifically, when hydrogen and oxygen are

heated to temperatures above about 550IC, 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 B50IC. Moreover, oxygen, which is
present in abundance in air, can often leak into the processing oven during wafer
processing due to poor sealing. Thus, when hydrogen is used in the present invention, it
is often desired to achieve a positive pressure within the processing chamber. Pdsitive
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 sieam as
described above.

in addition to prdviding 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
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tenperature. Thus, because diffusion constants are also tenperature
dependant, of. wet steam.concentration by the dilution gases

ment i oned hgﬁ)eljr‘lgsgh ows the possibility of selective rea’éﬁ’{mgaz . 0.

sel ective oxidation or reduction of |ayers belowthe BPSG |layer itself. In
this regard, one enbodi nent of the present invention utilizes wet steam
diiluted with hydrogen, both of which are present wthin a background of
nitrogen. Nit 3}9&@&0@5? ﬁ?fg'fgg dEBGH-E‘?“ﬁ‘?“/‘ﬁq Wﬁ{%s%%ﬁ%ﬂat"i‘ P65t he wet steam
I n another enbodiment, argon is used as the b,aﬁ]k I‘OL#nd folr wet steam

dil uted with h3BeYesnansipg process,gaspenefation spahiiem e by BES®F®&ent i nventi on

i ncludes wet steamdiluted with oxygen so 16 WO 01/18848 PCT/|BOO 01242 as
to control thep@yeningtha intokegfunwanted dxygen (e strengoxidizingrgenthiy sen-hydpgeshoul d be
noted that the above-described nmethod and system of the present invention
can be used onappligaliongsand piewentingtiniake oftpwandodanitiopan in etitbinanplitations. st eam can be
used for copper reflow, selective oxidation of silicon, selective oxidation
of silicon in the Aymentioned atmive, incdditiondd diluting wbt skeamwilimigy@itogen, otharngst en nitri de
films, silicon nitride films or in general netal, nmetal nitride, netal

oxi de or silicpskes §dnlal¥E be bsad Bidillté wea Siedn Rracceriame wieé predentifventiph.esent
I nvention, the process can be used to convert tungsten nitride into

tungsten. Thes@gemngly HeRsesTRihdide ﬁbﬁ,%ﬁci@?@dﬁ%ﬁdﬁhﬂ@?ﬁl&,ﬁam dahge Pr esent
|

i nvention may be practiced by those of ordinary s in the art, w thout

departing | romddish c%mbigéﬁto?]gmgg Br adb td BRroPhESRRrAt Aeh@p. | n addltion,

It shoul d be understoo cts of the various I ments may be

interchanged boLly, i #yr WAMLE, (R proddssiai caf by di&d Wil hifogeh, bRsen, Shgon,

hydrogen peroxide, dinitrogen oxide, or any combination 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 concentrafion 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 aflows 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 control/minimize 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
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ordinary skill in the art wll appreciate that the foregoing description is

by way of only, and is not intended to limt:-t i jon. 17

WL/ 1884‘§sé%iﬁ+8300 01242 - ijuiliji  WHAT IS CLAI MeED | g&ﬁﬂ“fiﬁ%ﬁr ocess for

formng | ayers on a sem conductor wafer conprising the steps of providing

a thermal processing chanber, said thermal processing chanber being

configured t bi s\, SLeLRg |1 ght energy; placing a .
t§'Gkrol ﬁrgfﬁhufbﬁﬁlﬁ?%gcg tg{amy\ﬁf ttgeg olingé'@ ar.

mul til ayered sem conduct or ™ ermal processing chanber, said

serm conduct or el kSR inel 58 LA FENELEUN Y o8 pakhf 0218 91 205,

said silicate gléss coveri-I €ast one o i’SSi erial; and
heati ng sai d sem conduct or . waf er .in said ther rocessi ng, chanber in the
presence of 'BYN mn'zﬂ%?‘g?“.‘@%‘?“as‘&'ﬁ%isp grreéar%%l\xfe@i\uﬁbs GP'g?fst one reactive
gas at a determ ned cgncentrati on, wherein said sem copductor wafer is
heat ed for aused {ORCORPRY reflay, sgleqtivg qxidiation of sicen, peleciiveoxifiation of sficaminpe of  sai d
silicate glass and sufficient for said reactive gas to react with said
di ssi ni | ar npressncesf mptgralasueh asdungsiem tusasten nitfide;fitms: siicen nitede fims ori process as
defined in claim1, wherein said atnosphere conprises steam conbined wth
sai d react i vgengrabnet, metal pitride; estal exisle oegilicdefims.n cl ai m 2, wherein the volune
rati o between steamand the reactive gas is between 1:0.01 and 1:1000. 4.
A process as def instil another bmbadintent ofithe present inventioncthe procsss cpabe usedpr | ses a

