" : 789: e3euF!| uddef " f k6kTFI V[ SYSTEM AND METHOD FOR | MPROVED WWMWW' C
FI LM5 CROSS REFERENCE TO RELATED APPLI CATI ON This applicati

priority to the United States Provisional Application No. 60/ 33@p@87 filed
-Novenber 16, 200l, and the United States Patent Application No. |0/106, 677
filed March SASTRU0AND MEE THOS POR PROVED AHHEN DIREECTRIOEILPIY at ed by
reference in their entirety. *t59159* FI ELD OF THE | NVENTI ON The present
invention relates generally to sem conductor processing, and nore

particularly to a YROSS RPEERENTE TIOREISOPEDIAPRLIOATIONe! ectric films on

a substrate jn a |ow.10 pressure hot-wall raprd tTherm rocessing system

BACKGROUND. CE AP HORUBRI RERE PRIPTRY 60 i 01 56 SO Py ST ARBRTOR Ay cos

EI eqlui r es0/8 30, B9 i U &dvieinbef lé,ms)ot,camdltmd JhithSthet gategaApplmdoﬁmlaagi tor .
ielectrl Si i.nt egr at ed ci kcui evices i S Ss¢ 15 down,

convent | ids s P ald B PE &5 conck” 4 AfloRirsf b b ALY PRIt GERI Y, "oy o) cal

| i nbt at fefarendeon themsdn@inetg, bel ow t he t hi ckness of 20 Angstro i

gate dielectric no longer functions as an insulator due to :mmmm m@m@mt

tunneling | eakage. Thus, SiO2 dielectrics are rapidly becom ng one e

limting factors in device %ﬁiiﬁgg@%@Wﬁe&@Nng and new di éP*&t'ric

materials with high dielect _ | y bei ng sought to

provi de hi ghTxOpresgravivennarerehtesgentrallp tpseomisnidugtog praeebaek agénmow r ent .

Silico 1.0 (S I: : t] to

o 1] cor? B IAREh ) allihoeE Rr RIS 5 BRIRE, Bins AR SLURPR 1667

di éPectpreesuEohetWall rapd tssmel mocesfipg Byt near |y twice that of silicon

oxide, silicon nitride can be fabricated with a greater thickness than a
conpar abl e oxi de layer while still achieving the sane capacitance. A

thicker filmis 25 easi eBAKGROUND OF THIEMVENTIONfI I mand | eads to
better electrical properires,. such ag l.ower I.eakage.curr.ent, hi

br eakdown, UiECaCIaEgR 8%%109@‘15% a?l“%‘iﬁéﬁ%’ff)s%gﬁlééi?%‘f‘? ghnsgggr(%rhl ckness
uni f or nirdngiseR patecind @hpsdifor alRRsctrivls C KR alsssing éfihtdgrdidd dircuitslecicecisataled t he

e val ent oxi de..t hi.ckness (E of. fut.ur. dielectrics,isS. uired to
o h e oForm Roh iRt AR et s Rlionditiie BCHL ThRb G PhYSPal i EPRy T

bat ch fkmrnegtasecf badow H@ Whickinksrod 20 |Axgstr¢gCH)e it garendieliectriatnollovgepr essur e.

Whi | e - : |.pr.al.i ' i t he
deposi + ot dn FRNSBRIRETS todt ot oiohefihs RABRI] ¥45, D, WMfectddiBye (10

pr oces sieplY reepmingongridhe Hajiting fgg@rﬁrm [dgyige Aesigmpninarufacturing apd ngw C)

fabri caditlestrio MehteriNOwaRthig dislbisit icbhbtant bRy acEiOBYeRIgadaLhtiabedvidetigace
progcessi ng... RTP n ec{\smshorter process CXC| e .tinme and provides better

efPer PAIEREH Y ROT NI Lol 1E0A8R CHTehtachi evi ng hi gher t hr oughput and
better fil mluticéonitide/(Si;RLPhisdseepodeiteral astomelod tleesalammpiets toi silecoasxaidvanced
bat ch . t 3 p t{ Q i Lze. The
enown Ao ASiRE et EalfEE RIEHET WAl TOYEB G ot TR AT LAy

i npl antieeilphwice gat edbilicowpyide. silicon nétnderrasbe fphpestediwpbsi greaser thickiDss and

titani URkPk c6MPathble Dkldedhfie Wil Rillathlevibk the BRfe®@badiance A ddckB BIHGSCr | bes
a net hod of depositi nghm nit t her mal

i GO ride frinms in a cold-wall rapi
CVB ( RTESE) todequdpqtipydhan & ihin filpa pnd kﬁ&wé}e&ewéﬁné pf@m%gwgm T e
pL ob:c enealiaigh cﬁﬂﬂ?tplﬁlghi%ﬂmlzdkdm, dﬁ}i@%@gﬁis‘tm td berous(&olfafnt)qj'egéth@foﬁfﬁétb.ﬁne i's
the forqmtion of..solid a i u ride (N as a prodyct of
Forl o ﬁ%ﬁ%ﬂiﬁ%ﬁ%@gg&gﬁﬁ i it@ﬁk%eésc&rtr'éﬁfggd?r A cma;?al 3%§1§se1qf"ivﬁ]t§n€r ocess:
3 Si H2Gixzderthichn E_ T3lo$ Refure @tq\dﬁldl@ttries'srb@ir do bollasat jani 5&f solid NH4C
Ehg Er ough iR SEAil EANY APEGHefRodly i HERRT bAEH flrhadss ol SN TPHUCES
coP@wal 4ic}8we®wacé}@né ermliy/atiew psesurne Whilessach baish saprosessaplwRligo not
Cﬁnt ai lrbfvégbﬂfatea% 8% %%%eme%%ﬁ&itlmntmed@qiﬁﬁé maa.rée}ag&ﬁtesrPEég/éAspeﬁamgé. Z ggcbah oh
F oaul T RABK R ERAIRCRHERRTPY s Po TS BOBOAEY U A piEmE S contr ol of
Si 3N4. fbrieativeand e ppaatikiosubsyiplei forddnoastionk! ench femece rddessiod-RTRNASgdsdevi ce
configugation where nf or mal | t. f . the capacitor l.ayer IS inmportant. The
Cont of Bt adRE Lol BRI dos b EmBRRRRE b B b TR
di 3hl orashielvmgdigpCE)robglyad amd betied 1th uhifermiSurR R has pdientfal kavee abeposi t ed from

