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WD 2004/ 017378 PCT/ US2003/ 025739 ATOM C LAYER
DEPCSI TI ON OF HI GH K METAL SI LI CATES 5 CROSS- REFERENCE

wd oRiel BATED APPLI CATI ONS This application is redBUSH03025739

to, and clains priority to, United States Provisiona
Pat ent Application No. 60/404,371, entitled Atomc
Layer Deposition of Metal Silicates for H gh-k Gate
and Capacitor Dielectrics, filed August 18, 2002, the
entire disclosure of which is hereby incorporated by
reference. This application is also related to United-
10 States Provisional Patent Application No.

60/ 396, 723, entitled Atom c Layer Deposition of

Hi gh-k Dielectric Films, filed July 19, 2002 which is
hereby incorporated by reference. FIELD OF THE

| NVENTI ON 15 The present invention relates to the
atom c | ayer deposition ("ALD') of high k dielectric
films of nmetal silicate, such as hafniumsilicate.
More particularly, the present invention relates to
the ALD formation of netal silicate froma neta
organi c precursor, a silicon organic precursor and
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facilitated in large part by the shrinking dinmensions
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However, conventi onal @gate dielectrics suffer from

| efakigle lsmﬁ:aebryemcammﬁeti VY deferearenthis applicationisialgodrlateddo United
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ijffﬂgh-fk Dz’élehﬁcllﬂ’zf;ﬁu; fiseddiulyar g ebe2 ahidhiig herdb)einemtpb'rated by
constant (high "k") materials. As used herein, a
FEEeE%1C8 is "high k" if its dielectric constant "K" is
hi gher than the dielectric constant of

FIELD OF THE INVENTION

The present invention relates to the atomic layer deposition (“ALD”) of high k
dielectric films of metal silicate, such as hafnium silicate. More particularly, the
present invention relates to the ALD formation of metal silicate from a metal organic

precursor, a silicon organic precursor and ozone.

BACKGROUND OF THE INVENTION

The speed and functionality of computers doubles every year, facilitated in large
part by the shrinking dimensions of integrated circuits. Currently, the smallest
dimension in modern circuits is the thickness of the gate insulator, which separates the
controlling electrode (“gate electrode”) from the controlled current in the silicon.

Traditionally, the gate insulator has been made from silicon dioxide (Si0O,) and/or
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silicon oxide (k=3.9). The need for high k gate
dielectrics with conplenentary field effect

WO e@adIBroOr integration is identified in the PCT/US2003/025739

I nternational Technol ogy Roadmap for Sem conductors.
Hi gh k dielectrics that have been investigated include
metal silicates. 10 In addition, prior art deposition

L SEON rﬂﬁlﬁﬁ y ChoRA {ﬁ%r@ ale IY(R’P tHAEROSH @I, qqowé\@/ Rbnventional

arelncrealn inabl e 1o meet ereqwremsnts of
aghtandielectiibs Buffeﬂ ifiom \Maikage a(ﬁ\f[)rqlmabﬂle:yssbﬁcmanetbels the thickness
tallored to %) vide conformal filnms with inproved step

cdss g‘rocesses often require high processing

t enperﬁt'ié&(ﬁﬁ%lgr Eittd ark ﬁnaé?@gy 0GR RRrtiveinsafatdis 9o date, efforts

i npurity concenhtrations have poor precursor or
rlwetfmedlﬁrgdly bn hizhi dieleasfi¢ conistant Qllgh:ok )inpaseriate eAs wyed herein, a

Ch i SRR 57 e BB s PSSl 6 Lhnt o

A4t 0o, G(IRID e SPRSneed ADP iRk £A16 ldd¢ctri¢sSwith @omplementary field
[imtation of prior art CVD processes in depositin

u¢fcha trapgisior tqgnationois igandified iy theelngaragtional T%cgln@l,qg};%{oadmap for

el:nlalégxgquggabﬁ a%&eglefe%ﬁ%:g g{]ag#MVe & gt%é%?hﬁit?d %ﬁiﬁ@ YehYal silicates.

rmt erim@l zﬁidit[bnp?ﬁ@r hrdeponitidh ue&uﬁquem mchlasfchaﬂmhr yapor deposition
t hi ckness, conformal covera abr upt Eterface

Sﬁﬁ)‘@h a@}ﬂﬁr&é%nglxmabl@mj@@@qgé xggﬂlrg@gﬁag @dé@ncegrtglgggms While
q evao g ggs%? caRLBP thiforb@€o! AlovRle BEIBRLIL BInRE with improved step

precursors and co-reactants are
bdfdwgllgt: C¥ D Ipeocesseh aufien ofequirg hiphi pycéssing weperatitred, yresult in the
t hr ough al ternat| ng pul ses and.

g é%e t O ener ate a ctant
SRRPEraHioR G| B mBRAR FARCGREINORS U [ BORyRIGISOr O reactan
Yl?i'a 151{”6%8%}} 2%ok QPIQQ&U 8hé %QL {R¥ éﬂﬁﬁacle@t@fi nﬁldﬁ‘f%efngh k gate

pu se cyc as several advantages to
AﬂlElCCtalKJS lmetlmeﬁohnaumﬂoﬁtnterfmmiusmcon@lx;del laygrs during CVD processes.

t rature ch. i.s co at.i bl t he

okl PobetmigR epeat CHh ettt o feRbng uira tin
Cf?ﬁ‘rﬁsofﬁfrﬁll hikdafe dikleBirick 8Y 8kdicoMiRra@yant ageously, ALD
can control ilmthickness on an atonmic scal e, and

can beAcrs:e@Iingbf effortoare vgidera@y to d@mkplexnmrm/?ﬁ methags for depositing

