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The transistor 100 further includes a gate dielectric 116 and a gate electrode 118 which may be
polysilicon. A gate silicide (not shown) is formed typically on the polysilicon gate electrode 118 for providing
contact to the gate of the device 100. The transistor 100 is electrically isolated from other integrated circuit

30 devices within the semiconductor substrate 102 by, for example, shallow trench isolation structures 121. The
shallow trench isolation structures 121 define the active device area 126 within the semiconductor substrate
102, where the MOSFET 100 is fabricated therein. |

The device 100 also includes a spacer 122 disposed on the sidewalls of the gate elgclrode 118 and the

gate dielectric 116. When the spacer 122 is comprised of silicon nitride (SisNy), then a spacer liner oxide (not
35  shown) may be deposited as a buffer layer between the spacer 122 and the sidewalls of the gate electrode 118

and the gate dielectric 116.



and the gate dielectric 11.6. 1 12 SEP 2005 As the di nensions of the
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comprised of a high-k dielectric constant material, the gate dielectric 152 has a larger thickness (bundreds of

30 angstroms) than when the gate dielectric is comprised of silicon dioxide (Si0;) (tens of angstroms), for field
effect transistors having scaled down dimensions of tens of nanometers.
The gate dielectric 152 with a high-k dielectric constant has larger thickness to minimize charge
carrier tunneling through the gate dielectric 152 for field effect transistors having scaled down dimensions of
tens of nanometers. Charge carrier tunneling through the gate dielectric 152 is minimized exponentially by the

35  thickness of the gate dielectric. Dielectric materials having a dielectric constant that is higher than the



carrier tunneling through the gate dielectric 152 for field effect

transi stors having scal ed down di nensions of tens of nanoneters. Charge
carrier tunneling through the gate dielectric 152 is mnim zed
exponentially by the 35 thickness of the gate dielectric. Dielectric
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the doped polysilicon gate provides improved carrier mobility with little negative impact of poly gate depletion
and therefore serves to improve transistor performance over the prior art.

30 In accordance with yet another aspect of the present invention, a method of forming a MOS transistor
having improved carrier mobility is provided. The method comprises forming a gate insulator over a silicon
substrate, wherein the gate insulator comprises a high-k dielectric material interposed between the two thin
silicon dioxide layers such as monolayers. The thin silicon dioxide layers are formed, for example, using
molecular beam epitaxy (MBE) or atomic layer epitaxy (ALE) while the high-k dielectric is formed, for

35  example, by chemical vapor deposition (CVD) or reactive sputtering. A doped polysilicon layer is then



havi ng i nproved carrier nmobility is provided. The nmethod conprises forn ng
a gate insulator over a silicon substrate, wherein the gate insul ator
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30 the hlgh-k dielectric layer, wherein the high-k metal material corresponds to the high-k dielectric material,
thereby providing a high quality interface between the gate insulator and the metal gate electrode.

In one exemplary aspect of the present invention, the high-k dielectric material is formed via reactive

sputtering, followed by a sputtering process in the same chamber, wherein an oxygen content in the

environment associated therewith is substantially reduced, thereby facilitating a process where no interfacial

35  layers form at the gate insulator/gate electrode interface.



exanpl e, by chem cal vapor deposition (CVD) or reactive sputtering. A

hi gh-k metal layer is then formed over 30 the high-k dielectric |ayer,
wherein the high-k netal nmaterial corresponds to the high-k dielectric
material, thereby providing a high quality interface between the gate
insul at'or and the netal gate electrode. In one exenplary aspect of the
present invention, the high-k dielectric material is forrﬁdsgngﬂ reactive
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accordance with still another aspect of the present invention; and

25 Fig. 7 is a flow chart diagram illustrating a method of forming a MOS transistor having a gate
insulator and metal gate structure which reduces leakage current without substantially impacting transistor
mobility in accordance with yet another aspect of the present invention.

MODE(S) FOR CARRYING OUT THE INVENTION
The present invention will now be described with reference to the drawings, wherein like reference

30 numerals are used to refer to like clements throughout. The present invention provides a MOS transistor
structure and method of manufacture which employs a gate insulator structure which reduces gate lcakage
current while mitigating the herctofore negative impact of prior art structures on transistor carrier mobility,
thereby improving transistor speed.

Turning now to the figures, Fig. 3 is a fragmentary cross section diagram illustrating an LDD type

35  MOS wransistor 200 in accordance with one aspect of the present invention in which source and drain regions

108, 112, extension regions 104, 106 and isolation regions 121 reside in a silicon substrate 102. The source



mobility in accordance with yet another aspect of the present invention.-
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are non @i@)ﬁ@ 5®, thli&netsh@ss Kas Ihat oMQﬂchEingydd@{e.tg. , g@otuf"ld A[LE&(‘JO%PJ:& pr%rraﬁly a
monolayer which is a thickness of a single SiO, molecule (e.g., about 2 Angstroms or less).
The reason a thickness of the SiO, layers 204, 206 is important is as follows. With a gate insulator
30  stack 202 as shown in Fig. 3, the effective capacitance (Ceff) of the stack 202 can be determined by:
1/Ceff = 1/Csioaponom + HChighx + VCsionqrop)-
Since C = k/d for each layer in the stack, the contributory capacitance can be ascertained if the thicknesses (d)
are known. If, for example, each SiO, layer is as thick as the high-k layer 208 (e.g., d = 10 Angstroms) and
ksioz = 4 and kyjgn« = 30, then Ceff (ignoring units) can be calculated:
35 : 1/Ceff = 10/4 + 10/30 + 10/4 = 5.33, therefore Ceff = 0.1875.



