, €3e$Xt 6TVdhWO 991 21219 21 MAR 2002 PCT/ E P98/ 06510 Met hod of Oxidation of
Sem canductor Wafers in a Rapid Thermal Processing (RTP) System 5 FI.ELD OF -
THE | NVENTLON The joresent invention relates to a method producin hidhMAR 2002
quality filne Oh-Yhe surface of an object heated in a Rapid PFHGFHFRg06510
Processing (RTP) system Mdre specifically: the 10 present invention

di scl oses a nethod for inproving the quality of a conventionally produced

| ayer which has been deposited or grown on the surface of the object. The
presertt invention is par ti¥lethodrafyDxadasion|of Semi¢nn dyeter Wiafaani conduct or

waf ers whi ch have | ayers of terial forned f.ro ting a gas with the
sem conductor naterial, sHb?.Yg&"‘ggﬁﬂgﬁ?grﬁ%ﬁ%&gﬁ%ﬁﬁﬁeﬁh (RTO or Rapid
Thermal Nitridation (RTN), and in the case where a material is deposited
froma gas, such as Rapid Thernmal Chem cal Vapor Deposition (RT-CVD). The
preseg)ts invention inproves the repeatability, decreases defect density, and
increases 20 yield of the prior_art RTO process. BACKGROUND OF THE

| N\VENTI ON 25 A wide variety of HIEHREFAHE BNYBENTION used in microcircuit
technol ogy today. Many of these filnms are deposited on the sem conductor in
which the mcrocircuit is fornmed. However, others are grown out of the

sem conduct qmeiprésehtfindétflichielatedteh htthol Prodacia thiNe qhaHt i IBg e éd?@cgl ¢
advant age of these native filns is that they are rel atlverfly ree o 8

cont aiti nant an obfecthdatedinzaRiapid Theynad Processing{RITRY ey steroriMonpspeoifically ithe pur e
sem d8nductor in .hyperpuye.gas a% ts where i npurjty concentrations are
i m ted. | NaBFeSEnYiRYeRioRiscleRes p Jueihod dormPEyin tis el of v etianallyg
because of i : ' G topl it

nder yi ng Spuiee@RREr Phichifal BiorbpRit BBl U e Shhccitind bt T

passi vat i on presehtiavemion\s paitichlarly hsefig lin the lease dfisemicdndagiod QReGE Whskh hdves ar e
useful as secondary layers in mcrocircuit fabrication. Furthernore,

thermal |y grl@ygrs of matenial\inrmed fromagacting 9 gaswitlothe sepiennoigstop nzteriabysudb 8s ar e

dlp i . QX i ; ' ad | t
el ectri cs e TnREBRiHLA R TOS b TiRGHR! NARAAR (1], 2000 wicabes o
the el ectri ailerds Aiathial Rsdeposited fron Hgds| sueh ias Rapid FhdrinaPChétnfdsl Yapé t he

past years as published in detail in B.E. Deal and S. G ove J. Appl. Phys.
36( 12), 37Repesitigg(RT4AO¥B). and P. Bal k, THE SI-Si O~ SYSTEM: El sevi er

Sci ence Publg. shi Anst.er redB3bil; N i gations
concentrate %r?rc A3y q%or?gﬁ{ﬂr%\keggh%ée OXI %‘5’@{’3%%?%588 e:%ﬁ’ggﬁﬁ’r?’ IRGGEYS (Hz0
cont @0t | eS%liélﬂiaﬂthlagJﬁbPﬁ’h RTOipfocest oxygen anbients, as detailed in the
above references and in B.E. al, J. Electrochem Soc. 125(4), S76-579,
(1978). Wth 10 the introduction of the first rapid thermal processing
systens several years ago, t I } i\dation (RTO data in
dry oxygen anbi ent were presé;’ﬁgg%“nﬁwgﬁgﬁh]w Shat as and K. C.

Saraswat, Appl. Phys. Let. 47(12), 1353-1355 (1985).

) 25 A wide variety of dielectric films are used in microcircuit technology today. Many of

these films are deposited on the semiconductor in which the microcircuit is formed.
However, others are grown out of the semiconductor itself and are referred to be native

# films. The principle advantage of these native films is that they are relatively free of

30 contaminants. This is because they are grown under consumption of the pure

semiconductor in hyperpure gas ambients where impurity concentrations are limited.

Native films are widely used in semiconductor manufacturing because of their ease of

formation and excellent interface with the underlying substrate. In silicon the basis of all

device surface passivation is the native Si0,, though other insulating deposited films are

3b
useful as secondary layers in microcircuit fabrication. Furthermore, thermally grown
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. For the growth of thick dry silicon dioxides too much time-tenperature of
the thermal 15 budget is necessary. For exanple, a 1150 C treat nent fchA iﬁﬂz
sec is neﬁéggﬁé to produce a 19.3 manoneter (nm SiOz filmon the g'l B
surface. 59ry high tinme tenpcrature conbi nati ons may W ens
concerning the electrical properties achieved prior to oxidation, so a
reduction of the tinme-tenperature conbiration during 20 oxidation is
i ndi spensabl e. Moslehi et al. reported in the Texas Instrunment Techni cal
Jour dal 9( bxidédlarédised ficd9R)sking, sartenooxidtat devirs: ipalafion aedl foreameldrngasoher i ¢
pressure (650 Ton) _for the initial growh of 25 nm mask oxides faor CMOS
vel | pr ocedlssyicsphigwide parigly 0126%9‘1%@‘,'0"3.16‘1?@@%?’? studies of the elggigieal and A.

Ti | | mann N? Gggﬁﬁg ﬁ&g{o%min&fc%fé’iﬂ nzd}roﬁag%?(he%gﬁ%eaﬁés)#gﬁigﬁg%g&aﬁﬁést em .

wi th deioniz water ®to run wet oxidation I1n a rocess

(RTP)L syst ¢4'B.RiDavaid SiGrovedpapplabhysi 36(12Y, 3uhe-3008 i %55) aid I @hiapHBOO!
becattse of insufficient control of the HzO partial pressure. H gher netal

cont ani nat SH%iQ Y M| Elsevizo Seiencsi Ruplishing, Amesterdasndid88ed with this met hod.
Th i bl ems h b lved b i ni RTP.systemwith
pyrogent ¢ et Bl B Rt eoneaaied onghpYFrtnah Aoy ohceusts inursto
B oo it . . . e
schnol 09Y dry Jgsﬁgbggﬂg;d St &R IERMala A0 ) @ Ly weERAS Mbidde aE@ELAE f3he "

residual s | resul ting oxides dare, however,

qual i ty t habovetefepeticeeandiniBiR: Beal, h Eletrocidrn o8, 125@),-5 7607970928 \WARR/ 21219
3 PTP/ EP98I 06510 furnaces. The present invention is a nethod of raising the
qual ity of theistraguctioniod dhe Hrstrapid\Bermas ProGEsSIESYFISEVEREY SRS 489- fediisced in

an RTP system th ' | . TEN . rs
bas)ed on t@p@eﬁh@?ﬁaﬁ‘c@@ 2§§ h%\g/gl% g t,%@’@?ﬁ%ﬁ%@%@ g%ggiﬁ 't(l)\srffe end
of ‘the reaqigyels RIDShataPand HIC.iSagasvine Appll Phyhdred) 47(12)p1353e855 (1985

construction has been established because the various wafer hol ders, guard

ri ngs, and Fgathedirewth ofithickrdrpstlices dioxidesop dnughetimedemperpiueeafithg thermal er

di neéBsi ons ;and nmay be thicker than fer | sQ _be introduced into
t he chambe rb“a ’?1%%"1"5569"5% F?‘?)“’Qﬁ’qa qusﬁ\? %/a?%%%tn%ggb\ﬁg%ﬁ a9 3)9;8%0 s
changed or Weeyingioh{efir{fifn) W16, MmSirBSsiliéd suefadBDl lose 366 HigBsine The react i on
chanber di nensions are desSigned with these ancill arée pieces in mnd. US