A f h d I
SRR s 0 i LGP e YR, Bl v

NErapt iBfcdRBE, Gniolle Biigaves and reuéed grahﬂbdv{hdand?@rcracks and’ pmholes
exanpl e the ALD formation of hafnium oxi de usi

héLHi urfh@ dateshinethqditarbe Hyyelopedidn2gbly preparsers andco-reactants are
e ﬁ g’?ﬁgotgé?sﬁ?fgg’ { %;grg\% ng( ﬁ;?lfn (s&%}/ﬁ?%@% %\’iﬂfaﬁé&i{lﬁng pulses and
purges, to generate a single mono-layer of film growth per pulse cycle. Layer thickness
is controlled by the total number of pulse cycles. ALD has several advantages to CVD.
ALD can be performed at comparatively lower temperatures which is compatible with
the industry’s trend toward lower temperatures, and can produce conformal thin film
layers. More advantageously, ALD can control film thickness on an atomic scale, and
can be used to “nano-engineer” complex thin films. Accordingly, further developments

in ALD are highly desirable.
The use of metal alkyl amides as metal organic precursors in ALD is known.

For example, the ALD formation of hafnium oxide using hafnium tetrakis (dimethyl
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been reported. See Vapor Deposition OF Metal Oxides
And Silicates: Possible Gate Insulators For Future

wotanoeizegt ronics, R Gordon et al., Chem MatPCT/US2003/025739

2001, pp. 2463-2464 and Atom c Layer Deposition of
Haf ni um D oxi de Filnms From Hafnium 5
Tetraki s(ethyl met hyl am de) And Water, K Kukli et al.

B TORROS)! drld OB fetraki¥Qethy P mebiB) amiddPH TEMA”) h
C%gm%g respec [ veI y. lHowever1 c(tthgs{ener feré @pg <§ ) has
nbxtenuspaortwt Bee Hdpoy| Daposides QfoVietat Oxides dnd Sikicatast eBossible Gate

F rt er t hese ref erenges _do n t des

p% tosh 0% Fwe hergelboreonics, Ky Gt fo?ﬁﬁ*@ Sfat%f 2001, pp.
km’ﬁﬁm' zﬁlfdzﬁfong Qlay&X BEPSsHionO C{O%fﬁw‘im qmﬁxl% FYBRY From Hafnium
suitable 10 oxidizers reported in an ALD process to

nBdeakis(etbdmethylamideledrid Wmez; KcBuklust alet(ihﬁm -Vapuspositon, 2002,

6 46 71... Howeyv oxyaen apd/ or
SF8L 3 Rone 11 199204, siserudhe HEPRRL these MR8 8! use metal
f Ak yednhiges t@ffoﬂii‘h?étal%mdd%§ FORRermPre) thesé\éT¥ieficdsaloaiot describe the
Deposition of Hafnium D oxide Filns from Haf ni um

TRIEfeRgItig wsepf opencrap aarxiiant. And - Water. 15 SUMVARY OF

, THE | W ! %T&S@PQ{EH%P N [t Oe\!(hrg ’%ggleo ﬁsﬁ 8?@ %?Smilﬁf suitable

form ng I'cat es,
soAidears ecpotn@d i ph 21D prdcessan ndakemrd@nmm cg@deeframckﬁmomum tetra-t-
capacitor. dielectri c | ications. The nmethod entails

t pitoxide.| Seg ﬁJgS S}faégg Q. , 5 37&0@%}'?"@&9"9@6‘? apfor steam tend to be
gﬁ@&%&tdx‘i(&'ni/s PUlne REDAfRa@Adn BF ARl CoxtdRC US&OTe é‘”ﬂto%c Layer

I'i'con organic precursor into a reaction chanb

cBepcmtwwrrg’ Hafsinps Diatide Fmes gra I-{agﬂngmn@etrta%a(aﬂ@dmtnhphmzde) And
nber; third, pulsing ozone into the reaction
4ffber; and fourth, purgi ng the reaction chanber.

Thls puI se cycle is repeated until a netal silicate

filmof target thi ckness is achi eved The net al

or gani ¢ precur sor Stad VAR Y {p |

LA S TR L OSSR ey

aintiklemg hafi@heiiaiatey to tpRacaeilidbn alodaRi if g@fe%'dfo‘i%pdc&oﬂdlelecmc
nmetal al kyl am de. Even nore preferably, the netal

oap@amt@n@r ecliies gnethed aergilsalthe| following déepsonfital, neengurrently or
Eucgg$agpgﬁmgca I’I}Cltél né\la?f’c %ré&‘l:rs?rpinﬁc uglﬁ?({n Or%élglc tfm%cursor into a

he resu

snehatmtcﬂaalfnbémorﬁﬁnfﬁ@a Sublsirfte)scebH Puegifg GtfeactionCeantder; third,

any silicon donating organic material .
pulsing ozone into the reaction chamber; and fourth, purging the reaction chamber.

This pulse cycle is repeated until a metal silicate film of target thickness is achieved.

The metal organic precursor can any metal donating organic material. Preferred
metal organic precursors include metal alkyls, metal alkoxides and metal alkyl amides.
Preferably, the metal organic precursor is a metal alkyl amide. Even more preferably,
the metal organic precursor is a metal alkyl amide containing ethylmethyl amide
ligands. Such precursors exhibit reduced carbon contamination in the resultant metal
silicate film.

