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present invention relates generall ygboh« et hods for fabricating integrated
circuits u al oxi de sem conductor (MJS) technol ogy. .

parti cul arﬁ)(ﬂ)(a 0@hpr esent invention relates to MOS devi ces \%\ﬁ/ﬁs%wlé'ést/e

wi dth of less than 0.3 mcron. Background of the Invention Metal oxide

seni conductors are well known in Wil M¥QS WYEHE t he rapid integration of

el ements in the devi ' (N [ ate dielectric
| ayer has appr oacheﬁﬁ%k#\ﬂ%ﬁ@g’ré&g‘l é%wﬁmdﬁage oxi de | ayers
require stringent protocols during fabrication especially in the gate
etching process. In addition, concomtant with this reduction in the

t hi ckness Eitldtdfeh@biventios de | ayer is the 15 , device's high | eakage current
caused by direct tunneling effects. Shinriki et. al., US, Patent 5,292,673
describes a MOSHETPreseat invention ralates gzoeraamcamrhogérﬁwmﬁabﬂ@atgmtlategmm ating

film Ath h b
ol ect 1 calcTiHDs bfe PR Bkig SEEGhRM ALO8) BT el Modh benslRIR e Bevi ce
suffers frﬁ?@aenaimeﬁldatremeswm§ deﬂt&mitﬁalga&avm bERLS RBTRY #ficioh. t he

silicon oxide layer, which is formed by reoxidation between the tantal um
pent oxi de gate insulating filmand the silicon substrate, has defects

i ncl udi ng goE- uni éoE E ég Sunmmary of the Invention The present invention is
based in L ion that enploying a gate 25 dielectric layer
for mef at | eastiii Hasd sdufidfiafcdhofte Al B £ HOAR! hen TR fi@! cormpri sing
Ta205 will significantly i1 nprove the per rnance 0 evi ce by,
among ot hentegiating of elemdots iimthealeviek nhenhmkmngs bﬁ&mhcmﬂxxﬂegﬁagmlmﬂom at ed
with prior devi ces.  Accordi on ect the invention is

di rect ed t@yeg%ﬁ%@%aao?ngq tmébwpég‘g%s teyeh nSyghd Hb%tﬁéxhj&\}?)(f’és K9YdEe wi dth
of less t ng, an

i nterfaci ragfm} aye {5%)0%5@21%1& tfaHr %(’(}gﬁgégﬁf ?Bsgo?ef ew§1ﬁ ggeggndglctl ve type
wher ei n theditmhgcdmcﬁmtnmaﬂpmesfmdaxhioyi ift Whd lhﬁ‘dl@eish)fthhlgﬁtetd)udd rvér ipatieasi tic
capaci tance of_ the device; 2 7 D E C 2002 WO 00/01008 PCT/ US99/ 13787 _7_
(b) fior mi dgviseTsitigh lenkage chmrent causedibydirachipaneling effects.nt erf aci al | ayer t hat
e SO o el of NP .8 PELES 26 STOMECOL TS EBRth bl T2, 05,

Ta2(O _xN~)s whereln X ranges trom 4ol uti on

of (Ta, 05)ant4lkirOfntoxideVdaes msmatﬁngr ﬂmgemmb@gn theQiaten? aSsetto tHat tite Gided
sol ution (Ta,05),-(A1203),_5 wherein_s
exhibits nnproved electrical characteristics, nevertheless, it is believed that the device

suffers from, among other things, high leakage currents because of the silicon oxide
20 layer, which is formed by reoxidation between the tantalum pentoxide gate insulating

film and the silicon substrate, has defects including non-uniformity.

Summary of the Invention

The present invention is based in part on the recognition that employing a gate
25 dielectric layer formed at least in part from a high dielectric constant material
comprising Ta,0; will significantly improve the performance of the MOS device by,
among other things, reducing or eliminating the current leakage associated with prior
art devices.
Accordingly, in one aspect the invention is directed to a method for fabricating
30 an MOS device having a gate width of less than 0.3 micron that includes the steps of:
@) forming an interfacial layer on a semiconductor substrate of a first

conductive type wherein the interfacial is preferably sufficiently thin to limit parasitic

AN
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capacitance of the device;




5 ranges from0.9 to 1, a solid solution of (Tar05),-(ZrQ),_, wherein t
ranges fromabout 0.9 to 1, a solid solution of (Taz05)~-(H O~), ~2hBE&)N
a ranges fromabout 0.9 to |, and mi xtures thereof wherein é@ﬁ i{?%7 JE'faci al

| ayer sepa™R ¥9198e high dielectric constant |ayer from t hB*YHES e: (c)
depositing a layer of electrically condustive material on the high 10
dielectric constant |ayer; (d) selectively renoving portions of the | ayer
of el ectrically @pndysihing a Bdiedibigdrit Qons@infageOat Be Shi8EidiAdR AN t O expose
portions of the high dielectric constant |ayer; (e) inplanting inpurity

i ons t hr ouglamphisesex petesid! ot isiselagedfromibe progh consistigp of deOsi Ta,tdn¥iant | ayer

into the substrate to form source d ai n,reqjans e conducti ve
types (1] rORRiRg e NP srart SEnd o FE LS LaRNAOF AR E U ERE e ode - anc
cover portiseiff rhfifes Tt Sua0d WriaikRohi®gdlensh @h,oNeAgepondh&aemauct i ve
type; (g) removi ng the exposed portions of the high dielectric constant

| ayer; 20 (tApges fomaAt 19l a2 sdidoiptitign 98 (BaO0HFuPL.yWheseis tiranges fram abowir ce and
drain regi s (i it i l. at Q i al r the
surface of q{)iéo (ij’e%/lséég’?&ﬁ tFeorn e%lq A??zpyfggcg;""&m%?eﬁlgﬁlr% g? h?ré’t%? 'iltgq(srgr%li/’ have an
irregul ar sudisigRres, thédepf @Rére@NBE InferfaelapBgel Ehngtet kiR 1Hgh fidReriefcohdiat

i nsul ator material; 2~ (k) renoving portions of the insulator material to

f or m cont addyeR&ToBs thefupHEatd:nsul at or naterial that are in communication with
t he source and ai n .eqlons: L i : ol.es with
contact materi aﬁ‘fs) In dﬁ?‘%ﬁtg{éraeg%}?%%% tr?&h{l}é ?&?‘H{:&tﬂglr@@ﬁ?%&lt&yﬁlggnducti ve

mat eri &0 caligedisesomseinalayehat is sel ected fromthe group consisting of TiN,
W Ta, M and m >Stures t hereof. 30 Al tern?ti vely, the el ectricall

