; WKe3eLl <""6RT1606399 U SA TI TLE OF THE | NVENTI ON: PROCESS OF CVD OF Hf AND
Zr CONTAI NI NG OXYNI TRI DE FI LM5 BACKGROUND OF THE | NVENTI ON [ 0001] The

sem conductor fabrication industry requires materials and deposition

t echnol ogy adequate to deposit netals, netal m xtures and nmetal conpound

m xtures in thin layers, plugs, vias, and patterns on sem conductor and
insulating or dielectric 5 substrates to nmake appropriate el egssogaisA
devices for integrated circuits, menory devices and flat panel display

devi ces. [0002] Various techniques are known for depositing netals, netal

conpounds and their mxtures %@Bﬁeﬁ[g M\ENHefEronic material s
i thods sp I

substrates, including;, physical nme uttering, nolecul ar beam epitaxy,
evapor ati on anPRAEESSADF SMDAF HIIANE ZnGONTAINING EXYNITRIDE/EBMS deposi ti on
(pl asma, photo or | aser enhanced). [0003] Chem cal vapor deposition (CVD)
has gai ned favor in recent years due to its properties of providing uniform
and confornmal deposition and its ability to deposit an array of materials
under highly controllable conditions. Typically, chem cal vapor deposition
can provide high depositi oBACKGROJINDHDgRHEUNVENTHRNerials in a control |l ed
15 fashion. [0004] Zirconium and hafnium oxynitride gate dielectrics and

zi rconi urfpadt] HEfensamicenidiicton fatwicgtion intidsrygageirasi reatedals ppd deaositigfeen

generate | tipl 1 > g J it :
depostt | qrehnefRdydoBafz 16 BESG meg Blsdmete? Bt B} aGRARAcoRfbouRl FifTBres i
const ant shinhayers,phwsnviasrard patiernedn sanmicomiuctsxiadd insulaging ot dislegtrisl ectri c

I d 20 th b ' , . i j j h
pr T or Sar CUPFYalEt PRk 2PebFp e S e n R A e T EBh Rt ctel |
zi r coni urararfeit pafeiidisplay>davicesi de and zi rconi um and hafniumsilicon

oxynitride dielectrics are as follows: [0006] US 6,503,561 discloses a
t her mal QOW02r odarsis frenhnidues depkrxiwn fondeositingtmesale, metafeerapoynggdnd on a

bstrat I Qr . ] : - al. i
ot eour soror RS SneBglacfiats dbcidlcinBlerHtSuBErBE, ol ohi e el B
-1 |i gapdttering elcteduésl beawrepitary, &ivagdration andiieser abidtioasalloyimgi arg, nitrat es,

fil uqhi necg‘g%%(g%ﬁogtqebgﬁﬁé{g@%ﬁbh&é dr s E}] 8e‘){atpori zation zone and the

sol ventl e gen prror deposition of the

mul tiple I VA ; 7~ di rmati on
of hatni Jogod, é@%@%ﬁ&%%ﬁééfﬁogg'h%@gﬂgyh% ?a.'ﬁez&*gg?@“3%%*&2???8233‘;ﬁ%| asna
deposi t i gopetties pirpacedisg iuniddrodarsd candorpiahdepositiop @pdtits aRilibf togleppsitami um

silicide i i S i J ygen and
it rogen eyt MARlF L e BRRRRLAAR Al BB RYBEAY, PriGaN\BaBLY IR0
anneal ed depositiomcarogiosideihigh depositiohcates phivigh gty mMatrials inrdl eendi@eed and t hen

annqued fé%ic?r? oxi di zi ng at nosphere. A CVD process is disclosed for formng
the si'licrde l'ayers. 10 [0008] The article, Thermally Stable CVD Hf OxNy

Ad d . ' / ' , LE

O 7505 7 A4, FFQEEHLHRE Mot HllsepERlefochct Shi o foni i nclraRium
wher ei n ailicen oayiitide gateydielattrios hafebaan ganetaied by Muitiple PIRCeSSERi &8 gas and
anneal | ngPuflEBaRobf das P ehdellR B SHbrRbefilEThet RS aftha Akt on

t enper at wigedfic tGnstardstiadEonverdvod. thémed sllicamoxideorgilinon steleaisiaiapers, andf 02

was posi using 02 and the sane precursor followed by post
depoglsti Ehégﬂﬁgéﬁﬁﬁ%g%m EF SUMVARY OF THE | NVENTI ON 20 [0010] This