The silicon organic precursor can be any silicon donating organic material.
Preferred silicon organic precursors include alkyl silanes, silicon alkoxides, siloxanes,

silazanes, and silicon alkyl amides. Preferably, however, the silicon organic precursor
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Preferred silicon organic precursors include alkyl
sil anes, silicon al koxi des, siloxanes, silazanes, and

waedosoons7al kyl am des. Preferably, however, theCEHUF1008025739

organi c precursor 3 WO 2004/017378 PCT/ US2003/ 025739
is a silicon alkyl am de. Even nore preferably, the
silicon organic precursor is silicon tetrakis (ethyl
dgmr ré;g)am,&aﬂcr@vagerorb By AhE GHESPbafié fﬂr&vursor is silicon
cont am nat Yy usl ng ozone in
Alcﬁ)alps c(etchsbmeﬁsrl @ppdsedOnce agarmw etheseopratureors cdahibat sdmted carbon
5 as steam the fixed and trapped charges in the

r SARIRAOT et o silicate filmare significantly

reducegy ukidg 3@6hd inde ADD pedcRss, 87 Gﬁ}ISbSEJI td Béhvehfidnal oxidants such
process, as opposed to convention oxi dants such as

036y gisamg dhe ftxrré miqlmame@ @bege& imghe apgydtpnt metal gibieate film are
L@gxglﬁc lﬂyp rg§ ﬁgd%rog,gﬁ B&(yne 1‘1’314 €49 p é,,"l%%ﬁﬂl %?oﬁ(posed to

ce n accor ance
| oreBhtional aileanté- Qudhsa%fdﬂyg&s gﬁb eheeritiir@iSopenat it temperachres for the
ca gacrtors When used as a gate dielectric, the high k
Daupeqse aneisignificanty reslused on a substrate, generally
a si | 'fﬂ@hﬁgﬁfkeﬁletapg{h\é@t%rhlg—ﬂ%rgﬁuc 898 Geddrdiine® Vﬁ&pl%? 1nvent10n are
chann en an electro Such as a polycrystall
silsleﬂﬂ @8 dieddcatdsringetes asd tagranieats.oVlient used ds Elgetetdlelectth the high k

| ete the te. When ed as a capaci.tor
GHIEIeEEE 1515 4R oMo AGBHES, BB} AeSilen Wfefehptveen one or
bﬁbi@aﬁ rbrtff“aoﬁ&pgh'zﬁﬁlbl\ée Phét &% eléle@o@gl dath Q's:-SpBBPH ll% silicon
he 1 nvention wl be descri bed

vw:ledtrordeflerfemmd aver theali¢lettiiow crgnplretyuh@gate \Wimnersnd as a capacnor

ceatst B Righ e B B i orR b her ER e e geRe pides.

illustrates the use of a high k dielectric film
produced in accordance with the |nvent|on in a gate.
DETAI LED DES Q"ﬁ'bl RIPTION-OEFFHE RY

h 5 f
oot ok fiofvat ed%rc e L S W&‘erre%?e&"&e i folfhiife figures,

aRBérein: capaci t or drelectrrc applications. A preferred

FIG. 1 is a flow diagram that outlines the ALD pulse cycle of the instant
invention; and
FIG. 2 illustrates the use of a high k dielectric film produced in accordance with

the invention in a gate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention provides ALD processes for forming high k metal silicates to
replace silicon dioxide in gate and/or capacitor dielectric applications. A preferred
metal silicate formed according to the process is hafnium silicate. Hafnium silicate
exhibits superior thermal stability and, thereby, results in less interfacial silicon dioxide
growth, compared to other silicates.

Prior to starting the pulse cycle, a substrate, generally a silicon wafer, is placed

into a reaction chamber, often through a valve located at one end of the chamber.
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metal silicate fonned according to the process is
hafnium silicate. Hafniumsilicate exhibits superior

wo beanoedz7st abi | ity and, thereby, results in | eBGI/US2003/025739

interfacial silicon dioxide growh, conpared to other
silicates. 30 Prior to starting the pulse cycle, a
substrate, generally a silicon wafer, is placed into

aP(e?e@%d& otp gﬁ%@ﬁ%ﬁ% Qhd 6k J‘V%ﬂg%cm O}@ %ﬂ R6REEH Rinove native

one en
PaTié¢ddSHOKIdE.025739  Pr efer abl y, the silicon wafer has

been cl.eaned wi th hydrogen fl uor ' |
silico Jﬁhed SUBSatE. S‘*Isn)éns% g@?tflg §¢ef gmﬁﬂ% %g\él?pé)gﬁ ‘and heats the
V@Ib@(rat@% ﬁll% ldediRAlrefdtidR Qérﬁﬁer@tﬂfie OdeShé Sidstratd RSpropérdy pékitioned,

desired reaction tenperature. Once the substrate
|tshe|{pubpey¢lycgdmgm oned, 5 the puI se cycl e can begin.

Cener all i or o th

cycl e, 'Kééalsé‘afpé'ror Q Ui §fsé fss gltlhetg g{lgr@gr@ager Is heated to 2
f fefiPemBa trad R iom abudt1 06W0 G abad 30)0@@ ee[rﬂb;bm‘,felfﬂﬂg Irﬂgmg from
from about 200C to about 400C. This tenperature is

nettaut 30NEdo aheus 4GRSt Thiptenpesbegds m@é%m thipugheytdhe prgcess.
the fi I r

kg B 0 L s 08 R i i
t Broghtab ra, pressdrepsfefvenali o SuDatt, eﬁid IJpréferaBlyTabvout 0Thio2 Torr. This

pressure is also maintained throughout the process.
TPHESHIR @élsey%%taméd\thrgwmuwe|pm§ Sated in FIG 1. The

pul se \ﬂs& tsﬁﬁlaﬁ? AusfrRel RFIQ. B! RS Id)ulFé Eydie céhlpnses the

vol ati e |qu gani ¢ precursor and volatil
| fodlowdhgsstépscon 15 precur sor are volatilized and

pul sed_either join endentl a

concurﬂéﬂt 2y Ve lléof\%'ée ar’il%tp(Secél‘ Sroéaf"tf‘g Bﬂapl% liquid silicon
CHRBRSIr a@%oﬁﬁhé‘éd Qhd agl'l@edg leRRs §&htly afrd 1r§1|ebérﬁl@ﬁtly, and either
source are then chem -absorbed and/ or héhﬂa absor bed

