U tra-Shal |l ow Juncti on MOSFET having a Hi gh-k Gate Dielectric and In-Situ
Doped Sel ective Epitaxy Source/Drain Extensions and a Method of Maki ng
Sanme [0001] This application clains priority to provisional patent
application serial nunber 601516,500, filed Cctober 31, 2003, and entitled
"Utra-Shal |l ow Juncti on MOSFET Having a Hi gh-k Gate Dielectric and In-Situ
Doped Sel ective Epitaxy Source/Drain Extensions and a Method of Maki ng
Sane, " which application is incorporated herein by reference. TECHN CAL
FIELD [ 0002] The present invention relates to ultra shallow junction
(" IUS t) NDSEFﬁsa-Shallngf Jlgig_ifmkM@lSi(‘Efl‘dia&@ﬁ Gl gt GQtéDiéleé’[f}R?anl
sel ective epitagy- r i al so

S S DRR R PG B f&é&/ﬁﬁf@?ﬁﬁ%@gﬁ‘ﬁ%@?, t he

rel ates to nethods of

present invention relates to %@éof) 9 'Bgfs%’r"@@oi ng description which

exhi bit inproved performance relative to prior art MOSFETs, and to nethods
by whi ch H@H MOSRESTappiieatiobelafrabpricay ecbroBAGKEREMNRpHIRAAS] sekl MimiRf t
MOSFETs i nclude a source and a drain forned in an active region of a

sem condu6l/616,508y fled (aebitcIN o3, ekid Sffiled SULAIIRIGH Funsfdn MOSPETRINiR s Of a
sem conductor body (bulk format) by inplanting appropriate inpurities

therei n. BRiveeRe Didedt@ianand dped deBsive %ﬁﬂ%&/ﬁ%ﬁ%&n&% channel  (or

body) region. A gate resides on the sem conduct'or above the channe

regi on. Tp@ﬁgabﬂﬁggg@im%gs vhi @S EkER ' ric layer. The
gate electrode is spaced frémaag)ﬁé slgﬁség%g%og{&g%g%%h?kg%rg € dielectric
| ayer. Application of appropriate electrical signals to the gate el ectrode

sel ecti Ve’l“?:(cﬁﬁf i t%]}?ﬂD prevents el ectrical conduction between the

[0002] The present invention relates to ultra shallow junction ("USIT") MOSFETs having
high-k gate dielectrics and in-situ doped selective epitaxy source/drain extensions. The present
invention also relates to methods of fabricatﬁg such MOSFETs. More specificaily, tﬁe present
invention relates to MOSFETs of the foregoing description which exhibit improved performance

relative to prior art MOSFETs, and to methods by which such MOSFETSs may be fabricated.

BACKGROUND

[0003] Prior art MOSFETSs include a source and a drain formed in an active region of a
semiconductor layer (semiconductor-on-insulator or "SOI" format) or of a semiconductor body
(bulk format) by implanting appropriate:impurities therein. Between the source and the drain
‘resides a so-called channel] (or body) region. A gate resides on the semiconducior above the
channe] region. The gate comprises a gate electrode and a dielectric layer. The gate electrode is
spaced from the semiconductor by the gate dielectric layer. Application of appropriate electrical
signals to the gate electrode seleciively permits or prevents electrical conduction between the

source and the drain.



source and the drain. 1 [0004] On-going attenpts are being made to decrease
the size of MOSFETs and/or to increase their speed of operation, while
investing themw th greater electrical reliability. These attenpts have

i nvol ved such techniques as: formng ultra-shallow junctions while

i ncreasing dopant activation so that sheet resistance in the channel

regi on does not increase; using epitaxial techniques to form high-dopant
sources and drains and to form hi gh-dopant extensions of the sources and

t he drai ni to reduce resi stance at the sem conductor-source/drain

i nt er f aced9004k; ng()n@pingaﬁelamts pighimg aqueds td decaadt thy 6zOfVORFER S1dLR P essi ve
or tensile stresses in the channel; and wusing thin layers of high-k

mat er i al s naeag: theirapesd bbdpordvian) wigledn sl ghiém beth @esh 8RbuitATlBlIR. ThEse
permttivity) greater than about 3.9, as gate dielectrics --instead of