y
conductive mat efPal  SEIRHHE SRS POPE & fhedayeT OFF#C%{HSQI%C}O“@WE nment the
net hod i nclyfgs theorst £RalRt1b@bdd 18 15 eUE poRREELSint Rah B&&wddLak@At the
first spacers and cover portions of the source and drain regions 2 7 E
C 2002 WO @@rol 008 PCT/ US99113787 fol l owing step (g) and before step (h)
and/or the step of formnd a silicide.|layer. on the source and drain regions
foll owing step (f). TRPERGEPuLpion; triel e Bamortd ortam arAEHEh " o an oo
transi g3 or dieddchfiecaztant H9EA REAL ClRragUb SdrmatRrefanad drdih ségieRAUGkiontity type
that includes: 5 (a) an interfacial |ayer fornmed on the substrate; (b) a
hi gh di el e€PPqUEti¥dHPEant | ayer covering the interfacial |ayer that
conprises a mategi al } t ISt of Ta, 05,
Ta~( O, _xNX) S wherei nféljﬁ?g%gzsﬁ rchﬁqtg#gg{%ﬁ%cﬁeﬂt:tgggﬁ%’glegﬁfé@ dzlhsco i'd sol ution
of (Ta205) peftibn® 2§ the-sowtveraad mrain repigs of et abicwhd@ti9e typel, a solid

solution (Ta, 05)S (A103), 5 wherein s 10 ranges frgmQ.9 to 1, a solid
S0l Ut on of ~( Tals) . T the cxgmed apriops pERE e st e 1. a
solid splution ofy (TaatihingddBid dose W ahSidy fordsanoee AP ARAMiIn0. 9 to 1,
and m xtures thereof erein the interfacial | ayer separates the high

di el ectri c remenst ant

@) depositing a layer of insulator material over the surface of the device.
wherein the layer of insulator material may have an irregular surface; ;

) optionally, planarizing the surface of the insulator material;

to
W

(k) removing portions of the insulator material to form contact holes in the
msulator material that are in communication with the source and drain regions: and

¢)) filling the contact holes with contact material.

In preferred embodiments, the electrically conductive material comprises metal
that is selected from the group consisting of TiN, W, Ta, Mo and mixtures thereof.
30 Alternatively, the electrically conductive material comprises doped polysilicon.

In another embodiment the method includes the step of forming second spacers

that are adjacent the first spacers and cover portions of the source and drain regions



| ayer fromthe substrate; (c) a gate el ectrode having a w dth of Ies§ t@ﬁ?
0.3 mi'cron covering the high 15 dielectric constant layer; (d) first gn 2002
second lightly doped regions of a second conductivity type di sposed on
respecti veWar@44008f the substrate surface; (e) a source af§TdPH"A"¥ egi ons
of the second conductivity type; and (f)}_a pair of spacers forned adjacent
to the gate electrode and forned on the 20 high dielectric constant | ayer.

In a prefer . i ) t i k NC i at or

| ayer covert iR aRH M ckcte PR AERS' it by B Rl 4GS Bl 2P o
with a firsbucenhddtaimedgionsdbllewidg aesangond contact hole that are filled
with a second contact material, wherein the insulator |ayer has a

subst anti al |y plaABgthe Aspectthe yenfiqnds dimcied tp 3niMQS drangistar formed oiys Fi gur es
| A t hrough | r - ' rJ ' MOS devi ce according
to the pr es é’ﬁt{é"!"!ﬁl@g&ﬁtsﬁgﬁ?&g@f %Ig{%glénggm@g é“m% gb%tg%l%St he Preferred

Enbodi nents It i(® toabeéentexdicdal ldyeaforinedon drdubdirate;ar e used t hroughout the
present disclosure. The short hand notation specifies the el ectron

concentration of®var f&igh FiglgripinSoptans layen coverdng fie Ineriactd iyecdr  devi ce. For
i nstance) ".Ranri L r-eqd I . 0 01008
PCT/ US99/ 1§§‘§‘9r‘_§§%§f‘gﬁ’??‘gﬁa?§§%§$ﬁ?‘!‘ U roup éondisthé ofr o ) RO DL 3)
whi | e "n+" vdesan kiresges frogygwateofhahi0gh 0el, e solid solatomod(Ta,8t)j-6h0)gn t he order

of 1x102crri,3). Fiqures | A-1H il lustrate ap .ex r hod f or

fabricat i nd"hﬁgf"l? ﬁf%ﬁ?%\fﬁgﬁ’ a(9(’}1'(:<_.)1ibtt° EEQ/F‘E@ ufign m&’i{%ﬁ@ﬁ&w@’?‘ﬁf@&ss. A p
type sgm CoffHds tdm GRS YT af 1idisblutiBe oS(TRIN) -0X&Sl),f Qhetelr UShge oM PatBlf POSES.
Therefore, n- source and n- drain regions and n + source and n + drain

regi ons ar -9 r hesolid splyion 9b §ta Qs e(HIRef. evhdreig u nangsgameatioupn0.8itp ilcon
substrate i I . . ref . prising.SiO,

Si 3N4, or éﬁ?@ﬁreg%eﬁ%ﬁ@% g‘&%é?%ﬁ”é%ﬂg%’éﬁéﬂ?% é@g%(l)r%? eckr cecossut Lirate.
The i nt er f &yeafromagiesubssrafeor med by conventi onal processes, such as, for
exanpl e, rapid thermal processi n%, 10 (RTP()) t her mal. anneal i ng, CVD, plasma
nitridation or & dat B8% clesHodebavingenivid of lessdharte miSRKoUEmE k8 on i nt o
boi I'i ng ni {ehder@Cedhstaft BY&E erred method of formng the interfacial |ayer
conpri ses exposing the silicon substrate in an RF or mcrowave plasma in an
at nospher e cont &)ni njrsv anthesconk jighsly. dopedregiving pbHg eseond ronduxetvity égpet her eof .

The int erfﬁci al .| ayer SElVES tc% lﬁ)rﬁgetntt reaction of Ta,05 in layer 110 with
the silico lsﬁf%segl?ﬂsfﬁpg‘f N T S TN aﬁ?er w Il have a thickness that

is sufficient tg)pregedircs e@CElavepiehy\e@Re tdaendédiductiva @flel ki const ant
| ayer and the silicon substrate and the thickness typically ranges from

about 1 nmto 5Um anh@aipoésracas|formedediacent fibe gate elpirodanddgmedtanythe hi gh
diele iC A and electrically conductive |ayer 120 are
forrregztoi’)n P%ﬁﬁ%l?@f%lﬁ?{sﬁ@%ﬁ%gj The high dielectric constant |ayer 110 20
preferably conpin sesféraddeemibddiméral the MQEiremsisest digoointiide? @h,inshRR Qyexk NX) 5
wherein x preferably ranges. fromgreater than 0 tg 0.6, a solid solution of
(Ta, 05) 1- ( $PYP¥R8 the aﬁé“reea}nﬁ drf’flﬁwéfﬂg*ifétmog)‘%h? at is Silled pihe fsigopacty a solid
sol ution OFna(eIQOas&%&%taa,homﬁmwﬁmmﬂ £EaBLY cotRgfRelinom 0.9 to 1,
a solid solution of (Ta205)~-(2ZrQz), ~ wherein t preferably ranges from
about 0.9 whefein thegndulatosieyenhapn sofpstanlialhyOBynar kff@e) 1 ~ wherein a 25 ranges
fromahout 0.9 to 1, and m xtures thereof. Typically, the high dielectric
constant layer will have a thickness that ranges fromabout 4 nmto 12 nm
and pref er @piey Dek@iprioR@8theSDMWiA® 10 nm The high dielectric constant |ayer
w Il formthe gate oxide |layer. The particular high dielectric constant

mat eri al s enpl oy esRres o thrpegip R dliustrate theesieps om fabricahing advO] detirecker gat e

oxi de layer. ta,. r ) ting in less 30 stringent requirenents on
gate etchi ﬁ%cog%‘ggé% ?\?i t%ea{ﬁ?é\”émbhe fabrication process. In addition, it is
bel i eved that during operation of the MOS transistors, the devices wll
exhibit a hi ?her transconduct ance paraneter. Further, since Ta has already
been uied Dstaued Deseriptionrqf the Prefesred Embodimentsyg gate oxi des are expected to

be conpatibl e Wy, pe noted that “n+" and “n-" are used throughout the present disclosure.