. ti ; T h _ e
onyers - IO SRR TRIIN 010 o BRSSP En Tttt ||
(Zr (Si) zafyjuramoetef{Bs) zCrNyin and haible oynitrigeeandrziepriem and hafiwpSileani ons
such as (Hx%iﬁfbrerdiéie%ﬁéseére a‘gr}gno\(,@srzl able (x), the variable (y) and the

variable z are posrtive nunbers greater than 0. The inprovement in the
ProCesS Gy S5S 6,503,561 discloses a thermal CVD process for the deposition of multiple

25  metal layers on a substrate from a solventless mixture of two or more metal ligand

complex precursors, €.g., zirconium, hafnium, aluminum, germanium, etc. where the
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25 (a) formng a reaction mxture in a chem cal vapor deposition chanber by
introducing a Zr or Hf containing precursor, an oxygen source and a
nitrogen source to said chem cal vapor deposition chanber w thout m xing of
the Zr or Hf containing precursor with the oxygen source and the nitrogen
source prior to introduction to the chem cal vapor deposition chanber; and,

30 (b) cq,ggﬁ&fsigggécf]eosﬁg}ﬁw@é@ygwiﬁ\megh@nrd@gq’@ainaes,mitveuew,ﬁuaﬁneebewteéﬁ
e, e.g.,

tenperatu a tenperature between 300 and, 700C ; xher

wher eby diqZid isjactiorfto @dfiash vaperzation ﬁ?ﬂ%a%'gS@@@Hﬂess m'ftb%l'%l}[]%x@]e\q/@ﬁ al

advant ageg é?,p%,% t@ﬁ@%@ﬁ‘{tﬁﬁ\ &¥nd MBItBROABEScAIRSSUNt®er. t hey include: an
€ a

ability t nerate @ Ity Zr/H oxynitride filnms and Zrl Hf - Si - oxynitride
films: anodbhl |5y 6l1ldROAURASRE teotorfiidresiatmirh adenomium SRCOMNt o t he
oxynitriade | m87 "an ability to use a chem.cal vapor ﬂ&gg l1“:}@9angrocess to
ef f ect depgsitridecgate Bielastrigsibyipiasmardepositign) QRePEFEr 1G gro ;Tsslwand

mai ntain g | : : iy &k Usirh eatrenindeyaisios pimege Hralidfing
oxynitri &%pPQWWaﬁg"@W%@?B%@?ﬁ% (ge il r?s;l.alnd - ?'IE]U ¥ eQidyr oduce
qual i ty faxygen and aitrg'gﬁrgleeg-pN@eéB§”§"ﬂ‘ébme§ﬁpE§53|§é'§eﬁzF'llfﬁ‘$€)% &F?ﬁE %@El\m ON
10 [0012], Al ARG o Hr Witogeh BAE thebxammietleddrahi | s at
vari ous t'%%g’r”gcg ur‘é@gia{nrﬁ%%ngeﬁ? akﬂ@bgl‘r}f e g@agure. DETAI 'bEEEH@E?SCRI PTI ON OF
THE | NVENSKidDNng Btni@Epbaie. ThCYD rPfO@?ﬁSi'%H'SP'eggq{% FENGINE FIFSFINET i n
processes for depositing Zr/H oxynitride fil and, Zr Sl Liride

fi | mstoon [aoeaibsTmeaaréclsu%hera@/laSéﬁq_/e eYR Ry %P”iﬁde_g?/ﬁ@%’ﬁffé’gﬁyﬂ’ﬁ or
devi ces. ,#&¥.t§r7’%zé IB%%?%%J ?Eg%]ﬁiﬁ?ca DL 3 ZaaH /o8y mob Cydistibsessthea reacti on

mxture is I vapor deposition chanmber co rﬂ'éﬁled of a
Zi r coni unfoonatiafofiHIOXNY Byersswhgrein aetralgdathyaminenaf Ay L CEWTEER "4 0ér ce and)

in 20 prepari it HdoBihefmiGVE wlowee by pestrdémsitidded t o
t he react%ﬁér%&fﬁﬂdgmr%w%H@éﬁ% de {I/ardiﬁét