Patent 15 Zerbfda@BOconalsipationsdnaycaubiprollemg senceshingibe pleeiteah prapeviisst i on,
hereby incorporated by reference, teaches.the ipnportance of.the s flow
and the us @E‘FVQP%ég Pﬁ?‘{é‘%f’ﬂ’ s[o}?eretﬁj\gﬂpn f@‘hFB{jﬁ“r eé%?'efﬁog{k['?ﬁang’?}ﬂpg ol

i Mp@oities d"“}ah?ﬁé’q&g Sersabfeanber. The inportance of neasuring the

tenperature o er using a pyroneter of very 20 broad spectral
response i sMoslelgjlet al. reporte8.in Bt Eemes Bstemersdechnipaldouimsl HS34406.01082) dre

assi gnee of the, present _invention and is hereby dncorporated.hy refergnce.
The waf er t¥FH9¥! a’ilseEFrfngf’?pg%‘i PIEAHYTS kﬁS‘tngﬁ ‘f%f @'&Ff}‘?&r%@%“ Bh a
plurality ofs nm mask oxides for CMOS well processing. M. Glueck, U. Koenig, J. Hersener, Z.

) 25 Nenyei and A. Tillmann Mat.Res. Soc.Symp. Proc 342 215-225(1994) used a bubbler

suystem with deionized water to run wet oxidation in a Rapid Thermal Processing
(RTP) system. However, the repeatability of the bubbler method was poor because of
’ insufficient control of the H,0 partial pressure. Higher metal contamination and particle
30 density are also associated with this method.
These serious problems have been solved by combining an RTP system with a
pyrogenic steam generator which is well known from conventional furnace technology.
The impurity concentration only depends on the contamination residuals in the gas. The

a5 resulting oxides are, however, of lesser quality than the oxides produced in conventional



quartz pins which hold the wafer accurately parallel to the reflector walls
of the system 25 Prior art systems have rested the wafer on an 71

i nstrument ed susceptor, typically a uniformsilicon wafer. Copendin pQPBJWZ
appl i cat i OMOBY}II3MW 409, assigned to the assignee of the pr eé’é:ﬂp 'T%’\%ﬁ i on,
hereby incorporated by reference, teaches the inportance succeptor plates
separated fromthe wafer. 30 Rapid t her al processing of I1l-1V

sem conductors has not been as successful as RTP of silicon. One reason for
this is thafunidaes. Jhe paesentinserion ¢ nethed of hisglp thaganligrefsrdwet eXidesiapd
exanpl e, arsenic {As) in the case of galliumarsenide (GaAs). The surface
regi on becodther natiye ard gommnatnee films gradyeedin ar KT system tq the smpxirapm posgiplendi ng
pat ent application 35 08631, 265, assigned to the assignee of the present

i nvention, hereby incorporated by reference, supplies a nmethod and

apparatus for overcom ng this REIAEED APPRIGAFRHRNEUO02 WO 991 21219
-PCT/ BP98106510 d 1 A nethod of raising the emssivity of a lightly doped,

relatively |ow tenperature wafer by locally heating the wafer with a pul se
of light is_disclpsedq in c ndi ng, appl j catj on 08l 632, 364, ichis

assi gned toRW@r%gﬁegﬁQéh%R%WE“ﬁglé?BE? i‘?"ﬁ\} SERHR CETS SEHoBSf oge e of ther at ed
by referen THE. ' L S ' t he
convent i ongﬁagwxb%?uﬁng?{@g%%némrgbgg? agtgggiirdfg&gﬁggo [ 8ct in an
RTP syst em dstblishddbiesude)thevariviislivafephalders tgpprdxings; asegss digribliforoplags! i:n a

di ffE®ent gas anbient than that used for the initial processing step. In a
yet nore prwhich have signisichrtbrgreater dimensions and mag) be thiskerthpethgwafersonusthe

object is | ed ile.the. initial nr ' %S ved, from,t he

RTh: charmerdeods epropeed it fa ol R BLARARR byl BB WhET B e
ini'tial progesst feHiRged'@swhardifTaentavaiesizes, Tovdlattble A€ uicdNPRE Alabliéh of t he
object is then raised for the additional step of processing the object in a

di fferent gehembebdierensiona aretdesignedswith these aneillaryrpieces| inpnind.ddS Patgnst ep. 20
BRI B DES OF.TH W NGS Fi.g. 1 Shows a. schenptic diagr of a
oyt ogent o sbeRhPalh AergaGH o T AsSRRsn ! e ressnl RusriReBERR eomeiged B 2o
Fig. 2 Sho%fe?é‘r{é%rfeﬂca?gﬁﬁefnﬁ%ﬁhﬁ&&&e%&ﬂ@wt&ﬁﬂm%ﬁﬁa?e&ﬁ%@%th‘é'?io@f' the

H OzZ-ratio at 1150 or 30°s" (1150 G, 30 s) with a constant flow rate of 2
sl min conparegdatetgas floweandtcontzohimpwdics inthg pra@estehembies.ochr onal -and

oL Tl g o oL Lo LA (1) L0 2 0 oL B ©)

fy Tlﬂf )S) ) -2_@)%%5 Aeg%gf;r}@? e g\&g&#@fﬂ ©'S. Phteit 6B SR RORSEAN B thoT P(B),
assignee of the present invention and is hereby incorporated by reference.
The wafer to be heated in a conventional RTP system typically rests on a plurality of
quartz pins which hold the wafer accurately parallel to the reflector walls of the system.

) 25 Prior art systems have rested the wafer on an instrumented susceptor, typically a

uniform silicon wafer. Copending patent application 08/537,409, assigned to the
assignee of the present invention, hereby incorporated by reference, teaches the

y importance succeptor plates separated from the wafer.

30 Rapid thermal processing of III-IV semiconductors has not been as successful as RTP of
silicon. One reason for this is that the surface has a relatively high vapor pressure of, for
example, arsenic (As) in the case of gallium arsenide (GaAs). The surface region
becomes depleted of As, and the material quality suffers. Copending patent application
08/631,265, assigned to the assignee of the present invention, hereby incorporated by

35
reference, supplies a method and apparatus for overcoming this problem.



