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WD 2004/ 017377 PCT/ US2003/ 025738 ATOM C LAYER
DEPCSI TI ON OF HI GH K METAL OXI DES 5 CROSS- REFERENCE TO

WORBMWADER7APPLI CATI ONS This application is rel aperiusmp3/025738

and clainms priority to, United States Provisiona

Pat ent Application No. 60/404,372, entitled Atom c
Layer Deposition of Hi gh-k Metal Oxides for Gate and
Capacitor Dielectrics, filed August 18, 2002, the
entire disclosure of which is hereby incorporated by
reference. 10 FIELD OF THE | NVENTI ON The present
invention relates to the atom c | ayer deposition
("ALD'") of high k dielectric filns of metal oxide
that contain Goup 4 netals (G oup 4 being the new
periodic table notation which corresponds to G oup |IVA
in the previous | UPAC form 15 and Goup IVB in the CAS
version), including hafnium oxide (Hf 02), zirconium
oxi de (Z102) and titanium oxide (Ti2), for gate
and/or capacitor applications. Mre particularly, the
present invention relates to the ALD formati on of

G oup ATRMEC LAYER DEPOSETION QF HIGH KIMETAL OIS
and ozone. 20 BACKGROUND OF THE | NVENTI ON The speed
and functionality of conputers doubl es every year,
facilitated in large part by the shrinking dinmensions
of integrated CIrCUItS Currentl the srrallest
di mensi onCROSHRE RELARED APPLICATIONS e

gate t

o cot PG 4Tt %%ff?%% Pl o, ?ﬁsﬁ‘é@n% [ Sgptes Provisiona
BateniteApplicatiomdos 60/4046472, 2ntilfeddidnmio haéryDepdaitiogadf éigh-k Metal

Ghidenior G baaserer erson ish G s fotdts ieicpfly disclosur
af$vﬁfcﬂ?s ﬁe%ﬂ%cégsﬂatéd YeRtQks, are now as thin as 20

However, “conventional gate dielectrics suffer from
Ieakage and reliability deficiencies as the thickness

decreases bel ow 20 c&g.r i gb}@ﬁ{&&t are

underway to find al e —tHsuoators— 10 date,
efforts 5 have focused largely on high dielectric

const @né ptdbérdinvdatibn FE16€E todhs -atohiic UsRd dBEds@tich (“ALD”) of high k

dielectric films of metal oxide that contain Group 4 metals (Group 4 being the new

periodic table notation which corresponds to Group IVA in the previous IUPAC form
and Group IVB in the CAS version), including hafnium oxide (HfO,), zirconium oxide
(Z,0,) and titanium oxide (TiO;), for gate and/or capacitor applications. More
particularly, the present invention relates to the ALD formation of Group 4 metal oxide

films using a metal alkyl amide 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 (SiO,) and/or
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material is "high k" if its dielectric constant "k" is
hi gher than the dielectric constant of silicon oxide

w@ kee3/09877 Hi gh k di el ectrics that have been  PCT/US2003/025738

i nvestigated include Goup 4 netal oxides such as
ni um di oxi de (Hf.02) (k-20-25) nd zi um di oxi de .
%IEF‘ETQ?“‘H% (S3)- 2%‘)°h ipgyllater a@%ﬂ%‘?’é‘ﬁ hip ﬁé%@cﬁmﬁgw‘é@ conventional
zﬁp' (!ﬁb% ctticd hsu f R i l\éhﬁa)ée SROGe kBBl RiABIes | 4sY the@Mbckness
arge and offset to sili‘con. However, charge trapping
dezira{sajbdlmv\%)ﬁ(t hreshol d vol tage) i nst abi | | ty, and

el ectron ation e

o o corturhel. albesis® gy B thoe GRUARET 253 effors
RRRIBAERE Sargel$on 'M@H’lﬁéil@etrlt: RenftaR dhikR kT RateNAs Ak dbedherein, a
gate dielectrics to replace silicon dioxide is rapidly
materiehisi“high K’ nif ftadielectriveconstent ‘tkoris higher then the dielectric constant of
1he(l)ectlrl 3vgth CMOS integration was identified in

t'HEN Pit'ey atlgnal Technol ogy Roadmap for

Sem cHighURtd¥¢]sctritNthad Batd Been PveQigardtinclagoGrbuwd metal oxides

t echni.ques, such as _chem cal vapor deposition CVvD),
shich ap .héfn@aa idingide (HARw) Qs~?—Qr2ﬁk@1d 'ztlwemru&q@ipwéﬁé%&éz) g¢-20-25). In