fabricated, interfacial oxides were sonetines fornmed and such interfacial

| ayers (e.g., having a thickness of 25 about 10 Angstrons or nore) were
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substantial |y thicker avi ng hi ckness about 300 Angstrons or
nor e anfear the gate insulator 202, which reduces coulomb scattering, however, the dopant concentration of the

interface portion is not low enough to contribute significantly to poly deplenon thus providing improved
carrier mobility without any substantially negative impact associated with poly depletion. In addition, the
30  interface portion 218a of the poly gate 218 is thin enough (o not substantially impact the gate resistance of the
transistor 210. |
In accordance with yet another aspect of the present invention, a method of forming a MOS transistor
having a gate insulator 202 as illustrated in Figs. 3 and 4, will be described in conjunction with Fig. 5, as
illustrated at reference numeral 300. While the method 300 is illustrated and described hereinafter as a series
35  ofacts or events, it will be appreciated that the present invention is not limited by the illustrated ordering of

such acts or events, as some acts may occur in different orders and/or concurrently with other acts or events

7




about 1,000 Angstrons or less. In addition, the dopant concentration of the
interface portion 218a has a dopant concentration that is about six tines
| ess than that of .the gate el ectrode portion 218b, for exanple, about | x
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concentration of about 6 x 25 10t9 atons /cnB or nore. The custom zed poly
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be per f@ndme behvédAaboud L B0.ARd Qkn LiRSHiHield 8 cARRR Fhik/ iAW GRAFPES BST which
have dielectric constants greater than 100. All such dielectric materials are contemplated as falling within the
scope of the present invention. In the above example, the high-k material is formed at 306 to a thickness of
about 5 Angstroms or more, and preferably 10 Angstroms or more.

30 The method 300 of Fig. 5 continues at 308 with the formation of a second thin SiO; film over the
high-k dielectric. As in 304, the second thin SiO, film may be formed in a similar manner to form a high
quality thin layer (e.g., about 10 Angstroms or less) and preferably a monolayer (e.g., about 2 Angstroms or
less). A polysilicon layer is then formed over the second thin SiO, layer at 310, for example, using CVD,
however, any deposition process may be employed (such as MBE, sputtering, ALE, etc.) and is contemplated

35  as falling within the scope of the present invention. The polysilicon layer is preferably doped and such doping

may be performed in-situ or subsequent to deposition using, for example, ion implantation.
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The nethod 300 continues at 306, wherein a high-k material dielectric |ayer
is formed over the first 20 thin SiQ2 |ayer. For exanple, the high-k
dielectric material may be formed using chem cal vapor deposition (CVD),
reactive sputtering, ALE or MBE, however, any nmanner of forming a high-k
filmmy be enployed and such alternatives are contenpl ated as fal I i ng
within the scope of the present invention. CGenerally speakin
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exanpl e $0 gf*@“’mswd Ropecbineitt awhqfsstﬂmammcamamef fopexamplpjabdenks ' @foms/albout 5
Angstr omsse&,nd PBkificon aé},ds,m%mﬁ@t&la YerfbfneAROSi AR elirodDhyRr havilg 48ondet hod 300
of Fig. continues _at h the formation of asecond%hln S film

over t hé'“CLPﬁs‘b(ﬁg kabﬁ‘i"é?oewp? ﬁbgs“‘?il%s) g dapsd in-sity Withaseqopdidopait $PnesPERoR 9 IS nay be

f or med bﬂmle%msﬁ[OMBm3tO forma high qual i ty thin | ayer (e.g., about
10 Angstrons fera strons
or |ess). AR% a"ve%f ?hg oh" f& lager T lgfffv? odpdg’%egx'g\'/%'r'm?lg"éahg'étg gnrei%rsf %of’ng&

| ayéf atcor@matlof' @ilowamb émmulsn vfghe@@elecnhdwmsvevmchmndap@sm fdndrplgptabode s may
be enpl guedodatbisah BeediBion. sfp,tez dnSthdrAfebrnafiNeEa s.@regol}su@ma}esmg%tf&m e 35 as

falling within the scope of the present i|nvention. $ ysilicon |ayer is
pr ef er aStyvYdp&e S%H‘eé‘ﬂ‘dﬁplﬁﬂﬁ?ﬂ“ﬁﬁeps e ‘*B@‘Sb’é‘ip\“ﬁ?‘%éfal‘?f”eé %W%P'ggﬂﬁ@éﬁfuent to
deposi t dove doghtrigwn e irgetaatglotion.| O Becondh@dataldn iOlen ﬁrf&ﬂeﬁﬁm adE0dl, loerone

ex € er| al Xeﬁ%%ﬁ&nv@ do})ﬂ?th@%@%ﬁe%&e Fl@é{r%g%ﬂog%r w;[thb)ﬁ Ctglll SI vlan 3 Iate m?ertnt[% \RK)‘Q 0h at 310

on portions
Si mlﬁ ar tq therebl ganeratp a%ﬁtomﬁeﬂogam woliip &'erdlesém ntyae@r pfrfomm A mfvetqomd P?‘h erew t h.

For exanmgtiehay Beldh Waﬁcﬁig-&fnleﬁ@la@d &'filﬁrtg “@tﬂihﬁﬁ'sdobm%egﬁmhxteht% process,
wherein an |%ter ace H%o‘é%sHIICO IS fQOf over the sec '?ﬂ(fﬁst hin Si Q2
layer to a fiPEPUIREH inbeRolyspig layge ‘%‘""’dé fite as“GUS‘%C"BE?‘%‘-\r\’Q%?‘? B nd
doped i patgiitgumawbd Rrfermbd instcodiaganith mwoanmhcgtapmproa‘essesf folloved aypleeh, fabout | X
1019 at @R/ ke (ofeoTs R eToTAVA '? g)p med to
forma gart A S U T L S S
Angé? r ofey b%?ﬁ'abtfé;a@d"uswhgiwmtwe'ﬁcweg’eteﬁw felling apithin g propanf hapicssnt of , f or
exanpl ejnvalaedit 6 x 1019 atons/cnB. Alternatively, the interface Iayer may
be fornmed ang, do ia ion inplantation tg the firsg dgopant 10 .
concentr at i o% e oﬁ%]ogm%)cf"?)"""‘isﬁte 0 ﬁ‘ﬁ'f’l‘%ﬁoubﬁe}afal?é"’gboéf ge é’f“ée tﬁ‘c?ﬁcé’galaﬁflévf‘m whi ch

i s t henowopewlag apectofith nrpdemnr!varttiomrﬂletsoyrcetdhm reghmerel fotrogdafer defoiioeofitregolyon. | n

yet anoblielis Bh fnfplaRddoh Weheref o peglggeeqicxggéamgm fclnméﬁf-ah%mf séa?cefdlqrnw@gdmml chis
foI%g Hﬁ%two separate ion inplantation steps first
nt