omrmultrbmlysmr tamsecutifvely hgo subartiontchamber. megtal dsganiic precursor

;?@ ng%)&‘l}l ?ﬂ’-‘f i ilaeoo%lglﬁlrl% %Oés?g%pd?(gn@] ﬁecgch@%rsurface of

Othd shsst@kout 5 seconds at a flow rate rangl ng from
about 0.1 to about 1100 standard cubic centineters per
mi nut eln( ‘geressh' poth theemetad careane é)feCGfsopraé'éuﬁh§o$1hC°n precursor are

mw)értlp'fiuced SRY abpeenolat Jagglﬁgeigor{l rhb&?tn& @t 30t % deBorRR at 2 flow rate

ranging from about 0.1 to about 1100 standard cubic centimeters per minute (“scem”).
The precursors, or precursor mixture, can be introduced in combination with an inert
carrier gas, such as argon, nitrogen or helium gas. Alternatively, the precursors, or
precursor mixture, can be introduced in pure form. Preferably, the precursor liquids are
mixed and then volatilized and then introduced into the reaction chamber in
conjunction with argon gas.

The metal organic precursor can be any metal donating organic material.
Preferred metal organic precursors include metal alkyls, metal alkoxides and metal
alkyl amides. Preferably, however, the metal organic precursor is a metal alkyl amide.
The metal alkyl amides tend to incorporate less carbon contamination in the resultant
film.

Suitable metal alkyl amides conform to the following formula:
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carrier gas, such as argon, nitrogen or helium gas.
Alternatively, the precursors, or precursor mxture,

w@a0v4oe73rsit roduced in pure form Preferably, tPer/US2003/025739

precursor liquids are 25 m xed and then volatilized

and then introduced into the reaction chanber in
conjunction with argon gas. The metal organic

precursor can be any izgonatlng organi c material .
Preferred netal organit precursors include netal

altierdis, “Meigh mdtpxRieandiR’, mm@penchhﬂy,l ararsclstetgd from the group

e e Tl SLaS T
'rplﬂ?l%‘epg %s§8+&ﬁ$m(fgf b@%iﬁ:(rf&@ R/ Arddal. OPréf&aﬁlbe“MeSbl ht@0tp 4 (Ti,

am des conformto the
fZr, IHfyviniegal f (@rouy 4:beirfg the mommdz@ml@wwzmmmonds to

M‘q@gb é}{RéelﬁttﬁhpregerélS g@df’égsfganiapg ﬁr?weﬁél? 6%‘%1% %%‘g 'versmnl)‘ Ideally,
S‘tHQ?ﬁe’tJl‘f% Es’fnﬁﬁn UPx%fcﬁiﬁlﬁlyt it ethnldi ‘REAkre, Ridivihal), aamob6 alkyl such

cyc IS a nunber correspondln
tdsenmhybambetbf'l shee ﬂ@sgﬂlgarp}semétpcgmaybon q@ntaminatiqy @ut'gle Aesultant

o)
(fglm e%r‘ffﬂ g}qr%?q e&%ﬁ@ﬁ ( p‘g% d?ﬁ? %thtyg?m('i] %tl@ﬁ\rdngg Iﬁespectlvely.
PTIRVhRUSE mal'a’mkfypmm&@ dw&r etiplmediy1i amitid agm geaestesrigss carbon

| deal | the nmetal is haf Pr ef
mtana?r/l@txon indhe/mgighpifigate 5111@1 Fep eér%}?fﬁﬁt%w &?%?%FS carbon
ac(r;oglfaglt}nlﬂ%téq aﬂcl%lait%fee §§m 6 Qd§ucrhelgﬁu@ﬁ' P80 Rnd hafnium tetraethyl

1on I1n ant m Even nore

| prRide (- YDEARL" and R2 are ethyl and-nethyl units,

respectively. 10 The use of netal alk

d ith. .
et hyl n”'él@qquhcgtmo%an;q PEHISOG £71b P51y qlﬁg@agq%qagl"zlﬁv%rganlc material.
ﬁ#@ﬁe@%ﬂr}méoﬁ%ﬁﬁné P&cﬁﬁ&@ll Shdd sRYEsifanbdNsilfch aRoxMRb Ssiloxanes,

fes tess car coht am nati on t han
r §lagired, mm]nmhcmﬁa;lky]samideas Helf exoipleasidtahlgf siligpm organic precursors

tetraethyl am de DEA" The SI .1Cco )
pinglide <yl cilinge 5"51%'y SR AR nsd iggyAlkPgdes” sfch as silicon
n@ﬁaﬁlk@lbufoxgtﬁ; Pead@héLdsich! | 0 meRagamyRligoeaisr SCHMDS0™) and .
i nclude al ky I'lanes, silicon al koxi des, sil oxanes,

suetramathgki,lsmmmes (' TMRISQNK yanda §ilapages roeh essa rﬁspcemethyldlsﬂazene

S e silico ani ¢ _pr.ecur sQ I
#‘iegfﬁggy,sﬂfwvgg estlﬁ%%?rﬁ ic gfficanels is 4 {iﬁ%ogxn a)flkalérif(ih% The silicon
SMEW SidSd $dn6ffs less carbon content in the resultant metal silicate film.