H%QOf zirconi um and haf niﬁjm
pr ecur soranrealin@atrBaioL00t@aky the peocesgdhel HEQNYE drwyal H1EMRATRYERYT ng t he

process. .[The in zi rconi um and haf ni um chl ori des, zirconi um and
haf ni afﬁqrﬂgg.o tbgh@g:e'l i gands for zirconium and haf ni um precursors incl ude

the C _e alkyls and al koxides: si [ j ' {hdeame25
azi des, -Oppﬁ efa E%P%E@HF&@WQ%&/F@Z g%%d%b%hgﬁgf?da%%]fﬁg ?dydTi tha

pr ecur sor presursbefeiiévéd byapitelpositordaririealisg. [ 0015] Specific halide exanpl es
i ncl ude zirconium and hafniumtetrachl oride, and specific am des include

t hose sel ected fromthe group consisting of dinethyl amdo Zr(N(CH3)2)4, or
Hf (N(CH3) z) 4, diethyl am w % )T?A__ﬁ)' 2CH3) 2) a, 30

et hyl met hyl am do Zr[ N CH%—'!% %4, % h(\)g—n\g%%*( CH3)]4, or, butyl

am do, -3 | propyl am do, neth ' FRYHg AnarfioHs Specific
al kox?r*Q:les[Ole]gj sip'gé'?"@&mf”? %‘F%@%{i%ﬁg‘ﬁe@%@péﬁ%w .&r Qp?ox%, and but oxy
Zr ( OCAHI) dxyoitridt {IRISABRDMNy and HOxNy) and Zr and H silicon oxynitride films (Zr(Si)zOxNy

and Hf(Si)zOxNy) suitable for use in electronic applications such as dielectric gates. The
variable (x), the variable (y) and the variable z are positive numbers greater than 0. The

improvement in the process comprises:

25 (a) forming a reaction mixture in a chemical vapor deposition chamber by
introducing a Zr or Hf containing precursor, an oxygen source and a nitrogen source to
said chemical vapor deposition chamber without mixing of the Zr or Hf containing
precursor with the oxygen source and the nitrogen source prior to introduction to the
chemical vapor deposition chamber; and,

30 (b) contacting a substrate with the reaction mixture at elevated temperature,
e.g., a temperature between 300 and 700°C in the chamber whereby a Zr and Hf

oxynitride film is deposited.




-j0016] A wde variety of Si precursors can be used when Zr-Si and Hf -Si
oxynitride filns are desired. Preferably) the |igand of the Si precursor is
the sane as or simlar to 5 that enpl oyed for the zirconium and hafni um
precursor to produce Zr/H Si oxynitride filnms. One type of silicon am de
is of the form(H)XSi(NR‘ R2)4 x where R and R2 are C,_e alkyls and x is

h 0, A i f df

ig:[ :g\l Eﬁggg )&13.S§y?rﬁbg%\f£n§qeﬁ(%péﬁ%&ﬁ§§' s Bq’éﬁ{enﬁﬁ %ﬂzsguzsé) A Eﬁ%i g]r 2
|

The | evel 10 a§’i‘"f‘¥*@cﬂ?"5ﬁi‘58i”%‘éﬁgm ??58’“@ or ni r@fﬁ'\ek%ana and Hf - Si

tride fil t. the di
posi i ve. ahen s Ginepo gl g #%%?“@EQ%*‘F#@?@@S?%S’S@S“ (85371 1n the