The short hand notation specifies the electron concentration of various regions of a

metal-oxide-semiconductor device. For instance, “n-" specifies a region of light



2 7 DEC 2002 WD 00l 01008 PCT/ US99/ 13787 -5 the materials in the other MOS
materials. The high dielectric constant filmcan be fabricated by 27 DEC 2002
conventional neans including, for exanple) LPCVD, PECVD, CVD,

and reacti VEOINO&ring. In particular Taz05 filns can be%g%é'%%ﬁ%y

chem cal vapor deposition (CvD) 5 and pkysi cal vapor deposition (PVD) as
described in Alers et al., "Nitrogen Plasma Annealing for Low Tenperature
Ta205 Fi | ms'elechpPloncEitydtion k@it the ordédbof 11 crh Y yhileMAHChpdQB& 2 REABADS

1308-1310. Ta2(O _xNX)5 filnms can be prepared by thernmal CVD or

pl asna- assi digdieCUDn genesatatiangen therprder of 1P 'emt). 5, 677, 01 5. ( Taz05) ~
(Tio2),.~ films ¢can b pared by RE netron:. sputtering deposition as
described in Gan%1 ureasﬁ.’ap'iﬁ 1ﬁﬁ%élfee%lterXF%Hg'SJB%ﬁ?d;fO{)? EH)(”FFB% lp?egﬁ%deS} ~ X

Thin Filnms" cirApplevidehyish the@lvientiMoproceé?, A(p3type skatieiavctdP Sibstrita@as bd32- 334 or
by chem cal CVD as described in U S. Patent 4, 734,340. (Ta, 05)5-(A1203); _
films can bémpleypdfadilvyratis pyrgpsanlbersiorat spvreretdsi-tdran regonseddr i bed i n
Joshi et al ., " I ; Fe - I.es ‘ 1.0
(153) Taz05. et il P RephPt TRl pPRRRaRs RcFiEhE R as0i ¢ on
techni que") slicof\pyblsiratPl1P6 had @i interfdoibl layer 104 pferatde pomphising $E9 7/Si.Naeh of the
above cited references i s incorporated herein. Finall the )

(Tay05) , - ( ZFiiEyn oxynifride formed on-an uppeysyrface of gherpubstyats @%mfféfaﬁlabl{a%ratSed by

t echni ques [ Loat r N 8] g].nﬁp i . Prior to
formation o? &tﬁﬁg bglcg@ﬁnlhggﬁq :‘35& g%ﬁ%égﬁh\%éfoﬁ%@?p@%{%ﬁﬁe I B’E’E%S?%é‘ ectric
const antd0 matRTPalthermaipmmataing bCyY s piysee hizdddtion ar deidstidn, ©atwicocheprieat ess
conprising, for exangl?l e .20 exposi ng .f:he Sjilicon substrate t(g A RTP or an RF
or i cr owav & CHMEREUGAS ARG L R Ul g htrigi a51dn o BEIFRECd BRPYL AT foxpene

ni trogen, OkhehktfifSlayd?RbRPEises ERPSidyl (Rdilih substfatd inRIRIESMidr@she N Al ers
et. al. cited above. Densification inproves the high dielectric constant

mat eri al wi PHsmegphacatmospherrecdngaining ezoper axaaen. dhOt NBTORES af enikidecsribeieo!.

El ectricall i . C i bre | ayers
of o 25 hi g EaEr e fEeh P P B RO R R 100t R 1Y S
be depasi t egutidytats pUtheaiteifarial Thies wilkyigde atiyigkead ihyt BasffRidnhiockeess t hat
ranges from about 100 nmto 300 nm and preferably. from about 150 nmto 250
nm As will ffi?é“‘?ib‘%%‘f’?%’éﬂ_e H@Péﬁ_l%‘?“’t‘%?%‘_s‘é‘l“é@tef ?’?,dath?fl@B?‘id%ErWé“@éﬁﬁer wil |
formthe gag c}&x'eé”s%ﬁi%gr ﬂg@geés ﬁt(ﬁ% SRP € hARDL: LCRet2RY 203tk 95 ﬁ;yﬂlnm(?a” be

deposited and patterne r electrically 30 conductive |ayer 120.
Subsequent |y, a Babgequeofly,phght dickestris comsmnelayal 11060d ekcamplly eshdoctive layer

el ectricall onductiyve | ayer. 120 fo h hotoresist is ked and

patt er ned u)s(?(r)cw@re RGN ’8%&%‘"6%%{’95?@%1 ﬁe i‘@gﬁl l‘?ﬁfé“sccfrﬁtaf‘bta?ﬁrgqgat e pattern.
After elchi Bebferhkif§ chmpAsedinthirddiaf tat Rfselbdied Bamerakdl ﬁa%OSjWi)Cﬁhér}z‘in')@SS t han
0.3 micron, and preferably equal to or |less than DEC 7002 VI' O

00/ 01008 - 6 PRETANIRYDIZES 18N gipasert than ¢ ® (P cr elid splugian f (BT he top hi gh

T O IENCSIN

material as r drarn re fornmed
by self ali gmegid Opreferinndngtd HomlES @r € atsdEd E@BIRIMOMT TR DT R |, Sherdnt er i al
160A is renoved to formthe device shown in Figure 1C. As is 5 apparent,

i nterfacial tPEjepbly omesh AR AU Gt b JoRd splytiae] 2t EHBun VhFrEngure 1C

or subsgquent, bl gheod! d 6O arddNixtud fherkst. ARBREMN, ho nighQicddiet ur es

illustrated.
constant layer will have a thickness that ranges from about 4 nm to 12 nm and

preferably from about 5 nm to 10 nm. The high dielectric constant layer will form the
gate oxide layer. The particular high dielectric constant materials employed with the
present invention allows for a thicker gate oxide layer to be formed, resulting in less
30 stringent requirements on gate etching selectivity during the fabrication process. In
addition, it is believed that during operation of the MOS transistors, the devices will
exhibit a higher transconductance parameter. Further, since Ta has already been used

in MOS fabrication, Ta,0O, containing gate oxides are expected to be compatible with



Referring to Figure 1D, spacers 122 are forrs~ed by depositing a 7
phosph05|llcate glass (PSG film 124 over the entire surface of the 7DEC2MD
df "vlict' of Figure 1C and then anisotropic etching the glass. The spacers

can al so bwodonade from oxi des or nitrides. 10 SubsequentPCT/USIHE8&xposed
high dielectric constant material is rggnved by pl asma etching using
fluorine or chlorine containing et chant™ gases to yield the structure of