convert tungsten nitride info 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. [n 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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hmaéeri al selected fromthe group consisting of nol ecul ar hydrogen, atomc
ydrogen, ozone oxygen,-nitrogen, di ni trogen oxi de, hyd roxi de,
radi cal s th@fqe‘Hfs 8nd  nixtures thereof. 18 This Sheet Ha 8’%’@8’8’8%@2& aced
hill 11~11~ 1~ W 01/188481111 1111111111111111 PCT/1BOQJ 01242 1 MS 5. A

process as defined in claim3, wherein the reactive a
ﬁ ng atom c
s roxi de,

material selected fromthe group consisting of.

hydrogen, ozone, oxygen, nitrogen, dinitrogen A0

radi cal s t hereof and es thereof. 6. A process as defined in claim1l,
wherein said réﬂﬂﬂﬂ§&igﬂgiiénprlses steam and sai d at nosphere further
conprises an inert gas. A process as defined | erein said

inert gas conprises?-ar gﬁﬁmf“ﬁsf°¢f°’ﬁ1“‘@(‘?é!%r§O'h%seﬂ@an‘!@@"fa??rEQ"é?f'?ﬁVgghe wher ei n
said inert gas conprises nitrogen. 9. A process as defined in claiml,
wherein sai d sistepsaft e gl ass conpri ses bor ophosphosi | i cate gl ass. 10. A
process as defined in claiml, wherein said silicate gl ass

providing a thermal processing chamber, said thermal processing

chamber being configured to heat semiconductor wafers using light energy;
placing a mulfilayered semiconductor wafer in said thermal processing
chamber, said semiconductor wafer being at least partially covered by a silicate glass,
said silicate glass covering at least one other dissimilar material; and
heating said semiconductor wafer in said thermal processing chamber in
the presence of an atmosphere, said atmosphere comprising at least one reactive gas at
a determined concentration, wherein said semiconductor wafer is heated for a ime and
at a temperature sufficient for reflow of said sificate glass and sufficient for said reactive
gas to react with said dissimilar material located beneath said silicate glass.
2, A process as defined in claim 1, wherein sald atmosphere comprises
steam combined with said reactive gas.
3 A process as defined in claim 2, wherein the volume ratio between
steam and the reactive gas is between 1:0.01 and 1:1000.
4, A process as defined in claim 1, wherein the reactive gas comprises a
material selected from the group consisting of malecular hydrogen, atomic hydrogen,
ozone, oXygen, nitrogen, dinitrogen oxide, hydrogen peroxide, radicals thereof, and

mixtures thereof.
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conprises nitrosilicate gla s for reflowmng silicate glass
| ayers ORyglo@ggsConduct or wiﬂ“ﬂhﬂ&iﬂﬂﬂﬂiﬁm he steps oltc,m%&%&ai ng a
t hermal processing chanber, sal essi ng chanber Dbelng :
configured to heat sem conductor wafers using |light energy; placing a

sem conductor wafer in said thermal processing chanber, said sem conductor

vaf er i ncl uding g, si IAsﬁ&&sgée’eﬁﬁea@rﬁa&r%@qnhe@ﬁ%?é}s%we%gs&m fheg g conduct or

Wﬁ.f er |hn sai d ther mal processing c gashst reﬁm

T S
&ﬁ%ﬁ%@%?%ﬁ@ﬁ@%@%@@%@mﬁﬁ“m
FLrrrrrerrraLl bl i h :
12. A procesogorgs&h% rhtuéogér} ﬂm'h?éph{%lhﬁwq M’dﬁﬁﬁagk’% af'éa(r)nnﬁagt aer 9%

vol unetric fI wri e of fromabout 0.2 liters per mnute to about 15 liters
per m nute. ¥ocess as defined in claim 11, wherein said at |east
one ot her gas corrprl ses a materjal sel ected fromthe group, consi sting of
oxygen, nitrogenb ar gglﬁmesﬁﬁﬂi’%ﬁ@%’d"Wﬁﬂ'ﬁ@'“%l%ﬁ&?scﬁwms%en at omi ¢

hydrogen, ozone, dinitrogen oxide,
steam and said atmosphere further comprises an inert gas.