si |l ane fs WoTa g #1 t : ' ty: om c%
ot abovaritepliv & Ehtd RN praRL Rl WA pahonbi ol s ia e D
addi t i owge. sihedmewpgpplcations pHRTPiinchidedbinggsie diglesticdprnation, wnusplaatadienpy 20
PECVD have a poor interface with silicon and is electronically | eaky due to
a high trap density at the interface. As a result, DRAM storage capacitors
suffer uniformty and | eakage limtations at about 3.5-4.0 nm when silicon
nitride filns deposited by prior art nethods are used for dielectrics.

o N o . o o o r - 4= - T




*SiHzA 2, SIH3A, SIHA3, Sid4, and SizCDb. Preferably the chlorine
containing silicon precursor is dichlorosilane SiHzO 2 (DCS). The ratio of
( chI orine containing silicon precursor to anmonia is preferably from about
3 to |: 10 I n anot her enbodi nent of the present invention, a nethod of
dep05|t surface of
a subst%ua e’ Qlﬂ ﬁxccﬁ’néﬁé&?@%@a&ﬁ%@bé&h {.rtp %ﬁdwrt_%l\% o ggngl%blbés]?? ate in a
hot - wal forrnappm thermal processi ng chanber, adjusting the pressure of the
processi ng_clagtisfent Rofs 3486 BésQHEéQQHétth Bfacfiink SiiftAn FRfikle ARRGLACt T g

a si | icon precursor wt an OXE%EI’] contal ni ng precursor suc O

Oz, or eM¢-vadhispiddhersinl Gy EdFC Qﬁ%t%m@ém&wéal lgmps #rgyged 4‘5rléﬂfﬁ1&$)out 550C
to Isooog%&@esf @@ RoBIEmSH i %QOMXWQ?RTC'V@ témﬁ,r&wﬁger@dﬁ«m&bmaﬁe lid ®en

precursQr maybe ectedfromthe n t|n S| Si C H3,
S04 EmeiEo qu&! angpergygiyord de g éﬂ%ﬁ%g?qdalﬁbo} e g?@rwam 904%?@8%19{1. con

pr ecur sgdactic¢h Whicl Geur§ BGElg tthepds&trﬂgq)r@j‘esé he silicon precursor to the
oxygen contai ni ng gas i out 1:3 to 1:10. In a
further enbodi ment, ri‘?‘%g 20f b §’PN m&%ﬁ{s?ﬁde filmon the
surface of aThéfcxnnlaBebm afmlndsI\Hm(d\dbgiedles tﬁhelentezk:mlqdomnwofsthsdmasilécdﬁlmgp a

t ustingath
or d0s ur wlt Bt Rt lehp T e JPBLIFY &%&?ﬁbﬂ%@ﬁ%ﬁ% A 801 "Tor
to 10 Teel RTAAND sesems ﬁfgmmogmuse@ulanpraéeuﬁg@soumsmlachrd&nmtr@ntﬁln gltaprg.a and
NzO at 911&:1%%‘5&%1%& filthsSiré ?&ﬁ?aufyrdeg&ﬁt@@%& tieerfhal @VIIPAGB0IR0PELELRN

oxynitride filmon the substrate  silfcon precursor nay be selected
from t hlagpg Ephageedg Ve (REGVD) ati2(ig-d00 Cswémgeqlgeaadng@azéw ragjorgf NH
SI ( OC2HR)siH, mt@eﬂlaﬁstrwmrolwsm@ M%Qio%f Bﬁ‘@c;tbﬁ Opwxc@tﬁ(ﬂi‘semreﬁdequme ratio

I f
obdtt  15e-p B dA e ofndnniohheth Eortabatty RERE SaPacing By PES dBb SRt e EF on,
t her e i eonformalitiedf alanebhsed nitiidd dposistinfegontorthittafldiohéorogifans (DCSYhasesti de and
si |1 cony i gf ﬁlﬁﬁ fF’u'n Ehetﬁlﬁﬁ%éﬁés?tﬁ‘?fr% &lgﬁ{:'E&&&ﬁtaesgﬁrgﬁcamﬁm%ﬁtfb?d conpri ses

prOV|d|ng a subst ra ocessi ng chanber,
adj ust i flregea, b@é‘@ﬂmrabowflOtalﬁ@nw%@r@bgmgvmﬂamdesdne@kecémgeépfcmmea@éut 0.01

to 10 Tge hitril€&Ghd. NG Adfidn S0MeHARHFitRUL GRS g&pYsaéed orY\‘sﬂlEbr%hb@@féltg@
inatio her eof at a