Suitable silicon alkyl amides include compounds conforming to the following

formula:
Si(NR'R)s

wherein “R'” and “R%” independently, are selected from the group comprising
substituted or unsubstituted linear, branched, and cyclic alkyls. Preferably, “R'” and
“R?®” are, individually, a C,-Cg alkyl, such as methyl and ethyl. Even more preferably,
the silicon alkyl amide is silicon tetrakis (ethylmethyl amide) (“Si-TEMA”) as this
compound generates less carbon contamination in the metal silicate film, even when
compared to similar compounds such as silicon tetraks (diethyl amide) (“Si-TDEA”)

and silicon tetrakis (dimethyl amide) (“Si-TDMA”).
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tetraki s-t-butoxi de, siloxanes such as
hexanet hyl di si | oxane ("HVDSO') and

wo edonarsrdyl di sil oxane ("TMDSO'), and sil azaneBCEHUSIWORS25739

hexanet hyl di si | azene. 20 Preferably, however, the
silicon organic precursor is a silicon alkyl am de.
The sili con al kyl ami des generate | ess carbon content
in the,res ant |i.cate fil i)
al kyl HE £ SR é)gr%egn Waﬁgetdtqgét?hg}gahﬁ(B?ecursor
f&ﬂrk&‘ﬂécﬂﬁhc&@b%ﬁ prgl:\(r%? RRd by-prodidier Bidplirgd 'maynde conducted
R2," independently, are selected fromthe group
cening, i for pxpmpleban 1r1agm‘@dp@ge Lm% 95 it YQCHF‘@CP‘Fg%eJ\‘FaCUVC purge gases
br anghed Kk I I
]n%graégoni, ngo\# lhgi’luﬁé ﬁ)ﬁ%@ é’ag ulg nerQllT[g Pﬁls?d into the
afeActRindHambEvVeVer H@éﬁo@f&@mlga’mm aboutifel wiabbutohseabidslat a flow rate
amde is silicon tetrakis (ethylnmethyl an de)

(regging g 3bqi Olp abow d BB EstE-gener at es | ess’ car bon

cont any. '&%nén@fxst Q%J@HQLtosﬂhla'r&ﬁzhgn chlnﬂbere\’ﬁ{b A 1§Qenerally
conpar conpounds such as silicon tetraks
(plilsddhitito alms d@):tuﬁn Sha:ﬂtEEAéV)er aapeticsli tanging frexnrablous 0.1 to about 5

(di met hyl am de) (" 004/.017378

F’@W‘EMG‘S ‘UQSW‘SQa“gBEgC A, ab)f’megrlégég n{ lghgﬁ%& Thg ozone can be

pfﬁ]ﬁgﬁgcegfmw h@ ffet1GFhs BB as Qf@ﬁnhl@rogélﬁ MRS RIM ﬁébn r RR&h&hely, the
i'con organi c precursor, and by-product. rge

nmonbecanobﬁjadde@dm pttmenfgrmf oByespang)l &,1s 219t impeast |ﬂw§ oxygen gas is

pur S ar acuum | nactiv

SR DA N, GerbgansIREPIHREHe zeRe EiSRGR uays present
| 1 SRAE KA de Bobr&L dDEdHe QRS tHe ligaas b® theahetab@izasiv @recarsor and
period ranging fromabout 0.1 to about 5 seconds at a

Tﬁbwgr ergenic peasyisataridragds dsaweessary oxyeapigferm mstel sticae-
ir ozone
The 0 ngél ing gﬁee irnz %I_‘?ﬁ %lréc% ab ?gp(%sgg‘f(? ggrgzteﬁgﬁﬂg? kidants such

?&Q andsegh] e ﬂ)&ﬁginﬂgrﬁppéxhtMrgehst inGhd rdsaltaiiondtal silicate
seconds at_a flowrate ranging fromabout 0.1 to
aﬁéutreqlf@ll) sclamadditieno Abg ereaaﬁe%eopmatm& BARERYISH @ reduced.

adﬂf:or %llga(ﬁc)yga#‘ %Qs A1 QB4R Havd bEénO%‘SFe Al d?(?dahkémngﬁﬁ}) processes,

er na ozone can be a In pure orm
BWherréw Zoniethas beatecopintd ddat ovidpgtebut ghsfavaged due to its relatively

| | b
hehangfrilive BPvese Aivepetpisriod 1R GHBhe pidype prefered
d@ﬂﬁ&‘rﬁ in %%gnmeéﬁnétglesﬂiéagéﬂgﬁs BOALIRE WRkAks 8% fRAIgas requires

precursor
operating temperatures around 400°C, ozone permits operating temperatures below

300°C. Whereas steam causes hydroxyl contamination in the resultant film, ozone
produces films free of such contamination.

Fourth, and finally, the reaction chamber is purged of unreacted ozone and
by-product. This second purging step is generally conducted in the same manner as the
first purging step.

This completes one cycle of the ALD process. The end result is the formation
of one mono-layer of metal silicate on the substrate. The pulse cycle is then repeated as
many times as necessary to obtain the desired film thickness. The layer by layer ALD
growth provides excellent coverage over large substrate areas and provides excellent

step coverage.
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silicon organic precursor and adds the necessary
oxygen to formnetal silicate. 15 By using ozone in

W0 b@4ALD7pr ocess, as opposed to conventi onal ORCTEBRLB3/025739

such as oxygen gas and steam the fixed and trapped
charges in the resultant netal silicate are reduced.