7. A process as defined in claim 6, wherein said inert gas comprises
argon.

8. A process as defined in claim 6, wherein said inert gas comprises
nitrogen.

g. A process as defined in claim 1, wherein said silicate glass comprises

borophosphosilicate glass.
10. A process as defined in claim 1, wherein said silicate glass
comprises nitrosilicate glass.
11.  Aprocess for reflowing silicate glass layers on a semiconductor wafer
comprising the steps of:
providing a thermal processing chamber, said thermal processing
chamber being configured to heat semiconductor wafers using light energy;
placing a semiconductor wafer in said thermal processing chamber, said
semiconductor wafer including a silicate glass coating; and
heating said semiconductor wafer in said thermal processing chamber

while flowing a gas stream through said chamber, said gas stream comprising steam
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radi cal s thereof, and m xtures thereof. 14 A process as defined in claim
13, wherein said at |east-.one other ogen 15 A process
as .defined i NOMPH 11, wherein said ) YP12¢F i n said
thermal processing chanber to a terrpeslmmlﬂ(ﬂ"wm 7000C to about
9000C. 16. A process as defined in claim X4, twheret n*uring said process
said thermal proc I S mai nt ai ned at - a pressure higher than

t he pressure ofdwﬁgww%g%% T8%r r oundi ng the chanmber. 17. A process as
defined in claim14, wherein salg semi cond ctor, wafer is heated in said

t her mal processing Ramb dypracesszs @H?ﬁ’é?%l@"ﬂﬂ wherelp saidgasskeand@eat o about 9000C
for a tinme |less than about 180 seconds. 18. A process as defined in claim
11, wherein sai t:piumetméﬂovgra@off&ﬂmbpm@@éne@memmaetmamt tditers peominute.pr ocess as
defined in claim1l, wherein said other gas conprises a reducing gas. 20
Thi s ‘Sheet Has Been Repl dqmsutesshs defitedlia didim 11, wieeid s4id 8848t ohe dthergad 111111 "f
[1*f 11 1! 1'~ PCT/BOO 01242 CL MS 20. A process as defined in claim
11, wherein sai chrptidesa natedal seleutad from ¢he gmop cansistihg ofsygen, nitrogen, argon,

hydrogen peroxide, molecular hydrogen, atomic hydrogen, ozone, dinitrogen oxide,
radicals thereof, and mixtures thereof.

14.  Aprocess as defined in claim 13, wherein said at least one other gas
comprises hydrogen.

156.  Aprocess as defined in claim 11, wherein said semiconductor wafer is
heated in said thermal processing chamber to a temperature from about 700°C fo about
900°C.

16. A process as defined in claim 14, wherein during said process said
thermal processing chamber is maintained at a pressure higher than the pressure of the
atmosphere surrounding the chamber.

17.  Aprocess as defined in claim 14, wherein said
semiconductor wafer is 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.

18. A process as defined in claim 11, wherein said other gas
comprises an oxidizing gas.

18. A process as defined in claim 11, wherein said other gas

comprises a reducing gas.
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21. A process as defined iq claim31l, wherein said other gas conprises

oot o MR ... . oeaambeass o,

anount up to about 50% b
wherein said other gas conprises hydrogen or oxygen and wherein said steam