2 '~ MAR ?00? WD 99/21219 PCT/ EP9810651t1 5 1 Fig. S shows the depe?qlmﬁ%o?f
the linear rate constant B/ A on tenperature for wet oxidation on
lightly/heavily doped, p(B)-type, ( 111 ) and ( | 00) oriented silicon

waf ers. 5WMBY2UYPIshows the dependence of the linear rate cCHERPBIOEIA on
tenperature for wet oxidation on lightly doped, n(P)-type, (100) and (111)
oriented silicon wafers. Fig. 7 shows tle oxidation rate for oxidies grown
in steamfor ( 11 1 ) oriented wafers at different tenperatures, tinmes and
al sol for dAmheh@hdf ralsixsg thatedsissivitydef aAightl9 Waped)@ela@URI§ 1A} WnthedfBRRNIGRCE Of
the parabolic rate constant B for ( 11 | ) 10 oriented p(B)-type wafers
(Box A, Tab lecally heating thewafrsndthiapulsaf dighbisdésclsed fiecariendiag appliationnst ant

on the inigtd [ concentration_at 965C and 115C. Fig. | Oshows the

br eakdown Q&@%ﬁ@ﬁﬂﬁ?}f Basyen ‘8‘? W"‘?ﬁ(‘i’@gg PEwHeN '%3"—“9868‘1 %’e Yibstrate.
Fig. I 1 sm%Oﬁtgdlmﬁﬁﬁée.of the method of the invention. 20 DETAI LED
DESCRI PTI ON THE I'NVENTI ON EXPERI MENTAL SETUP All wafers for these
experinents were anneal ed in a conventional AST SHS2800e RTP 2 5 systemin
conmbi nation with a pyrogenic_steam ge or.. The rapid thermal processing
systemis characterized by t MQ&@QNWQ% ow and above the wafer
and four sidel anps, by an independent |anp control and by an i ndependent
top and bottom heater bank control. The power of the tanps can be limted
30 or ranpgecoiding idithigifivesitios)Whe conventionaletédes rbauctRAGATIS 6tothe Quifh@ dreci pe
dedi@n. The wafer is surrounded by a quartz reactor in a gold coated mrror
chanber, v ejedtén m&ﬁmtqmmfgﬁo y apcadditional step pEpioecssingdlie bhject in

pyr onet er, L.ch detecis e e, Ssi om.i;he wafer backside at 2. 75 m
avel engt v dristaty 284 §fbink thn B BiiatPr o6 ROV oY el sl BEA el e e 5
shown.  Thep@paiel emibRaRheRBIRSHOentidn) the fe@&pesérm\e%m@slgeads Hiverdd R C 10
the gas injector area. Hydrogen gas 4 and 2 ? MAR 200 2 WO 99/ 21219

PCTI EP98I QBB iritisl pragessinggas isregioverd fioh the RTRrchambar. rAdter ok paytiatpsassire ow
comtgollers, 8 and 10. Autoignit,ion of hydrogen and. oxygen .occurs in the
reaction veAhdActye compaREnt O ﬂl?r‘@’%‘alaFHB‘ffégl‘E%ﬁgﬁ?asfﬁ%chﬁéi‘gﬁ‘i‘%naﬁluﬁh@egases is

controlle fs 1 ; it to a
i mum - clpglsREc o She i i i FARTR WE B HoRIAND GFRxAREIg e bl

non- st oi cha different gadiyrdbizgethandha usegdor theinitalgfrodesdifigsept hat a nmaxi num
concentration of 91 % HZO steamwith 9 % excess oxygen can be set in the
total gas flow. The quartz reaction vessel 2 is directly connected to the
quad z RTP reactor 12 by H 11’9%2.% ny metal contacts.
The short distance bet vvegﬁmt ﬁ?%sg:a{{cil??g%@?gyggse Wér%gt he RTP reactor 12
guarantees that no condensation occurs. In between the reaction vessel 2

and the RTP reactor |12, the standar l[.))rocess gas system 16 i s connected to
t he quartzp’(gohn%}&"t’ﬁa schematic diagram of a pyrogenic st€am generator implemented in an

AST SHS2800e RTP system.

) 25 Fig. 2 shows experimental results of oxide thickness as a function of the H,0,-ratio at

1150 C for 30 s (1150 C, 30 s) with a constant flow rate of 2 slm in comparison
to literature values.
Fig. 3 shows isochronal and isothermal oxidation of silicon in steam (91 % H,0, 692
30 Torr; p(B), (111), 2-6 ohm-cm, closed symbols; p(B), (100), 1.7-12 ohm-cm,
open symbols)).
Fig. 4 shows an evaluation of the oxidation constants for p(B), (111), 2-6 ohm-cm

silicon.

35



The control of the whole systemis done by the SHS controller 18. The
pyrogenic 15 controller 20 works as slave of the SHS controller | 8 pn%ﬁ?@z
H20 steam can be used as a nornmal gas line with setpoint and readout. i
guar ant eeswo®#9R1218age. All safety features such as fl ane sepsl/EP2R065HZ
sensor and Oz pressure controller (not shown) are inplenented in the
system 2 0 The detailed recipes for wetgoxidation use the sane basic
structure as descripted by W Lerch, Phys. Stat. Sol. (a) 158 117-136
(1996). Theg, in [ I | ] ared to dry oxidation

r eci pies. Fgr“r'g'gflgﬂﬁﬁggﬂee @e %é{%%"%é %59%3%5%5%‘? %}éér{r%&ei%u?%gp’fﬁﬁq‘f% R¥e 1o the
desired oxi dat i aixidatioR@ndightg/hvil (BRObe! MM ) G 00RbRerRed &ifdorT S) 1S
j Z 5 used. The gas flow ﬂ?ng he}gﬁpﬁg%sﬁgé)o glt a%d% I?ters dpge”rgéorpl nut e
(slm with a propafersion of 1.82 sImHz0 and 0.18 simQ i. e. 91 % (692

Torr) stearg. |eads tq the Xi mum,oxd de growt h i,lng the isochronal and
i sot her nal rpdﬁnizf?‘g‘.”s %}Fe&@(?g?‘?“ﬁﬁo e g ef’ﬂ@‘%’ﬂﬁ&@ﬁb?ﬁ?&“’f‘g M&lure was
done in pure nithHo8E ; [ d. nfPavse [ sults
el e I clnXREin 4R AN @R, oh)IYP H@g}%g?%ﬁﬁéﬁ%ﬁ%ﬂ%g\{aﬁ% s (|
150 C, 30s)Figi7 Ishaws trestddatidnl rate fondxdied grawal imsteancionpEll) sfinte® watdresat ur e

val ues. The wafers were 200 mm dj aneter, < 100>, p-type boron doped, with
6- 18 ohm cm resi@ffFtht‘FmPFWéurFﬁéF’&féépi@ls%ﬁ’@égﬁﬂﬁpgﬂ%%%teﬁ-s directly

correl ated #. r.ati ' . r S S to the
par tyigal pr Jéguér gﬁga?%}tél t%{rfgg&\,t\hﬂ' E: qu%anlﬁ?n%ﬁ gﬁﬁ @F%OEIE?QQfE%??g#WBS/ Z1219
PCTI EP98/ 0510 ToritARd B )Ry cesErsi(BorM[ Tale¢).r uns in 91 % steam for safety
reasons and defines the maxi numgrowth rate. For the oxide growh

exper i ment Fige shpwetherdapendsince o tadineay pig copistam Dnithe Titialdbping wer e used

w t'h the paraneters ugmar}gg%i n il'@%e 1. Table 1: The paraneters of the
sanpl e wafers 1(?°T%°l%3>3536 IS cd (cm ) ~ Orient ati onAP( B) 2- 62. Ox
10"< 11 | Fip. 10shows the breakdown characteristics of RTP grown oxides on n(As)-type