In addition, the required operating tenperatures are
reduced.. Traditigonall OX QR are G 4
been gredrard B el SomROAER a2 AP URA YR ar Group
A &ilitAkesRaEm a¢ BEMBM Zdidatesziesonivn cidichtebartd ttasiupyshee. The
due to its relatively 20 high jnstahility. Howevey.,.it .
macst pesferrel] st} oilicater ﬁaftaﬁé}%n%i‘F%e'aB'kaJ%‘I S‘Fﬁ*’ée exhibits Superior
r ef of £ 8 0Xladaalen| ih, Qs T dr P01 il @loxielghvadhe
?‘??’W&fﬁgb‘}&tyéﬁ g{egg’ge%&x{%;én gas Tequi T es ope[agtki ng :
t enperAhufiisn aflvard(HIEEIC, O Zdme ce beriforsedperr atsilisgn substrate by

g vahoq s oL OOV FHCSEEENP BT £ RS Tolloyed by a puree
%130%)&3%{ f,ﬁﬂsﬁ{g OO RE fQfowtd MY LRARbRTDERBE.] befeerﬂ%',Fma ptd3sure is 0.5
and Tinal Ty,

he réacti on chanber 'S pur eod o] )
Ulirethedigtionzbe proges anth yheprapduzdr setipeirg 1§ égi) fpng theylingheaters are
step s generally conducted in the sane manner as the
faitr1§§ Courging step. This conpletes one cycle of the

ALD proeCARStrathtemitycRSwWbld be ab islidwar fiedt) racursirs ereepulsed into
nono- | ayer of netal Silicate on the substr The

te.
rh¢ sleanthec labconsenthasionraf Heds g/enimand 3dlowaie ?ﬁa 3@5908@ for 2 seconds;
necessary to obt.ain.the desir [ hj S
SE5R. pygareuie Af pup e B gt & ChRUIRR ol 108 scem for 3

QUEInds TR, D2B8d [RpEisel GG tho chymiseri aies flowcratd efiB00 scem for 2
step coverage. 7 WD 2004/017378 PCT/%%%@OB/O 739 £300
Reedngisy fodrtheand) finally; argeres puisedao ithe PdiRd W) Falg ot 300 scem
the inyenti [ lifyl FabpRoxHABYAS5% (1 0) and
HOF s, MR Sntlftl ot Pidifarihty TApBREHADO5Y, (1 0) and a
Sdépbﬁﬁb@ratgbﬁappmmaﬁt}e@.% Aégycheet al silicate is

ha

niumsilicate. Hafniumsilicate exhi bits supey.ior
t her man gengisls | ingrgasgsin Wa rth]}),e,:raglées [pcrease h‘lel dZeggm{lon rate and the
| bbb | j g hedaisity(Jg). In i

TR UGR3 ) B St e s
seost palse tine inprehs degositiompoe and Toxiped decregse TEMm adshition, 1t was

SI-TEMA in a 1:4 ratio, foll.owed by.a purge tied t

a6 AR Bl g A T et SRHER ied o
P\R/Qfeﬁrt@ﬁg& tlfrﬁ.e BPESRUIR, | the Opdzcentatie! of MiaBhighodecielies and the
process ngt e vaporizér set point is 125C and the

| peneeniamatodisdican éncreases as the wafer temperature rises. In fact, the percentage of
silicon nearly doubles as wafer temperature rises from 300°C to 400°C, but then
plateaus and does not show much increase to 450°C. TFor example, at a wafer
temperature of 350°C, the atomic percentages in the film were 1.4% hydrogen, 3.0%
carbon, 63.4% oxygen, 10.9% silicon, 20.3% hafnium, and 1.0% nitrogen. In contrast,
at a wafer temperature of 400°C, the atomic percentages in the film were 1.8%
hydrogen, 2.5% carbon, 62.7% oxygen, 13.3% silicon, 18.5% hafnium, and 1.2%
nitrogen. However, at a wafer temperature of 450°C, the atomic percentages in the film

were 1.0% hydrogen, 2.1% carbon, 63.8% oxygen, 13.7% silicon, 18.8% hafnium, and

0.6% nitrogen.
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at 135C. 10 An illustrative pulse cycle would be as
follows: first, precursors are pulsed into the

wa@b@abers7at concentration of 0.04 g/mn and a PtDwsSI0B/625739

of 300 stemfor 2 seconds; second, argon purge is
pul sed into the chanber at a flow rate of 300 sccmfor
3 seconds; third, ozone is pulsed into the chanber at

fl f f. ) . £ o sto hi
i na e AL o, 3F G Rk REARRETE, VR e (ofEfbate high k

rid16ct@és BRQusS tif BatkSarfdodapacitoe Ganctares THes examphb thegprecess can be

give a uniformty of approximtely, 1. 50/%]& V) qu ? h

depbtn ereate gatasYoforming: dhighds melpl Giliggte itin. pry'a supstrate, such as a
ner dhicos a, B i#tl YlcBnd r, stiéh as doped

SRR i VALR SR e Bl E St SRR WicBndiRBUE O, Skt as dop

ally SE CARERatitely theproeaye canibe eset] to eregtetoppdcitgys by forming a high k

I ncreases in _ozone pul se tine increase deposition

raetal saignterfilm Betweem bYacpndualye PlaicS i tion, it was 20

det er rgyeed & Milstrhdpfe SERS B SHa8sh Righhediblestiicanith gitd.i RORIG. 2, a

in the resultant filmare tied to wafer tenperature.

S Effectatahyistot h@0 peshown imgeososection.nil heriraesisterdsdydegrdlightly p-

the percentage qf_ siljicon increa ) .
gt PTets Bipred 10 nvhERa o st 30 bR e - doped sitcon
Neah! Y400 QR 8Sen2forited Qsaviri R ehatnsl egios €120 there Bdbledro A gate
400C, but then plateaus and does not show nuch

i dicleetdis d 60 is pBUOnedoverskamsi egian 129. whgwe elestrode 150 is positioned

SRR R0 .1 RIS S 0
LiteBHediblel gatdicROtrid 60 A fWihena veltuge Hiffefemiet axtsyebetwean source 130

contrast, —at a wafer tenper%%ure of,4og t he atowi% h
padcdsainakis np eurrprd Howmthyaued chagl regjon g%ﬁ}n%.og%unc ion at the
LR 3006 30 A SHd ihieh Hokiive voltage t
RIS SRRyttt onloeat, reptig ot sptas
1608 et thelcatsont e e thgemhichatried régiom1 20 T gata digdectric 160

hydrogen, 2.1 % carbon, 63.8%0 n, . 7% silicon .
16 oGt el 1o b SRCATAERECRIT T AP 2BRER OS5 ivention