L\ ”cbs‘%i"ei Slirspatiyeds dhe sevrefragiesinqemeype fomedya 'Wmﬂhﬁ%%m‘ Ppsi"% o t he
i nt er f adempios isrmams af3(8 £306 08, i 31P4nd Blza.teb;ﬁﬂwblﬁ, siich @t (Redbb@ e tcitisitieqaens®COoNd,

| over ﬁ.@?&ug;)! focfaau a¥§1§y l%%@ é IRP tg)no&erat rnaugcaatiﬁe tte 11; %trl;:s%gt(%nvgng a9n

wi t hout ext en I nt ace ereb enerat e a
cust omi B8 tmb‘éﬁ%ﬂcwmay P‘efot'ﬂ?é pygupploying gn %’ﬁr'ﬁ*fe regioh infipbanhising the P@G@?Wm;e‘ped

pol'y Qgaksmask, followed by the formation of sidewall spacers on the poly gate sidewalls in accordance with
30  conventional formation techniques. Subsequently, source/drain regions are then formed via ion implantation
* using the poly gate and sidewall spacers as a mask, wherein the source/drain regions along with their
corresponding extension regions are self-aligned. The method 300 then ends at 316.
In accordance with still another aspect of the present invention, another MOS type transistor which
reduces leakage current by employing high-k dielectric materials with substantially impacting transistor carrier
35  mobility in a negative manner is illustrated in Fig. 6, as indicated at reference numeral 400. The transistor 400

is similar in some respects to the transistor 200 of Fig. 3, having source/drain regions 108, 112, extension
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| ayer may be enployed and is contenplated as falling within the scope of
the present invention. Continuing at 312, the polysilicon layer is
patterned to defihe a polysilicon gate. For exanple, such pattering may be
performed in accordance with traditional |ithographic processes, followed
by an etch, for exanple, a generally anisotropic reactive ion etch (R E).
Any manner of patterning the poly gate, however, 20 may be 2 bg [ﬁd and all
such alternatives are contenplated as falling within the S(l, Fr)gg t he
present invention. The method 300 continues at 314, wherein the

sour ce/ drhnl 0t b, dsbtiauregidng FATpmld silawath spparsdan CEhewhdshitor 4 dhoexvenisls adyfemspect

of the i

Qer i t%@érgg?& r!h.ﬁA{S‘r'lPé Phlen cto@&{/s?%%&?/ {nétfpce 'iag 485'§ve%§rﬂtee?hz{x§eﬁg§%{l) ?‘c{} 05 e is
used as lhas'ﬁﬁ@lé“b@@“f mdmhgéikfdwmtmgmwlablwrtOé/ddpqmwtherr@gqrons in 25 the silicon

substrate. Ahe§iDahldRE Vayer UG IRAMELREyPrRids 4 64 maalamchb@thé %&gﬂ‘gw.&,nl on
|rrpI§1ntat|on prior to the formation processes at 304 and

312, 7 r ed¥e the gusrlying highdrdiglseiic matsial ks ¢@6- Sughe %&wwéﬁﬁ%&ﬁéﬁw% sgatetige
sour ce/ dl‘cﬁhd?eb& Qpadtd caktier Iﬁ(ﬂ)lliﬂj&)(mr%oﬂﬂ%ﬁ)@ 86liced diaping g@l@ﬁ nakcirah. t/%rdib]?.tskeﬂ ed .
aspect e present .invention, an. type . vic e forme
ot oyi At b le SRR ERE R PR oy e P D (kA RAYGEEE s
mask, f lylsai) awkid pleferably @ nfomiam‘t(c onboft 2 ahgevwd dr lessh arcialivs adyvantdgkresipetincesgat e
S I dEV\ﬁl LéttérlIHg @%QJS%?%%“WCBLQCS% C%&Veeﬂél&ﬁﬂ %1)[*9{3(9 F@g %&Qnstjﬁtgnﬂ)b H?f

Int ati on

Subsequent |y, source/dral n regions are t la ton |

usi B the potypigdirestahree wﬂmlqctrgd@é%ﬁ dispysed gvarghs jgate inpiaos 192, ztsrnllélstrated in

sour ce/ gigag. nrhe ﬁgﬂ. raﬂ.stanagbt@ ngcu’ﬂdlet4b8 &Jﬁfbh{esaﬁgrm&am%maeash&p&me ureaghmns are
self-ali 91” > e e goo t.h @ {b? guh I n aceor ap \ﬁa

anot her Y5§PRE 'f’a‘%? Y?S’r‘% BEe PHReR e ¢ M%déf eSS ey LY PigHace ot g?“‘v\hu ch
reduces thle ealmgseof euptheethin SiY; lagevpihishiatigys tior gile-dielectrietapgin ofcherzat esiladr $0Iwobh

substan;d@t;%gods,?%ggﬂzgg transistor carrier 35 nobility in a negative
ated in Fig. 6, as indicated at reference nuneral 400. The

n is il
tr ah§ i stor 4drcresdagseryith e Pf“??“@b‘ﬁﬁ""ﬁéé‘tﬂét‘,‘t'%e“’! wateripbwhisheaagspangyto Yo ek Fi g, 3,
havi ng seléGEhskil ib the g8¢ Miuttol Adhns thdt 2 thedichriseinic B, beexafiptt, 26005 teege ons 104,