typi cal oxiteiepts byerisvohad isng teibelques &5l RreRBSHANSIRE j@@@dﬁé “%ﬂ%iﬁg aLiﬁgs' - to
prevent gate tunneling | eakage between the gate el'ectrode and the channel
regi on. [ 0085} adkohtionw mg:t flabi e ahieh @F chhgabaye 1 smal | er, faster
MOSFETs using epitaxial techniques to for met E% ls%%ggg{ﬂé%gg - eﬁﬁ@“ﬂavi ng
a thin gatehriyiedéo fotiaMesheddhntlsB@cesIal Braft| Nondetected. Such
damage causes gat e- el em@r c())?:l)e-to- geosurceEagétagﬁtsﬁh@ﬁng%%diﬁpﬂgex%?mns° the

gat e- el eciduasie aliDthe dfalisho FNLENRLQMAR M HILNG oddhcth S pOSIplat ed that such
dammge is caused by the processes i %@gg 3°/Onéifl?t81€fdp SRR (igrfacess ¥sipgr i ng
the epit 'i@kiapﬁa’g—}}ﬁqlﬁg{ rd roduce the source, the drain and their
ext ensi oﬁ? Such dafmge. égi\g/‘éés)ébﬁjlmgjgm 88%1§r(:e§s§\§q Qfée“@ii? repea aige cappslesnd and
devi ce fajd i ik r ion of the selectjye epitaxy source and

dr ai n ang‘?%f?gttﬁlﬁel%&%gﬁglﬁlgﬁ%ﬁggls, 1.., materia shavmga,d{eYectric%onsta.n% (or relative

permittivity) greater than about 3.9, as gate dielectrics —instead of typical oxide layers having

dielectric constants of about 3.9 or less-- to prevent gate tunneling leakage between the gate

electrode and the channe] region.

[0005] F oliowing fabrication of the aBovefdescribed smaller, faster MOSFETS using
epitaxial techniques to form the source and drain and having a thin gate oxide, damage to the
gate oxide has been detected. Such damage causes gate-electrode-to-som'ée-extension. bridging
or gate-electrode-to-drain-extension bridging. It is postulated that such damage is caused by the
processes typically effected prior to and during the epitaxial steps carried out to produce the
sogrce, the drain and their extensions. Stuch damage gives rise to excessive gate leakage current
and device failuré following formation of the selective epitaxy source and drain and/or their

extensions.

[0006] The present invention eliminates or ameliorates prior art problems related to the
fabrication of USJ MOSFETs having in-situ doped selective epitaxy source/drain extensions and
high-k gate dielectrics, including problems such as unacceptable gate leakage currents, gate-to-
source-extension bridging and gate-to-drain-extension bridging, low depant activation, and high

sheet resistance of the source/drain extensions.



[ 0006] The present invention elimnates or aneliorates prior art problens
related to the fabrication of USJ MOSFETs having in-situ doped sel ective
epi taxy source/drain extensions and high-k gate dielectrics, including
probl ens such as unacceptabl e gate | eakage currents, gate-to-

sour ce-extension bridging and gate-to-drain-extension bridging, |ow dopant
activation, and high sheet resistance of the source/drain extensions. 2

SUMVARY OF THE | NVENTI ON [ 0007] The present invention contenplates a
sem conduct or device, such as a MOSFET, preferably a US J MOSFET, having a
hi gh-k gate_di el ectri a_source and a drain, and extensions thereof

c
formed by SUMMMARY @B J&HE BERTION: epitaxy techniques. Preferably, the
source and the drain are deep, while the extensions are shallow The

present i ny@Hti onTgd : et hod of, fabricating s MOSFET
whi ch el i ?n na{ es or %ﬁ%”ﬁﬁﬁ%ﬁ%é%@a S TP Rt %&f‘%gﬂ aggﬁégl% ;
el ectrode in_extensions .caused b re-epitaxy, and/ or

epi taxy pF %?é%ﬁlﬂ?gslﬁq %@g’%&?ﬂ?‘ﬁwﬁ%éh}gggﬁﬁ%e QA;’ZIF‘PW% aﬁPé‘P ?-‘F%R@Wb%ﬁ FEHEI08F t he
present ipventi.on MOSFET i provi ded. The MOSFET conprises a o
seni condu %Eegerotf i‘ﬁ'BlEil E%\P’ésma‘ﬁﬂp%{fﬁé?f’@veo‘?ﬁ“%xﬁ teemicugs Paeler ablﬁ’%)lﬁ goureqansithedrgin The
gate incl Ud(aif:' a“%ﬁt dielectric, which conprises a |ayer of a high-k