Fi 1 E,Th t ter] 11

the gate oifBneBtahteeusBIE #irisl o Thb PR HoH Fn oS aAL 1 SEERr e as for
spacers 12Z3prida@b bl Yof\@RB6nad Hehmandifttig, 189 e%ﬂpl@'rEP@VDnPECW EERions are
then fornmed by ion inplantation as 15 shown in Fi gure 1F with the

concom t antCY¥dy NGV asfl reastive spugtering. 290 and drain (n+) 280 regions.
Silicide |ayers 133 .a t he orean '

Cegi ons. One el hBURU 06 B fen F aisa oy FrebgouRtt gt dafbl

suitablge ngha th&f eip@bhypdsu{roamwm asCRBalbed iPA1dRIkL 41 RI“RitkbéR Paspfa t hese
nmetal s, over the surface of the device of 20 Figure 1F all owi ng the

metal and gimedag fpnLewdenperaturaa0; Hilmgadopl. d?hysth@? eXpk @2, (13). Merbvi ng
d
unreact o0 Rbl s ANPISE1ACHAY, SOMRALESH, (A0S RORIMICHB or°. O

nmet al XSi Y, ont'o” sour elx I'ng conventi onaI

sel ective @enma#a'sslmd C¥Dhasi dgbeeibed & 19.S, PaivA) 5, E’D‘X DOSM (|3, B F(T80) Qnfibiis t he
silicide regions, a confornmal |ayer of PSG filma40 is 2~ deposited on the
structure &RN pf Bispaed by Rbyaprgngiroasbutiening deppsiden ?Sa%%cr&fedtlwaps&aalf ilmis

pl anar{xed« V, h nC h ¢al (pol i shing
LavP) . e P T b s oy P e TRER0L 22 (Poss ™t han

0.3 mecr on)IaIauaef Ié@qupagd?)ﬂsahfsequeahtm;cpl Ce¥Mtaatesdriled sn Br® I@t&med in the PSG

and they t f electric conduct i netal, material
42 and 43 geﬁén’; \h/n &ﬁ%sgm?%ﬂf gg“sﬁé“ gp ﬁféa Htmet?lﬂ‘gagﬁgf}l@tlg?ructure has a
nmetal gat e depReiohas destAbed inryoém eBd1t, eBimadnhrd ParRINIQ R Properties beags@fiing net al

gate el ectrode, a doped pol ilicon gate el ectrode can be enmployed. In this

case, a doléba)waywwacdnnﬁ brjgatpd by ectalespanic selptipm depogition dechpique”,

electrigcall e i i t 2
7 b £0 2002 B8 dtbio obcrt, (RbsrrauE BF, Iel FHeo ol bRt B 2
sui tabl e nﬁﬁcerpoa:itcdshmanasmna‘ugr the XBP)eZrOi)N, andi(Ta))- (&), uaai’m ﬂuquaapoa t ed
between layers 110 and | 20. This barrier |ayer, whjch |sé%%/$r‘?§al ly 5rimto

15 run t hi Ok fabsicalgd Ry éecbﬁlﬂﬁ}?l“ls?%’&rfat(jé’?'éﬂgr@f: fex olid: spiytion S-wPHf t he
tantal um p%&?&m@& mhé BRcBehs &BF&JCS&I fay&- 12bnthteml§h GERBE cBnstddie rest of

t he process woul be essentral he same as above, however, the
preferred magrai dsanrefombbfr wbedead & aadmyanﬁk:&naﬂqpmw cmgar&mgetfw exfamlptn over the

structyre so that a .polycide |ay n the surface of the do ol.ysilicon
ayer 1%t epiayBR Sh{e BeR St RE Sy FudoRad phi SN RS e
transi st or sofaithgheede, dée$gnl Moo, hitogal & hixd@Eeindreof NDepiif&Eidh id Av@BE | On may
al so be practiced as a p channel transistor. In 10 fabricating the p

channel dewreEibed meAlgspiing- eisddbete Rensbicaticieinpreves isdhighidiplesticar e si npl y
te t | d
opposite go%%ﬂaq}? aftbiaf Qﬁ? ?esﬁg@ﬂp% 168N %ﬁrrﬁﬁ &fg gﬁ)se Yaﬁﬁzﬁfger ret

enbodi ment e I nven are speC| ica escri bed
above, it wll Ee:campnyecmmmad/etmm 1208y fepably ﬁmrﬁﬂﬁs«:@ﬂﬁe andorednyat bbms of the
present_invention are gosm le in |ight of the_above teachings and within

the put¥i elighomefng metal o8 aacer exampirs THi¥t Wodk?, M abich 58 Pe deRosied Wpirit and
intended scpnGrRl. HRAR LRFeIViLA) has a ShifkddsEnGt 2P Vh AP 1088nr B FBbAI M5;

nm, and preferably from about 150 nm to 250 nm. As will be described herein, this
electrically conductive layer will form the gate electrode in this embodiment.
An optional oxide layer can be deposited and patterned over the electrically
30 conductive layer 120. Subsequently, a layer of photoresist material 160 is applied onto
electrically conductive layer 120 before the photoresist is masked and patterned using
conventional photoresist techniques to form a gate pattern. After etching, the line width

(L) of the gate 121 is typically less than 0.3 micron, and preferably equal to or less than



1. PCTNS99/13787 A method for fabricating a MSS device having a gate ?‘?q}tEh 200
of less than 0.3 micron that conprises the f Ilo o~wi n~~, segl ence~

steps ; (a) forming an interfacial |layer on a silicon sem conductor
subst r at e Wapi0/08008 i r st conductivity type] wherein the i ~—~tRyFEeEPA™] ayer ¢
riseE ilicon ni~r~"de or silicon itri ;4.(b) formng a high dielectric
constant layer vn the interfacial |ayer that conprises a material that is
sel ected f p ) ranges
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ranges fromaiqnﬂéd ﬂearitﬂlylconducaxvsmiatdlased mmmnn(l‘rgxf@ajis SAirze-B)0 ande wher ei n
s ranges fromQ a solid soI ution of Taz@%@j&-zroﬁ'@ wherein t
ranges froﬁlﬁa‘é‘b'@QtrngO@S QrS f‘irmezQ Ryoelf @ligeduen smpigRiaian Jdbg 2‘)“1 ~ wherein

a ranges TgpBraieuladial 169a % idledltofobihhc BARARbWIACERLR 102 Asi erfact a
| ayer sepa at es the gh |e ectric constant layer omt substrate; (c)
deposi 6i nga;maﬂeayemtemcmllleynr 106 alhdwn mdrigures il eandd Beas inad showntxin@igm'rcgtﬁ

dielectric copstant ]a ectively remnpvi n ortions .of the |ayer
of el ectrl%raﬁupinE%é@B qsvaélhigf%éﬁ? EP’ert'é pffﬁg’i"h‘a R ‘é’F [l'r’%rd‘é@dand to expose

portions of thediohed $iRee iDCs n;raeéetlmré RreEd b @apomﬁg @%bgbﬂogmw' ty
i ons through the exposed porti o the high di'electric constant | ayer
into the sglbst(P%(ﬁ)aflhml%pmrsbmmree amnﬁacclroame ctfegy: ofFigufe BC fand ghen| second]
conductiviéﬁ t%ge; %é}or 'n |rst s ac b Fre adj acent 5 e gate