g&" trHéthélhE bit {hpgg& a1%?a%llﬁg nd large band
ore provide co ¥ rov Jlsteg
afdset m/ahage H@V&mr@a@&mpmﬁg&e}ateﬂ&q Wit r(mrdshqlkl voltage) instability,
processi ng temnper atures, |ncorporat|on
1 Riegon MR Iy egedakoi ﬁ%ﬁﬂ@%ﬁ RRFRCeBGy concerns. - As the
%{?é’cé& Bfrcfif dcrv‘?&cstcglréta HathdsZe¢9 HA n%tlé | (RE ﬁ&%’for 'i_'rﬁf)roved high-k
nst ance, one of bbstacl es of nmak I'ng high k gate

giaiteldmleqtmrstm lsptah@ sﬂloomrdthmdw sfrapidtyemcreasiag. énlfaciothe need for

RhIE ABRERS VEA"BMO, BHERRS s, ABRUEL P32l emasona
BeA8idaly Rbakinhp foriSehficondictbisl M for high k gate
dielectiics on a silicon substrate. Accordingl

ef f or Insadglitéon, peier m;dep@ﬁlfd@v@hhquuqsp puphens e yagfagrdeposition
wi.th

E0BE v e BT o R0R 1 ol g s e i O¥d i s Whie

CVIEIPrédeSses SERObE tailéreac, ﬁamher eehrofflalgfiBhd with improved step
boundari es, cracks and pinhol es ALD is the | atest

paterass, CO/TDPreRessss qica. Tenmra\high prosessingofespsragures, result in the
&%o%ﬁ?a%toﬁ c$f5h1 epaﬁgflg 9&%@{11 rét%n%hgrr(f HE\tea §or%refursor or reactant

F'oug erna ing" pul ses

auillﬁzaupmrgﬁ&cndyo Jondnsthitcen odk Nl tensbstacladyefl nakidg high k gate
pul se cycle. Layer thickness 1is controlled

gw?eyﬁgs Hoihg OFmANRY obmigrfacid siliren exidealapers zsléln%\ﬁ‘e\”amrocesses
AANE QBRRE QU E3RE PRI Aly g i i
filnhshfor Righ k gate dielectrics on a silicon substrate.

Accordingly, efforts are underway to develop improved methods for depositing
materials in pure form with uniform stoichiometry, thickness, conformal coverage,
abrupt interface, smooth surface, and reduced grain boundaries, cracks and pinholes.
ALD is the latest method to be developed. In ALD, precursors and co-reactants are
brought to the surface of a growing film separately, through alternating 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
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WD 2004/ 017377 PCT/ US2003/ 025738 the industry's trend
toward | ower tenperatures, and can produce conformal

wa bion/ofi3rm | ayers. More advant ageously, ALD cB@I/US2003/025738

control fi I mthickness on an atonmi c scale, and can be

sed to "nano-engi neer” conplex thin filns. )
shedaqlwrbrgq fyends tomard fovsE JeNBE APERSs ang FRTAPT9dHgcecaffpypa thin film
ﬂgéﬂs. b2 advant ? Aﬂb%'cgﬁraffﬂﬂ ﬂﬁ&ﬂéé&rﬂn% Q@mlc scale, and
using zirconiu Cet t - but oxi de been report ed.
&hebeUJsSd td\tnan6-eAgine&7 torfiplok nltip filins. Addortingty, further AB_\BIOpments

tio haf i um oxi de usi ng hafnium
Eﬁ H’@B(Yﬂesﬁ?'h Be ("TDMAHF ') and hafniumtetra-
et hyl et WD #9intifioh drf megMﬁm) OJZ'@(S, Lﬁﬁlgnzﬁc%ﬁﬁﬁﬂ ffra-tIRRoxide has
Vapor Deposition O Met al i cates:

Msnemme@&e U.BsMoad468.3Fb I(“IFlm”OJr dnndditival thet AbRi fogmation of

10 Gord 464
%#awm G0 Bl Toup, EEEm R Fhniger SpnRBE) ROt e
SRl CAETRUALphb o i P et e
szdsp Angdo Sz aigs: ré’Q{félé{? |%?§Insulmi@r Fifgree A@Fr%kégemcs R.
f fo
égrdgyr eé? 3 dh% Cl’l\flﬁtgre g(%(lﬁc E: Z%#Z%?&%@Ag% a?gikﬂeposmon of