con recursor such as N20 0

Réer glt’]gﬂgé(%i havg aP&HbE‘t?rP"&m"‘é@oﬂf"OB596‘%:1%%eqt‘6’6t?@ﬁ1/ge gb ﬂH?EP%F‘Igi‘é@H oxi de
f| | m onddnbiey sithe irttéxifae. a’n;?arreaﬁt;ltl))mg\/latcﬁ‘hgd @PAcifreaiffes anifvdntiy axrmlel fltage at S:O
atenpraturel rom about 550C t OCto orma i nnitride
top ¢ nunuticheshafiut d3 o Ve Biondtae et S o B G iR el ano
ot her dkﬂeé(fQISildﬁCttlh% &c@sémglyt myeovddoystainis [and posrssed fir ttley fqmmd@mrscbfbod upon
35 readi;pRcd gq &@%féﬁ&@lediescr' ption of the invention and the appended
cl aims provi (} ow, and upon reference to the drawings, in which: FIG 1
scheématically shows a | ow pressure hot-wall rapid thermal processing

reactor according to one enbodi nent of the present invention. 3 FIG 2 is
a graph illustrating the GLMMARXOFJHE INVENTION njtride (Si3N4) from

di chl orosi | aA@co(rm@)y ﬁﬁda@ﬂﬁ]@&lo@tu{e%&mmmti@ﬁ% %ldeaet et ardd Befhbd

pr essur 10 one e e resent i nventi on.
P & o e Aipodanielee e SRS il Saler e Pa it herl iick HelfHETos  { e 0
Si 3Nd fil ns Ivis &noflier vhjeet of the piesene aventiornt o groeide hispdteraasd arthadniof or m ty of

thesfil ' i |G 4
cr8%s SReRERERfiC R SRR aRiad Aol SRE 0 BEFMes Bl Dot or med
substra@l@ta@aior@eﬁgeﬂfor@n%e @msodi ment of the present invention. FIG 5 is a
graph il ustygdkagy Bﬁ'l%r Bﬁ EBP@%M%MU&?% abREval W\ﬂh@%re%gﬁt nébfsﬂ&ﬂ de filmns

10 W|thres ect to t he t nesa uni f ormt accor |ng to
one entBEALHENGA 1?\Mé>r?§§%r§élﬁf-wla vapid thepmal mr@esw gysiergyr Hppng gmbpdimgit ng

SI M5 degitthe preedrit liivedfion, axhethed Mf b@lﬁng alsmcgﬁ aAdé filmbh lme;:suefawlsfe( ]IC\IO) L70A
(0] a

foll owed, by .reoxidatio profil

i dh t Epatel Sraougrel f e chnpTres rdyitiBe A BUOTR G AR RBHTO) - F1 G
8is a vgemﬂh prdcesssitg efantigrtadfusting the pressien off the precessing themlequo wadrget oxi de

t hi ckne ) f I h r vention and
films f%?n%ggg()&r%ogfrﬂ ’gr% nmh a%gnéhﬁlﬁ@@é&ﬁ%n%@m%ng)r&%‘?&%v} lustrating
GV anchmmmla@tw&npee@p@oma\re%c dfGp0% foi 30° 2o dupos sdle@h mmd@aﬁlmorl\me 15 in
Tabl e 18R 0diTRBL »REuks BS8 10A and
10B ar %“g?tgf‘gi W?}Lg?rgﬁrﬁmcg\sl an p t“\l/ gﬁrﬂ\Q/{és r%gf)égctc?@tg} %}P%}ﬂgﬁfl | m
deposited on wafer No. 13 in Table 3 using prior art nmethods. FIGS. 11 A
and 11 B are graphs illustrating GV and |-V curves respectively for a film
deposited on wafer No. 9 in Table 4 according to one enbodi nent of the
present | nvent| on. 25 FIG 12 is a graph illustrating the current density

e



* 35 10 according to one enbodi nent of the present invention. The hot-wall
RTP reactor 10 conprises a chanber 14 into which a single substrate 20 is
Loaded. The wall of the chanber 14 is preferably made of quartz. A
plurality of heating el ements 12 are provided adjacent to the upper end of
the chagbep; 1 e ng

el enents 361 ﬁ*er;%l' Etﬁﬁfah’ rajnge%d% %E%%Hl?ﬁ 'abﬂgorfn%%'oﬁttaln‘{ geaﬁ?th{ot shown) .
An i sotlhéWf&Qr lsdwhlor@s@nesﬂiazcmﬁfé@?ér a[kblleyatrﬁa@fechdﬁﬂ@lf@ﬂtaﬂllng giligosprsewdeti nsi de
and adlt%%?x%oxflﬁ’lﬁtﬁ%fe‘r' ?romog{ltj@lqt@anber 14. The heating el ements 12
and i sot hernma serve_as heating sources for the use of the RTP
react or 10. ht@of%ﬁﬁé@@mmb@%@éP&eﬁelﬁaﬂ"%@mﬂ)lad@@éoﬁl Af depesitingdiegh 14 or on

]E hest ?ﬁeﬁl eFaPﬁrB’@ﬁTco&GmdF('HTO?@i‘hlﬂ%ﬁﬁé sIRFRESf Qr@ukfsﬁﬁ@hyﬁﬁ)vt&@t TheYetkqdi at ed
rom e eat |

el enent s radi at es secondar at. ra into the
chanberCOI‘HmS?ﬁBr%ivgB%%ﬁ’iﬂéﬁFmi?Ilﬁta Ofwa a'flpléeft?alaelepracw gCEﬂP‘Per divsoe g
di stri bptessare @fithé pcsssifgahamder foherasgdfdmabeutdN01 Toe th o0 Teal ind¥ERttigact or
10 furth r con(grloses one or nor |nsulrat| on s(|: devi@dz\,(gf adjacent to the
Si dewalﬁ1 TR Wiftya wg?ﬁﬁn ARRPTEHRTOT SRARGH NG G i EH bet ween t he
i nsul atdomrbisatobavwhérest, 2ta wnupetdteresn e ek |frond abdn@S&@f&frrﬂodrOOQ‘iC tofonmat t he