>BP(3B) | . 7- 123. 4x1 0" <100>CP(B) 0. 01- 0. 024. 9x10' <100>DP( B) 0. 005-0. 8187. 1x10' <1
11>EP( B) 0. 003- 0.sdbstatdx 10< 100>FN(P) >202. 2x10' "<l 11>G\~) _6-97. 1x1 0' 4<100>
20 The oxidation,condijions for the different types of wafers were varied
bet ween 82353@ Lishows 2 Vtc%ﬂq?ftaeﬂewgdgt&\et'mffé‘f%gen 0 sec and 300 sec: The
0 second recipes consider the influence of the oxide growh during the
ranps. This enables one to seperate the oxide growth during steady state
fromthe oxide growth during the whole process. ) 2 5 ~erefore a conpari son
to ljgterature data fro t ' ' e oxi de thickness
d WazléJt measur ed usi ng a%ﬁéﬁ&f)«jﬁ?@&@@éﬁ%@oﬁ?\?@ﬂéﬂu ve index n =
1.465) with a neasurenent accuracy of 1 A and a repeatability of 0.1 A
This error is negligible. The calculated errors for the oxide thickness are
t he 30 st arEKPERIMENSIAIOSETTIm t he nean of each neasurenment with 121 points

on the wafer,. as well as the typical repeatability of the AST SHS2800e RTP
system of 0P Vafersfr thesegxpepmgnts mgretqqgeaz‘;ﬁp@fc gntigngl 4P dEISZB0PeRIP An

ayerggge uni ] 4 : R | §il Bk tbf'® and tenperature
c\gndi tions Sgg{eﬁ%%f%lﬂrﬁ%ﬁma 1félf{épgrééerg%{"é evgﬂ%er%é\b?ﬁrt her 3 5 optim zation of
t he uni f or MTherapidatiame:n pyodessing systen i8 chaasterizedrbyt thag simplsdls gl Bnps below

and above the wafer and four sidelamps, by an independent lamp control and by an

independent top and bottom heater bank control. The power of the lamps can be limited
30 or ramped up and ramped down in any recipe step according to the recipe design.The
wafer is surrounded by a quartz reactor in a gold coated mirror chamber, which is called
a photon box. Temperature is measured by a pyrometer, which detects the emission
from the wafer backside at 2.75 m wavelength.
In Figure 1 a schematic view of the pyrogenic system is shown. The quartz reaction

35
vessel 2 is resistively heated up to 700 C in the gas injector area. Hydrogen gas 4 and



21 VAR 2002 WO 99/21219 8 PCT/E P98/06510 1 On 200 mm wafers an optim zed

" oxi dation process (11 ~0 C, 30 s: mean oxi de thickness a 522 A) |ed 2 bMAR 2002
uniformty (121 pts) of 1.7 % Wth a sensitivity of 4 AAK and a neasured
oxi de rangavobI3R1$ A an absol ute tenperature range of 8.9 GERE®IB6iIGE
wafer 5 can be cal culated. The sensitivity of wet oxidation is several

times higher than for dry oxidation and yaries with the oxide thickness. '
The silicon oxidation is nodel ed using the |inear-parabolic macroscopic

f i f QY& Ci i cal i f th
Fapd t her it BB ke B refy 8. b LR AERY L mak ol WAL GRes REROTE T nace:
oxi dat i on bmagggmidmwm;gm%d BRAtenRScukdin tha Rsib86n VOREN ﬂﬂ@fﬁ?éga%ééhi n 10°3

seconds to a 200 mi crometer thick silicon solid via phonons.
fol | owi ng tabevehsld GcThe nuxiue eftheigases isisentenlleddryithe tywo omesBowcentthlkes8sed.

,1 In Figure a detaileq representative plot. of i de thickness d versus
oxi teg 1 oo e ofandds B 1 8 Paian b - st orave, Stk boninengon e tom 1 o
and <100> ' -af . ahl ' ' .

t hi cknesseg{or %;E&S{HP %%%%%%ee?eto?gggﬁgg%agi&%ﬂ%gg. I\éor alggcr?géér"?rgg%“ al so
sone dry rafiod %AE0natam withe Veexcesa baygeneambelsel in theXotal g@Hl@0, 35 WO

991 21219 21 MAR 2002 PCfI 1; P98/06510 9 1 Table 2: Oxide thicknesses for
di fferent wireequagtgaeacion yrssel 2 jsidigstly ¢noperisd t9the guartzRTRyreastor 02 b3 a

BoxT(O T d(A) A115030Q17 +/ - Trit] - 103 .+l - 3B -1 .
03091555 ek e 1 ol any BRAPQARIE THE Sl CRTARI Reaen tireatrion
43D1150300 1¢8de] 2land MERTPGRKES buttante BT HRABAAEIRort obeudd I BAYRE e -
149653085 +/- ;11503001332 +|- 37115030396 +/- 129653055 +/-

1Dr,y( 5) 115Ge8tibdMeyse] 2 anil AE0RTB teatlor 12 dhe stanslardyprodessigas systehn 16 & ent i al
eqdation of the oxidant flux rel at§4(tj to the oxide gromh rate, with the
initial bofRBRFSICLWIAE APARkE ¢BNECtO L = 0 | eads to the linear 30 parabolic

31 WaR 2002 Vo BaPSTERE SR L8 bt SHERRUBRer 8 e pyrpefic! S 1 12
controller 20 works as slave of the SHS controller 18 and the H,O steam can be used as
a normal gas line with setpoint and readout. This guarantees easy usage. All safety
features such as flame sensor 22, H, sensor and O, pressure controller (not shown) are
implemented in the system.