Is present within said gas stream in an anount |ess than about 90% by

vol une. 23. A preggessp £4d defiidd inbidh & Wh WiRlepidd said silicate glass,
conpri ses boropﬁ%sphogri6 | cate gFass. ?4. psraocesegé%s defined in claim11,
wherei n sai @orﬁﬂris%scé%ti g ass conprises nitrosilicate glass. 25. A process

for reflowng 'siTicate”glass | ayers on a seni conductor wafer conprising

the steps of: I: providin t her mal , processi chanber, said thermal
processi ng chanbg}‘ beIRHraceé:b%sfqaegq?pgbclafrwﬁggqrelg ‘@Eﬁ@ﬂ?&?@?ﬂ%fers usi ng

| i ght energy; placing a sem.conductor wafer in said thermal processing
chanber, sai“ﬁf"g%‘é‘m’&’g?ﬁhﬂ trogely 'S pregeRidn sl 998 Steamiin anamountyp ss coat i ng;
heating said senm conductor wafer in said thernmal processing chanber while
flow ng a g@EOléﬁweB)fﬁOluﬁ‘Pough sai d chanber, said sem conductor wafer being
heated to a tenperature and for a time sufficient for said silicate glass
to reflow and m@fnt af plogrgs axdefinedlinglaia 1, phesejesaid otepr gasanber at a pressure
greater than 21 WO 01/18848 I1!1iiJllililli1Jirinrir PCT/1B00/01242 the
pressure of compissuhydrogendr oxygentantd wheven said/sdtaamds fresantiwitbin sakd ghssteamconduct or
waf er .

in an amount less than about 90% by volume.
23.  Aprocess as defined in claim 11, wherein said silicate glass comprises
borophosphosilicate glass.
24,  Aprocess as defined in claim 11, wherein said silicate
glass comprises nitrosilicate glass.
25. 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 configured to heat semiconductor wafers using light energy;
placing a semiconductor wafer in said thermal processing chamber, said
semiconductor wafer including a silicate glass coating;
heating said semiconductor wafer in said thermal processing chamber
while flowing a gas stream through said chamber, said semiconductor wafer being
heated to a temperature and for a time sufficient for said silicate glass to reflow; and

maintaining said thermal processing chamber at a pressure greater than
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26. A process as defined inTtrarm25—wherethr—sai d gas stream conprises a

m xt ure of §Aksand hydrogen.| | My defined i ' 5,
wherein sai‘gégas st ream has a”ﬂmmmlnnmg!ﬂ@srate of fr#()&%ﬁg@%%‘EZ liters

per mnute to about 7 liters pér [ nuteM process as defined in claim
25, wherein said silicate glass conprises borophosphosilicate glass and

Chanber o a (RERar orne PramE anbeliSEN APt Bl SR, 0 e 0? o

defined in claim25;, wherein_ sai Ll ca | ass.comprises .nitrosilicate
gl ass, and wherei nag‘ai dﬁé’g’ﬁ?sfss%e@&e?&c%?’zwﬁﬁ’% ﬁ@&?ggref”ﬂcg‘éﬂ"ﬁestaher mal
processi ng chanber {)s? a t&g‘}oerature of from about 1100C to about 1200C. 30.
A process as dBYIREEPEN 0F BYIOYS  wherein said steamis present within
said gas streamin an anount insufficient to react with a material |ocated

bel ow sai d silicat gl APEcesses defingd ingiain 25, whergipsad aagsleAmessd m 25, wherein
said other gas conprises nitrogen.and wherein said nitrogen is present in
sai d gas st r ealumatriafiowrate afftom abeut 2 ilera peyminuiedoghoyt 7\itsrspeeming®. A process as
defined in claim25, wherein said other gas conprises hydrogen or oxygen
and wherein said st28am Agropese sedefinediin didim 25 wheteigseid silicateglass comprises anount | ess
t han about 90% by vol une. 22
borophosphosilicate glass and wherein said semiconductor wafer is heated in said
thermal processing chamber to a temperature from about 700°C to about 900°C.
29.  Aprocess as defined in claim 25, wherein said silicate glass comptises
nitrosilicate glass, and wherein said semiconductor wafer is heated in said thermal
processing chamber fo a temperature of from about 1100°C to about 1200°C.
30. A process as defined in claim 25, wherein said steam is present within
said gas stream in an amount insufficient to react with a material located below said
silicate glass,
31, Aprocess as defined in claim 25, wherein said other gas
comprises nitrogen and wherein said nitrogen is present in said gas stream in an amount
up fo about 50% by volume.
32.  Aprocess as defined in claim 25, wherein said other gas

comprises hydrogen or oxygen and wherein said steam is present within said gas stream

in an amount less than about 90% by volume.
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