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FAB3RETA HYGH K GATE DIELECTRIC - FIELD OF THE INVENTION 5 The present
invention relates to nmethods for naking sem conductor devices, in

ayer s BACKSROND GF THE | NVENTI ON WS 11l d-ef fact t ransi st VIO
thin gate dielectrigg "FORMA 6 s XPEri ence sy,
nacet oo gt | e AR o SR

T i |

reduce gFate | eakage. Such a dielectric my not, however, be co
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transi stiies threshold vol tage, which is undesirable. Accordingly, there is
a need for an inproved process for making a 20 sem conductor device that

i ncl ude WHs i,electr] There is a need for such a process in
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process. BRI EF DESCRI PTION OF THE DRAWNGS 25 Figures 1 a-1 c represent
cr 048- sdlioxide may experieoce usacceptablexgate dedkagesnirgmés: Earmingribe gate an
enbodi mrent of the method of the present invention 1 P12763PCT DETAI LED

DESCRI PHiglbtee fiork cBREREHgh-kNIEREridhinAtenals) atipfage ofelicbl dioxidal capnduct or
device is described. That nethod conprises formng on a substrate a
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und%sta(t{n(%i ng of the Br esent invention. It will be apparent to those

ski "Ped diglecthigs.hatweghatvigh-k gatgdielaetricanda pelysiiconhased ggteict i ced i n many
ways ot her than those expressly described here. The invention is thus not

| i mi t ed elgctiade rvpy entible stishaa dieletitde tokbe dsed math. such agatendledirodmt of the
met hod of the present invention, as illustrated by figures 1 a-1 c,

di el ect infoftayately] 6o devidesrbuit onrcestarstypas of $0Bstraiebstheasresditie sy i ncl ude
i solation regions, p-type wells and n-type wells that have been forned in a

15 bul k stichiadagehayiindréase fma,r{réﬁsuétave&hréshélarmhgé?whﬁg%hgaéar%tﬁi@._ may
conprise other materials -- which may or may not be conbined wth silicon

-- such as: i ki i i ] i ndi um ar seni de,
- oae phosp%?rgg,&nhém theR|sUTha84 f&PUH MprolEF Brdcdlsk bt fitkingd
20  semiconductor device that includes a high-k gate dielectric. There is a need for
such a process in which a polysilicon-based gate electrode is formed on such a
gate dielectric to create a functional device -- without causing undesirable work

function shifts. The method of the present invention provides such a process.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figures 1a-1c represent cross-sections of structures that may be formed
when carrying out an embodiment of the method of the present invention.
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allium arsenide, or galliumantinonide. Al though several exanples of
f@PLAl s fromwhich substrate 100 may be formed are described here, any
material that 20 nmay serve as a foundation upon which a sem conductor
device may be built falls within the spirit and scope of the present
invention. Dielectric |layer 101 conprises a material that has a dielectric
const ant Al drS " Lat 6 an t-he—di el gct ki Q ant of silicon dioxide.
Di el ect “.v—" P A WA (=R s = Erl' Istant that is at |east
about twi ce that of silicaon 25 dioxide, i.e., a dielectric constant that is
greater thanRithodionmaking arsamigonducior device isateseribad. Jawématbodctric for
the sem conductor device, dielectric layer 101 is a "high-k gate
di el ect raomprisgsfernsingtanea stbstratelasdielestricntayebihati bas atdieleattie dongtark gat e
- dielectrics include: hafnium oxide, |anthanum oxide, zirconium oxi de,

zi r coni uhatsis Igreater thandtbie diéleetnicwonstdant f silieon dloxide XAl thsuddtiigUuayesitisont i um
titaniumoxide, 5 bariumtitanium oxide, strontiumtitanium oxide) yttrium

oXi dg, FbiddBAR Hi@ecthé’Péjye?,(’tﬁé‘i'ﬁéméﬁrye‘k%k'ﬁéiﬂﬁic‘éﬁwpaﬁ‘iﬁ%emﬁ?héi nc niobate.