106, |solat|o r.eqi.ons. 121,  and vva rs 122, ra or, 400,
however " has" gf% fke"r'%n?'ate' | ’62 St?m'qagf & l' nhs@faka‘{e 5?"“’&6?&9\7-1‘_“??'16 ) (r){rjl;%i F'ee 2% thin
Si02 i nﬁmﬁme@ngl héghekymeshD gataomegsriblyronlg bt Tieor Uh aasprelivelye b bavin2 Gt cafespondig hightki con
~substr a¥n@lal eﬂB ]y@ lhé ﬂ@rf&e gét\%eﬁ N Fn&ﬂ:k &?&L&&c' Cl‘l!’il%lr 406 Qx@ lﬁy h?ggmgl éab&qgﬁpv er.

Theﬁ interface | ayer 404 advantageously provides a good nmaterial match
the s high qyglityinfeifecsyvhich redyrgs remots Fraticgtde I {p h‘gwwyne%hﬁfaé%% 99 qf
nat er i aFigl Gadeintadédsly fporedes @highBdidctry cdnﬁm@itaﬁandwdom\aﬁchrcamat@ seisahdaeri ng and

L e by o AR SR BB Ik QS R AL RS RN SR BIP! 01 0

hi gh- k rics usse er ace Tayer 404 is

t hi nner act"h'a*fzeﬁ“h've!mﬂa/eﬂlhfttrﬂtnqucasmrdeblllayers (e.g., about 10 Angstrons or

lless), and i suRheh&¥ t@b’l&)@ 3 meRaQr a¥Eeke tﬁeamgs.m.-a&mtp.g% #PRildI0NE szEs»cjén@@@) t ﬁnd
uces e

t hu adva eousl uces scattering W thout substantially r
ef 1 21 1 YATIPE BAEF 2000 SYIGE Gt SRS SIS PSEIeE b OB R A P S S 65T g k
met al t gysetsnetithbe gatadatel e the prekent4OEntibsis dotdiphsy tiaulbstradierdgdigef sunlsacksat or
402, asejehd u§§omta§§jtnnglg%cﬁuﬁngrffer@m FJQS ﬁ.th'/og RorkurTRd .t(?%ﬁnfelﬁacé L)xeeq'%]r{ts%ﬁzﬁt(éoq?

conpri ses a teria at corres g
di el ect hrEe "H‘ﬁ‘f"éﬁdla%ﬂ/‘)fé??ﬁ'l'%%‘tﬂe'@ it acgpedapyg puish lhﬁS‘M‘P"a?'brI“ aigion, get@!l fiktigted ptepsi des

an excemhetittredqiiidl b inpicindh@feBE®Iowd {nBQWdance with the present invention. Moreover, it will be
30  appreciated that the methods according to the present invention may be implemented in association with the
apparatus and systems illustrated and described herein as well as in association with other systems not
illustrated.
The method 500 begins at 502, and a first, thin silicon dioxide (SiQ,) is formed over a silicon
substrate at 504. In accordance with the present example, the thin SiO; film is less than about 10 Angstroms,
35  and preferably is a monolayer of about 2 Angstroms or less. In accordance with one example, the thin SiO,

film is formed via molecular beam epitaxy (MBE) or atomic layer epitaxy or deposition (ALE), although other
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the necessity of another thin Si02 |layer, which allows for the dielectric
constant of the gate insulator 402 to be advantageously maxim zed. 15 In
accordance with the present invention, a high-k nmetal material which
corresponds to the high-k dielectric material in the gate insulator neans
that if the high-k dielectric is, for exanple, Ta2C5, then the
correspondi ng high-k netal material is Ta. Simlarly, if @?ﬁ@hhﬁg-k
dielectric material is TiQ2 or H 02, then the .correspon h-k net al
gate material would be Ti or Hf, respectively. By having the corresponding
hi gh- k nw@w&bf%n®MﬁVEdnSEhémhwwépﬁaﬂewbeﬂmasmmWW@mhhqﬁmmmdbeh@cmh@%w
naterlahmh@mﬁ&nﬁggm&ngﬂkpgwﬁyg@mgnnetal gate layer 20 408 is a high quality
interface, which reduces renote scatteri ng. In the above nmanner, the
transi stor 480 esFoplerysiyie MBEathe siliqon spbutaislisplasediv p rpesition Hiagherpresirbbnis i

const anilugaigl vicilsidnAtoRer OB Cells W PRAIS 1 soakd s {caﬂtamu@wﬁg'e@ale
t hi ckness _t redu ate current | eakage while concurnélffgntl reduci ng renote

scat ? er PREolRER! "’délg?/‘b?r?f me JYLersoPeals Bbe shufiesed i ¢ fagionof gyecqadqtpat e nppi | i ty.
Tur ni ng ngritoofEbcgut a féw Angsrarhdnecbnddan bedighthPcohiMled. NMAREISH, maiHRih ohtrditg. 6 is

provi de at ed 29 AL ferenc ile the nethod
500,15 rifapriap B B St ot b B RURAFBUTTIR geron oo b

event s, intarfaggl pxiddym thesifr@citatrascsutlivatand dueh qigaaisemty be parermiel gifier ostsndeor ni\Sldm' ted by
the iyl RLi6sd el i Ng of such acts or events, as some acts may occur in
different orders and/or concurrently with other acts or events apart from
thod® i 11 ust Mt Eghd A0) SRinYEs SEIP pEEreR @ highnk majerial dielesricdaisEis oo Rver Fig first

i nventi @in Sidjlay@d diot d ¢xaﬁple e hightk ieledulid ifdtdrial iy bSfoBRT usikgRYiend@l faﬁquwoadont 0
R b i T

i nventi e snwhwuqumeemmmd pyfalingovotbinaltei senpe vﬁﬂuetprqsmmveaqapaﬁalemiy and syst ens

i1l ust ra,teadngam rd@cﬁaéctr#ae,dwhﬁ Eseﬁhﬁlﬁé‘}xamlﬂl\g SfietdcBic BGTRE it 10 Bre M ifan O _
Sys ustrat ed. The t hod 500 begins at 502, and a fi rst th| n

si | ﬁg on ngc‘b'i F?ﬂ’é‘ 1&iTgyiored ‘F"’d?’?f‘é‘lﬂ '"es%!?" Abigh K Pugi! may piriseipiersf sush 2 S,
accor dambieh b b Hielbduic qonsedEnatve@abonod-29, Thdg ALk, TiCH) BD,.fot Zrb, wbich ssditiraie about