S| ?32"?; 1llljér)ofé1 WI ﬁf?n ?ﬂ ﬂ{gkﬁl[a%%a c. t%% gl\’ﬂ;r:eﬁxr l@g? ft&?%ﬂﬂhé %ns?s‘{ﬁ%et he
a pI at forS*kHQ@zuﬁiHaﬁl,lSsCHbuﬁlCéd SiiClda St §l(@\¢aﬂm)n e AP POSBTE- nbrefemabls thest r at e
20 i nt oipnh }ﬁ‘é’éurQJr 1§ §ﬁ{2€ﬁ53(lﬁl§§) irhe r4FofQhe HRESh SRSk 18 g € di sposed

at the sidewall of hanber 14 and connected to one or nore gas
mani f ol P&taRBE gé"n’é\ﬁr’ﬁ CWPIYCIH adapgreions aa 163 tal:iPxt ure of gases into the

charrber 14. Thhefultheg@sbsidneans htioddbfdBgbsitimpn AdyaBriddfibn gh tieasibfaéd ot He gas

ts 1 . t d L,rat t hat
S R b TR S Rag Lo SR A5 b by SRRl =1 on e
SI devval therafal phreestiadiembty adpptisg the plrch;eurgzw therHottwaallid®pasitom clrmeet 6dat 0 a

2 RTP
Fenot orr hELHERABEA. I ol 151D 86 Aol e ISpARGGR WPy Rl T,
desi gn,ammenieanéN.Or e -tgmpératRERnragangoitem 2bovtsp Otie 180 Cdpdam an t he pr esent
' nvent | Anitdde ARE of HROMILERAL . Tﬁé‘ﬁh@&?&%&rsdrﬂﬂﬁnﬁé QUecRidaYd A8 goipbhod of

ghothy
oL S Avachal MISRER I ISR AR B A ﬁnia“ﬁ thea”
| ow pr qsms)e»ehrgtprmhbd RTRe ragi@cif @ilicsty precasoBUd timixture b€ WH;ant N,O0eixanpl e t he

react or n_Fi ui tabl e chlorine containing precursors used
for deﬁ’o%?f% Hom Ab%at 1113 t%§ 1§| ncl ude, but are not limted to: SiH2Cl2,

Si H3d, Si Hdn3t111$n®|hm ersbaiiment cithepresend inventiers thean s providede atsthed o Hd 2
(DCS) 'd%pHs%ﬁHg éﬁldlthﬁ{é}mf%mceﬁ oIt Sil1d8n letﬁ&élﬁﬁr%n thU’sﬁrtﬁé’et 6t0a s%st% to NH3

|s referably” about 10, nore preferab ¥ apout 1:5. process is

er aBieymeBPd PRAPERE PARViding @FpRsimiqine ot- “%lda@ dhsmal E‘@G@Sl%{ﬁhémh%

pr ef er aldhustihg e p*ras@,qe cﬁﬁh@ﬁ%@éssﬁ@lﬁaﬁ@eﬁ@@@m%@ fidin @b e O t@t1t@r1&>rpf about
ressure t he chanber

600- 800C q?el ng Bé‘ red. The 18 ) %(gﬂ

hot - wal'F? blfcof(?" “B’P%P@P‘éfﬁ?&zw‘é fusteq” °8“§“‘r‘%%f8°‘613°ra§88 #0201 to 10
Torr, mMOeOprafaay abnpinabiontheteo, 4t @ t&mjaature ifihsaratgpidemtabont Y58PE€ tol 0G0U°Cr i de
filmo 65 R f

B L

Q 30 35 atemppEiHe in ena@«gmeh@bOUf Pe0°6r e ORTC Fnfesmity woarr@tyﬁda@@péhwﬂln@a of
deposi tdxigk: @nhi gh tenperature silicon oxide filmon the surface of a
substrate by reacting a silicon precursor and nitrous oxide (NzO) and/or
nitric oxide (NO and/or Oz using a | ow pressure hot-wall RTP reactor, such
as but not limted to that shovvn i n F| g. 1. Swtable silicon precursors
used for depositing oBRHERD : SOFTHE DRAMWINGS i t ed 40 to:

S Hed 2. S Hahe ufl G Bobi it b e &&l@nveﬁhbﬂmﬁbé%‘@t@r uJCERS)d @Ak

200 B e ST mef&ﬁav%epuefza@h‘é%E?fg%%%?bkrﬁ%ﬁ%tvﬂffﬁ%“{oiv"5 10,

nor e praﬁﬂexpah)qufembwtothearaw'ﬂngs prwehiebs is preferably car-ied out at a
tenperature fho 1 r about
600C to 900&* 6.3 S%%?ag ép alrJltc_%’m agssti‘f Af’ggp"t% raff ghig Rt é’@%pé JS%C?‘? of the
chanberacqamdtslfgtoweehmbomqnt epeesentgnvenfions preferably adjusted to a range
fromabout 0.01 to 10 Torr, nore preferably fromO0.1 to 5 Torr. The

i nventors have found that ni trogen can be incorporated in the thin oxides
to inprove the gate oxide properties. 4n particular, and of significant
advant age, one enbodi nent of the present invention provides for
incorporation of nitrogen into the film 10 which the inventors have found
to enhance the suppre55| on of boron penetrat| on fromthe poI y5| I | con gate