CVD process des;:q @y Ouhsgqe éé@é[mlé%%ggl rtecljeg)lgglggﬂ Efd&@?&dtof afctt bspdshienani de. it

affords the afnad i rconi um and haf ni um
oxynitride filns and 15 zircon Wivdredgubstrare) on a
subst Pat e suci‘f1 a‘ﬁ &F?%ar#‘)%%#é@rg{ur%]@r éJqJt:és':t?dr {arl.ﬂtaﬁe\r@%]re](r?p)flgratureess ﬁ : 400
to 500C, téypéra@lré whah depoditigir/dioxyoitride flioe a8y ZdbrSEA0NEAge Tisy 888 and
nitrogen sources may be used in the formation of the Zr/Hf oxynitride filns
and Zr/ Hf - Si - exyailtty toderofiudengualiipditme in 3 60edBOcassIStRR: oxygen, water, NO2,
NO, N20, ozone and air while nitrogen sources include the an de, ammoni a,
20 NO, air, N20, NO2, N2H2 and so forth. For ease of operation and control,
oxygen and amroni a ar e &Y bedcRPHOR @#W@wmhwow ogen sour ces
respectively. The nitrogen/oxygen source, NO typically requires higher
procegsi ng tenperatures. [0019] A key to the successful deposition of
quality N Lrd [ filmtkeatfviatio®s on a substrate
such as ibéﬁll co @\%Mé‘gq%% dé@m&%f@@g'?%gggfﬁ??on is 25 the delivery of
t he precuesperat@psirgpertgntiversul deroperatuce | vapor deposition reaction chanber
fromthe oxygen source and nitrogen source, i.e., wWthout prior mxing. The
use of separate delivery lines enables one to elimnate m xi ng of the

precursors wi th the prgjsoynEb HAEMRBHIONF PAEINVERTIGN the oxygen sour ces
prior to entering the reactron chanber. It has been found that prior m Xxing

of thl% pgﬁ@i\’;gsofmwn&@m%n%% cfot%atnhﬁp%ﬁgﬁaﬂt Bbrodes8bs fdb@@ﬁogwm al t hough

commo rocesses, lea to reaction prior to reac

Waen t hi soﬁyamm{ﬂmStané Zoleth SPrynitride Himsry 2 sestiale SHR i g ?'l"%’% "t’ar}F’ %{:ont rol .
-4 100 iPAEmA D n{t?ﬁ@evﬂ%@ ‘?ﬁ’ﬁ‘% ﬁﬁcetsg%rme%%lhwzhﬁf Stynitiice filhatai t is

possi bl e 10 conS|s I eve l evel s of nitro en i n thg gxynltrlde
film On raactmmnvctur@@dpsnemlntth%@mlp@‘vfépgf depositipn CRaMY8 (RENRAPPAOhat he

formil a Z{u?éH}GmO r Hﬁffr%%ré&r% ﬁ‘rgé@ﬁ"s@tfrcé ahél bR oIRREY ﬁiuk)e &%, &ﬂd above.

Typi cal | y; can range fro he value x 1.n the X?rag

f r om200 tmew;ngaZdHlf(ﬁlgixymtrlﬁi@rfllm%\lQ@@%é’rﬁe%’éscﬁ&é‘i’%ﬁdéa ﬂ?ﬁ/reéB{lRWWf Y- t he
oxygen level in the reaction mixture. [0021 % The fol |l ow n Sxanples are

i nt ended [0014) | Avddeavasietnef ZrgeniBmpand NAKHER REFCUHRIS CAVBINNG gﬁ%l e 1: 10
Deposi ti gﬁfésémbld\slletz‘lr@GﬁleLﬁldn@afmum

Hf [ V( CHZ%&?%]Cghlogﬁfgﬁw %@%&ﬁbo'}@bgﬁ% -i 3, %—8(2‘3%% A li UI d recursor

mi xt ur e cangideseroonium andhafeiughamidgs. Ot liggndg IAL-4 F’T N( CH3) 214
respecti v e¥u %I@é@ﬂ@@ e%l \Garld élkﬂx‘ihe@eénlo%ﬁféy fiaides, h@dﬁ@a’t mnegl zer and
del i vere feactio anber using a sccm f1 ow l v&tp gas
15 tmsougaznm nitjatast oyclqrnerm@adlem/éﬁs apd aaboayls- hﬁf%ﬂeg‘yr%‘?é’“’v&ﬁ‘i’%ﬂﬁ ILIgET  ai sed

or | owere %ng%dq%ﬂg m x conprised of up to 15 sccm 02, up to 15 sccm of
u

NH3 and sccm He dilute gas was delivered separ atel y to the
chanmber, th &fid HaiiB 'eQémeestﬁEﬂJdéxilr@@ﬁmm@ﬁdhﬁfﬂuNﬁétr@@l&ﬂrdeIadi fromthe
precur sor |nj ring fusion &ate whi ch La rals d or

| ower ed SDe@lfpr’a@aidfﬂ%@ﬁ'Udﬁ@QSﬁlSG&@te@ TRy herHaer %‘Ef‘séﬁt'”ﬁo "0 rate 20