20 The detailed recipes for wet oxidation use the same basic structure as descripted by W.
Lerch, Phys. Stat. Sol. (a) 158 117-136 (1996). The gas handling differs only slightly
compared to dry oxidation recipes. For all these recepies a constant temperature ramp up
rate to the desired oxidation temperature of (50 C/s) and ramp down rate of (25 C/s) is
) 286 used. The gas flow during heating is 2.0 standard liters per minute (sim) with a

proportion of 1.82 slm H,0 and 0.18 sim O, i. e. 91 % (692 Torr) steam, leads to the
maximum oxide growth during the isochronal and isothermal anneals. The cooling
down from the steady state temperature was done in pure nitrogen gas ambient. Figure 2
30 shows experimental results of oxide thickness as a function of the H,:0,-ratio at 1150 C
for 30s (1150 C, 30s) with a constant flow rate of 2 slm in comparison to literature
values. The wafers were 200 mm diameter, <100>, p-type boron doped, with 6-18 ohm-

cm resistivity. The increasing oxide thickness is directly correlated to the saturation of

35 H,O steam in the process gas and to the partial pressure calculated with Dalton’s law.



r=rd ~+Ado~IB (4) O with C* as the equilibrium oxidant concentration in the
" gas anbient, N, is the nunber 10 of oxi dant nol ecul es incorporated thRaZUUZ
unit volune of growi ng oxide, k= the chem cal surface reaction rate
constant f WOWAIER i on, h the gas-phase transport coeffici eRETEPIEHGS ANt S
and Deb- the effective diffusion coefficient of the oxidant in the oxide.
The time dependene of d can be derived frbmEg. ( 1) and two |imting
cases can be separated. For large tines, the parabolic lawis a solution of
Eq. (1. Ther&qo&tpr‘lwesﬁrﬂ@rﬂeasémgﬂfm%steaﬁ%m«vetweéémtm REhed@ki ¢ rate
constant. This constant describes the diffusionlimted case of the
oxi dati on (trhaxdluoxgrdetosd®). For short tines, t> >A2 / ~B, Eg. ( 1)
sinplifies to the linear Jaw 20 d | i near te constant is
def | ned in tHRS “%‘I”P%ﬂ'ﬁ@i"‘{miw%m’éts et Em/é'f e PRS2y G Tags ow h
rate depend [ is limted by the ~~al ue of
*ks 30 &and tf}%&%%ﬁeﬁt&?ﬁﬂgﬁ%ﬁ%&%}%ﬁ gﬁ??dé{??taﬁfeaql nterface. The eval uation of
the nunerical values for the constants A, B can be deduced fromEq. ( 1).
The total oxide thickness d, reduced by the resulting ranping oxide
t hi ckness d"Table} snwmmqerérqfthgﬁamplewaéerap) yields in a straight |ine.
Tl ~~e intercept is equal to A and the ' 3 5 slope to B (t=0). For
sinplification the reduced oxide thickness dR is defined as Z 1 MAR Z002
< WO 991 21219 T/ EP98T06 T OR N 1N &6t T O Jrsicdidr et —at. ,
who gioudi ed| the dn- rapjd ﬁér ><|(gla%1?8n in Q'O%Algp Phy g%%o‘%
3436- 3439, [A1992), in RB)oOXi datl of2-6 he neasur|@dx16Fal oxijdd 1R Ckness
grown during.ranmp up/do mist he thken into nAcmmi conmparled to the s
stgady statPBgrowth (e. P@I(B), ( 1172 2-6 oHmditOiaf er: <1969 C) 0 sg~ =

7 A, 965 —ﬁé¥3\ .ar e L. ¢ Wga of tlagb 14 \

oriented waf rsfromFl e plottéed this vvayln Fi gurje For all

ot her invesfhgated Wal e[p@jr anet er S[((eu5Leofeat 1 417, 1:1881 STT VI [I3fj1And
tenpasat ureg_straight Ilnes are obthined, Absollute values flor A and B are

deternmined fBr the vari PR@)10 waf er |(A#03p%007 es.[2l0x16ar and |pd08bol i ¢ grjowt h
rate constan.t_v.e.l:sus._t_e.ﬁei_a.t_ux-e La-Eigure—S-—t-Hel-ingar ratle_constantsf or
p(B)-type, rfghtly dope Rfers Wt?zp 111 ) anaiﬁo( I 00) Illzntationl are
pl otted fropgthi-s—work ]gg‘glrrel Wit tre—dataqf fr—amd—6

ref erence. ditionallyldat’a from pt t?;pe \A/afers”gng) 001%82 ohmc are
added to Figure 5. The activatl on energl es calculated fromthis Arrhenius

di agawnare simlar for the ( 1 ér) oriented wafers, (. 1.79 +/- 0.04) eV,
and the ( T}e:)om@mn|oyndmpesiftheedl erentitypey pf wafgrs perqvagigy betweerr8858 £ val ues

are in cl Os?ﬁf‘%gégﬁ wttg\{amt{rrb? %;tl‘? b%&?e&?éf cheagH 68 ?ect q"hlg.Pthq{él recxgesbtgorllnglrglie\rlml ch

is 1.83 eV/ exanpl e

Chenmi cal Bonge irffRiened 6f th@b)tﬁb%lrdwthlam@ﬁg&he Wsﬂﬁhkcni&@@@ne&o sepkrate fidge 85) .
Wher eas, Deal and Grove report 1.95 eV (640 Torr HzQ) and Fukuda et al. 2.0

eV with dry ige growtisderieg sieadyosateifiem dhe. oxpdsy eroweh durine the whelseriogess.00) dat a

S159) slightly st d ot
of (520 +) “TRErHOf adoridiiBe o ibesyf A7 pbRNaen o i APo st 07 o &
thermal budgpge ofaéth‘ié]@xeék 4 Raoihardssidp RPU SN lipsomeicr Sd0ped ( 111 )

and ( I 00) oriented wafers 30 simlar activation datg conpared to Deal are
found. Qur d@{cfaacawe!xtﬁesml%}'ééﬁwgb@n@asument ey of 1Beall mmpﬂ@nﬂnt&ﬁ The

Activation e for the ar,i 03) eV
and for the Q]?G% ?réq{tlﬁﬂgémé@e ('é’e(ﬁﬁlc Ei% Vil e fere\?? H%ﬁ“ﬁg'i“ﬁs i tBT’

g}at v (1 1ddndadlaévi&in REhaRE Ak ST eséhrrﬁ&smﬁféﬁt W QD 8 bbints'& fhe biaré g dat a
. well as the typical repeatability of the AST SHS2800e RTP system of 0.6 %. The total

error is the sum of the individual errors. An average uniformity of 1.9 % for all different
time and temperature conditions on the 125 mm wafers was achieved. A further

35 optimization of the uniformity leads only to a smaller error in the measurement.



35 Both Arrhenius plots for p(Boron doped)- and n(P)-type wafers provide
‘reasonabl e fits between batch furnace data and our RTP systemwi th 21 MAR 200
i npl enent ed pyrogeni c option. 21 MAR 2002 WO 99/ 21219 PCT/ EP98/ 06510 12 1