o " o o o




"The. fol |l owm ng exanples are provided to illustrate the system and net hod of
the present invention, and are not intended to limt the scope of the
invention in any way. In the experinments, the filmthickness, uniformty,
and refracti ve i ndex were neasured by Elli psorretry (49 points, 3mm edge

excl usi on sin
Auchert ora idtsE AT LA JFRIEAE 4 B0ufliohdly ATEBIERCHTY ol
Scat t er idighlqrpBne §BE8) & @nmyman%%hwgih 3G#tiq ofel bm pressyre of Gelexi de
stack fiyl d: q@ogg%y&g?‘ {;ﬁyo %@E‘reségltg%ﬁ% Spectroscopy (AES). Step

coverage o0 e ntrid osited on Si02 coated silicaon waf ers was
eval uat ed usfﬁ@ ¥ isgserapled hseeingdhe Fpad kiliBeies AT daposisias 4P Sigkims py

Exanpl e 1§ \Jdire@ vaHAERest fol th&ﬁﬁd]@%ﬁsanh(&ﬁ&f@ﬁﬂi;ﬁwtﬁc GhBshGRkdiN@RPsnedeposi ti on
(LPCVD) il COthnl tride filnms fromdichlorosilane (DCS) and anmoni a. 40~

sili conembpﬁﬁnﬁ’é‘tf’ ﬁé’r‘?ﬁ/@‘i‘téniﬁeé‘&%l ted at a wafer temperature in a range of

about 695C t G1G0D(s andrbsy daa&dﬂl-BEwuowgrqfh shoBif @SN b fikeEdgpositedeond essur e
range be i nuous. depositions at 735C

0,5, Tor
LoD e geBinel Sphekt apeRgitR e ST ert B e SR L OBy o'ty ot 0. S5%
(1Q and waf &iGt Diswedreph umstfrmmmthe/rapﬁat@blﬁwsmf@)gram@zﬁxﬁndrynﬁdgﬁm 3. 20A

I 0. 8%
(116 "o obutp b ERidER ARARLESR 8 b0 st DR MY T AT Mg,
f| | s vv@r@elélls‘(ﬁng\p@vm for better accuracy in the refractive index

nmeasur ement . FF@tﬂ& AR AR EIMPddpth @%ﬁ'[@ &marfﬁ&ﬁd@ﬁm{ Browandi tions
provided, nitrijde f hi ckness rangi OOO0~r and refractive

i ndexes NEHC 9xigy (NQ iolwederewm@ %dﬁ%@ “Stent with the literature val ue of
2 00 ~ 0.01 fFow. BisGinCAED dejth pfofite 3\ 70 BighBémpératuysh e dé-eNieah ariddwickt he

i wer e approxi mately abl e shows the

osi ?*’BZHQE%Q@F@HJQEUI ts by Rut herfor:j B;cﬁsczzatSt Zrlblng épe(r:]t roscgpy
( RBS) (for SFIGN isangtaiili jlluatnadinightble ogemt Barsita versSctht equivalgni d4E) th(dkncssl—l)
Spect r ogG#R| i P Q. i r
the. depbert! Sy STBEar iR R e T T v I

i ndex af$tiedso Si ratio remmined constant at or near | .33. No significant

difference i piGe moaﬁidtgmrevg%h@ li’lﬁ%fr\ﬁﬁl‘i‘g Cov 34 1- N’E‘tﬁ@vefs'rbé’ﬂécu@)?’ﬂﬁ@ fligvel in

the fil SﬁPetht}]\% gﬂéﬂeggtlon |mt <1 ato /gn tcf{}- eve

i n9r poFERISBFE Pk VefrE No | ahiF dqeeniding ‘Eﬂ’ée %raﬁ%ig 2k ﬂf‘%ﬂrﬁé?“éfrme%“o“

i ncreased. Th‘K}émdAmarl 0Bn3e gﬂph@ﬂlu@ﬂﬂaﬂﬂg QVeamisk- Mepogk ta@gedtivielysfonasilih ower

t han thgt of cEhe f% gf (ilgp ﬁ? from SI| A Oghger given conditions. 7

Tabl e 1} FR i adt oo LR E H’Rh ysi s by RBS and HFS

Tenper at ure FEyODCSANEHE 1RBt ar@g'npbskrhl@s@at(ng)@é‘f analdt Y werven despdtSielyHat & 680

(at om %ykhosited on waferNo 9.in Table4accord1 to one embod1ment of the present invention,

(atom 9% 7301; 54482. 00l . 330. 77351 §539I . 340, 223. 07801: 34 52.011. 33<0
11334 FlG 2FG ]e?‘ﬂuargl‘i@-‘rli‘i lugstﬁ\tlas thefureny qlfalgw &%ré%s the, B ofrtheaitadssdfsi t i on

rate i noﬂ;déﬁﬂl@@fdrﬁ@@oﬁ&vﬁf@ﬂsmoﬂ 1892 G able 48&tordiigtodhe 3RBodinf¥ht afthevat i on

ener gy tof this CVD process was derived as 1.49 eV firomthe Arrhenius

pl ot of feﬁ d‘évﬁg P¥ion rates agai nst the reciprocal of deposition

t enper at ur es FIGhi3sis agraphaflusratiop 8fy yeisss aoepldempéretuns curve i the fibms art val ue

cal cul ah%gb SIEQ5h RAt ??NBLirQﬁP?ab‘Pé Sadcdrding tc?‘&ﬁ': égﬂ%dﬁﬂ&rﬁ%fﬁ%@;&%ﬂ?m@%%‘ tion