10_ANGSLE00Re b5, RO PIR S 80 Yk i TRORLAEK, (0 DG, 2RSS ANR. O

| ess. I n accor nce w t one exanp Vi a
mol ecul &fve BElasicionstank greptamiey 190k Aéitsmlnd@lewaymter@b iategsayemplated|axflling withia teALE) |

al t hougbcogadmfe plgeg:ntllgveﬁﬁe RARAbEE LHR ﬁ@ 6 highQd kRl i Onell RHi306 1S tHikihdsd JN MRY  be
nph@ye ogtnlg such formation technique is contenplated as falling
tArn

YO'BTO'P}%C present invention. For exanple, using MBE, the
silicon subs tl‘hcatx@hqd@%f &xge’dcomlmua; ag#g odth the Gmmaioasfadigh-kpreef g alettyode layean

ul'tra- hba,hmmgwﬁna@a&yé 15QNRBRL for Jitrwé h&@ Fi&hila tfva\%}'d Eddsi ﬁ%ﬂ/lgﬁregl&ee source

materla con al Nl n oxyge ar e re eraply contro y one or nore
shut t er SPUEPEE-ABESr Eb‘é’wé‘f?[z PRYERAERET Pfrf‘"H“"Era&@H‘ gl Bty by cwpleyshendsesht hat t he
growm h aiakmrives arabtetnplated ze\mm«gg/ahm n.asdopeaﬁma@reeeann@axom ghtly controlled. In

~add ion, topmaintain cont C at e ned (e.g.,
wet Foiry ol ealit e mpn SRR P melin, SPoet IS Rvfed PRIV any
i nt er f agioggssingychaiberand arh foradd|viageptivs sitytitring prad sstmlirmcrespewmbr Facharedleini ng nay

be perf ghnRgmehikhRbiclicIiytCa Rbctild philBing prddbss HERMS ek idOlhich A BIFRE fetal material
target is bombarded with ions in an oxidizing environment (e.g., in the presence of at least oxygen). In the
above manner, a high-k dielectric film is formed using the high-k material target. The high-k metal gate
30  electrode layer may then be formed by reducing or preferably eliminating the oxidizing environment in the
process chamber such that a film composed of the high-k metal is formed. In the above, manner, a clean
interface may be obtained between the high-k gate dielectric layer and the high-k metal gate electrode layer.
Continuing at 510, the high-k metal gate layer is patterned to define a high-k metal gate electrode.
For example, such pattering may be performed in accordance with traditional lithographic processes, followed

35 by anetch, for example, a generally anisotropic reactive ion etch (RIE). Any manner of patterning the high-k
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10 The nethod 500 continues at 506, wherein a high-k material dielectric

| ayer is fornmed over the first thin Si02 |ayer. For exanple, the high-k
dielectric material may be formed using chen cal vapor deposition (CVD),
reactive sputtering, ALE or MBE, however, any nmanner of formng a high-k
filmmay be enployed and such alternatives are contenplated as falli ng
within the scope of the present invention. CGenerally speakhngepayisi gh-k
dielectric material is any material having a dielectric constant which is
greater than Si2 15 which is about 4.0. Therefore in the present

i nvent i Bffal gateryryek maghe amplayed ardyil syshplarmativen e @t"teQP‘éte%ﬂﬁ&q‘"&é""SP Mg scongfifch has
a di el et pleenGRRSicant bet ween about 4-10, Ta205, A1203, Ti G2, H O2, or -
Zr @2, which ve dielectric tants between about_ 10-100, d even ultra
o b df ol ect AT SR i TP AP SR A T SePA EhfecoR s

di el ect sriecxanplugt Bpetif ¢¢ prake@tinvédnad) thkQGurce/lkdin rsgmhardfoerhe@@twndoﬁnmh efithegloly ar e
contenpl. at ope of t 1 t In the
abOVSZ eé(a?e V? 109 m{pkgtalhonqﬂt wnRthP r%ﬂ? 18 useg % arIPTa_é dtotf(%m%g%lga%?%g gaou% E.régSSSl(l)l f 2 0
about 1te Ah@stsubaw ditermveéy thTmrcn/étahGeB@@@a)dte fqringgl viaﬁomielnlmtmesﬂmo tB08 with

the f Orfmﬁdtlgpprgéess@s zh5(ghSOK 56?%@& SIQE}ESEecﬂlJe%pLurc@mﬁ tde%yd% actsQ¥duf suBQSueht'ttghe
dielectric |ayer at 8, for exanple, using chem cal vapor deposition

(CVD), ?"éﬁ?ff"i“\?éofmétb’ﬁt"f B begesirg fn Y5t angter alterpaties Aspect o4 iy PrsspiR PRt 3 bPRi ng a

hi gh- Kk dypd MOB @i rapbeibrayEs) eapiyifigintextemion eergmatnipVaaaxs.ag tBe gauahexrﬁatyagtteak as