(300 - Er}g@{%%ﬁ‘? goPﬁﬂﬁggﬁ M%n&tﬂﬂtaﬁhcﬁﬂ ngNtdtHZcfHS)z ).Qr WMCINQGHS)Q)et ernined by

RBS. The ¢ ressu orr a) ntroI

val ve30 Uséthgnfatiyhemigo ZINEHE Hae he)b2 ol P"&@"bﬁgh‘? I1<1I'-I§r gHH @'n OnUni n
precursor, the filmconpositions as represented in the graph of the draw ng
were realized at the indicated estimted wafer
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.tenperatures, i.e.) 410, 430 and 450C. 25 [0023] The results in the graph

In the drawi ng show filns having nitrogen |evels of greater than 10 atom c
% up to about 28 atom c % nitrogen. The graph also shows that it is

possible to maintain a | ow wafer tenperature, e.g., from410 to 450C in the
CVD chanber. _5 Exanpl e 2 Deposition O Films Containing H) Si, Oxygen

And Nit ft@rmkd)didia ©6gigtted | d
ppeculr S(r)t%%ﬁ?g%'hjg':ng& %ﬁ\l}ﬁ&@ %%n‘}do ?wr%hﬂ& e H}I@é% )]221 a 5I gﬁh
Si [ N( CH3¥rohfQne esqecmetheky, elleexyt W@ﬁ@’ﬁblﬁﬂ@ utpxy fpgﬁﬁ&?“ gk o a heated

d del dt CvD t h fl f
ﬁi‘piagéﬁr{gé‘é]t i cidglvadietyich SoptearsPIS G SO ISR Al ﬁf&%fs??wﬁ?‘ég‘m. oh can
be ol SeRs aleQURYES: PAfla Bl AABlgENY pEETE biedrsof sine bamB@sarsimiBE fo up, {0 5

sccm of | ute gas was deliv , PS aral er to
t he Cbanbleat,enapwywﬁer teatzrryorpm‘nmnddﬁfmlﬁé Pﬁﬁﬁuéeé)rﬁlm E’@dH‘fex?'h r'e \/92@ %epar at ed
fromthe é@"r‘e'(m gw&(ﬁ Pg@{”? mided oPMhedofth [H)S Nr RB), 3K/\thevdﬂﬂbéhdtlaﬁbrb ®a rai sed

or | ower OX|dants Were r eact e trate

(300 - h?(gm(hy@)n%rtdax lartbel integelr ol nrszob&téusneei@c farm oggilicey a'&\ﬁ’& '?\Fgég‘ﬁg?’ F'hi ned by
RBS. T 3)%l4,
Con o1 “4Er BRGNP ISP A AT SR OBRE S 2
L 0 0.2 nuAsqmcgfzeelg)g J5,CHSIEN(CE4OHL )Gl ﬂlﬂ%@é@ﬁéh&t%h?ﬂéé 4Ha>t?ed 'Ie Che

t 0 500 |
bt aitlod. O BaN PR BB P B B 2 A et N 1 1 6

Fon Cont ai_ni_hg d rogen
20 Usi ng diidre(coet @shia] desider, iand iBlpesitiyeahe) Zwﬁ@r&%c%'cﬁ]&g%@ﬁéké ‘%e 1is
fol | oned except that Hf[N(CH2CH3)2J4 was transported via |iquid delivery to
a heat ed RIAP8*“2er and delivered to a CVD reaction chamber using a 200 sccm

f1ow of gsgﬁyyee,g ST AR BRI SR Fopob SR EhobOYiS thoemidtisk r at

whi ch ca OWer e t1on occurs and é:’le]_tﬂl um
oxyni t ri ceffordd ﬂrn‘elabllltyrmmﬂfeetﬁep@emapézlmﬁéluawﬁ)'ﬂ@”@”{%26‘]' @S " cedur e of