WaﬁﬂiurfDZDMZdaSFﬂrns Wbﬂaﬂhfnl% &M%@(h}%eiﬁvanJZMEMd Kazer, K.
The i nventjon provi des. ALD rocesses for formn

kukdi 61,3l 4ChgipalV apydPeposition; $902, (Mady SdNerg? R drdr) %6x¥ealéectwely

%!?&'8% ; ngﬁer &C’cﬂ éérpefé%(é des t(egélpt%)e )Prgtfe‘gca LA 4RO afl§1 amide as a
to rep ace silicon di oXide n gate and/ or

mafhoighnic pri¢caksec i camtapgionorith cavme a o Ridamtost

preferred netal oxide is hafnium oxide. Hafnium oxide

exhi bits superior thermal stability and, thereby,

results in less |gﬁmMgﬁyad)quﬁquWENmﬁe gr owt h.

The nethod entai 'S an atom c I ayer deposlti on process

wher eThe Bwpaticat opidesAED mbcasetsabr firkyig ligh déSranp 4 metal oxide

i Nt roduced t o :
B andidige FbdieRus B o BRRT B RaTRRR, and g oxice
griogﬂ@o fpPsk Isalcon dlEdd TRt 1 andor edpacit@diislBdtit applicdBons. The
| mof target thickness 1s achieved. Mre
@petmwﬁer;rad wztal Okigde n-‘elnafmanewé@ | Hafnjjsn faxideogahiiits pupagior thermal
érié%l!:lfy and lﬁre% regq tsdn les§l nlf%( kac?amsﬁ%?l!l &o&lgin ﬁf@&fﬂhm o the

pur ge'ﬂhe ﬁfethd)ﬁfdﬂ&{ilﬁs Qﬂ aﬂﬁﬁlaﬂa)&lr ldgpositioroigroastd Wherein separate pulses

products; third, ozone gas is pulsed into the
of metal alkyl amide and ozone are introduced into a reaction chamber containing a

substrate to grow a film of metal oxide on the substrate. The method is repeated until a
film of target thickness is achieved.

More specifically, the method entails the following pulse cycle: first, a metal
alkyl amide is pulsed into the reaction chamber; second, the reaction chamber is purged
of unreacted metal alkyl amide and by products; third, ozone gas is pulsed into the
reaction chamber; and fourth and finally, un-reacted ozone and by products are purged
from the reaction chamber. Alternatively, ozone is pulsed and purged first, followed by
pulse and purge of a metal alky lamide precursor. The pulse cycle is repeated as many

times as necessary to achieve the target film thickness.
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reacti on chanber; and fourth and finally, un-reacted
ozone and by products are purged 30 fromthe reaction

w@eb@abens7 Alternatively, ozone is pul sed and peeTES2003/025738

first, followed by pulse and purge of a netal alKky

| am de precursor, The 1215' se cycle isr ‘? eat ed .as mar&

ti mesB%ISig Q28R the Al prosses: @h aPResed &t ceipyeptional oxidants such
H‘ sfelﬁﬁllestﬁe fixefl aﬁ&) Ot‘f‘ép%%g 3&1&{ 2 TinUge0 Qggu@ch'ﬁ?ﬁfétal B¥xide film are
usi ng 6zone in process, as opposed

sigmifieattiyoredlicedx Ida:dﬂmosubﬁ usisg stexaermn therA LD pwean ds opposed to

trapped char theresult nt netal oxide film

TR REG REGS SURTLBOERT St STy oBepig SiaiaRiees for the

kh@ﬁggsgamﬁﬁc@@ e8RRsed to conventional oxidants

such as oxygen gas the requi red operating

t errpeTm useeof faometahalkyb amids py dreemstadosganiyprachesanin $he ALD

reduced. nmet al _al k a t

BPGEAR st Gy o en 2pBh RppAmisio Tb B Sl MR Pmparea o

mexuﬁl@@ur@@ﬁ beaidth GO i i aliyld @i mBtall BRkokRissll tramlsfes;iemauy true for
rrﬁ)ared to other %recursors such as netal alk

alky bamigps whprgsthe whiykamige digpeds; axe Ftpylm%vlfamlge ligands.
met al S
L
ﬁse|ﬁ[‘[131$ i debiti &Oini gateacaﬁd) caigaoitersWiw hert dmd |anu@ate| dieleetrie, the high k
useful as dielectrjcs in_gates and Eltors

@@@@tr@sﬁlaisg%rﬁefoan@ Be fr §”@Str"tt?1eg‘?‘?F’§Hyka SIfFQd) @&fﬁrwﬁween one or
fn'oké'ﬁo é\E & TR G8 PheUPShERae, sﬂ@l‘i‘ &4 §N o Iad§15éd' po¥trystalline
waf er en one or nore n or p doped channels.