;2" iedc?gr(le th flowe& p the tc n!BtrlR}l o%fxéewell Qa%c%fs%ﬂf%@&ggaget qg%galg Ix,neaccorda c8 Iwrlrtg )C(Ielrn;l ?Lg sare
proces s¢0|ltg°~nu¢tahbmatlfmn@hmues fSairsepehtly saureediiait tiegiens sig thet @rmeld giaagrdmpipniatioer i ng,

r espect gyl poly Qlite S9N spabedds asmtm mmt,hﬁe sbtrgénrrtﬁn %&ts%tgm theyer, a
reactive soutterlng process 1 s enp metal materi al

target FoEeporAngeHeiofeginnsag et *f"ﬁ“eén Tg"x'f“’d'f"ﬂ P?{blhe@ﬁ(}qs P‘osﬁge nt (e.g., in the
presence of atthdugaaet in@xtog ﬁ:&)been kb win lagd deadaeeaavxm;reem a ébrdﬂh gdafeke(r&nebcmm ic
f|| is f S. the ta The ate 30
el ect r ode%ga;'g?“%hg Preh m% ‘g‘t'va}émngﬂq';?"s am%l'tﬂ"(’:(L nﬁt'oc')"r; WIpr e er aglfrfls efe?m tﬁeat i ng

t he oxi &t ypomihe eeadiperandvnderstanding pfitkis sporibcatienandtthasmbexed davdhest naprrtiguldrirdegprd &onposed

of the i ghiolis fIREGH pdrdrnfe@ byBEabote el BedRBAYFents TR Blies, davibes &ftblits, leldh) Qlicf ace nay
be obtai ned. between the high-k gate dielectric |ayer and the high-k netal

gate el EEEstiggly ‘Tga?;f%f?re“cﬁﬁ’ﬁt I“Fﬂ'ﬁ h‘ﬁ"%‘f’ desgripe sych gorppopRRts Rre itndyd Qe PPy er i s

pat t er médkst @heieibd ifidicaid, td B ednpaRh@bhi@Ppor@s BEpEIEa functod b taexf&mpb@l such
pat4geri el by o (ol apce . wi th tr a0 ’ aphi c

b o AeBRRly ¢ REL LIRS, L AEREL LR RGR M bl BRRY, 4 bidBRPN 7,
react i veiruptei whick perfomys e f“ﬂﬂ@?y inrtherheeesn lbtsﬂﬁaiteﬁmxﬁgl%@e%@ﬁw )eventiony dn SEP 2005

met al gﬁﬁ@ion hmwy,farmunmtu%f %Ermmm&dm@mdve@tén dxsabg@ttwat 1 BER DIl Re G €
cont enpl at wWithin th

e esent ent
et hod S04 BRI ey b PEiT VS GRHOLYE SE SRS ned.
| N accosaigy bedaskeddland Myrstagenesfiplasy giveaSp@aticulafappliagiopr esent 1 nvention, the
soujre/ drain regions are forﬁﬁﬁlﬁ‘ﬁﬁﬂA@?ﬂd&'ﬂﬂlﬁ? of the poly 5 gate via

ion inplantation, wherein the a/ ate 1s used as a mask to form

sel f - al i gned T&otiiqusy ap E'F‘ﬁ"dr‘%"glb%t'f% infhetfigld ofsemicprndctar REPSESHRg t@ Proyit EnHHes el y,
t he soukeiag ehidadeMicslagh waRGut MByrinkatall impatesh cdirigr rhddilin. NPl ant ation prior to the
formati on processes at 504, 506, 508, and 510, respectively, such that the
above acts occur subsequent to the

30




source/drain formation, as nmay be desired. In yet another alternative
aspect of the present invention, an LDD type MOS device may be fornmed by
enpl oyi ng an extension region inplant using the patterned poly gate as 10
mask, followed by the formation of sidewall spacers on the poly gate

Si devval I's in ggeomgence with conventional formation technl ctlu 700
Subsequent |y, “source/drain regions are then forned via ion %l atl on
using the poly gate and sidewal | spacers as a nmask, wherein the

source/drain regl o] wi.th thelr correspondi ng extension regions are
sel f-al i gned. The %@dsop%}ﬂft e at 514, At hough the invention has

been shown and se@%e ahd ehiddgion ﬁ@@ePIZ)tf@rn@edqﬁrat@hﬁcd'ﬁﬁ@ét@{ gu%@trﬁéf‘@ Jeat 15
or enbodinents, it is obvious that equivalent alterati ons and i cations

will occdr to eﬁmeggcbmrueleglan@@}iéherabthgmn the reading and under standl ng
f thi f t
Che vari ons 1 unct | BeatE Byt GORS\ Ry d¥Ganc) Pod B Lo Rheeh IRE Rake”

(assenbl i es, dgu]accezzog)lcbﬁiphgé‘& etc.), the terms (including a reference to
a "neans") used to describe such conponents are intended to correspond,
unl ess ot herwi se i ﬁ(ﬂf%téhledllwp@ digridedayns 2@ overlying theshimnehegidnd28beci f i ed

cqui val ent) . even BRER RSt LCPRER R mE R VAR bieSh oRRR 1ERE Lot

structur® whi ch peafsesdml thitesificticdibeide i1ayek (20d) eﬁzeﬂying ltheBilghat ﬁdteﬁmapérar y
enbodi nents of _the invention. In addition, while a particular feature of

the i nventi on@P&} Fdve been disclosed with respect to only one of several

embodi nent s, such 5%%55 ﬁolggﬂcﬁgﬁga‘gée)&’g% rfﬁggb&@dﬂggv erYB§u‘?at81t (?O by {yRGLiyr es

of the other embodire esir a eous r’any given

or parti cul ar tledpkt adtsecond tRin silNBhJHi'd%lld&.lafd?E’(zmb).hrEmoThﬁyeﬁsr ucture and
nmet hod may be used in the field of sem conductor processing to provide
transistors having reduced | eakage without a detrinental inpact on carrier