Exa rrplrsg Céégé@&{%ﬂ%ﬁ wﬁéﬁ?@é ok IhifRGE BIEAIC 8 skibdtiatd Beendsos siflsbnewartr at bwpi cal

GFE0T &tT eam and oxi dant stream 30 cont ai ni ng
ammnl a I@bd@éﬁe\xemadramgatd@r4mmmmh0atysln@liue&ti¢é§alowf[t%'ﬁon- Wien this
configuration is tried typically there is either no deposition. or tBere S
ei ther nofoo18]i NGbyrEntiomzokygEnt arCyENoGancINURASANORE KEa RS Tormatio YHBRigh not

tend t
£ cul 3o Rkt S ARG PR SEERIRRGE M. lygRh shikces b O gerue to @
pr ocedur ewatbr, RGUIPICGE N3O, szasrcematmdwmiecmtbogaﬂmuf@ssl@@w%ﬂhﬁza@ﬂd WBPREad i s
t ﬁidp%'ogcﬁfﬂéﬁé‘wé@ i\iﬁmﬁsﬁz% %o BAnCFof ?&mefaﬁoﬁaﬂdkbﬁr&r&@géﬁam i.e.,

ai-ning streans are delrvered through
al t er nat i frambalaesge iprefémed as the oxygen and nitrogen sources respectively. The

nitrogen/oxygen source, NO, typically requires higher processing temperatures.

[0019] A key to the successful deposition of quality Zr/Hf oxynitride films and Zr/Hf-Si-
oxynitride films on a substrate such as a silicon wafer by chemical vapor deposition is

25  the delivery of the precursor separately to the chemical vapor deposition reaction
chamber from the oxygen source and nitrogen source, i.e., without prior mixing. The use
of separate delivery lines enables one to eliminate mixing of the precursors with the
protic nitrogen sources and with the the oxygen sources prior to entering the reaction
chamber. It has been found that prior mixing of the precursor with either of the oxygen

30 or nitrogen sources, although common in CVD processes, leads to reaction prior to
reaching the chamber. When this happens, the deposition is ineffective and difficult to

control.



.shower head. Fil mdeposition occurs as in Exanples 1-3. 10 Exanple 6 [0029]
The procedure of Exanple 1 is followed except the hafnium precursor is
haf ni um chl ori de. Al though these precursors are acceptable, their use is
not w thout problens. These precursors are solids under conventional
conditions and therefore present difficulties in delivery to the chem cal
vapor depositi chamber b { herirPk thatesis ppssisignsors with
anmoni a E%ﬂ?oﬁ e&rjnletaqz‘i’ﬁm?ﬂ%ak@ﬁnﬁ#’é{ﬁgg’?édg‘%ni um chl ord')ge parti %I es in the
chanber whhgidiemtyeachiveihignieesls pbnitragenyindb@exyitrige fim. (PR A0ABR. 25 7
CLAIM5S 1. In a depositjon _pro rFroR Sy dr FEORUY @Xsom tnowlef fivd ton
sel ect ed "R {YESyBu ec"Sﬁ’s"’.@ﬁ"ﬁB‘;%'mE% ana o:%(ééni)%ri de fil.m éftTfllle
process \WaheralieSvHridsstbve 5 Typicdllyr yoayrangedaest 1010 3%t IPe VRIeX R ARG
vapor _deposition chapper. b i j R4 6§ @bnied lof eiceskybeom t he
gr oup5coﬁ%'?@tff%4§ft° ggﬁjthgﬁggﬁt}‘eggér%@a/ﬁe%n% Fecur so? in gaseous formto
sai d chemgvepin tN@psHctilepddirel on chanber; and, (b) delivering an oxygen
source and a nitrogen source to the 10 chanber separately, such {tkﬁat m Xi ng
of said gaomgn THedsiavicexasaples aietintegded toollustataarioue ﬁ@bﬁp@&‘i&% Boes not
t ake pl ace Br,i or to delivery to the chem cal vapor deposition chanber; and,
B. cont actV§ Ejorf'he resultant reaction mxture with a substrate in said
chem cal vapor deposition chanber) Eﬁérﬂ ,Eqbstrate heated to an el evat ed
tenperature to effect 75 deposition o ? e netal oxynitride film 2. The
procags of O ai m 1 DeipesitomOf FimeQoatainimaetiiShdPxyaen £O0iNEPLRD i n gaseous form
to said chem cal vapor, deposif i vl 9 dpedywi@pbout 10 Torr in
pressure. 20 3. The pr%%@@gﬁwb%gﬁ%ﬁq%ﬁkg%%m4"5_%e subs%)rat .E'"{]e ted at a
t enper at yoe2d]r o id ptegurdodDixtdre chwriped el 3:20reightdatia af K é‘%éIZ sl net al
precursor_is. r 4 oam iRNiQGia IRy fd #hBatédwagseien the Zr
a0 S Cek e el Rpol oy R IRgE IRy e