5 10 15 aowv2degfizfne useful way obtaining nore insight into pdeEpRssoal

meani ng of the ratc constants is to plot oxide thickness as a function of
time (deduced fromCg. ( 1 ). d' i +t g~s -i (7) A2 A/4B This is of
special inmportance for a rapid thermal oxidation process. The transition
from 1l near Qm2(femmbwifiets dnaptingzetodxidesiomptdcesteflilnodC, 89 - apabride tidckiiesnace
processes W thethick oxide | ayers above 0.5 mcroneters. All data obtai ned

| 0
can be descPrgén g topqunifopmity 62 lhptskaldnrtee Witiba sensitivity of HAfleanda, n/ p-type

d di spl i.n_ Fi i Fi 7 0.t bvi h f
Che dat o ar EaStEf okl Fhil of 380 AbPRE hplrithrd BnBPYL AUT. S R near
to pgt_)abol | g BO@NEDhted STHGen§iti %) bbwalokidagsh id divetal tiied idlat thah oA Peal

and ove were added to Figure 7.” Together with these data one can state

t hat none obxidaton/ i ratis avithathe owide theknpssr abol i ¢ growth | aw for very |ong
oxi dation tipes,. The tenperatu dependence of the parabolic rate constant
versus t enpdigsilicgn pxidat 1359%&?%#5?%9@9 liogr-pp °§e§}a°feﬁﬁema£9rampﬂ of), Box
A) are disp : SL.m |.ar
dependence. '[%éﬁ%dﬁ?{o@?hcg%rﬁgp é&égﬁé gﬁb‘% } §E| n é%‘gﬁggﬁ’tagﬁ tgﬂ'g"\sg% ?’é’? étm%lgi ng
and oxi dat i alim¢t feaameias $61 donbertivusiefuinaee diidatiombecaasgihe iiidens phidiens

diffuivity of the oxidant. As f_% gure 8 displays, the steam oxidation tine
in the RTP tpasfertheisencrayvithimiO't seconds e 260 miCipmestenihick siiconisoNd viar t he

data a 825C (see fiqure./).. The acti| i e Deal and Grove is 0.70
eV., Conpar eaﬁ?‘b"“ﬂr@iqﬁc @WS@&‘S#@%‘“% %@?{)ﬁﬁ{%&?g)n{c‘ﬁg PR EFSHhs are
| 20" ti mes shQFidGite 3 h BefilEd fepp@ehthfve RatdfioRide! thitichess Ovdrolatdxiatiah ihleq is
interface is separated fromthe diffusion limted oxidation. Even the dry

RTO dat a fr showufondizghtly daped, p(B)repe Wafersewith <111+ hod §é90noti¢ntationon ener gi es
for 18e parabglij.c owm h, rate const ant . Deal and.rove 1.123 eV ).
The 1i near 3?3&!?% 2,the graxypm 3R a\’/"é?%‘ﬁ“%ggiighﬁesé%goéﬁjﬂ SEpoaterdypes 39 \nR
2002 \WO 991 %ﬁ&ﬁ%ﬁ%&ﬂ IFEFOGhPRRA als3 sbiae Elrydfﬁfbi;% tREREAUxEdhibAdatadfe Qidedal i ON
kinetics in literature are only valid for lightly doped silicon substrates
(resistivity greater than 1 ohmcn) which are intrinsic at oxidation
tenperature. For heavily doped substrates a Dopi ng- Enhanced Oxi dation (DEO
effect is observed, as reported by Balk. In Figure 9 the linear rate
cons2@nt on doping concentration is displayed for 1150C. Wthin the error
bars no significant DEO effect is visible. At 1150C the influence of the
tenperature on the oxide growmh is higher than the bul k dopi ng
concentration whereas at 965C the effect is vice versa (Figure 9). Balk
states a linear increase of the B/ A-value at 900C (dry oxidation) and .. .
10 phosphorus dopant concentrations higher than 4x10'9 cmi. The DEO effect
is miinly caused 6y an increase of the linear growh rate with increasing
dopi 8§ concentration, whereas the parabolic growh rate stays constant
o<~er the concentraiton interval. Balk reports a stronger, nore obvious
behavi or for much hi gher doping concentrations 15 (~ 1 O-ocm 3). Electrical
Br eakdown Characteristics The chem stry of wet oxidation at the
silicon-silicon dioxide interface is not yet fully 20 understood. (R B.
Fair, "D ffusion and oxidation of silicon” in M CROELECTRONI CS

30
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growth rate, with the initial boundary condition d, = 0 at t = 0 leads to the linear

parabolic growth rate

where

relationship.

d+Ad=B(t

+)

(1)



_performance of this experiment is clear to one skilled in the art as _taught
by the present specification. The correct tinme-tenperature for the i i MARnd002
flushing time may be 35 found by experinentation which will be obvious to
one of ordv@ayI2ekill in the art. 21 MAR 2002 WO 99111219PCUEPEABE1006510
1. 5 Table 3: Summary of the oxide thicknesses, yield and defect data for
the electrical 5 I O breakdown experi nment goWaf er Processd (A) DD<0. 10
Ccm(crri'-)Yield <0.1 OC/cm'-" (%9 GJ 11050C 30s + pOA(GO 1)171
+/-4010100G0 111050C 30s + POA(GO 11)147 +/-30.1399G0 1111050C 30s +
pCA(GO 111)146 +/-30.2598G0 1V1050C 30s_ + pCA(GO 1V)145 +/-30.2598 The
diel ectric properties of the RTBP=dPegmn oxiles have been investigated with a
current ranp GO (Gate Oxide Integrity) periment. Breakdown A
characteristics of the 15 capacitors on veral wafers are shown &W a
probability plot in Figure 10. Two different failure nodes can be
identdPfied in this graphic representation, as shown by W Berghol z, Mat.
Sci. Eng. B4, 359-366, (1989). IThe¢dspeepdyjhtBease of breakdowns ageund the
charge density of 5-10 C/crri ~ is topical for the intrinsic dielectric
SiO breakage in the 2 0 material used here. Only a few wearout breakdowns
which are indications for weak spots in the oxide can be found prior to
this intrinwith (rasakagauilibiemdaidant congensration jnethgges agbient N, igihe number

- br eakd : [ cyl at ed i.s bel 25 crri.z. T | oxid
b troct v o sfecuies ik o 4R Yo aie o e o oA kole sbrmican °"
very 2 5 hi ghrgdat& e fe Boiktdrt YordhiRiation, hike bapHiet aahspdRoktfiidntof he

silicon which I's consumed during the oxidation. The results shown in Figure
10\ ar e conpexiditeandDprehaeffectioridifBisgnabéfiigientsfi the edidant ibsheodxideir nace

tubes. Since epitaxial, wafers ovi de . t.he highest, crystal perfection and
Lher of or e 1 Bbe Hisedenaiene ot € cab.oE Sanen TPEGAD B9 S RedeeRRtrs canb80
defects we ¢o ' ' ' - Of
gencrse i ng SPArL Pt ke e B b e e L CPRRRL B0
Vapor DeposiHeteforerEferred ) aothe paiboliciatel constartnThis tchastartidesmsibes thei diffosion-or
ot her substrates typically uses the breakc&o%/n %f hydro&gn 9r Ilbal ogﬁn 35
cont ai ni ng limited cess of theiokidation(thigh o¥ideease): Fagshort times, i1 247 / # ¥afdi Ha

" hydr ogen or _.hal [ in the chanber or left in the filmwll also
change the ?lﬂ%ﬁﬂgggﬁgﬁg}%@gwcs. 21 MAR 200 2 1 wo 99n219 PGT/ EP98/ 06510

16 Thus, a post anneal (PA) in a different gas than that used for the CVD

reacggon W ll al so be necessary. Ln this case, a flushing step with
correctly chosen parameters wil @3l sﬁ(ﬁ@ useful for better materi &P
quality.