conditio are 1 n e surtace reac

cr @9s-sect i oREBS. SEMQ)ﬂetgh@hﬁﬂlﬂuSFfé@nﬁV’r@rﬁumé‘ipfﬁth msriepogpitedtoaryaders Nbst r at e
(Si Gz on.eYedpeeiddy it *P@ol@@rh‘ébérﬂfﬂﬁ t88nd BRbSNREAL Hlne HeRas idvepRo@t 740C. The
SEM denonstrates a conformal coverage over less than 0.1 mm w de trenches
with aspect ratios up to 6. Exanple 2 15 This exanple illustrates

at nospheri c thermnal OXI dation process. 20~ dry oxides filnms were grown at
ksl nBseiiR eN op e iR sl oy

950C with a 30 secondbdAlLJL) BESCARIL aver age thickness

of 19.5k wi t RI@- Wehematiculf hﬁwt‘}il@vpfeaﬁﬂe Bot&@% £aped theandl predesting avtaf er

apdat ab FrepAiEEL o Vf;«&em"bt togitieoe et e e BB 00

oxi dat i oasmpnnsematchambaxﬁ@atc(\hﬁ):h atsmgkq@mbsteatm@@ 1sCloadtbdc tTéhe el dﬂﬁ@&afndyer 20

seconds t C
terrperagi?seﬁrgﬁgs’b%aag?f%u%z & lgpgpf)llrt oVi ]%f%g %gl m%§ts 2 a?gﬁr%v?&efi HJ‘t?lﬁl ckness
uni f or niheyuppersend. ofdhq ha@yber 4. @m@bnl@heattlgg alpmmtslxn@udmesmgvawsnaept h

profil eel@fneﬁts%%uplgﬁ i@ Jr sbﬁﬂc&:&%ll‘eﬂ‘ bP ct) t Yo )0 AJﬂﬁth@Hth
1050C. The peak anmount o 8 %nitrogen is in orp rated 1'n the 25 film It
shows that the nitrogen peak is locateg at about 20A depth, slightly above
the Si02/Si interface. Exanple 3 This exanple illustrates in situ
sequential | ow pressure chem cal vapor deposition (LPCVD) of multilayer
filmns (OXI de/ n| tr| de/ oxi de) on a substrate using a hot-wall RTP 30 reactor

Y b1 T 1




“Anultilayer filmof 501 oxide (top)/80~r nitride (m ddle) /40r oxide
(bottom was deposited at 800C by switching the reactant gases from DCS/ NzO
to DCS/NH3, then to 8 DCS/ N20 i n sequence. FIG 7 shows an AES depth
profile of the 170 nultilayer (oxide/nitride/oxide) film Exanple 4 This

exanpl epld |1‘35§fe%r9§1%/%§dre'olf%¥§x‘iz HELERL I inemfe'aharad faeémtkéﬁ%?&dén@g)ftﬂ% the

net resen I nventl1 on | ust current
den3| t ychagtbsud4 1 e E@vnsfele@xqrw%@rtdrlﬁqibermaﬂ S$EEYE yheaties m%%eérf@r

i nventigg u@é‘gf fhie R fesetbR ). bYhdIsbBEma bla’f@lf'@‘ﬁ'ﬁ)e ﬂ_ [8d¥den 2nd drafnbet hﬁ‘or on
Tabl e 2 show t hat

| ect I'til
te hgcorc'st sé%@fo etrﬂﬁf 61“24 19 Jrhwo?lguﬁ?alééﬁ?%ﬁi 'FeGF’VFHP%t gaatséa%%ﬁaérom theihgdmgan)
st agk aﬂ@ﬂnlbl@‘t@?lZ@ﬂ@ lrailﬁ?zﬁ@éf S&?ﬁia&ﬁhédﬁ@ayl%tﬂﬁﬁ&(gﬁ{rmfer 1 heThe gaﬂlremalrp\éﬁmx; ondhave
superior e rirca ertl es e ntride
e Canratise e R ARET thsrBaL S ST o 16 siatpdenttfe pRAGAERAK Bl i s
OLlBot t om Oxi Tiee ixtyw{IKRTR rddcACMD fiithericdmpSkdsamme o2 dAdtthsalaneakidewzils Znneal
30CET VF b
2o ol meladiar SAbTe L ZReARNRIHS SR InE are peRlodi iR 0 (V)
15Asi | ameulmoemlwmandm@szdw&l ozhoclomgkt Mbthéad thelddeyiadlbefdhe
20203031 aeR 2Rt ERhteyd 4l an&%tZ %élNQl@@bxdtﬁe uﬁt%rétﬂfbewlthm the chamber 14.

20A03035. 56629. 8432. 92E- 05- 0. 91717 %
20A203031. 96?*2%81@18611'?6?@@0%119 Sm@é ya t@@hﬁ@w is coupled with an

gggggg%ﬁvaf&b%gfog %gm tfe Q%trsgat%&ﬁaﬁl@raﬁd i sethd SMABRr 14. One or more gas
20A0303‘8lei%§"§‘t‘fe §2FESS%‘73EE*E?7S @%%@%ﬁt%ﬁi%&%mwed to one or more gas

20A203086ni8383(ho€Hdinn) Bl edhv8H & FAIND aOxixtere bT ARXES into the chamber 14. The

200203036 1933 6 H0qBER TR, UL MR, TROLE e SUIRLLAES, another

S usin resent 1nven
dep03| triea\cgarrtmas flpwyend ¢¢nq¢3tratmneth@ttﬂpgtmmmocwmg ugdgomiityrsAnexhaustlinekdifess of