Particularly preferred are "hafnium oxi Zi r coni um oxi titani um oxi de,

and al uny; oxl de. W, e l.es, of ,oateri al s that yay be used
to formrHc'ﬁg\ g&é@ﬁﬁi q'@%gg%gé)egt(‘ég%@séél gbeqﬁérl] g]e ﬁ]ﬁglﬂ%pg&%\@rnﬁg%@ made
fromother naterial s that, serve to reduce 10 gate | eakage fromthe | evel
present SloRtERSi i dRen fermed &1 thednsiietieg Jrver ol ighewing RN
Dielectric |ayer 101 nay be forned on substrate 100 using a conventi onal
deposi t inbaItaisgtails. aje sek farhhtocprovisieaa themeugh inderstanding: pbthet present' cvD' ) |

| ow pressure CVD, or physical vapor deposition ("PVD') process. Preferably,
a 15 conwentioondl willthenappdreptto tboEe skilea #s thesarnt,Semveven, that thesinpenii@ss, a
netal oxide precursor (e.g., a netal chloride) and steam may be fed at

sel 40t edndy bavpradtiRediimhsary wald 6@RE tiin thosk Expldsshy@esPBRHHRE. Thed
sel ected tenperature and pressure to generate an atom cally snooth

| nt erf aGRdRoHae this it ifdice %ﬁfl’mtegé}%cﬂ’ice&étﬁﬂé YScloB¥fbeldy. The CVD reactor

Il
shoul d be operated | ong enou forma Tayer w he desired
about 100 andeAnaTRORmER ot A mefod bk e Tarenten” 2R JuErsRa Lt rone
and abo'fllgu?eos ‘? g-q%}aigig%trﬁchliagléf 101 is formed on substrate 100. Substrate 100 may

include isolation regions, p-type wells and n-type wells that have been formed in a
| 16  bulk silicon or silicon-on-insdlator substructure. Substrate 100 may comprise

other materials -- which may or may not be combined with silicon -- such as:
germanium, indium antimonide, lead telluride, indium arsenide, indium phosphide,
gallium arsenide, or gallium antimonide. Although several examples of materials
from which substrate 100 may be formed are described here, any material that

20 may serve as a foundation upon which a semiconductor device may be built falls
within the spirit and scope of the present invention.

Dielectric layer 101 comprises a material that has a dielectric constant that

is greater than the dielectric constant of silicon dioxide. Dielectric layer 101
preferably has a dielectric constant that is at least about twice that of silicon

25 dioxide, i.e., a dielectric constant that is greater than about 8. When serving as
2



As deposited, dielectric layer 101 may include undesirable inpurities,
RA2E3PCRy dr ogen 'and/ or unreacted metal, which render that |ayer inconpatible
with 25 polysilicon. In the nethod of the present invention, insulating

| ayer 102 is fornmed 3 P12763PCT on dielectric |ayer 101. Insulating |ayer
102 will be conpatible with dielectric layer 101 and a gate el ectrode to be

f or med Iy i er. Insulating lLayer .102 COMpL. a single
| ayer oﬁﬂﬁégﬁ B’Ege%'i%/@?ghé ?%@l'ﬁozg'pluﬁ i %\/E‘:g 9%%@%@%&5 ?r%’ﬂﬁgﬁ licon
nitride. Such a silicon 5 nitride |ayer may be formed on dielectric |ayer
101 usi iR dielestiic.oneemeiof rda%mawrﬂalfsﬁaatd@@bbeussﬁ to sratke ljob gateg.
conventional CVD, PVD or renote plasma processes. In a preferred

enbodi nelielectsios incuqe: dafsism exids ddnthantior axide szitdonium wixide, decoriyer that is
bet ween about 3 angstrons and about 25 angstrons thick. Such a silicon

ni tri de siliconl odde) dgitardy@roxiaky, tantakirs oxkis eatiud stsoriunttitinigh @xiid, i con 10
nitride |layer, or alternatively consist essentially of a plurality of
monobay aiuf titbhhirfk 8Ride), Sfrofitfum Adrigcligd 'yt Bkitie! Ainifur, didd, e’ r ed