or Hf am e group consisting of Zr[ N CH 2)4)
z % N g-l_é?ﬂa)de@lrﬁes bilfo a DVENE@M) ey gl LR CRAASD ag!owf[ Wm _dcm) )4) or
a o .t EOG XHIBEH oft[tvehéd.r AGEN
sour éé i stg%Qé,gh ﬁQW%&O#;WQ\@géeg?bgﬁ%hg}%%%@é g“?‘ré& aﬁr%%4 wherein the oxygen
source i Ssoxitant MBOcorFisediof HRER15 scpm O281p WHS 3eemcd NHaANdYPerA0P StA&Y ei n t he
ni trogen source is NH3 or 2H4. f ﬁlln' MhSInMIERE bRida e
oxygen sd'?u‘? a‘ﬁﬁ‘? 93%5’3538"‘?35%4\‘?1‘?%%}%5ﬁa—{s}%u%g{b%@sﬂg&%_ 10" 'rl]'he. process of
d ai m 5 whigfued Was separatarram deLprecursorsnjacidetng by a ifusiearmlataw Id
deposi tigon chanber for form : Ik hivebft® dubkfiatell. The
process 3?9 ESEF AT %%r@??1p@%@'%glz%?dgéﬂ&%nr%{gh}rés:%raCtlgg}éghs_i [icon ami de. 10
20 (300 - 700 °C) to produce films containing Hf, Si, 0, and N as determined by RBS. The
chamber pressure was held at 1 Torr using a pressure control valve. Using flows of 5 to
10 scem O, and 1.85 sccm NHzand 0.1 mU/min precursor, the film compositions as

represented in the graph of the drawing were realized at the indicated estimated wafer
temperatures, i.e., 410, 430 and 450°C.
25 [0023] The results in the graph in the drawing show films having nitrogen levels of

greater than 10 atomic % up to about 28 atomic % nitrogen. The graph also shows that

it is possible to maintain a low wafer temperature, e.g., from 410 to 450°C in the CVD

chamber.



12. The process of Claim1ll wherein the silicon amde is of the form
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the substrate which can be raised or lowered. Deposition occurs and a hafnium

25  oxynitride film is produced.

Comparative Example 4

[0026] The procedure of Example 1 is followed except in accordance with the
procedure of a typical CVD process wherein the precursor stream and oxidant stream
30 containing ammonia is delivered together through a showerhead.

[0027] When this configuration is tried typically there is either no deposition or there is
either no or insignificant nitrogen incorporation in the film. Although not intending to be
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Example 6

[0029] The procedure of Example 1 is followed except the hafnium precursor is
hafnium chioride. Although these precursors are acceptable, their use is not without
problems. These precursors are solids under conventional conditions and therefore
present difficulties in delivery to the chemical vapor deposition chamber. In addition, use
of these precursors with ammonia can result in the formation of ammonium chloride
particles in the chamber which are detrimental to integrated circuit production.
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5 A. forming a reaction mixture in a chemical vapor deposition chamber by
(a) delivering a precursor selected from the group consisting of a
Zr and Hf containing precursor in gaseous form to said chemical vapor
deposition chamber; and,
(b) delivering an oxygen source and a nitrogen source to the
10 chamber separately, such that mixing of said oxygen source and said
nitrogen source with the precursor does not take place prior to delivery to
the chemical vapor deposition chamber; and,
B. contacting the resultant reaction mixture with a substrate in said chemical
vapor deposition chamber, said substrate heated to an elevated temperature to effect

15  deposition of the metal oxynitride film.