20~ werig e Qaua dt E&%%l%ﬂh&%&? 18 bppdsap tl%’é%%%ﬁl@is% and conﬁ%’é@dfio 3
Electrlcal Prgq;;ertles of the Oxide/nitride Stack and Nitride Filns #HF

ot chOx RIBN£} LHEKHS iR Bisotaubanto ot bropsgEfsdof Rl TR fagotor has been

(V) ~Vo=dederidédAh &g entionSY nbFAkhAed fdythispedifiS GEEN aad 08:9r, Bd L 21l 3F0reBctSré32n0
nono29..93G25. 77G0- 0. 90G3no HF24A dry ox at

HF24A dr X at, 85
858LnorBR63 era@gyggé:@g@pffsg‘mw@ Rdry ox at 850Cnonono31 21327.0730-0
8775HFI GA dinypnexmbbdBEACIDApSsit imroleh BbLRids 6GEThANIRRp0si9MDa silicerde GHF|

GA d .. .

20seca 1 BB SRR RRLEHEbrpH s ASERN e by pating  chlorine: conyaiping siticon

Si H2Cl 2HemBses agd ammongppsing g 2Jow poasswie thef-wal B fv TGACIEF Suchas hbt grdoen
S~H2C1&51If&@@§@¢é\{2,@r&@&§ggaw§ﬁ§g 1130- 0. 904ni t ri de900CI00CIHFNO ox (800C

c) 20A Si gnitri delOHFNO ox (800C. 20sec) 20A Si HANH3 205ecN20
£0) 207 S o Bl L LS LOLEND o | (SD0C 205 DA Uik b
SI H2 Cl2neonedirhded tor Sﬂﬁﬂﬁsmm}(&mﬂ SiCQsHH)1Q m‘*ﬁmrﬂﬁibﬁlaﬁes ec N20

Si anorJBe RNy Pt AR bR SR RO BE ertpb RS B S e 18 Sl 1

093ni t rNHe@Q@QfQ@@M&hqphbzaAl 10, more preferably about 1:5.

S~H2C12nono2f,e g&&;éz ﬁ%r@@@a’hy c&ﬁé@bﬁtrakg%?é'%ﬁe?e% %bh?—&i&'o%k\"s@o G gore
205ecN20203ec2 73925.°4 48nitrid 0C17HFn020A S~HANAI

0% c NAwRlswbiia azr@a@elofg@mt @ﬁb%m 09% g ith 3 gEwstats o€+ Rt 989 3R0SE; heing 2 NH3
20sec N2fos2 95@@2&1. OB R SR 0O dhMaRERN bf (He BoROQATIOAEH AR BA Ty

oxnononggs, 55221, 7390 002090, 8/R20E208 diy. BnanorpRs, 8121 8Gi0
The deposition rate of nitride film on the substrate is preferably from about 15A/min
to 150A/min. The thickness uniformity of the nitride films can be achieved below 0.8% (10).
35 In another embodiment, the present invention provides a method of depositing a high
temperature silicon oxide film on the surface of a substrate by reacting a silicon precursor and
nitrous oxide (N,O) and/or nitric oxide (NO) and/or O, using a low pressure hot-wall RTP
reactor, such as but not limited to that shown in Fig. 1.
Suitable silicon precursors used for depositing oxide films include, but are not limited
40  to: SiH,Cl,, SiH;Cl, SiClH3, SiCly, Si2Cls, SiHy, Si(OC,Hs)s, (TEOS) and aminosilane.
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10. FIGS. 9A and 9B are graphs illustrating GV and |-V curves
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deposited on wafers No.l-6 in Table 5 according to one enbodi nent of the
present invention. FIGS. 14-19 are graphs illustrating V-C curves for the

- filnms deposited on wafers No.I-6 respectively in Table 5. FIGS 14-19 and
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15 This example illustrates atmospheric thermal oxidation process.
20A dry oxides films were grown at 950°C with a 30 second oxidation step. Oxide
films with an average thickness of 19.5A, within-wafer uniformity average 0.64% (10), and
wafer-to-wafer uniformity 0.47% (10) were obtained. FIG. 5 is a graph illustrating the
repeatability test for 20A dry oxide films on ten wafers.
20 A dry oxidation in nitric oxide (NO) atmosphere was conducted at 1050°C for 20
seconds followed by an in-situ reoxidation for 85 seconds at the same temperature. This two-
step process provided 254 oxide film with thickness uniformity 0.5-0.7% (10).
FIG. 6 is a graph illustrating SIMS depth profile of a 25A dry oxide film grown in NO
followed by reoxidation at 1050°C. The peak amount of 3.8 % nitrogen is incorporated in the
25 film. It shows that the nitrogen peak is located at about 20A depth, slightly above the SiO,/Si

interface.