el ect r ode HRETERY &I Fé& ?T‘P@C%rﬁ) 1t S%R%I“’d QAT RS 9E B he st
condugpi vidubsdyipily, (nga expeaawlhigm didiecr8X PoR Rt RRAfekhoR Serbvetitg plsgld di el ectric
constant |ayer; (h) npl'anting a second dose of inpurity ions into the
source ancetelied wsingeguering or(ghjorige seminingetehaphgases ©fYigld digl WueRraed eri al over
the surfa e r terial
to for m oo Ee ol foterfing ldvir GHTRY R PRIMACAT 185 o408 ASIRURAL BkalZ B0
with the sSuomispaces dmhn ﬂbﬁgd:d)lli}.Sl:heamde bﬁiclediurg a$ bz spaetsald. Hoplketdy wi t h
contact materi al C 2002 'vdOo UQ/ 01008 -9 ~c~e~ys99~t3~s~ 2. The
met hod of ¢qpPsd ?ﬁuicec@ﬁ%]r%9s"ir\ﬁ‘gdr?‘ﬁé“§tl %r%gﬂo‘ﬁé’ﬁ%ﬂﬂhf?fﬁmfi% 1R {:IPPIEF?%‘PO@(?PH c
const 38t | g¥&h in i?'l%u-lré"?l: RRihad c&{coﬁlht%trﬂ)&nm%ro? 's@urEchG)-? 2t dok @4ih Yn+)
conductive materi conprises netal that i1s selected fromthe group

consi sti nq28@fregipn$) W Ta, M and multilayers thereof. 4. The nethod of

claim1l1 wherein.th | ect.r.i,cal conduc | ve. na rises. doped

ol ys1 11 con. - 10MsHerfSRaBR G4 42 ERIMH e PR U o ARLPiY CRSTSY ep of
form ng a bad mk@bd Laiprisceheagn drip &b@ﬁﬁlﬁg & ddyky ofCRAREMIE tricvd pfméxelm and
the high dielectric constant |ayer. The nethod of claim1l furt

conpri si ngfitariems eeltopr moitinlalyese ob Hﬁsel@e@baéwfsthft face pbthgdewise ﬁf t he
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removing unreacted metal. Another method comprises depositing silicide, e.g.,
metal,Si,, directly onto source and drain regions using conventional selective deposition
techniques, e.g., CVD.

Following formation of the silicide regions, a conformal layer of PSG film 40 is

I
N

deposited on the structure of Figure 1G, thereafter, the top surface of the PSG film is
planarized by conventional techniques such as chemical-mechanical polishing (CMP).
CMP is particularly advantageous when small contact holes (less than 0.3 micron) are
required. Subsequently, contact holes are etched in the PSG and they then filled with
an electrically conductive, e.g., metal, material 42 and 43 as shown in Fig. 1H.

30 As is apparent, the above structure has a metal gate electrode 121. In an
alternative embodiment, instead of a metal gate electrode, a doped polysilicon gate
electrode can be employed. In this case, a doped polysilicon layer would be deposited

in place of the electrically conductive 120 layer as shown in Figure 1A. Opuonally. a



7. The nmethod of claim1 further conprising the step of formng a siljcide
| ayer on the source and drain regions following step (h). 20 g. The n%? 2002
of claim?7 wherein formng the silicide |ayer conprises the steps of:
deposi ti ngoaobdyer of netal over at | east the source andpdrass/1s®yi ons; .,
5 heating the |ayer of netal to cause I7he metal to react with the silicon
on the surface of the source and drain'regions to formnetal silicide

| ayers in the source and drain regions; and renovi unr eact ed tal from
the | ayer digfsigaibarrierdayer madeedionug Siiable) matrRay SN c IR SFEPRIF J&g‘n silicide

| ayer co i ¥ i tq hhd Ch ce and
drain reg?&gfnrgiﬁ%’l%’;@ b?ﬁlgﬁﬁsg{eﬁggb(vo f.?c a%sn%l?g\r/l\gé%%i 'rl{ﬂrt?ﬁgMﬁréé gi%ﬁg}rzl? ric

const ant rypically alnnh &y &Y ninabick, prievaknpdypsilidoatgateangersl froomeabimgtwith then to 17
nm 2 7 Diggl 2002 i ~JO %g/omqoé PCT/ LfS99./ 13787 -10 11 ~ The nethod of

clai m 1 wRBRHM PERERAe i the ga dielertric-n n R qengrion th Tt OldBS BYESS P ipuri ti es
to form | hghGkiiaf9RELsHRUCBo A Dotk @i theBlefiid siiBidatidiBrod®hufoshuk claim 1
wherein the high dielectric constant nmaterial is Ta~05. 10 i 3 , The nmethod
of cl ai m depabigingiarméthiili qpMer thesdtmicturd so harmspaydidetayardanghe pwfafaef{e xNx) S
wherein x raﬁ%eﬁlfronl%reater t han lto 0.6. 1'+., The nethod of claim1
wher ei n t HPEHIPGRY SHIcAR LYET IS dOMHL K rat erial is a solid sol ution (Ta, 05)~
(Ti O-) ~., wherRiiitd bddgiiasiakl thal AMOesh h CRAMnANAIAEIsOrShave bden deseribbg inet hod of
claim1l wherein the high dielectric constant material is a solid_solution

( Ta~05) S- fetail bgpins thguessnhinyentipmgeay 4lpobg wragiced aga pichgnnel rsisipst fibd of

clai ml r.ei.n t ' i el ect.ri : ' ' - lid
b7 on RHESh e e USRI o PSRRIt Bl 8011,
met hod of sigphi ppbsidherdaode dfhiee hickdnneli dvizget ri ¢ constant material is a solid
sol ution of (Ta~05) ~-(g’|f??;%,_~ wherein a ranges fromabout 0.9 to 1. The
|

net hod of cl ai fthoughen eigdrembegiments of the RYTAYPP 4B PRCIBXANSISINS tri de

mat eri al . oo ihesdmidaedons, iCh i fB épp\ﬂ&%f'd BathER hdifiGHRR! hRerdRRkting a
conformal layer of i1nsulator material. 2 OEC 2002 WO 00/01U08 LU.