material for formng i1 nsulating |ayer ot her S that dre

pol yei | 12 Sharbit nfe e, B WL PR Ao D Rl ooy eerlie E, 8™ ™

instead -- wthqut departing frgmthe spjrit and scope of the present

| nvent | SRINIGTLSHde, ArCORyM Yo HiA LB oxids, RISy SxdendAlihetsh 2
substructure, e.g., one that is sufficiently thin to facilitate the
subsequdew exampies ehmaterialg that ynajepe used teiforncdieledtyia layer Hd1 Are upon such a
substrate may be | ess susceptible to work function shifts that may result,
when f odesodbed here) tivattlaydrimay bemalde fragreoth20 nizgénisie that derghtdregiaice
dielectric and a polysilicon-based gate el ectrode. For that reason, when
subsor atgatd (Hakagemions ife Rvelprasehl ihaRVicRR thasibRide sildeRdioxgé gake =
insulating layer 102 may conprise a netallic nitride, for exanple, titanium
nitride ghlet@psal umnitride. After insulating layer 102 is formed on
dielectric layer 101, a gate electrode 25 may be fornmed on insulating |ayer

102. In a prefer { . te 4 P12 PCT el ectrode y be
formed by iniﬁ'?‘g{zﬁ@ Igg%gfsqunlﬁ‘%g bﬁoﬁ&?gaic’@oﬁ"vqs}f?g&‘r z@@‘s’%‘ﬁ?ﬁ%‘{ 'PHgFI ayer
102 - geperat.i ng@%}ﬁe fi gure 1 b structure. Polysilicon |ayer 103 may be
deposi t &&PQst'RY fdnePoronentgnal ciemigalvaros geposition 4iadan. Mout 2, 000
angstronms and about 4,000 angstrons thick. Layers 103, 102 and 101 are then
5 et che®ressira & \ddrvrtysinahvapeadanogition, (‘R¥Df)process Preferablyl ac structure.
Addi ti onal steps, which are generally used to conplete the gate el ectrode
(e. 45, fconwemtipreal atdmicilayer(CVD ppocees)is asetihén spplea pacéssfa raetdledide
polysilicon structure 103), nmay follow As such steps are well known to
those slpréduesor (@.4.na metal chilbide)Vand steain hrydrsfed dteklddiedBb® rdfisdhto her e.
10 Form ng an insulating |ayer between a high-k gate dielectric and
pol ysi li el Lelectric
ESVEHERrORhEnT, i Bt s bbb EA M AL ahy SR

to be used with such a polysi ough the

enbodi ri r for, f. '

cem condanpie 30 Bate Yotk uEHAR KERNStn BURGRIS 3P0 SRR ana
pol ysi |l icon gat e_el rode, the resent invention.is not limted to
Pheve pita dOtar TG Maftar shone b pRgited lohgcenaudbdator adayeoc
contenpl ates any process that enploys an internmediary insulating |ayer to
enaBfe Hhedesiretthicinespaln mQéitéPEllQﬂilOﬂBchB@)Wi@adﬂméhﬁbokﬂﬂé@; lessies to be
used together. Features shown in the above referenced draw ngs are not

i nt endetharabeul2tDargsiranoes thick, andnaoreapreférably betveedeadboud Skangstroms i n
preci se positional relationship. Additional steps that nay be included in

t he abowaddssut Bbemgaebiedhiokve been omtted as they are not useful to
descri be aspects of the present invention. Although the foregoing

desciipti on MasjeRafted: didicetic @yer pLRRyANEude URbEHARE ImpliAfied /g Do Used

in the nethod of 'the present 1nvention, ose
hydrogen and/or unreacted metal, which render that layer incompatible with