§iliecm alactedcbg:isr foteed suerhthadlicdecdioto Edmiplpedhe gate. When used as a

By S BT S bt € Bt HR S, e B e o biSauctive

?ﬁf&@mtor dielectric, the high k dielectric filns are
ormed between two conductive pl ates. BRI EF
DESCRI PTI ON OF THE DRAW NGS The invention wll be

described in mpﬁ 5§ oW ng
figures, 20 t hat

out | i Wﬁélrﬁvgl@tlo‘}h@lm &Rcidedli detailtwith defséBatto the following figures,
invention; and FIG 2 illustrates the use of a high k

whetesttric fil mproduced in accordance with the
| nvenﬁenl i £ 3R Sragram 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 Group 4 metal oxide

films to replace silicon dioxide in gate and/or capacitor dielectric applications. Such
metal oxides include hafnium oxide (HfO,), zirconium oxide (ZrO,), and titanium
oxide (Ti0,). The most preferred metal oxide is hafnium oxide.

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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25 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
The i nvention provides ALD processes for form ng high

wo2@oup74 nmetal oxide filnms to replace silicpor/US2003/025738

di oxi de in gate and/or capacitor dielectric

applications, Such nmetal oxides include hafnjum oxide .
Praferahly, the stisan oralendiag beqrrsleaned wityhydreges; finprids o mmays native
- The nost preferred netal oxide is hafnium
%%F%ﬁ%bﬁgﬁbr to starting the pulse cycle, a substrate,
gener @h¢ ysubstsitd istto ronwaf leaatables wafacleadderi titad sapparticandoheats the

chanber, often through a val ve Jocated at one end .of ..
SRR kot deShed e T pUTAY, PBss DESHOAGIE paperty positioned,
E{eg;u%’é‘%%l)é’caﬁ B&gini | i con wafer has been cleaned with
hydrogen fluoride to renove native silicon dioxide.

The sGsenby,epriirtte the fizstipadsean| the paksercypls) ther wafenis heated to a

upports and heats the whstrate oflxhe_desi.r .
FRREUR Anfpe it hO% JRHE a8 Aty ind BRsiraly geing from
BRGt LOOTEE, aboft 4008C. PThiSGerfipehtareGa Madgind tHeeuphoad thy process.
prior to the first pulse in the pulse cycle, the wafer

i s he@eererally paior tethgdirsitnulse i Bisgiulsy ayelsnihgieastion ghambes is also

bout, 500C, and ef bl v. aj f 0 .
BBk B0 SPIBIEL Y TP LA B CERETHR. T
phesupé BeSmaitRnesdahloyighqut tierprocess.he first pulse in

the pul se cycle, . the reaction chapber is also 10 X

br oughbe pelsé cyleisvipunliynllugiaied 1 FIG 4. Sheguise cyplg comprises the
.about 0.1 to 2 Torr. This pressure is also

%ﬁ%gﬁg%&throughout the process. The pulse cycle is

Vi suaFirst, ial Velstilealiqdd imetill Skyllamideeispudlstilizedcdnel pulsed into the

conprises the followng st . First, a.vplatile

FRaGRAmHChABDSr 2801836 The sl T8 paidd o Abaminabeofdsito the surface

bf‘tt}‘ﬁi §INstraded NMRAGINCAN GRAFRAI AS)12arlAE - is IGodREa! over a period

al kyl am ge is chem -‘absorbed orito the surface of the

pufsablzptrangingfrgmmabont (.1 tdebant S skcaaidk pt a Aivdigte rgnging from about

hohegsE 118 Shudht BhbiEcosnueR St by Bity ng gmetal alky
B fﬂﬁ?lﬁe infrodude@ ML HhbiAARA Mtﬁrﬂﬂlafr{értcéﬂi)ﬁ@rl ﬁasr such as argon,
a

centineters per mnute ("sccnl'). The netal y _
aiviogen ambeliven gas. r dlieroetavely, theompiahalkybamigietcan &p intrasiuged in pure
%o%ri er gas, such as argon,