PCT/ U2QOy/ Qgggéﬁent-r ehblskiRECHASS Bt hi@yi vasiaBéts of the instant
I nvention can used to create high k dielectrics for

Ligeeritiongad posaibit. cCBpasample, szonacembe genered andadnbivered fiha number
process _can _he used.tq cr ates by form I

Ol 18 ditan. &5 parin s & A AR §%Fc(§5‘§§9§°‘9‘¥3%%3 valves,
Sﬂ’iﬁ{g%? DR Elike, AHnGAPRI ThdrhRristisniCivithia the tshird and scope of this

conductive |ayer, such as doped . . )
invention may exist that have not necessarily been detailed herein. Accordingly, the

invention is only limited by the scope of the claims that follow.
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5 Poly Si. Alternatively, the process can be used to
create capacitors by formng a high k netal silicate

w0 pdoaobBrsveen two conductive plates. FIG 2 i SPCT/US2003/025739

illustrative of the use of such high k dielectrics in
a gate. In FIG 2, a field effect transistor 100 is
shown in cross section. The transistor includes a

[J 5 ilicon substrate 110 in which a
ﬁﬁgggtgsgpﬂggggﬁgg%rce 130 and a n-doped silicon 10
drain 140 have been fornmed | eaving a channel region
120 there between. A gate fi.]ect [

ie 160 i.s o 1
posi t i Srisethed erf smuinger meigl sificats olilmh o3 SURTals; py glomic layer
1 L [} d over the gate dielectric 160, so
f%%?&ﬁ?ﬁgéhgﬁﬁggseparated from channel region 120 by

the (i} er nimttodicéngyatreetdl efdgawit rirecutyy. andyie piligor, Grgagnigeprecursor
di fference exi sts bet.ween source 130 and drain 140,

NPt repehin ¢ha r‘f%&%ﬁ‘é‘ﬁ aéﬂtésﬁrﬁgq’ regi on 120, since one
juncti @y aty,hpRighe RasticnehddBe9r drain 140 is back

bi ased. Fbm%ver, by applying a positive voltage to

gate efidkt rinttedudiag ozone imp thefreasiionicha®befh channel
region.120. The gate diel ' 0O is a high k netal
silical na@ggVﬁq %%%aﬁgﬁ%é&@#gﬁ&fhe ALD process of

the i nugnt i RPeatinly sedps|(i)P@i)a@idRaeNGv) antil hefilakof 4 exiget thickness is
artisan that many variations of the instant invention
axchiqyed oh thessubptsite.exanpl e, ozone can be generated and
delivered in a nunber 20 of ways. In addition, the
particul ars of ALD chanbers, gas distribution devices,

val vesThé ingitiog of aladin tihehtrelnathe efttserateuasijicont her

variations within the spirit and scope of this

i nvention may exist that have not necessarily been

det ai | In G i : | {RBE ied) drgaridipécursor is a
I|§'rri t egﬂ%gﬁiﬂﬁdg %fcéc?%grpg’f {N? %E%cﬁhgﬁﬁn%altlﬂgt follow. 9 %
20ep0mafa8 PCT/ US2003/ 025739 WHAT IS CLAIMED IS: 1

A nethod of growing a netal silicate filmon a

substrate by atom c | ayer deposition conprising: 5

(4) 1 nhodMGhRD o cARE Al vHBHRIthe RicBdUhXRE nddt4l drganic precursor is

silicon organic precursor into a reaction chanber '
chathmimi ng a substrate; (ii) purging the reaction
chanmber; (iii) introducing ozone into the reaction
chanber; (iv) purging the reaction chanber; and

5. The method of claim 1, wherein the metal organic precursor is a linear,
branched and cyclic alkyl.

6. The method of claim 1, wherein the metal organic precursor is a metal alkyl
amide.

7. The method of claim 1, wherein the silicon organic precursor is a silicon alkyl
amide.

8. The method of claim 1, wherein the metal organic precursor is a metal alkoxide.

10
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10 (v) repeating steps (i), (ii), (iii) and (iv) until
a filmof a target thickness is achieved on the

wesntare. 2. The net hod of claim 1, wherein PEBUS2003/025739

substrate is silicon. 15 3. The nethod of claim1,
wherein the netal in the nmetal organic precursor is a
Goup 4 netal. 4. The nethod of claim 1, wherein the

ngptal H%glg'agéfa%l?@f g},aﬁl}s);h&e fHeUmefal oi'gQamJ‘?(feEﬁﬂs'éF arfOthe silicon

5. The ne erein the neta ani c

pergaic pescuiser are minedy yolatilizzedcirellingoduasyddhiocthe|ckgmbergs a mixed
The nmethod of claim 1, wherein the netal organic

p#8cursor is a netal alkyl 25 amide. 7. The nethod of
claim1, wherein the silicon organic precursor is a

silicon alkyl amde. 30 8. The nethod of claim1,

wHEr ei Tihe hethodt off claing dniwhersire ther Bigtal 052aRIgREegyrsor and the silicon

al koxide. 10 WD 20 17378 0 9 e
nUeEE BYecwisqE rﬁri &ﬁé‘? ed s%qan gﬁg ﬁ(@ Ofrytrgﬁl?%ﬁ ruztg Tlp: chamber
a{&lcﬁﬁ&lt@l,l icon organic precursor are m xed,

vol atilized, and introduced into the chanber as a

m xed gas. 5 10. The nethod of claim1l, wherein the

nflt.al gﬁg%%kﬁodpgf&gfrﬁ? éwg'fgpelr'i G ﬁfeta'l P % 1@5&@5‘1’5& and the silicon

preécur sor ‘are vo separate I ntroduced

| Sriganit hprechisobedre eolatlizede nepayately1 and' htrogdudedd inth the chamber
claim1, V\,herel n the metal organic precursor and the
SPONSEHHVElY0 or gani ¢ precursor are volatilized

separately and introduced into the chanber

consecutlvely 12. A nethod of formng a gate for a

t tansi Atméthedapformingg gaté for am:tanmtgccmgprasmmt al organic

DB 8, koS hRSHRLRY, o sRoh Ut precuror
into a reaction chamber containing a substrate;
(i)  purging the reaction chamber;
(iii)  introducing ozone into the reaction chamber;
(iv)  purging the reaction chamber;
(v)  repeating steps (i), (ii), (iii) and (iv) until a dielectric film of a target
thickness is achieved on the substrate; and

(vi)  placing a conductive film over the dielectric film.
13. The method of claim 12, wherein the substrate is silicon.