The linear rate constant is defined in the following way

) 25
B =k h C*
- - ©)
A k,+h N,
This growth rate depends more on the interface reaction and is limited by the value of k,
30

and the concentration of oxidants at the interface.

The evaluation of the numerical values for the constants 4, B can be deduced from Eq.
(1). The total oxide thickness d, reduced by the resulting ramping oxide thickness d,,
versus the quantity ¢/ (d-dg) yields in a straight line. The intercept is equal to —4 and the

35 slope to B (t=0). For simplification the reduced oxide thickness dj is defined as



_Fig. I 1is a flowchart of the nethod of the invention. The ranp rates
shown are 5 preferred, but may be | ower without harmto the wafers.2 TIMAR 2002
ranp rates nay be faster as the uniformty of illumnation or the

uni form t yWeX992ad%afers is increased. Step 1110 shows the tPEMRPISOSIE Of
the wafer canped up to oxidization tenperature in an atnosphere of water
vapor. The tenperature may alternativel ylbe canped up and then 10 the water
vapor introduced. Step 1120 is the wet oxidization step of 1050C for 30
sec. ptep |gd3Q IAMScdni@st 8RN etraf, WRYEubRdtAed fpidl (REnfaf BRBARLE, 1N
this case 750C, and step 1 140 shows } 1 ushi ng the systemfor |30 sec.

Al t er nat i vel. AippkPhasnd It dAfed 43 U(£3920.snfwst nxidpioretheaneasered totaloxadd er nat i vey
be used in shis step. I.n.step 15 1150, thbi“ot erature is raised to 1100 C
and in st ephickpessgravndrupe up/BpIKn frijst tag "‘i“ha%ﬁ’?“ﬁ't‘i?ﬂ?ﬁﬁé'r‘%.“\‘ﬁni ch does
not contai r I _6Ldien- t i AL o 750
C, and the%pt)ro esg‘g@ g“éﬁé%%'eﬁﬁb’s(t]égp%&%ﬁ kﬁ%ﬁfﬁgrlqg?%r@g%ﬁgggﬁgﬁl (Be
clear to ones ek#tzﬂég.‘mctvbemdatiomdam@fthhelmlaba‘ernecbmsee&oﬁ Rgwegwrene
active gas is used in the chanber to deposit or to grow a filmon the
surface of plodehthionaimkigwgst-er heated in an RTP system and a different

gas used to.drive, an-act.i ve.componen i1rs s. firomthe resulting
mat eri al bSF ?fe‘%&hﬁf 'PYFE&%% et ai@f% pgr ag'gee(t:%%g&%g‘tsafngb ’rr%%%ﬁ 1})@ _an&}qmeéatbx}eéf erred
enbodi ment- §iSidiR KRESAte Sbladd. WbSolhie! vAluRE fdrEakER aRddamirdd B NaskRols NOt
contpari nated by a conponent of the first gas by adequate 25 flushing of the
chanber betwafenptopertfesr st and second gas treatnents. The tinme and
tenperature of the flushing step may be found by experinent for each

trzat ment by follow ng the procedures outlined above. The above identified
u. S

pat ents; qﬁ% i I nces cited 30 above,
are hereby ?lﬁg%’g erelhgagi/‘wrﬁg ﬂg‘régﬁ%aérﬁQgrgﬁyérzﬂf%ﬁ%ﬁzom 17 Cains 1. A

met hod for JhrPigue e finkarl rmeaonstarts Sarp{Btypef lightlyedtiped mafers with\(Bf19rand n an
RTP pystem conprising: 5 a) elevating e tenperature of _sajd wafer to a

h :
first terrpelrlgphﬁréemtiognr?ae nlﬂ)ﬁeﬂ o Bisverktagether Yty the gt of Deghmdfiovaee v
£ Len S el . . : . .
o mospher o lefetehiE; ARRpaly Hia sdim b Mk Qeutérs COGNAL00380 ¢k BT BEED. N9

processi ng Figard'® Wi aglivAiintbnkigicst calcalupdrfedmmi tidis Asrhienius diagram preaiaiisd fog
at nosphere) containing a substantial vapor pressure of a first reactive gas

conpri si ng Sai(d1 Leriented yafers, d)79 0O hgy 1and the-(}08) heayiy dapedswalgrsdi7dr from

sai dg@i r st a . t-hi t : : Ling: t he
ont 2 eoper SRR, Tfiesyalisdrd B e nEPRAEA M nery EiBU I BIGR R 1 )
and hol di ngSEBdrdis S2tad 18 eemnalesute. Beeafopexamptetlel Bauting SthaNathelof theper i od

of time; f) .rapidl ymfrocessi ng the wafer at said second tenperature TZ in
an at nosphefhemisatBerd.iGarns)l Pnwersity Peass. NG York. 1860+ 3"\4d..page 3D Wherepse

i ch i suBEPTAR GBS FREPCPaPEY REAFTo 2O MRH Bab B Y BT Uitk i AT

waf ezt enpefirimhloxidtidh.[Ror the Fightiyndoped (1003 dedaahe@dlop@iststightypstedpet SPRAR Ur €
to T2. 25 3. The nethod according to claim1l, characterized in that said
second at notisrefers to anpeiivsionerergs of (2.10 +/- 0.02) eV. Thus, the oxide growth is slower

for the same thermal budget.

For the n (Phosphorus doped)- type, lightly doped (111) and (100) oriented wafers
30 similar activation data compared to Deal are found. Our data are displayed together with
those of Deal in Figure 6. The activation energy for the (111) oriented wafers is (2.03
+/-0.03) eV and for the (100) oriented ones (2.04 +/- 0.02) eV. The ratio of B/4
between (111) and (100) orientation corresponds favorably well to the data of Deal.
Both Arrhenius plots for p(Boron doped)- and n(P)-type wafers provide reasonable fits

35
between batch furnace data and our RTP system with implemented pyrogenic option.



4. The method according to claim1, characterized in that said first
reactive 30 gas is free of HCL and TCA. 5. The nmethod according to ggz}wpz@&
characterized in that said second tenperature is in the range of 11

about 30 s&¥@RYH219 21 MAR 2002 18 6. The nethod accordi ng tRETAEPBABSLY
characterized in that the wafer is cooled dowmn fromthe first tenperature
in pure nitrogen gas anmbient. 7. The metlifod according to claiml,
characterized in that said flushing gas is dry oxygen. 8. The nethod

accor gi ng t(Qn@bs%Jﬁm\ﬂay @mairna?xﬂéﬂeamgm intd hetphysical rhédasdy SrIh@Ase Ednsthnds is
nitrogen. 20 i 9. The nethod according to claim1) characterized in that
said third lp@hqt@xsdqm@khssslaﬁatfh@tlp&ﬁﬁéméfde]ﬂsﬁftfwl@rEOab]dut 130 seconds. 10.
The nethod according to claiml, characterized in that said first 15
tenperature is in the range of 1050 C fpr about 30 secoffds. 11. The net hod
according to claim1l) character zed _i n/t hat salg filmon that sur{ ce of
said Dafer is nmade by OX|dat|on——20 12/ Th /’ng‘to ctdim 11,
characterized in that said fi rré/?react ve gas z ri ses pxygen. 25 13. The
met hod according to claiml, acter\zed i n’Y sai d/at nosphere at said
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(Figure 9). Balk states a linear increase of the B/4-value at 900C (dry oxidation) and

10
phosphorus dopant concentrations higher than 4x10" cm”. The DEO effect is mainly

caused by an increase of the linear growth rate with increasing doping concentration.
whereas the parabelic growth rate stays constant over the concentraiton interval. Balk
reports a stronger, more obvious behavior for much higher doping concentrations

15 (>10%cm™).