2. The process of Claim 1 wherein the metal precursor is delivered in gaseous form
to said chemical vapor deposition chamber at or below about 10 Torr in pressure.

20 3. The process of Claim 1 wherein the substrate is heated at a temperature from
300 to 700°C.
4. The process of Claim 1 wherein the metal precursor is a Zr or Hf amide.

25 5. The process of Claim 4 wherein the Zr or Hf amide is selected from the group

consisting of Zr[N(CHQCH3)2]4, ZT[N(CHQCHa)(CH3)]4, ZF[N(CH3)2]4, Hf[N(CHgCH3)2]4,
HfIN(CH2CH3)(CHa)la, or H[N(CHa)zls.

6. The process of Claim 5 wherein the oxygen and nitrogen source is NO, N;O or
30 NO..
7. The process of Claim 4 wherein the oxygen source is 0., H,0, O3, or H20..
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10.  The process of Claim 5 wherein a silicon precursor is added to the chemical

vapor deposition chamber for forming a Zr or Hf silicon oxynitride film.

11. The process of Claim 10 wherein the silicon precursor is a silicon amide.

10

12.  The process of Claim 11 wherein the silicon amide is of the form (H),Si(NR'R?)4.x
where R'and R? are Cy alkyls and x is the integer 0, 1,2 or 3.

13. The process of Claim 12 wherein the silicon amide is selected from the group
15  consisting of SI[N(CH.CHa)zla, Si[N(CH2CH3)(CH3)la, SI[N(CHa)2l4, HSIIN(CH2CHa)2ls,
HSI[N(CH2CHa)(CHs)ls, HSI[N(CHag)zs or H2Si[NH(CsHe)l-

14. In a process for forming a metal oxynitride film selected from the group consisting
of Zr oxynitride film and Hf oxynitride film on a substrate, the process which comprises:

20 a. delivering a precursor selected from the group consisting of Zr and Hf amide
precursors in gaseous formto a chemical vapor deposition chamber; and,
b. delivering oxygen and ammonia to the chemical vapor deposition chamber
separately from the precursor; and,
c. contacting a substrate with the resultant reaction mixture formed by the
25 delivery of said precursor, said oxygen and said ammonia within said chemical vapor
deposition chamber, said substrate heated to a temperature between 300 and 700°C
thereby depositing the metal oxynitride film.

15. The process of Claim 14 wherein the Zr or Hf precursor is selected from the
30 group consisting of  ZAN(CH:CHg)ols,  ZN(CH2CHa)(CHa)ls, ZIIN(CH3)2l4,
H[N(CH2CHa)2)s, HIIN(CH2CH3)(CHa)ls, and Hi[N(CHs)ola.
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(c) delivering an oxygen source and a nitrogen source to the chamber

10  separately from the Zr, Hf and Si containing precursors; and,
(d) contacting a substrate with the resultant reaction mixture while in said

chamber, said substrate heated to a temperature between 300 and 700°C and the Zr
silicon oxynitride film or Hf silicon oxynitride film being deposited on said substrate.

15 17. The process of Claim 16 wherein the Zr or Hf and silicon containing precursor is
delivered in gaseous form to a chemical vapor deposition chamber at or below 10 Torr.

18. The process of Claim 17 wherein the Zr or Hf and Si containing precursors are Zr
, amides or Hf amides and silicon amides.
20
19. The process of Claim 18 wherein the amide is selected from the group consisting
of N(CH,CHa)z, N(CH2CH3z)(CHa), N(CHg)2, and N(CHzCHa)..

20. The process of Claim 19 wherein the oxygen source is O, and the nitrogen

25 source is NHj,
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