PCT/ US99 1th8 p&esertninidd8on reeissibler inflighhefotho aboxe seanhioganahdovidrin ghelputview e
L.Si : interfacial .l .~ iliyn ni,trid
ST ot Adneifled MoFiARich e Eln Bom sbeut it kS B SmsoL i, ¢ const ant

| ayer , dinveriRgd. on the interfacial |ayer that conprises a material that is
selected fromthe group consisting of TazGOs, Ta2(0Ol, ~N, ~S wherein x ranges

fromgreater than O to 0.6, a solid solution of (Ta205)~-(Ti02)~.~ wherein
r ranges fromabout 0,9 to 1, a solid solution (Ta205)9 (A1203) 9 wherein s
ranges fromO0.9 to 1, a solid solution of (Ta20s)~ (Zr02), ~ wherein t

ranges fromabout 0.9 to 1, a solid solution of (Taz05)~(1-if02)~.u wherein
a ranges fromabout 0,9 to 1, and m xtures thereof wherein the interfacial
| ayer separates the high dielectric constant |ayer fxomthe substrate;



(c) a gate electrode having a wdth of less than 0.3 micronis o gJ Pﬁ%ﬂwz
~high dielectric constant |ayer; (d) first and second lightly doped regions
of a‘'conductivity type disposed on respective areas of the substrate
surface; @) oabgsce and drain regions of the first condudCrst¥i3tdype; and
(f) a pair of spacers forned adjacent t@ the gate el ectrode and forned on
the high dielectric constant |ayer. The”MOS transistor of claim20

conpri si ng: (q%ﬁgn i nsul ator |ayer covering the device and defining a first
contact hol& is filled wwth a first contact material and a second
contact hole that ~s_ filled with a second contact material, wherein the

i nsul ator | ayer1 has a substfameihad fpr fbsisatingsa MOS devieshaving 7 hate MEBh of less
transisto gﬁf ﬁla\ﬁhoerelnt te electrode,is formed froma netal
t hat iss ct SOTPYRS 1% @@WSWS Ta, MO and

[ til th f t
ol ectr oo conpidses a2 &% gt 9@%%&%54 5199-@" %@@%ﬁst%ﬁa@mﬂwﬁs °

PCT/ US99/ tantRiétivity tybe] whep a barrier

| ayer between the gate el ectrode an the |g | e ectrl c cons ant "ayer. ~5
The Mosesymtridet or of claim 2u conprising a pair of second spacers that

ate adjacent tq.the first and fornmed on the lightly doped regions,
The MOS transi ??)or 5?%&3349%05’8&’?&9 gqnﬁtgmalagqq It Bé’“?’g “@ﬁf tﬂﬁé C%’E‘Hﬂ&fé a
and drai Nyfae4{af i gh
dielectri g{aconst’&g&rtltﬁ%é?cgdl gﬁﬁ%é@.}#%ﬂ??ﬂ k'p% ﬁges r S a%égut 4
nmto 12 from @®ater Then VOS0tE, amsxihdtsohxtmh O(EK'Dazﬁg)Z(TIﬂ))?,I’ eaﬂlareﬁmerdngﬁ‘lfrom about

di el ectrig¢ constan erial i.05, "~ . The MOS transistor of
clai m 2~ Wfetoeh i %‘ﬁ’é‘ Q?ﬁ‘ﬁwnleéi%&t@f}lzpsbe r\@FéﬁW s hengss iigm 0.8 tod, - wolidxnjution of

whgoe' o n(TAOHRRZIOA el fln d rbgsS Tom iy Bl 1, 043 5Byl megﬁ‘)zﬁﬁf%f
('Ta205) ~- {vhefeid u“raﬂ\ﬁb@ [Edm aboI(Ed €6 Ab4nd mEes theFevnvwaiefii (1R iftetMcid) la

transi stor of claimz~ wherein the hi gh dielectric constant materia |s a
solid sol mnatﬁﬁes(ﬂiﬁmdw(%m@@ﬁﬂa&hﬂ@r@vmtbc subsgele; from 0.9 to 1. 25 5~.
The MOS transi stor f cl.aim dielectric,c

material is a ‘8| i d9% B?%W%%Fa@'ﬁc'ﬁ%lfmlfﬁg g&wmngwh tp%lﬁlég E??‘C(er about
0.9 to 1. cénstant RrMOS transistor of claim 20 “wherein the high dielectric
constant 30 nmaterial is a solid solution of (Ta, 05) ~- (H 02),.~ wherein a
ranges from abédx o Sgler@Veiy remqving pextions odthe s@oﬁbkecmalmndws%/maeﬂm to
-13The transj ate corrgrl ses silicon.

<2 " The T § afrapSiasie afa & Bifenmiris of e et SERLh R GpERHIMT oo an

oxide or nitri mat Em.m@ Gﬂﬂ? i
step of planar ??l ng t g&lg]ﬂ%p flaﬁi{h uﬁgl}ﬁéa?iﬁsﬁ%rpls% be ngg dg%g%h?j ).
The net hodomstant [lajeminto-thevnebstrate to Herns sapcodndodraimaregions of 4 fiestysecondl of

conductivity type;

® forming first spacers that are adjacent the gate electrode and cover portions of
the source and drain regions of the first conductivity type;

(g)  removing the exposed portions of the high dielectric constant layer;

(h)  implanting a second dose of impurity ions into the source and drain regions;

@) depositing a layer of insulator material over the surface of the device;

[11] removing portions of the insulator material o form contact holes in the
insulator material that are in communication with the source and drain regions; and

[1:9] filling the contact holes with contact material.



the insulator material enploys cheni cal -nechani cal polishing. 3d . TheEg 2007
met hod of claim 1 wherein the interfacial |ayer has a thickness that ranges
fromabout 1 nmto 5 nm 51 . The nethod of Claim1 wherein the,

i nt erfaci aVOIY®PS has a thi ckness that ranges from about PETARYS™S nm “to-
A nethod for fabricating a M3XS device having a gate width of Iess than 0.3
m cron, conprising: (a) formng an interfacial |ayer on a sem conduct or

tbstrate; (b) ,f lectrl. terfacial
Tayer. | the hi gh2dl el GB PRECHaRsPhe SRy EBRSPT P Ebe B IR < wher ai n x
ranges fronkgecedt &nshh@ay&. to 0.6, and wherein the interfacial |ayer

separates the high dielectric constant |ayer fromthe substrate; (c)
formng a gate el ectrode of an el ectrlcally conductive material on the high

di el ectric consta ng, source and
drain regions i h thelrg% }Pat gcﬁtﬁ’ éé”éﬁfe"f ete%@z{jé@y CO&’%%WBH”L& g)S . The
met hod of EhabMtes méﬂal"éﬁ‘a@ﬁ@b&c‘ié@ieﬁérﬁ‘hﬁrgfr%'c%hszktﬂ)\g%f’IGN”W"I‘%eMoSdnH' con oxi de,
silicon nitride, or silicon oxynitrid Z. met hod f fabrlcatlngaIVDS

devi ce havmmgtﬂaygattéerwfdth of |ess than 0.3 mcron, corrprl sing: (a) formng
an interfacial |layer on a sem conductor substrate; (b) form ng a high
dielectric constant |layer on the interfacial layer, the high dielectric
constant |ayer gonprThd Agthdd 90klafin $ WheiciOme fechtABROSdndiike Bjetial- Wherein t
ranges fromabout 0.9 to 1, and wherein the interfacial |ayer separates the
hi gh di el e@PmpﬁseééﬁquanﬂlyﬁllWér fromthe substrate; (c) forming a gate
el ectrgde of an electrically conductive material on the high dielectric
constant layer; and (d) form ng source and drain regions in the substrate
adj acent to the5gat eTikd methoddé claifing éurrthet h@ﬂprﬁxﬁngdha'sn&p@#ﬁ)mmraeﬁarridrhe
interfacial |ayer co S ilicon oxide, n ilicon
oxyni t ri de!2yer etye 215’6‘2""’3] ¥ COUAHEHYR dppter g} a’?da‘bF ?‘bﬁt4 fiﬁ?j:”é‘ W@éﬂf&i?ye&e havi ng
a gate width of less than 0.3 mcron, conprising: (a) form ng an
interfacial |ayer on a sem conductor substrate; (b) formng a hi
di el ectric consfant Thkemethow of plain htﬁéﬂﬁa@@mrmh@y ¢ step Refonmys Sénoégect ric
fgﬂ;tezﬁt | QYRErs SRRl R A9nAnE Prd Lo R0k Uhd OVeP bolibRCOPY sl Brdfy WheET €1 N 2
regions following step (g) and before step (h).