Suitable metal alkyl amides include compounds conforming to the following

formula:
M(NR'R?),

wherein “M” is a Group 4 metal including hafnium, zirconium and titanium, wherein
“R" and “R%” independently, are selected from the group comprising substituted or
unsubstituted linear, branched, and cyclic alkyls, and “n” is 4. Preferably, “R'” and
“R* are, individually, a C;-Cs alkyl, such as methyl and ethyl, since these ligands
reduce carbon contamination in the resultant film. Even more preferably, the ligands
“NR’R*’ are ethylmethyl amides. The use of metal alkyl amides with ethylmethyl
amide ligands generates the least carbon contamination in the metal oxide film. For
example, Hf-TEMA generates less carbon contamination than closely related
compounds, such as hafnium tetramethyl amide and hafnium tetracthyl amide, as well
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20 nitrogen or heliumgas. Alternatively, the netal
al kyl am de can be introduced in pure form Suitable

woredoalo1arkyl am des i ncl ude corrpounds conf or m POT/US20031625738

following formula: MNR R2)" 25 wherein "M is a
G oup .rretal i ncl udi ng, haf ni_ um zwcinl um a

85 BT Igtiesaghon contemingfion than unrlafg ﬁ@mequsy suchy gs hafnium
eqt the group conprising substituted or

uﬁéugs?ﬂ¥%%§%1llnear branched, and cyclic al kyls, and

"n" o Seo@nd Ptlhefreacmlbh)c,hafhﬁ‘éf 1samntged s linraasted metal organic precursor

|ndV|d Ié)yaCl %% suchasmerrﬁ/ and et é/In
wpofue Sinigq S Fxamply At LACHYHBITER 87F Und MAMBHPYrRe- Inactive

%\!ﬂ%e ﬁ%%g |11‘i<§’tﬂfe efrg&mm %‘éﬁ a‘ﬁﬁ’h‘éhﬁ&h%‘a@r aﬁle\’purk@?as’ is%[k@& into the
R3R4" are éethyl neth am des. The use of netal

wlaktydn m@sow talpeeocl]g¢mllw|anglagfrdm dboybhdio geawbseconds at a

| east bon C nt a net al oxi de
PWrﬁ‘te IgS?era rﬁﬁ%’lng r%l‘ﬁ%h 138 ﬁé?‘g 12@0 PEL carbon
cont amhiRd@t dzefe ighams phISGElnto el Ahewbn eHRMbRY RS, a PYbd @dnerally
haf ni Um t et r anet hyl am de and hafnium tetraethyl
Tneig, frcag abt|0.1 ® afpupheasady a7 floeTatesrnenliy 2gwie: fram about
L L t
g?qg oun riq O&% SC C?ﬁ‘%:g%hn%%gﬁ %?Hr??og'u?&[ &/ﬁﬁgﬂ kjrge)'i;tf%ag,. ﬁféh as argon,

ﬁﬁ@gé}ﬁor Fidhﬁnf gactAlemaivalbeie dzenpeangechddtd impwadoed However,
met al organi ¢ precursor and by product using, for
B aPHIE elt g RO HMgatitha oUeHyEcy &8° Erpfﬁse(}tacgﬁ)’ﬁeﬁﬁa@ @S a precursor to

{%ih%%tdnﬁ%suél T%H&%sg%sf%ﬁt%idéqﬁn% A to @bltnﬁ Qiggx'%aaﬁfjls believed

I'um gas purge gas Is puls Into t ction
thaaniine bzanee sevarsp drel bgargls niar thiel metah ggange fpre:wmsabamdmo@layer and

to apout 5 second flowrate eral | ng| ng

PO S BAER S 9 8F b B IEOBiebECHES S mels) grie gas is

pul Seﬁ?/ hing dzbfe [reREAID p‘P&féEﬁO as oB%Q%Ed ) Qﬁ{\ﬂeﬁﬁlonal oxidants such
generally “rangi ng from about o about 5 seconds

ast oxy gk gas andtsteage ther faf edyand @agpedgphfarg@mratbg mcsult.a_m n@etal Otxa)de film
aboutd 11(80 iccmd he ogone can 93 ucedt duced.
e FEaUgs! fc RdLion, 4B, r‘%‘iPF?dog%Rqer Pgh ?‘P%‘?{?é‘ées* aré' reduce
ﬂahﬁrdﬁany Vely¥en EANCardZsadiin Bave hin deéteded BxiButS fErOADD processcs,
However, by "pure" it is not neant that no oxygen gas