25 polysilicon. In the method of the present invention, insulating layer 102 is formed
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P12763PCT the art will appreciate that many nodifications and substitutions
RR{BIFEeTade. Accordingly, it is intended that all such nodifications,
alterations, substitutions and additions be considered to fall within the
spirit and scope of the invention as defined by the appended clains. 6
P12763PCT I N THE CLAIMS What is clainmed is: 5 1. A nethod for naking a

sem conduct.o evi ce I sing. ,form a substrate a,djelectric |ayer
t hat hasorha'S[eégréctl?y?rcﬁgﬁﬁL'}séf'ﬂq%HQYerW@g?ee?omﬂﬁﬁbl? I’f\é‘tho‘i’@'eé’hicr lB¥etonst ant
of silicon dioxide; formng on the dielectric |ayer an insulating |ayer
that is Wnnd aigate ﬁlelcﬂ"ofjﬁgo bedowned pp thejnsulating layeatlosulatiog layes t o be
formed on the insulating 10 layer; and then formng a gate el ectrode on the
i nsul at i 12 Mmay eomptise Ensingletlayer arfmoltiplentagersherein the dielectric layer is
a high-k gate dielectric layer that has a dielectric constant that is

greater than Iﬁ@ﬂaﬁn@lagér162%5555@%d§fr6ﬁ13§ilm021 NHIRIeS Sudhhg sliiceh- k gate

dielectric layer is 15 forned by atom c | ayer chem cal vapor deposition,

and Bherrﬁﬂriﬁetlgfer%;ﬁbg.faﬁﬁ% ghglﬁéiéétﬁ'b?a .egﬁ?)ﬁll‘;sﬂﬁfﬂ)ﬁ%t@nggéiﬁédr?l sel ect ed

fromthe group consisting nium oxi anum oxl| Zl rconi um
oxi de, Zzj.r.conj Jlicon.oxide, tifanium oxj tal um oxi de, barium
stronti M@gt ﬁ?ﬁﬁhog}%@m'q%%sr' €9 £PHVEN @H?EQ?’E’(&,’J@PBFEWEVF\ RIBE™Ai um oxi de,
yttrium oxi de, Zqﬁ_al um num oxi de, | ead scandi um tantal um oxi de, and | ead

zi nc ni APEesses. IRPIRIaTRSLeBPodiment sucha PEeGessHe Usad & Farma sfligpar

conprises silicon nitride or a nmetallic nitride. 5. The nethod of claim4
wher ei n nitideilayarthat ia dpetwsen abouts3 sngstearne @andabiout 86 amgstrogisethiokl i con
nitride layer. 25 6. The nmethod of claim4 wherein the insulating |ayer
consi st Sushsesilican hitridé insufdtingdhyénmay consisl essensially ofsa lsingensilicén i de.
10  nitride layer, or alternatively consist essentially of a plurality of monolayers of
silicon nitride.
Although silicon nitride is a preferred material for forming insulating layer
102, other materials that are compatible with both dielectric layer 101 and
polysilicon, and that prevent polysilicon from interacting with dielectric layer 101,
15 may be used instead -- without departing from the spirit and scope of the present
invention. Substrate 100 may comprise a thin silicon-on-insulator substructure,
e.g., one that is sufficiently thin to facilitate the subsequent formation of a fully
depleted device. Devices built upon such a substrate may be less susceptible to
work function shifts that may result, when forming a thin metallic nitride layer
20 between a high-k gate dielectric and a polysilicon-based gate electrode. For that
reason, when substrate 100 comprises a thin silicon-on-insulator substructure,
insulating layer 102 may comprise a metallic nitride, for example, titanium nitride
or tantalum nitride.

After insulating layer 102 is formed on dielectric layer 101, a gate electrode

25 may be formed on insulating layer 102. In a preferred embodiment, the gate
4



P12763PCT 7. The nmethod of claim4 wherein the gate el ectrode conprises
Pﬁ 78%8CTi con. 8. A method for making a seni conductor device conpri sing:
formng a high-k gate dielectric layer on a substrate; 5 form ng an
insul ating |layer on the high-k gate dielectric |ayer that is conpatible
with the high-k gate dielectric layer and a gate electrode to be forned on