7. The method of claim 1 further comprising the step of forming a silicide

layer on the source and drain regions following step (h).

20
8. The method of claim 7 wherein forming the silicide layer comprises
the steps of:
depositing a layer of metal over at least the source and drain regions;
25 heating the layer of metal to cause the metal to react with the silicon on the surface of

the source and drain regions to form metal silicide layers in the source and drain regions; and

removing unreacted metal from the layer of metal.

9. The method of claim 7 wherein forming the silicide layer comprises

30 selectively depositing silicide over the source and drain regions.

10.  The method of claim 1 wherein the high dielectric constant material layer

has a thickness that ranges from about 4 nm to 12 nm.



fromabout 0.9 to 1, and wherein the interfacial |ayer separates thz hmg:g?g
dielectric constant |ayer fromthe substrate; (c) formng a gate el Zt 02
of an electricall g conductive material on the high diel ech&iﬁsﬁgg%ant

|l ayer; andWA#®Pmi ng source and drain regions in the substrate”adjacent
to the gate electrode. ' The nethod of -@-aim ~" ~ wherein the interfacial

| ayer conprises silicon oxide, silicon nitride, or silicon oxynitride, A
met hod for fabricating a MOS device having a gate width of less than 0.3

m cron, conprisithg; (Ee rhahod nfclaimsi wWheen sept(h) cdenpristeinfradicalg 4 bgter on a
sem conductQr substrate; (b) formng a high dielectric constant |ayer on
the sil i-“cong?ﬁa%er?fd@p}lﬁi‘%sr‘%ée{’%ﬁlg%fg’ﬁ)?d ﬁql}gcerﬁnaﬁrﬂpé?gé%ri c constant |ayer
conprising a material that is selected fromthe group consisting of Ta2, 03,
a solid solution of (TazGs)t (Ti02), r wherein r ranges fzomabout 0.9 to
1, 2 7 D E C 2202 -Ti raetbad ofclsiol uwhevein (Hesi2 @b JidleCAt2033tant Gnadréat € n S
ranges froer.9 to 1, and m xtures thereof wherein the silicon nitride

i nterfacial F?gj'er separates the high dielectric constant |layer fromthe
substrate; (c) formng a gate electrode of an electrically conductive
material on the high dielectric constant |ayer; and (d) form ng source and
drai n €gi ons i nist he Bebstthet ef dainalcemtrein ¢het igh dimteetris| covstarodwterial 45  An MOS

transi stor for on.a sem conductor substrat conprising; (a) an
interfacial jfﬁé@'g&*)f SPREEY ’6ﬁar{=ﬁ%H8'ﬂ?l¥éetafeé?@;“ O?‘B)%g hi gh dielectric constant
| ayer conprising Taz(O-.~Nx)5 wherein x ranges fromgreater than O to 0.6
di sposed on the interfacial |ayer) the interfacial |ayer separating the
hi gh di el ectric '¢onstigtmatbgieel dlaignh vheseis theshighdiglecirie)constapumatesiabist r ode
having a w 0f - L n ' LS, ' i.elkectric
const ant | agggr]';dosglﬁllggﬁgﬁz?@d@@é%ﬁ%ggir%bﬁge)rg?lgggr?%% %tﬁltaﬁjeiysog{;bs'? rt(gtl'e adj acent
to thelfate el ectrode. The MOS transistor of Claim +~1 wherein the
interfacial |ayegr conprises silicon oxide, silicon nitride, or silicon
oxyni tri o, 315 b S madest e LR s e el icops B on o
sem conduct PkolRILBRLIBA T, ODQRN,05] Reherein s ranges from 0.9 to 1.

6.  The method of claim 1 wherein the high dielectric constant material is

20 a solid solution (Ta,0;)-(Zr0,),, wherein t ranges from about 0.9 to 1.

|7, The method of claim 1 wherein the high dielectric constant material is

a solid solution of (Ta,Os),-(HfO,),, wherein u ranges from about 0.9 to 1.

1§ The method of claim 1 whereir the first spacers comprise an oxide or

nitride material.

(9. The method of claim 1 wherein step (i) comprises depositing a

conformal layer of insulator material.



(a) an interfacial layer forned on the substrate; (b) a high dielectri27 DEC
constant |ayer conprising a solid solution of (Ta205)~ (ZrQz),., wherein t
ranges from about 0.9 to 1 disposed on the interfacial |ayer, the

interfaci &qhaNgys separating the high dielectric constanPCT/8§813%Tom t he
substrate; (c) a gate el ectrode havi r‘ig a wdth of less than 0.3 mcron

di sposed on the high dielectric constant layer; and (d) source and drain
regions in the substrate adjacent to the gate electrode. 5 p. The MXS
transi stor of,,Claim4 ~ e the interfacial |ayer conprises silicon

oxi de, silicOf nitride, éﬁ%@%m&% ATTRGG Bfa semich) W@P% stor forned
on a sem conduct or sulst If] . conprising: (a) an interfacial layer farned
on the substrate; (b) a higlf diel ectrlc const ant Iayer conprising a solid
sol ution of (aa~0ah-intetcitHaysiyfrsilicona mSsiidono@hntide fofnddonlihdi sposed
on the interfacial |ayer, the |nterfaC| al Iayer separatl ng the high

di el ect FHStratkast ant | ayer fromthe substrate; (c) a gate el ectrode having a

wi dt h of | esg.tha on_ di d on the high ctric gonstan

| ayer; and (3‘3) so{%lhg%ﬁsg%% ‘for?sﬁ%ﬁ‘gllagﬂs in thegéﬁiﬂiﬂﬁ% eéﬁfgﬁcéﬁlt 2 L) ti‘?fe
gate el esthpaste.-a matdfiaDiat is sble&c@'fro‘fn Eﬁ@"grﬂ?c&nrsﬁﬁﬁ 5?“? Ta%k@l W,y whitesr € n
the interfacial |ayer conprises silicon oxXid |co tri d& *6r silicon
oxyni t r X danges fonagrodns thamb ¢o 6i6pr sblid smmmofa('ﬁigmg),e@lﬂgp,t whiersitlisdangésefrom
conprising: (a) a silicon nitride interfacial |layer formed on the

substr aalmm@)l:ﬁ tcal,ha gdmcbls(ﬂlhtkm@agogp(mg@nt WRYEN s YarfROERh 09 th rIe iﬁgﬁrfaci al
| ayer) t %'}73? é) ric constant |ayer conprising a materi al at is
50

sel ect e%P sznsﬁhgtwmgra@geﬂm@mbo‘a GBIto d, s sdlid sohutionf of((TaZ0R) ~

(Ti02) 0 a_solid sol ution
(TazOzs)gh:d\,{i]1 \%&e@d?ﬂ%ﬁfg;ﬁ@ ﬁ{;@igé%? Wﬁ‘%ﬁf Hiereof jyhersin the intesfaciadr eof )
t he i nt Ryemsdpatattsatie higtedisledtricn@ndtie 18e8 Fro ﬁdeesgs%&a@ constant |ayer from
the substrate; (c) a gate electrode having a w oﬁ‘ | ess than 0.3 mcron
di sposed on {de higateitlesteade having anwiltnef Iesytean 0 dndictet) sour ce Mn

reglons h&kﬁtratea acent to the gate el ectrode. .Al
igIhiekeTic gonsiank _Ate. AS . A{. AFl . Ae. A@ Aye. A y&6" czn(om v! $
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al 45b556f 77#8nB8$9r 9994 The MOS transistor of claim 20 comprising:
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30 23, The MOS transistor claim 20 wherein the gate electrode comprises