14. The method of claim 12, wherein the metal organic precursor is a linear,
branched, and cyclic amide of Group 4 metal and wherein the silicon organic precursor

is a silicon donating organic material.

15. The method of claim 12, wherein the metal organic precursor is a metal alkyl
amide of a Group 4 metal, and wherein the silicon organic precursor is a silicon alkyl

amide.

11
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(ii1) purging the reaction chanber; (iii) introducing
ozone into the reaction chanber; (iv) purging the

w0 ea@atoins chanber; (v) repeating steps (i), (iPQT/US2008125739

and (iv) until a dielectric filmof a target 20
t hi ckness is achieved on the substrate; and (vi)
pl aci ng a conductive filmover the dielectric film
13 T f aj : ' i ili
T 1 corne BEGY ITERTLE et 1R] Rict bk PEblieb PaidSthe silicon
nepalic pregansbearermeixedswolatilized, dridnimtroducedrintacthe gharabet as a mixed
cyclic amde of Goup 4 netal and wherein the silicon

ani ¢ precursor is a silicon donating organic
material. 15. The nethod of claim 12, wherein the

metal organic precursor is a netal alkyl 30 am de of
al 7&r oufhedmethod|of claith Wwhewlhsrein tthe metal j0EgaNIG PrFAWISer and the silicon

precursor is a siligon.alk ,d . 0 1437
ekt rs 73 VRN Yoparfly “fpd bbb R dR Ehamber
tdcirdndlly. or gani ¢ precursor and the silicon organic
precursor are m xed, volatilized, and introduced into
the chanber as a nmxed gas. 5 17. The nethod of claim
11251.. WhEl el Rl % Bkt 127 ORREIG BE ek REarRE Brdelior and the silicon
siTicon  organic precursor are volatilized separately
asrdariiait precurs@d dret eolhtiiézed haepaeately c end uintredudeyt. iritg. thehehamber
nmet hod .of claim 12, wherein the nmetal organic
pFoBEEFEYElYand the silicon 10 organic precursor are
vol atilized separately and introduced into the chanber
consecutively. 19. A nethod of form ng a capacitor
cithpr i Ainmghod ¢f) formingachapaanigr eomgsisaig: or gani ¢ pr ecur sor
and a sjilicon organic precursor 15 intq a_keaction.
chanbeé) corfflgi’ﬁ(i‘f“g‘bg | @%Bls?rlgﬁ?lg;prﬁuirﬁor palﬂl?gal ﬁ‘@“’?‘?ﬁ é)rgaglc precursor
r@ard 1e8Ric\Mak®Es cdntdihihglaRtbsddieci ng ozone into the

er;

reaction chanber; .
(i)  purging the reaction chamber;

(i)  introducing ozone into the reaction chamber;

(iv)  purging the reaction chamber;

(v)  repeating steps (i), (i), (iii) and (iv) until a dielectric film of a target
thickness is achieved on the substrate; and

(vi)  positioning the film between two electrodes.
20. The method of claim 19, wherein the substrate is one of the two electrodes.
21.  The method of claim 19, wherein the metal organic precursor is a linear,
branched and cyclic amide of Group 4 metal and wherein the silicon organic precursor
is a silicon donating organic material.
22. The method of claim 19, wherein the metal organic precursor is a metal alkyl

amide of a Group 4 metal, and wherein the silicon organic precursor is a silicon alkyl

amide.

12



(iv) purging the reaction chanber; (v) repeating steps
(i), (it), (iti) and (iv) until a dielectric filmof a

wo 20090173720 t hi ckness i s achi eved on the substPEL/ES20831025739
(vi) positioning the film between two el ectrodes. 20.
The method of claim 19, wherein the substrate is one
of the two el ectrodes. 25 21. The nethod of claim 19,

er eif tH 1 R 9aN i i id { and the sili

B anonis BEBE R cARORD P BLRTRE ila) cFadhic bRe@ser and the silicon
tdigarié piecomonaganixed pvdatilizedyr andi igtradurietl iintorthe ghambaigs a mixed
organic material. 22. The nethod of claim 19, wherein
t§%€ netal organic precursor is a netal alkyl 30 amde
of a Goup 4 netal, and wherein the silicon organic
precursor is a silicon alkyl amde. 12 WO 2004/017378
P37/ U0 026 183 lains] 9, Heereitthro et oggaaiigrpegursoiaidethg silicon

the nmetal organic pregursor and.th il 0 nj
SRER SR R TPIAeR porrbiel "G i a LB U chamber
thaceahamiper as a mxed gas. 5 24. The nmethod of claim
19, wherein the netal organic precursor and the
silicon organic precursor are volatilized separately

i nf.rodu i t T i
B nod 5 el ARG 15 ERAER e eI plokurs@Pand U siicon
PErB&NIE SPrec@B6t tafe edlhiileed sd@raelgannd jtredumedointar e chamber
vol atilized separately and introduced into the chanber
consEstivelyel y. 13

13