wberpasegmnte hae)bygerﬁcga@zci:cg apnappridantsort digavaseddee s relatively
1§§rnésé§1)1 Eynﬁgg\g%\fae% i géennalg&r\]fterethﬁz 308 s ac%uaqﬁl the preferred

oxidant in the formation of metal oxide films by ALD. Whereas oxygen gas requires

operating temperatures around 400°C or above, 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 fonﬁation
of one mono-layer of Group 4 metal oxide film 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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that the ozone severs the ligands in the netal organic
precursor nono-|layer and 15 provides reactive oxygen

wo bat/oi3md t he metal groups to form netal oxi deCT/B§2003/025738

usi ng ozone in the ALD process, as opposed to

conventional _oxi dants_suc 0 nd st

the fPsedared{droup £ pstpl @mfggfél fﬁ”%(‘ﬁj:mr %@arﬁa?ﬁ Wﬁ@ttg‘} invention

XIRE farlitin 8%i8e (?H@%e%rcerﬁuﬁdg)haé Q%O _Izt)h§nc{ %@éﬂﬁﬁrﬁ%mdc (TiOy)
ting tenperatu Y,

oper a § are reduced radi tional l
iy eThgawstaprefested anethlaoxedoflam iphadhienr exlde diafains ofide exhibits

ALD .20 ) . d

SHpERT ShEmae BRabiIGY afdh v aR: AR 1 IFedmpapar] SHRp AeghEowth.
i nst aii hithiim BRIMBVIBGNO-1dyeNASplReeiblfifsaMEEbRG §illddn substrate by
ozone is actually the preferred oxi dant in the

pasimatHiSFEMA, feliewedly doufdel frdlawed Ay pyise pé agonsx fadlerved by a

553 B, 58 O PR P81 O A0 B, e

BRBGrsoMfigdcanse ?bﬁaﬂﬂ@vﬁ w5t€)S hiphelr watel tetpeiature AAd loWer oPone purge
the resultant film 25 ozone produces filns free of

Hueh dRAeR HMRITEY . reswity flom dawer insegesy pressurer @adtlowigr wafer
e, FoPl HERBRIMILEAE £ ARARARSha R BEAMALS, |

same ’ﬂihmh]ﬂ’hluaso;tlﬁe de[fdsrtmh using g G TEMEY predinissr is pngferablydone at
one cycle of the A raQ . The end result t he

R Ol FBRCTaE FeBE ZBrid0 Corrogtss Greni e P ib? diompandpusource
Edﬂlﬁ%@t@gﬁ)@ﬁtlﬁé‘ Q?th?’é.e-Prgi}Eleabgt‘ {RE cRHRDE dofitairhiRe IE'ﬂe wafers is pre-

repeated as nany tines as necessary to obtaint
peessuriged drid prethieatel neersa IZDrwcoﬂcmﬁelrodbﬂ“ hbm;kerfohrb_\mngrpmm leycle is

BB g Pl Bl FENRoEHEpLaL i SRR 5% R ot 20
&Q%fo@ 1275°)%Z01E’£T ééé%%@ 0§é&2§7§m&ed E’ﬁtsftﬁé EiRgnter QbR phisE®itdbf 1040

oxide fil f or med m'?ordance with the invention
saso] fodd Sherfndr, ﬁmdoml@@ gpit ecentydtion oriiogemeoisiptsed mt@ﬂ)e chamber

d de (Ti 02 i | f.e
oF SRR R T o e, SRR Bl P imo e
Epdiel b a palsR eIt T0SOIS¥BI foF 3Djebdridy. arHe, puldeedyelyis repeated 58

results in less interfacial silicon dioxide growth.

AmegfreguitingdRiaddmiirknessynd pppreximassls ba - yTh%leﬁ%%ge&Hrrant density
B P SRS P B SE M Ranfltpres o) @
seconTh@Ige. protesk hofs tHzafistanhiigheationd eqaasbé iused rtat esate high k
crh%?elétlr}cs ffrr)rolrlrs]ehllnggha?é al% %gpsaléllrtgr stlhulc Igeesr For example, the process can be
used to create gates by forming a high k metal oxide film on a substrate, such as a
doped silicon wafer, and capping the structure with a conductive layer, such as doped
Poly Si. Alternatively, the process can be used to create capacitors by forming a high k
metal oxide film between two conductive plates.