¢cped polysilicon.
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10 27.  The MOS transistor of claim 20 wherein the high dielectric constant

material layer has a thickness that ranges from about 4 nm to 12 nm.

28. The MOS transistor of claim 20 wherein the high dielectric constant
material is Ta,O;.
15
29.  The MOS transistor of claim 20 wherein the high dielectric constant

material is Ta,(O,,N,)s wherein x ranges from O to 0.6.

30. The MOS transistor of claim 22 wherein the high dielectric
20 constant materijal is a solid solution of (Ta,0;),~(TiO,),., Wherein r preferably ranges from
about 0.9 to 1,

3 The MOS transistor of claim 2V wherein the high dielectric constant

material is a solid solution (Ta,0s),-(Al,O,),.. wherein s ranges from 0.9 to 1.

32.  The MOS transistor of claim 2¥ wherein the high dielectric constant

material is a solid solution (T4a,0;)-(Zr0O,),, wherein t ranges from about 0.9 to 1.

353, The MOS transistor of claim 20 wherein the high dielectric constant
30 material is a solid solution of (Ta,0,),-(HfO,), , wherein u ranges from about 0.9 to

1.
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34, The MOS transistor of claim £0 wherein the substrate comprises

silicon.

35.  The MOS transistor of claimZV wherein the first spacers comprise an

5 oxide or nitride material.

-

56 The method of claim 1 further comprising the step of planarizing the

surface of the insulator material before step (j).

37. The method of claim 3¢ wherein the step of planarizing the surface of
the insulator material employs chemical-mechanical polishing.

3. The method of claim 1 wherein the interfacial layer has a thickness that
ranges from about 1 nm to 5 nm.

3. The method of Claim 1 wherein the interfacial layer has a thickness that

ranges from about 1 nm to 2 nm,

| u A method for fabricating a MOS device having a gate width of less than
0.3 micron, comprising:
(a) forming an interfacial layer on a semiconductor substrate;
(b)  forming a high dielectric constant layer on the interfacial layer, the high
dielectric constant Jayer comprising Ta,(0, N,)s wherein x ranges from greater than 0 to 0.6,
and wherein the interfacial layer separates the high dielectric constant layer from the substrate;
(c) forming a gate electrode of an electrically conductive material on the high

dielectric constant layer; and
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about 0.9 to 1, and wherein the interfacial layer separates the high dielectric constant ayer

from the substrate;

(¢)  forming a gate electrode of an electrically conductive material on the high

dielectric constant layer; and

@) forming source and drain regions in the substrate adjacent to the gate electrode,

43, The method of Claim 42 wherein the interfacial layer comprises silicon

oxide, silicon nitride, or silicon oxynitride,
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(b)  forming a high dielectric constant layer on the interfacial layer, the high
dielectric constant layer comprising a solid solution of (Ta,0;),-(HfO,),,, wherein u ranges
from about 0.9 to 1, and wherein the interfacial layer separates the high dielectric constant
layer from the substrate;

(¢)  forming a gate electrode of an electrically conductive material on the high

dielectric constant layer; and

(d forming source and drain regions in the substrate adjacent to the gate electrode.

. The method of Claim 4 wherein the interfacial layer comprises silicon

oxide, silicon nitride, or silicon oxynitride,

e . A method for fabricating a MOS device having a gate width of less than
0.3 micron, comprising;

(a) forming a silicon nitride interfacial layer on a semiconductor substrate;

(b) forming a high dielectric constant layer on the silicon nitride interfacial layer,
the high dielectric constant layer comprising a material that is selected from the group

consisting of Ta, O, a solid solution of (Ta,0),~(Ti0,),, wherein r ranges from about 0.9 to 1,
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substrate;
(c) forming a gate electrode of an electrically conductive material on the high

dielectric constant layer; and

(d) forming source and drain regions in the substrate adjacent to the gate electrode,

b7, An MOS transistor formed on a semiconductor substrate, comprising:

(a) an interfacial layer formed on the substrate;

(b)  a high dielectric constant layer comprising Ta,(0,,N,)s wherein x ranges from
greater than O to 0.6 disposed on the interfacial layer, the interfacial layer separating the high
dielectric constant layer from the substrate;

(©) a gate electrode having a width of less than 0.3 micron disposed on the high
dielectric constant layer; and

@ source and drain regions in the substrate adjacent to the gate electrode.

3. The MOS transistor of Claim %7 wherein the interfacial layer comprises

silicon oxide, silicon nitride, or silicon oxynitride.
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(b)  a high dielectric constant layer comprising a solid solution of (T2,0;)-(Z10,),,,
wherein t ranges from about 0.9 to 1 disposed on the interfacial layer, the interfacial layer
separating the high dielectric constant layer from the substrate;

(¢)  a gate electrode having a width of less than 0.3 micron disposed on the high
dielectric constant layer; and

(d) source and drain regions in the substrate adjacent to the gate electrode,

50. The MOS transistor of Claim49 wherein the interfacial layer comprises

silicon oxide, silicon nitride, or silicon oxynitride.

51. An MOS transistor formed on a semiconductor substrate, comprising:

(a) an interfacial layer formed on the substrate;

(b)  ahigh dielectric constant layer comprising a solid solution of (Ta,0;),-(HfO,),,
wherein u ranges from about 0.9 to 1 disposed on the interfacial layer, the interfacial layer
separating the high dielectric constant layer from the substrate;

(©) a gate electrode having a width of less than 0.3 micron disposed on the high
dielectric constant layer; and

(d)  source and drain regions in the substrate adjacent to the gate electrode.
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(b)  ahigh dielectric constant layer disposed on the interfacial layer, the high
dielectric constant layer comprising a material that is selected from the group consisting of
Ta,05, a solid solution of (Ta,0;),~(Ti0,),., wherein r ranges from about 0.9 to 1, a solid
solution (Ta,0,),-(AL,0,),,, wherein s ranges from 0.9 to 1, and mixtures thereof, the interfacial
layer separating the high dielectric constant layer from the substrate;

(c) a gate electrode having a width of less than 0.3 micron disposed on the high
dielectric constant layer; and

(@ source and drain regions in the substrate adjacent to the gate electrode.