the ins l MLLS pol.ysilj.con on the
i nsul at :gr%é d;%eﬂrﬁ % f?ﬂggﬂggﬂghgﬁf E%F{"gﬁ\fﬁ%b@%%l'%% atyﬁéqﬁﬁgﬂl' ?‘r'lﬂ Eia]}/erl
conprises siJicon 10 nitr ) metallic_njtride., 10. The nethod of claim
9 mnﬁereﬁ%fh@% sgﬂ%t'egétﬁrgg structuem . Polysilicor layer 184 may beai m 10
wherein the high-k gate dielectric layer is formed by atom c | ayer chem cal
vapor d rsttfecgnsmgmnwgnmaummtha@@and Prefiecably inlbetwed nadimut 28800GNngst r ons
thick. 15 12 The nethod of claim 11l wherein the high-k gate dielectric

| ayer camgstrers andhabeuti4006 ahgstrards tthiokn Lagersr@3p 102nids10 ngrecthefaf ni um
oxi de, zirconium oxide, titanium oxide, and al um num oxi de. 13. The net hod

of chai tdred\RIMY corventibRatbaiiigeed, a¥ ¢6mh thefgurBeit stRRilired AdIRdAA™ and
about 25 angstrorfr?s tt¥:écl 28é14 laThsieqe}“‘matrhodé(;fjécl alrbrﬁﬁ13 wﬁer el n trLe

15 The aH AT g@iéﬁé@%ﬂ%eﬁf% Bnkisto Hieuﬁéf??%%%ctfdc{?e@"%ﬁom isp'lzz;m
To: “The HidsolncB Rl an e dherran ol eicbedaohaiiobamyctredt) dnay con

follow. As such steps are well known to those skilled in the art, they will not be

~—

described in more detail here.

10 Forming an insulating layer between a high-k gate dielectric and
polysilicon-based gate electrode may enable such a high-k gate dielectric to be
used with such a polysilicon-based gate electrode. Although the embodiments
described above are examples of processes for forming semiconductor devices
that include a high-k gate dielectric layer and a polysilicon gate electrode, the

15 present invention is not limited to these particular embodiments. The method of
the present invention contemplates any process that employs an intermediary
insulating layer to enable otherwise incompatible dielectric layers and gate
electrodes to be used together.

Features shown in the above referenced drawings are not intended to be

20 drawn to scale, nor are they intended to be shown in precise positional
relationship. Additional steps that may be included in the above described
method have been omitted as they are not useful to describe aspects of the
present invention.

Although the foregoing description has specified certain steps and

25 materials that may be used in the method of the present invention, those skilled in
5



on-insul ator substructure and the insulating | ayer conprises a netallic
Mi2f%3P¢d. 17. A nethod for neking a semniconductor device conprising: 5
forming a high-k gate dielectric layer on a substrate, the high-k gate
dielectric layer being | ess than about 100 angstrons thick and conprising a
material selected fromthe group consisting of hafnium oxide, zirconium

oxi de, t, i i 1 n-0xt de;  f or m on the high-k gate

di-el ect rth%a%ﬂaygpré@ﬁgﬁﬁ?ﬁtﬁg{ ﬂ%‘%ﬁ@@bgﬂ%’g&% E%]D%%ﬁft?@?: ragy Eegﬁa ‘tride or a
nmetallic,nitrid nd. that | etween about 3 angstrons and about 25

angstr oréc“t%"@ﬂ& ﬁdﬁ mt‘%éeél ﬁ'@?@h SP%{“QSWI'ﬁﬁ“PQ%saqEﬁSﬁW% istbstitgtonse

insul ating layer; and etching the polysilicon containing |ayer, the

i nsul at iang ad&&@ns beconsidenssi toi fgh withimthe shirtl arct s¢ape afitbe invehtioftas net hod

of claim 17 wherein the high-k gate dielectric layer is fornmed by atom c

| ayer chusfined bythpappéapedicldime. and i s between about 5 angstroms and about
60 angstrons thick. 19. The nethod of claim 18 wherein the insulating | ayer
consists 20 essentially of a single silicon nitride |layer. 20. The nethod

of claim 18 wherein the insulating |layer consists essentially of a
plurality of nonolayers of silicon nitride. 9 . AAAAAAAAAZItUUF b
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bC  10%& ()-10%& ()- 10%& ()-310%&' ()- 10m 10m 10nf; MLO%&' ()-b [=
RIERRIPCI09& () - L10%& () - SH109&' ()- f!109%& ()-Z9 10%& ()- s!10%& ()- =
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$qGJELC7 109%&' ()-510%& ()- 310%& ()- 110%& ()-sS/ #109%&' ()- 9-g