mat eri al B PR Wite S Xiepfigpsargshallow. Thetpsesenttiaventipialso eratanmitera mothedofi t he
free surf?ce_ of the high-k layer. The high-k |ayer protrudes beyond the
gat e el ectdPHaEng FHEh EFTarhaeh dionpatesswamalisraies tpekagr duaentsbativeerf the pd on
opposite sides of the gate and a shall ow source extension and a shall ow

drain extlesizideand haserrtddmiscxtopsisnd @ute\og pierestatyiantii@egiten freoetureg.00091 | n
accordance with another preferred enbodi rent of the present invention, a

[0008] In accordance with a preferred embodiment of the present invention, a MOSFET is
provided. The MOSFET comprises a Senﬁconducto_r substrate and a gate on a free surface of the
substrate. The gate includes_ a gate dielectric, which comprises a layer of a high-k material on the
free surface of the substrate, and a gate electrode on the free surface of the high-k layer. The |
high-k layer protrudes beyond the gate electrode. The MOSFET also comprises a source and a
drain formed on oppbsite sides of the gate and a shallow source extension and a shallow drain

extension, each formed by selective in-situ doped epitaxy.

[06009] In accerdance with another preferred embodiment of the present irivention, &
MOSFET is provided. The.MO SFET comprises a semiconductor substrate and a gate on a free
surface of the substrate. The gaté includes a gate djelectric, which comprises a layer of high-k
material on the free surface of the substrate, and a gate electrode on the free surface of the high-k
layer. The high-k layer protrudes beyond the gate electrode. and is capable of acting as a
protective barrier against damage during etching, cleaning, HF dip, epitaxial procedures, or

epitaxial-related procedures. The MOSFET also comprises a source and a drain formed on



MOSFET is provided. The MOSFET conprises a sem conductor substrate and a
gate on a free surface of the substrate. The gate includes a gate

di el ectric, which conprises a |layer of high-k naterial on the free surface
of the substrate, and a gate electrode on the free surface of the high-k

| ayer. The high-k | ayer protrudes beyond the gate el ectrode. and is capable
of acting as a protective barrier agai nst damage during etching, cleaning,
HF di p, epitaxial procedures, or epitaxial-related procedures. The MOSFET
al so conprises a source and a drain formed qgn 3 opposite sides q%g%he ate,
and a shaPpeicsisar eldhegatenad ashallow sRukgrieaworrey hshallew f&aip AXPRTORIGTD

sel ective in-situ doped epitaxy. [0010] In accordance w th anot her

pr ef er r edyealscitieneitu ddpet kpitgpresent i nvention, a nethod for naking a
MOSFET is provided. First, a high-k dielectric layer is fornmed on a

sem cond substrate and a gonductive lLayer is.fornmed.on the dielecfric
aver Al ¢ HEReadhte iRt e s BB Flend e bRy A Sy SR

el ectrode atop a gate.dielectric.. The footprint of th ate dielectric is
| arger t H&nRRHRS %%@%Fﬁﬁﬁfﬁ@ PEspVL eﬁJl@S&@iﬂ%@@éﬁ% @@Sertlﬁg)ﬂ’g‘ﬁtiuBn@é?‘Ewa? Kt ric
protrudes beyond the gate electrode. Next, a first spacer is formed on the
si des of stbsiralyemd a copducties lpyesds fosmed ae theghieledige loven Pergndghe teyers@rel ectri ¢,
and on the substrate to a selected distance away from the gate. Then,

porti ons pafterhérbtodulns & gatt baving a gaiv eleeitodpyaterhegap dickcttmr Ehefoohmut oiohé gatm
first deep recesses in the substrate. Next, a deep source and a deep drain

ar e f or nefiklédirid B 3pgatthanahd fobrint bLbe gae sldbirodedoahitithegdindisietuictogades
epitaxy. Then, the first spacer is renoved and a second spacer is forned

on the siydesnd R ghtbeleBiRide. R4, Ofrst HRcd iR bRER sRfes bhle BRQ! siAE Bge gat e