mobi litys5 30 32 CLA NRo&2rERt#00f cthimA, %ﬂ:fr@ﬁﬁ:‘ ééféﬂ G%dlfmr?édsxﬁgﬁg (2986)

source and drain region (108, 112) for med I n sem st rat
(102), and 5campiisesng a channel regl on (201) therebetween, a gate

i nsul ator (202) overl.yi t he .c ion (201), erei.n the t

i nsul ator (202) Co%g%/tgxggce BOIPPPg?p?%‘We yed ?158%06‘9%’@ ?‘L{%‘f Q’("%‘g%ﬁyer
overlying the(syunal region (201); a high-k material (208) overlying the
first thin silicon dioxide |ayer (204); 10 a second thin silicon dioxide

| ayer (206) over | ypggteteretmilgporkiontils )averlyaggethe inter®y porion (31 &oaed
- polysiligon gate (] 218) over | the.gate ipsul ato

first arfd second t H‘ijf%feé‘? Pi&é)BﬁntacoBX?né%uP’éyg?‘% g‘c%@%?logréj% J\QE?S?%C%
polysilicon gate is less than a dopant concentration of the gate electrode portion
(218D) of the doped polysilicon gate (218).

3. The MOS transistor of claim 2, wherein the gate electrode portion (218b) of
25 the doped polysilicon gate (218) has a thickness (222) of about 300 Angstroms or
more and about 1000 Angstroms or less, and wherein the interface portion (218a) of
the doped polysilicon gate (218a) has a thickness (220) of about 30 Angstroms or

more and about 60 Angstroms or less.

30 4, A MOS transistor, comprising:
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15 2. A MXS transistor of claim1, wherein the doped polysilicon gate (218)
conprises: an interface portion (218a) overlying the second thin silicon

di oxi de layer (206); and a gate el ectrode portion (218b) overlying the °
interface portion (218a), and 20 wherein a dopant concentrati 8aP @f5t he
interface portion (218a) of the doped (&;I ){si |icon gate iis less than a
dopant .concent r at i @rsoyFcer and diaireregien {1484 d 1abfarmsd in @xsegrgongucionsu

pol ysilicon g . r i r llaim2, wherein the gate
el ectrode por3.‘@3(9‘?@%‘%‘}‘%%?1@?%&{0&38@ S%%F?/eg%ﬁ%c}on gate (218) has a

t hi ckness (222) of aglaeihsiior @0Q¥ foriE oér the tinaldegibn (101} 00Q sivfgziofalis or
| ess, and wherein the interface portion (218a) of the doped polysilicon

gate (218a) hasmicopfycioriubsirate yderein thergsta ingdaton$92) eomtprises: nor e and about
60 Angstronms or | ess:..3Q. 4. tr jStor,. C i Si c .13 .SEP 2005 a
source ansg drain ré’él 5‘r1sﬂtcf8§®xi y?r?g? Vleﬂylggi}ggﬁhwgge@f%@ﬁ)mtrate
(102) and defi ni ng aahighanarlectrgghftera? Q406)t Her9het eaRin ﬁﬁeﬁ] Qidxigdlagbor

e

(402) forned over the channel region (201) on a surface of
sem conduct or (4Qsandat e, wherein the gate insul ator (402) conprises:

5 a
t hi il di oxi de .l 0 j th h |, r.eqi 01).;
RN S R I R
(404); and a highk kefRcatrespoh® t6hRChibRUAIIEISARL nRWeral.Yi Ng the gate _
i nsul ator, wherein the high-k netal corresponds to the high-k dielectric

materi all0 10 5. The MOS transistor of claim4, wherein the thin silicon

& “wherel n”thé- ni ghote BIER) WRERYE GRBT 4 wnersin B By stieo 28 B erlaofl G

metal conpri sesmptises¥ mbitayehi gh-k dielectric material conprises Ta02Gb and
the high-k metal conprises Ta, or the high-k dielectric material conprises
Hf 02 and the high-k nmetal conprises H, and wherein the high-k netal gate

maki ng.di reot Chont apt® MQP Aok et gt B isPu R Rl By w6
15 comprises TiO, and the high-k metal comprises Ti, or the, high-k dielectric material
comprises Ta0,0s and the high-k metal comprises Ta, or the high-k dielectric
material comprises HfO, and the high-k metal comprises Hf, and wherein the high-k
metal gate electrode (408) directly overlies the high-k dielectric material, thereby
making direct contact therewith and precluding an intervening layer.
20
7. A method (300) of forming a MOS transistor, comprising:
forming a first thin silicon dioxide layer (304) on a surface of a silicon
substrate;
forming a high-k dielectric layer (306) over the first thin silicon dioxide layer;
25 forming a second thin silicon dioxide layer (308) on the high-k dielectric
layer;
forming a polysilicon layer (310) over the second thin silicon dioxide layer;
patterning the polysilicon layer (312) to define a gate electrode; and
forming a source and drain region in the silicon substrate (314) using the gate'

30 electrode as a mask, thereby defining a channel region between the source and drain

14



7. A nethod (300) of formng a MOS transistor, conprising: formng a first
thin silicon dioxide |layer (304) on a surface of a silicon substrate; -
formng a high-k dielectric |ayer (306) over the first thin si#éc&gidioxide
| ayer; 25 forming a second thin silicon dioxide |ayer (308ﬂzo Pt hi gh- k

dielectric |layer. form pgl ysilicon |ayer. (310) over .the.secaond.thin
silicon dioxi g’ééglpgilg?c?er tggtg?tgrqi?%a)dgh‘gheﬁgﬁny%pﬂrétoqp%' SHEH t‘%‘léﬁwf"é%&f’é‘f‘ %e a
gat e el ect r odgiyea @0 0X0¥) BE: o et and drain region in the silicon

substrate (314) using the gate O electrode as a mask, thereby defining a

channel region between the source and drain 14 12 SEP 2005 regi ons under
the gate el ectyode erei.n the first, and secand .thin silicon dioxid