109%& () - BCOEO@\V7 y 109%& ()-10%&' ()- 109%&' ()-310%& ()- 10 10 10! $s

L #1098 ( VKI LMLO%&' ()- Z10%&' ()-"109%& ()-f!10%& ()- mD4" 10%& () -
10%&() 0% & ()- (! 109%& () -

What is claimed is:
5 1. A method for making a semiconductor device comprising:
forming on a substrate a dielectric layer that has a dielectric
constant that is greater than the dielectric constant of silicon dioxide;
forming on the dielectric layer an insulating layer that is compatible
with the dielectric layer and a gate electrode to be formed on the insulating
10 layer; and then
forming a gate electrode on the insulating layer.
2. The method of claim 1 wherein the dielectric layer is a high-k gate
dielectric layer that has a dielectric constant that is greater than about 8.
3. The method of claim 2 wherein the high-k gate dielectric layer is
156 formed by atomic layer chemical vapor deposition, and wherein the high-k
gate dielectric layer comprises a material selected from the group
consisting of hafnium oxide, lanthanum oxide, zirconium oxide, zirconium
silicon oxide, titanium oxide, tantalum oxide, barium strontium titanium
oxide, barium titanium oxide, strontium titanium oxide, yttrium oxide,
20 aluminum oxide, lead scandium tantalum oxide, and lead zinc niobate.
4, The method of claim 3 wherein the insulating layer comprises silicon
nitride or a metallic nitride.
5. The method of claim 4 wherein the insulating layer consists
essentially of a single silicon nitride layer.
25 6. The method of claim 4 wherein the insulating layer consists
essentially of a plurality of monolayers of silicon nitride.
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5 forming an insulating layer on the high-k gate dielectric layer that is
compatible with the high-k gate dielectric layer and a gate electrode to be
formed on the insulating layer; and

forming a layer that comprises polysilicon on the insulating layer.
9. The method of claim 8 wherein the insulating layer comprises silicon

10 nitride or a metallic nitride.

10.  The method of claim 9 wherein the substrate comprises silicon.

11. The method of claim 10 wherein the high-k gate dielectric layer is
formed by atomic layer chemical vapor deposition, and is between about 5
angstroms and about 60 angstroms thick.

16 12.  The method of claim 11 wherein the high-k gate dielectric layer
comprises a material selected from the group consisting of hafnium oxide,
zirconium oxide, titanium oxide, and aluminum oxide.

13.  The method of claim 12 wherein the insulating layer is between
about 3 angstroms and about 25 angstroms thick.

20 14.  The method of claim 13 wherein the insulating layer consists
essentially of a single silicon nitride layer.

15.  The method of claim 13 wherein the insulating layer consists

essentially of a plurality of monolayers of silicon nitride.
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material selected from the group consisting of hafnium oxide, zirconium
oxide, titanium oxide, and aluminum oxide;
forming on the high-k gate dielectric layer an insulating layer that
10 comprises silicon nitride or a metallic nitride and that is between about 3
angstroms and about 25 angstroms thick;
forming a layer that comprises polysilicon on the insulating layer;
and
etching the polysilicon containing layer, the insulating layer, and the
15 high-k gate dielectric layer.
18.  The method of claim 17 wherein the high-k gate dielectric layer is
formed by atomic layer chemical vapor deposition and is between about 5
angstroms and about 60 angstroms thick.
19.  The method of claim 18 wherein the insulating layer consists
20 essentially of a single silicon nitride layer.
20. The method of claim 18 wherein the insulating layer consists

essentially of a plurality of monolayers of silicon nitride.