dielectric. Thereafter, the free surfaces of the source, the drain and the

substrat g and Jrlag ﬁf@t?tﬁﬁngséé"cé (ﬁ@l%ctﬂfs, and on the substrate to a selected distance away from
the gate. Then, portions of the substrate not covered by the spacer are etched to form first deep
recesses in the substrate. Next, a deep source and a deep drain are formed in respective first
recesses by selective in-situ doped epitaxy. Then, the first spacer is removed and a second spacer
is formed on the sides of the gate and on the free surface of the protruding gate dielectric.
Thereafter, the free surf;wes of the source, the drain and the substrate and the upper surface of
the substrate beneath the gate dielectric are etched to produ.ce second shallow recesses therein.
Finally, shallow source and drain extensions are formed in respective second recesses by
selective in-situ doped epitaxy so that termini of the shallow extensions lie beneath and in
contact with the gate dielectric.
[0011] In accordance with-another preferred embodiment of the present invention, a method
for making a MOSFET is provided. First, a high-k dielectric layer is deposited on a
semiconductor substrate and a conductive layer is déposited on the dielectric layer. Second, the

layers are patterned to form a gate having a gate electrode atop a gate dielectric. The footprint of

the gate dielectric is larger than the footprint of the gate electrode so that the gate dielectric



the substrate beneath the gate dielectric are etched to produce second

shal | ow recesses therein. Finally, shallow source and drain extensions are
formed in respective second recesses by selective in-situ doped epitaxy so
that termni of the shallow extensions |ie beneath and in contact with the
gate dielectric. [0011] In accordance w th-another preferred enbodi nent of
the present invention, a nmethod for nmaking a MOSFET is provided. First, a
high-k dielectric layer is deposited on a sem conductor substrate and a
conductive layer is deposited on the dielectric layer. Second, the |ayers
are patt grotades beybod thegatgziastrhdes Negt, a figsitspacet sdemdenghopdes of sheegate and on
dielectric. The footprint of the gate dielectric is larger than the

f oot pri ntheofied suefagaifeheprettdiog gats dicldeate, abthgathe fidtk atnidae oif thedubstata amdehe
beyond the gate el ectrode. Next, a first spacer is fornmed on the sides of

t he gat e uapé safaceldTehe HuB a8 B8R (18f gatd \@elREEE teHidHad eptoem diret s8Rl fecesadd
then the free surface of the substrate and the upper surface of the

substrat g, ﬁl%@ﬁlﬂsttx'atet. *gﬁerg o BhBE Eﬁ%gﬁaﬁr&t&%ﬂ? Qretfﬁngegriﬁr}écsi)écﬁ% AhaldcoWes

recesses 1n the substrate. Then, s Ow source a ralin” extensions are

;—ﬁ; rr;a:j r !s ,[llay S&RAS Cetilil-\él f%(iéprneﬁ f,egirﬁ%\cyg 3‘?% zlcrjst gffac £ % & tni r\éx%oxirera' ﬁlidtausego%a ggacﬁp jtst axy.

spacer 1S seécond spacetr 1S fornmed o he si des
of the gate, .on the fr surface of th rqtrudi ng,.gate dj el ectric, and on
The. oxt Srigiednd thoSdesE Pusctis ey s U TRy TS GHTHES bale dreeRiafidon & Goap
source- and a deep drain are forned in the substrate where the substrate
is. not &¥wBYieR thy seleeied disner arydem theapier Finally. 2 decpgonies 2pha desndrain aee
rat her broadly the features and technical advantages of the present
i nvent i odoimedon thersubdiate whree thetsabstiatt islastaorvgred by thefseednd spapgent i on t hat
follows may be better understood. Additional features and advantages of

the | nve%dﬁﬁ] W Iﬂle Po%eg %?gcl:'[ais %%&ined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may be
better understood. Additioﬁal features and advantages of the invention will be described
hereinafter which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed may be readily
utilized as a basis for modifying or designing other structures or processes for carrying out the
same purposes of the present invention. It should also be realized by those skilléd in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.