Electrical Breakdown Characteristics

The chemistry of wet oxidation at the silicon-silicon dioxide interface is not yet fully

20 understood. (R.B. Fair, “Diffusion and oxidation of silicon” in MICROELECTRONICS

PROCESSING: CHEMICAL ENGINEERING ASPECTS, Eds. Dennis W. Hess and

Klavs F. Jensen, American Chemical Society, Washington, 1989, pp. 265-323). The

electron acceptor attribute of SiOH and the electron donor behavior of SiH is accepted.

) 25 Therefore proper control of oxidation and annealing conditions with respect to hydrogen
(water) is a crucial step in the technology for a high quality oxide with good electrical
breakdown characteristics. The influence of hydrogen in Si0, films on silicon is
described by Revesz in J. Electrochem. Soc. 126 122-130, (1979).

30 For more uniform oxides with few defects Deal used a small additon of HCI for
protection from metal contamination during batch furnace processing. Our RTP results
indicate that the technology of additional HCI or TCA is not necessary. The preliminary
excellent electrical breakdown results demonstrate this impressively. A pure dry
oxidazation for 240 sec at 1050C gives 118 A oxide thickness with a defect density

35
(DD) (<0.1 coulomb(cm? for 1 cm? capacitors) of 0.51 and a yield of 99 %. A pure wet
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10t epi-wafers (epi-layer resistance 0.25 ohm-cm, substrate resistivity <5 milliohm-cm).

10 : It is vital to adequately flush the RTP chamber with a dry gas between the oxidization
step and the POA. Wen we tried to flush the chamber for just 10 sec at 750C, the yield
for wet oxide plus POA in 100 % O, dropped from 100 % to 86 %. We suppose that the
flushing step is necessary to remove hydrogen adsorbed in the walls of the chamber.

15 Otherwise, when we try to drive the hydrogen in the oxide film out, we can not
adequately remove it because the chamber walls act as a source of hydrogen. For all the
experiments cited below, the chamber temperature ramped down from the wet
oxidization temperature to 750C, and the chamber was flushed for 130sec. The

20 temperature was then ramped back up to 1100C for the POA. The partial pressure of

hydrogen in the chamber in the POA is preferably less than 1000ppm, more preferably

less than 100ppm, and most preferably less than 10 ppm. We were limited in the flow
rate of dry oxygen or nitrogen available to flush the chamber. 130 seconds was

) 26 sufficient time to change the gas in the chamber four times. However, it is not clear that

| more dry gas flow would cut the flushing time down substantially, as the time required

to reduce the hydrogen pressure in the POA step may be related to the time required to
drive the absorbed hydrogen from the chamber walls, and not have much to do with the
30 absolute value of the hydrogen concentration, as long as the concentration is below
some maximum value which must be determined by further experiment. The
performance of this experiment is clear to one skilled in the art as taught by the present

specification. The correct time-temperature for the minimum flushing time may be

35 found by experimentation which will be obvious to one of ordinary skill in the art.
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Clemi(em?)  |<0.10C/cm * (%)
GOIT |1050C 30s + POA(GOII) (171 +/4 0.0 100
GOIIl [1050C 30s + POA(GOI 1) [147 +/-3 0.13 99
10 GOI 11T [1050C 30s + POA(GOI III) | 146 +/-3 0.25 98
GOI'IV [1050C 30s + POA(GOI IV) | 145 +/-3 0.25 98
)

The dielectric properties of the RTP grown oxides have been investigated with a current
ramp GOI (Gate Oxide Integrity) experiment. Breakdown characteristics of the
o capacitors on several wafers are shown on a probability plot in Figure 10. Two different
failure modes can be identified in this graphic representation, as shown by W. Bergholz,
Mat. Sci. Eng. B4, 359-366, (1989). The steep increase of breakdowns around the
charge density of 5-10 C/cm™ is typical for the intrinsic dielectric Si0, breakage in the
20 material used here. Only a few wearout breakdowns which are indications for weak
spots in the oxide can be found prior to this intrinsic breakage. The defect density
resulting from the pre-breakdowns was calculated and is below 0.25 cm™. Thermal
oxides on epitaxial wafers used in this study, are known to have the potential of very
) 25 high gate oxide quality due to the low defect density in the silicon which is consumed
during the oxidation. The results shown in Figure 10 are comparable to the gate oxide
quality achieved in batch furnace tubes. Since epitaxial wafers provide the highest
crystal perfection and therefore the most sensitive test with respect to process induced
30 defects we conclude that our RTP steam oxidation process is capable of generating state
of the art high quality oxides.
Rapid Thermal Chemical Vapor Deposition (RT-CVD) of Si02, silicon and other films
on silicon or other substrates typically uses the breakdown of hydrogen or halogen
35 containing gases to produce the required films. It is clear that the hydrogen or halogen

produced in the chamber or left in the film will also change the film characteristics.
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10 c) rapidly processing the wafer at said first temperature Ty in said

) processing atmosphere, containing a substantial vapor pressure of a
first reactive gas comprising said water vapor;
d) reducing the temperature of said wafer from said first temperature T,
' to a third temperature T,

15 e} elevating the wafer temperature from said third temperature T3 to a
second temperature T2 and holding said second temperature T
approximately constant for a period of time;

f) 'rapidly processing the wafer at said second temperature T; in an

atmosphere substantially free of said first reactive gas.

20
2. The method of claim 1 further comprising:

, g) flushing the system with a gas which is substantially free of the first
reaclive gas after reducing the wafer temperature from T1 to T3 and
before elevating the wafer temperature to T2.

25

3. The method according to claim 1, characterized in that said second

atmosphere comprises oxygen.

4. The method according to claim 1, characterized in that said first reactive
30 gas is free of HCL and TCA.

5. The method according to claim 1, characterized in that said second

temperature is in the range of 1100° C for about 30 seconds.
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0. The method according to” claim 1, characterized in that said first

15 temperature is in the range of 1050 C* for about 30 seconds.

11. The method according to claim 1, characterized in that said film on that
surface of said wafer is made by oxidation.

20 12. The method according to claim 11, characterized in that said first reactive
gas comprises oxygen.

13. The method according to claim 1, characterized in that said atmosphere at

said second temperature is substantially free of water vapor.

25
14. The method according to claim 13, characterized in that said water vapor
concentration is less than 1000 ppm.
15. The method according to claim 13, characterized in that said water vapor
30 concentration is less than 100 ppm.

16. The method according to claim 13, characterized in that said water wafer

concentration is less than 10 ppm.