FIG. 2 is 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 lightly p-
doped silicon substrate 110 in which a n-doped silicon source 130 and a n-doped silicon
drain 140 have been formed leaving a channel region 120 there between. A gate
dielectric 160 is positioned over channel region 120. A gate electrode 150 is positioned

over the gate dielectric 160, so that it is only separated from channel region 120 by the
7
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precursor pulse tine (lower flow rate), higher wafer
tenperature and | ower ozone purge tinme. Better

W@ o137ty results from | ower process pressurBCHO003/025738

| ower wafer 10 tenperature. Fewer undesirable

particles are fornmed using shorter gurge tlﬂEE
magredigteogateidicleeisiosiol oW hers  ygltagersitiqnengs ?i‘r‘%% ?%Fn squrce 130

SEEASTER 508 108, 1L ARSI 1RSS5 o e
saunées 134 ot drrel 4l iy eackfbized. Hvedver,ay ypplyihg aqhaitbfervoltage to

gqggteﬁlétg% g hgpr\peglft eé@ &g%c&gﬁ%ijggﬁé{ﬁ iﬁﬂ ta’ﬂge gate dielectric 160
{50l Hi Ok RebtROKRE medelie aé&r@aﬁc@%tﬁ@l‘ié"ﬁﬁD er&e%& of the invention.
precursor in argon is pulsed into the chanber at a

f| ow htawdl bé agwentstocﬂnﬁfsrkﬂlez atlmdndmanye@madonsapgm instant
ul sed int e cha ul se ra
S PO SAPI, ozohesn BF REerURL N AR inp number

QIZ\QE‘)% 18 aBditis£dhd ﬁirﬁcﬁlﬁ‘@ of RAITP Biamistks, @ad diiblBSEd&Sfices, valves,
350 sccmfor 2 seconds; fourth and flnaIIy, argon is
puinge and ko likeyoftesharbe Other varistiprsewithingthe fspir 5nd seeps of this

[ S u [ 2
{nvent?’on 1%82 %?{%It P]h-ggp ﬁ%‘%ak(ftiq}e(r&n&%%@gkb%gé gleo?&g gel}églx Rc%orflmgly, the
B etionlib enlydakid@ebyaté &pe of eesoldiyns tiadt fotlowds 1 vol t
(anps/cnR) is approximately 1.08E-07 (anps/cnR). The
ALD process of the instant invention can be used to
create high k dielectrics for use in gate and
capacitor structures. For exanple, the process can be
used to create gates by form ng a high k nmetal oxide
filmon a substrate, such as a 25 doped silicon wafer,
and capping the structure with a conductive | ayer,
such as doped Poly Si. Alternatively, the process can
be used to create capacitors by formng a high k
nmetal oxide film between two conductive plates. FIG 2
is illustrative of the use of such high k dielectrics
in agate. In FIG 2, a field effect transistor 100
is shown in cross section. The transistor includes a
lightly p- 30 doped silicon substrate 110 in which a
n- doped silicon source 130 and a n-doped silicon drain
140 have been forned | eaving a channel region 120
there between. A gate dielectric 160 is positioned
over channel region 120. A gate el ectrode 150 is
positioned over the gate dielectric 160, so that it
is only separated from channel region 120 by the 7 WO
2004/ 017377 PCT/ US2003/ 025738 internedi ate gate
di el ectric 160. When a voltage di fference exists
bet ween source 130
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and drain 140, no current flows through channel region
120, since one junction at the source 130 or drain

waz@4ios73pack bi ased. However, by applying a poRCT/USM03/025738

voltage to gate electrode 150, current flows through

channel on 120. The gate dielectric 160 5 is a

W@ﬁikl%kgﬂw&% made in accordance with the ALD

process of the invention. It will be apparent to the

skilled artisan that nmany variations of the instant

invenii arttadeopgssvingea niwal exiderilm onzowmebstate bg atomic layer

aener ated and delivered in a nunber of ways. In

‘?Rﬂ’is’tt’loﬁﬁompﬁ%‘n%artl cul ars of ALD chambers, gas

di strihuti QrolEMhE Geparkid! HSes of 'rrfé'td’]galkﬁngmld%eaxlld ll?)%ne into a

often vary. O her varlatlons Wt h the spirit and

ol gfantbiei sontgning\aesubitoate, wziyer@mssnd m¢talt is lacureup dtmetal Hf, Zr,