herei nafter which formthe subject of the clains of the invention. It
shoul d be appreciated by those skilled in the art that the conception and
speci fic enbodi ment disclosed may be readily wutilized as a basis for

nodi fyi ng or designing other structures or processes for carrying out the
sanme purposes of the present invention. It should also be realized by those
skilled in the art that such equival ent constructions do not depart from
the spirit and scope of the invention as set forth in the appended cl ai ns.
5 BRI EF DESCRI PTI ON OF THE DRNmVNGS [ 00131 For a nore conplete

under sta he rese nventlon and t he advantages thereof,

r ef erenc&%%mmg Fn Q%Wrﬁgsdescrl ptions taken in conj unctl on
with the acconpanying drawi ngs, in which: [00141 Figure 1 is a sectioned

view of o8f0r Fb! o M ishpl bl igndiasdn Pl EntlonOknd hSad vt No-

6, 504, 21 is generally of the. type I nproved by the present 1nvention.
[ 00151 Fi e Ig/g@: r resent
|nventloﬁggﬁgﬁ%g%aﬁglﬁﬁﬁ$gﬁ1%Qgﬂ%gw%gi? V|egg%Fﬁ%%@fgh%gac&“%ﬂgmBNCSFET
in Figure 1 |IIustrat|n its nproved structure according to the present

i nvent i orf°CYRSETRE Erayiip m@ﬁn 41 illustrate the steps of a process for
fabricating the NCSFET of Figures 2 and 3, the Figures including a series

of secti qoedVvi ewpoydd 1 Ishesec®MARERRvESR SR driMOSFEDUKIESh B AR oh Flkiirk NGFt he
various steps of its fabrication. [00181 Figures 5A - 5F illustrate the

steps of i Wop Al bY.g1PHRACE Gl &y He pleb@ irfreflidnOr
fabrlcatlng f%g E@Sﬁé ’o é?gu%es agﬁﬂ%$pln rudlntjiI eIsjlgrles gflégctloned
vi ews of

[06015] Figure 2 is a sectioned view of a MOSFET according to the present invention.

[0016] Figure 3 is a magnified view of portions of the MOSFET in Figure 1 illustrating its

improved structure according to the present invention.

[0017] Figures 4A ~ 41 illustrate the steps of a process for fabricating the MOSFET of
Figures 2 and 3, the Figures including a series of sectioned views of the MOSFET depicted in

Figures 2 and 3 during the various steps of its fabrication.

[0018] Figures 5A — 5F illustrate the steps of two alternative processes to that depicted in
Figure 4 for fabricating the MOSFET of Figures 2 and 3, including a series of sectioned views of

the MOSFET during its fabrication.



the MOSFET during its fabrication. 6 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE
EVMBODI MENTS [ 0019] The maki ng and using of the presently preferred

enbodi ments are discussed in detail below It should be appreciated,
however, that the present invention provides many applicable inventive
concepts that can be enbodied in a wide variety of specific contexts. The
specific enbodi nents discussed are nerely illustrative of specific ways to
make and use the invention, and do not limt the scope of the invention.
[0020] In its product enbodi ments, a MOSFET has a sem conductor substrate,
such substrate includin? both a senlconductor Iaﬁer on an insul ative

subst r at PETASGED \DEHRIBTINE RS AdIdRay 1 TS The term " MOSFET"

wi |l be understood by those skilled in the art to include single or

mul ti pl e[qgﬁ? si s rﬁa%ﬁ%%y%%/&fltﬁe r ﬂﬂf?glfé el LS ARMMELLE dHOKLEESR deS]

wel | I ce strate nmay conprise any

sui tabl e ond In t ical l Si | |con I ium

si li con- E‘“j %%fqi?d;]ﬂ %’fg ﬁhea%? %%‘ Ly gOB RE v?aets [sa &gglﬁ rate is
defined between a source and a dfajn separated _by. ate faormed g

upper subFgeiEesP¢eREs Bafisan P%?@bo‘if?dé“éﬁﬁlﬁﬁ@’l‘ﬂ%ﬁﬁ?\ﬁ/m%%g?lgg’étsOﬁ) Sﬁ%clg‘hbst rate
bet ween the source and the drain. The gate conprises a relatively thin

di el ect r pmbéditent disbrsgest arpmerdly Jhiskativgtod spesificowexs e mgkperd we the BReigps ace

of the substrate and a gate el ectrode on the upper or free surface of the

di el ect r ad dicadyedimiflthe sgpe ef theértentidle may be a netal (incl udi ng copper,
gold, silver, tungsten, tantalum alum num nickel, ruthenium rhodium

pal | adi u atl um tit u a _Ie | d (such
as appr ogdﬂizﬁ{ Fﬁ e F ﬁﬁ‘%&ﬁ.aﬁbﬁ?gﬂﬁ% Bfulo} sSbs SRR
substrate including both a semiconductor layer on an insulative substrate ("SOI") and a
semiconductor body ("bulk"). The term "MOSFET" will be undexstood by those skilled in the art
to include single or multiple transistors, memory cells, and other semiconductor devices, as well

as both NMOS and PMOS devices. The substrate may comprise any suitable semiconductor

including (typically) silicon, silicon-germanium, silicon-carbon and germanium.