Example 3
This example illustrates in situ sequential low pressure chemical vapor deposition
(LPCVD) of multilayer films (oxide/nitride/oxide) on a substrate using a hot-wall RTP
30  reactor of the type illustrated in Fig. 1.
A multilayer film of 50A oxide (top)/80A nitride (middle) /40A oxide (bottom) was
deposited at 800°C by switching the reactant gases from DCS/N,O to DCS/NHj, then to



109%v&' ()-1 1098 ()- 109%& ()-fUj UoUt UyU} U~Ue/ bCSWE<  10%V&' ()- 10%v&' () -
1098’ ()-1 109%v& ()- 109%v& ()-~UUUUUUUUI J+C 109%VE' ()- 109%vE' ()- 109%V&' ()-
1098 ()- 10%v& ()- 10%V&' ()- 10%v& () - UUUUUUUr S4+C 10%V&' ()- 109%v& () -
109& ()- 10%v& ()- 10%V&' ()-5W8< UUUUUWKSRL+C QYA09%8& ()- ff" 109%9&' () -
109%4V&! 55}4)?5 e gp@gﬁ 0

St 10(@ g ]%%a O/IZ S (?%@% r)lo%)&' \ﬁ%gﬂil[s oJf%e ﬁﬁ)]& r@&#llﬁ})er

S9#1094@t (19/n1216<[1€[/wé¢)\ﬁ1m[ +C  s6@10%& ()- f 510%?/«&' () S3 10984& () -

| . 9%40%& ()- ,,g 1098& ()- - 39* #10%9& ()-9:11111110°Y~vUs S 3" 10968 () S
ssmo%g&a,g 16143‘)/&.0‘)/&.0% =t 10%9& ()- S & 109%9& ()-- , &9109%& () - Y AR S

%409 D 109 10984 993 0%?/

s 3" 1098& ( %xamg%fﬁ&% h%ﬁ%/ég%f& 00%11 ‘f%c&/é‘@é «&' () -
%4 GOR/&tHe) re%ﬂﬁﬁﬁnt(drr aaaada( a, a_’>vU4 ‘%iO%P/&' O)- ‘%iO%P/&' () ‘%iO%P/&' O)-
O/<10°/(‘P/«&'()- % Q& (g- %409 '.(%- a3 DaGa %40%& () -
%40W& () - Jﬁg%&é“’( r?Pféﬁg‘é%”’( SR %Yer “%gf §S54f °f° s S5 0opre ()-
94 098/ fqrmed iy OBBBiefont itxkAAS®Aa(J filmd @l Y prl@ﬂz@%?&h@)is {Baaaaal]smw
VL0V o{oh AR S IOI e ot GRS 1 PR RIEikd 2 RAPARR RS basea

nitride films fabricated for thin gate oxide-nitride (ON) stack applications according to the

10 method of the present invention have superior electrical properties when compared to the

silane-based nitride films.

Table 2. Electrical Properties of the Oxide/nitride Stack Films

# | Bottom CVD NH3 | N20 | CET (A) | EOT (A) | Jg(A/em2) | Vib
01 | Oxide Dry Nitride | anneal | anneal | @Vg=- 29.203 @Vg=- V)
Oxide 11A Silane 0 30 2V 1.5V -0.938
20A 34.764 2.33E-05
03 | dry Oxide 11A | silane 20A 20 30 36.074 30.331 8.72E-06 -0.931
09 { NO Oxide 15A | silane 20A 0 30 32.952 27.456 2.77E-04 -0.918
11 | NO Oxide 15A | silane 20A 20 30 35.268 29.637 2.37E-05 -0.917
15 | NO Oxide 17A | silane 20A 0 30 35.566 29.843 2.92E-05 -0.917
17 | dry Oxide 15A | DCS 20A 20 30 31.967 26.648 6.67E-06 -0.897
19 | dry Oxide 15A | DCS 20A 20 30 34.217 28.745 9.11E-07 -0.886
23 | dry Oxide 15A | DCS 20A 20 30 34.157 28.678 1.05E-06 -0.879
25 | NO Oxide 15A | DCS 20A 0 30 36.134 30.544 3.07E-07 -0.868
27 | NO Oxide 15A | DCS 20A 20 30 36.838 31.208 1.91E-07 -0.865
31 (NO Oxide 17A | DCS 20A 20 30 36.793 31.143 | 1.18E-07 -0.881

The following Table 3 summarizes another set of experiments using the method of the
15 present invention for depositing multilayer films on a substrate. Nitride films with thickness
of 20A were grown from DCS and SiH, on silicon substrates.
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nltnde (wafer No. 15). The current density of this film was 5.02 x 10 A/em? at -1.5V (FIG.
10B). FIGs. 10A and 10B are graphs illustrating C-V and [-V curves respectively for a film
deposited on wafer No. 13 in Table 3 using prior art methods. For the 20A silane-based
nitride (wafer No.13), no capacitance accumulation was observed (FIG. 10A) and the current
density was 8.12 A/em? at -1.5V (FIG. 10B). The comparison of the electrical properties of
the films on wafer No. 15 and 13 in Table 3 and FIGs 9A-9B and FIGs 10A-10B clearly
reveal that the DCS-based nitride films of the present invention exhibit better electrical
properties than the silane-based nitride film. The superior electrical properties of DCS-based
nitride over silane-based nitride films may be attributed at least in part to the ease of
stoichiometry control of Si3N4 and less hydrogen incorporation in the deposited films
achieved by the system and method of the present invention.

Table 4 summarizes another set of experiments using the method according to one
embodiment of the present invention for depositing nitride and oxide films on p-type
substrates. Nitride films and dry oxide films with thickness of 15A were grown from DCS on
8" p-type prime wafers to form NMOS.
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in Table 4. Table 4 and

FIGS. llA 11B and FIG. 12 clearly demonstrate the superior electrical properties of the

dielectric films deposited according to the method of the present invention.

Examp

10

le 5

This example illustrates another set of multilayer dielectric films formed according to

the method of the present invention and boron blocking effect of these films.

Table 5 summarizes the experiments according to one embodiment of the present

inventive method for depositing nitride films and nitride/oxide films on n-type substrates.

Nitride films and dry oxide films were grown from DCS and SiH4 on 8” n-type prime wafers
to form PMOS.

15
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