Eeceasarlly been detail ed herein. Accordingly, the

irh#Bfition is only linmted by the scope of the clains

that fipl |l o eﬁinwﬁqg%mzmﬁ P TdrkE2RI0RAdIL B /aBieviHAT

IS CLAIMED | S: nmet hod of grow ng a netal oxide

filmon a substrate by atom c |ayer deposition

Zonpr 'rﬁé thoﬁ gc?auh t L RGG] tﬂg nrcé?ﬁ%g(ﬁite?s 1% &‘1‘11::?_%‘?0)886 et al

al kyl Into reaction er

contal n| ng a substrate V\herel n said netal is a Goup

4 metal H, Zr, Ti; andé repeatin step(lﬁutil

3 fil f?h%fm%fh%roée%lamhulekw sin; theapigfab adlgyl amileot a&rﬂf@ formula
20 ni 2

SENIORS b N epOEREL bl UL 035, 87 S Tal B i

alekyl uam de has the formula MNR R2)4, wherein M

represents a Goup 4 netal, R is an ethyl unit, and

R2 is a nethyl unit. 15 4. The method of claiml

yher eirfe M&ama%@éraﬁﬁn%éelﬁ ihd &B8rateis shidsRt hod of

form ng a gate insulator for a transistor conprising:

(i) growing a netal oxide nono |layer on a substrate by

Sh1 oe 8 oSt o BTSN RabY g HEONEH P RRRE "
react [ijpn chwmey acmtaalcmldw ndndURGE 8f & sHbIBaR Bys'cﬂd)lﬂlc layer

metal is a Goup 4 netal;
deposition by introducing separate pulses of a metal alkyl amide and ozone into a

reaction chamber containing a substrate, wherein said metal is a Group 4 metal;
(i)  repeating step (i) until a dielectric film of a-target thickness is achieved;
and

(iii)  positioning a conductive layer over the dielectric layer.

6. The method of claim 5, wherein the metal oxides are hafnium oxide, zirconium

oxide and titanium oxide.

7. The method of claim 5, wherein the metal alkyl amide has the formula
M(NR'R?),, wherein M represents a Group 4 metal, R' is an ethyl unit, and R?is a

methyl unit.

8. The method of claim 5 wherein the substrate is silicon.

9
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(ii) repeating step (i) until a dielectric filmof a
target thickness is achieved; and (iii) positioning a

wa@oodocts7ve | ayer over the dielectric |ayer. P&I/6S2005625738

net hod of claimb5, wherein the netal oxides are
haf ni um oxi de, zirconium oxide and titanium oxide. 7.
The nmethod of claimb5, wherein the netal al kyl am de
bas tgemgﬂ%mdkﬁ, MNRiR2 )4 apein Mrepresents a
G oup 4 netal nn%%% Eﬁ éthy mﬁﬁ&tg and R2 is a
met hy (i) uni fomﬁng 'ﬁhmemmrmdie gfiorol dayer Dywhwnec nlaydredeposition by

sub trate is siljcon 04/ 017377

BEpPpEDE Sep e pylses of ameF?XDH&xgafaf SRIPHITRY 43d 2P reaction
IR cr %bl‘ftglmr(g' a subQirate, Rﬁle@elﬂﬁhﬁlmé?%l' 16 GrowP4 hwgr by
atom c | ayer deposition by introducing separ at e

pul seéi)of  zepeeting stepl (yuntid pifidm qf adengetsbickagsd ivachivred;rand

a reagt.ion_ 5.chanbe ai ni substrate, wherein
sai d 11? osmonneﬁ salé ﬁﬁn ﬁgttweren Pv?? al)ectFoc%g ‘atin g step (| )
until a f| | mof a tar get thickness is achieved; and

§|||) ositioning said filmbetween two el ectrodes

©. Tihae methpdfsfaiey Qivhersin fisapetahoxifes #rehafniwgodids, ZrO,, and

ﬂ@ haf ni um oxi de, Zr02, and 10 Ti02. 11. The nethod
%laim9, wherein the netal al kyl am de has the

formula MNR R2)4, wherein Mrepresents a Goup 4

taI n ethyl unit, met hyl unit.
1o T methed TRielgim of a rgin o tiromeiah i Sk b e ormula
RﬂﬁR@f{Z %.Nehdrd 9 RpLSARES GrodP 4 metal, R' is an ethyl unit, and R? is a
methyl unit.

12. The method of claim 9, wherein the substrate is one of the two electrodes.
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