| ayers (204, 306) anE MEHIh L deing 7, Berki RUenipe (e FOHSTECPREE 018} mi ng
the polysy|icebmpgy&f (310) 5 conprises: forming a first doped polysilicon
| ayer over the second silicon dioxide nonolayer, wherein the first doped

pol ysilicon | ayer Hemmingfa fust dopak pelysilizod layéri ot thelepamid sitinoredioxade on;
and form ng a _second doped | ysi l.i con '|.ayer over the first . doped

pol ysi |1 con  FPROIGR, Whgkelndhics iish o Bﬂxgﬁﬁwb@y‘ff&rayﬁf{%@wkps{}&ndﬁa@rsa
second t hi cknegsaREn@nti@GR Mg dopant concentration, and wherein the second
thickness is greater than the first thickness and the second dopant
concentration is grfeaniag & baond kepéd pslysiliwpariayer avec dirt fidt doped gdy8dlicdhe
nmet hod (H/00)

f formn MOS transi stor, .conprising: formng a silicon
di oxi de Hbnol i%ﬂf’ t"?@@?ﬂ he seoond daped pplyisilicon, lave s proand. i Fhiangd &
hi gh-k di el eCTséédhdl(ﬁ%ﬁh EotftrAORT abhd)Wheftih hPH}i cated LfY 2
hi gh-k netal |ayer ( 083 over rt1\"(|)e’ ﬁ{lglﬁ{hﬁ &gﬁ%&;ﬁ%ﬂ@%&fﬁ%ﬁg{ naﬂt}g@
hi gh-k netal dostrthigkosssandahe lsecdnidglopknidéaicenttation;is 20eapatthar thenfixst Gepaht gh- k
metal |ayer (5103 ho .define a netal gate electrode; and formng a source
and drain reg8R°PHAME silicon substrate (512) using the netal gate
el ectrode as a mask, thereby defining a channel region between the source
and drain regions under the netal gate el ectrode. 25 10. A MOS transistor,
conpri siky: a9sour cheanethelt €500) offgioing @IMOS tiahRistok,comprising: a seni conduct or
substrate (102), ar}d . - . . oy
orming a silicon dioxide monolayer (504) on a surface of a silicon substrate;
forming a high-k dielectric layer (506) over thin silicon dioxide layer;
forming a high-k metal layer (508) over the high-k dielectric layer, wherein
the high-k metal corresponds to the high-k dielectric;
20 patterning the high-k metal layer (510) to define a metal gate electrode; and
forming a source and drain region in the silicon substrate (512) using the
‘metal gate electrode as a mask, thereby defining a channel region between the source

and drain regions under the metal gate electrode.

25 10. A MOS transistor, comprising: }
a source and drain region (108, 112) formed in a semiconductor substrate (102), and
defining a channel region (201) therebetween;
a gate insulator (202) overlying the channel region (201), wherein the gate
insulator (202) comprises:

30 a first thin silicon dioxide (204) formed by the process of molecular beam
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defining a channel region (201) therebetween; a gate insulator (202)
overlying the channel region (201), wherein the gate insulator (202)
conprises: 30 a first thin silicon dioxide (204) forned by ti S@rﬁ@ﬁss of
nol ecul ar beam 15 12 SEP 2005 epitaxy or atomc |ayer epita z first

thin silicon diexkds &t%ﬁ‘ﬁél e ?Mﬂ@ tﬁé‘?irstctﬁﬁ”éiﬁém{ &ﬁ%ﬂi& ((fzzgggl?iverﬁ'lﬁﬂ aa- kK

mat eri al (208)" ovérlying st “thin 't con di oxi a“second
thin silicon dhamehegioa@@l)(ZOG) over | y| ng the hi gh-k mat eri al layer 5

; a 4§t S
(208 Ao ertopen o PR okl OORL G Bt FE 8 S A PR B8 ° 05 500)
are nonol ayers. 1§ sééond’“thﬂ@hédrﬁﬂ'i%kﬁi%%ye@f(Z in@?l%tﬁg tﬂt@ﬁfr Bl mhREarar&d

polysilicon gate (218) conprises: an |nterfa e port 18a) overlying
the secorfd thi#08jdndcon di oxide |ayer (206); and a gate el ectrode portion

(218b) overlying the injerf e port 15 whe dopant
concentration of tﬁg %‘?“?’ ‘émtﬁﬁltet lgg élﬁgg&%ﬂy&g fig? t&d‘ﬁé‘iﬁ“&%@m l'i con
gate is |ess than mdpRANhe IRECEM rs@&drﬂlntlﬁifx stltb%ngaitﬁuel ?ttsoempgot) R
(218b) of the doped polysilicon gate (218). 12 ransi stor ‘of claim
11, wherein t monglyersel ectrode portion (218b) of 20 the doped pol ysilicon

gate (218) has a thickness (222) of about 300 Angstronms or nore and about
1000 Angstroms or |ess, and wherein the interface portion (218a) of the

doped polysi | i1gon ganeOs AHdadstdiast @laitnhll()k%&%lr( ADdold plIpsiticatP g8 q318)0Ns
or nore and about 60 Angstrons or | ess.
comprises:
an interface portion (218a) overlying the second thin silicon dioxide layer
(206); and
' a gate electrode portion (218b) overlying the interface portion (218a), and
15 wherein a dopant concentration of the interface portion (218a) of the doped
polysilicon gate is less than a dopant concentration of the gate electrode portion

(218b) of the doped polysilicon gate (218).

12. The MOS transistor of claim 11, wherein the gate electrode portion (218b) of
20 the doped polysilicon gate (218) has a thickness (222) of about 300 Angstroms or
more and about 1000 Angstroms or less, and wherein the interface portion (218a) of
the doped polysilicon gate (218a) has a thickness (220) of about 30 Angstroms or

more and about 60 Angstroms or less.
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