[0021] An active region of the substrate is defined between a source and a drain separated
by a gate formed on an upper surface of the substrate. The channel region resides in the substrate
between the source and the drain. The gate comprises a relatively thin dielectric film o layer of
high-k material on the upper or free surface of the substrate and a gate electrode on the upper or
fiee surface of the dielectric layer. The gate electrode may be a metal (including copper, gold,
silver, tungsten, tantalum, aluminum, nickel, ruthenium, thodium, palladium, platinum, titanium,
or molybdenum), a metallic cornpound (such as appropriate nitrides like titanium nitride or '
té.ntalum nitride), or a metallic silicide. The gate electrode may also be a conductive material,

such as polycrystalline silicon or polycrystalline silicon-germanium.



tantalumnitride), or a netallic silicide. The gate electrode nmay al so be
a conductive material, such as polycrystalline silicon or polycrystalline
silicon-germanium 7 [0022] The high-k material has a dielectric constant
(relative permttivity) higher than 3.9 and is capable of acting as. a
protective and etching barrier. As used herein, the ability of the
relatively thin high-k material to act as a protective and etching barrier
means that it is resistant to the erosive and other deleterious effects‘ of
epi taxy and/or pre-epitaxy procedures, such as the epitax proc dures
t hensel vé¥22Lich %he bikk-dkrmnaterial herct diglestsic FRnsiash (tletive Eﬁﬁlfllﬁllé‘tt% d-%ot her
procedures that are typically effected during and/or prior to ep| t axi al

f or mat i oandfs cipbloefepting e mreteetinet i @ichingridridney ussé herewthesabBits piothe .

[ 00231 Exenpl ars of appropriate and preferred high-k materials include the
fol | oW ngsjatikRtsathin lﬁéh-li%teriﬁﬁioadct 1 4 pro®etve diftethirngiYairtR heans thetinsirtdigmenet al
oxides, transition netal nitrides, transition netal silicates, oxynitrides

of netal ’ pre-EfiERN pEiedlr yamamaéseh
D Z?oot%lg%iﬁve%&' mh@?ﬁ%cit@ncﬁis e?f@c?ch Hf@p?thqu' %ﬁi‘i/cﬁ' pre’- If—qf ?;:2 e oy I\?Z

s, Pt %mé?%%e4’@@%"5@@%@%@@%@%@%ﬂﬁ‘*ﬂ“%ﬂ% el 0

ar'e T osi BRSHLTELBE BRI Rl ADY BRI BCRNP R o7 R SRSt g Bt o7 &1 <

candi dat es for use as te dielectrics, which resist damage during
sel ect i vEOERT tihdr égﬁﬂrsééuovﬁ??ﬁerﬁoé’@ent
gate-el ectrode-to- source/dral n- ext ensi on bridgi ng. [0024] The high-k film

or |ayer é&lﬁgr}]gt | ak&hAthrs @Y bibpiphe arfc&%ﬁéfrb&‘ fghlk%ﬁﬂ@ﬁalﬁ hemidt bt foRéwinpemeal e

el ectrode. 'S, Pportions of t he "hi gh-k | mor |ayer protrude or extend
beyond .t %§id@§ rn&e?ﬁ%%dgg, metal silicates, transition metal oxides, transition metal nitrides, transition

metal silicates, oxynitrides of metals, metal aluminates, zirconium silicate, zirconium aluminate,
HfO;, ZrO,, HfONy, ZrOyNy, HfSi,Oy, ZrSixOy, HfSi,OyN,, ZrSixOyNy, A1203.’ TiO,, Ta;0s,
Lay03, CeOy, BigSinO12, W03, Y203, LaAlOs, Bay St Ti0s, PbTi0;, BaTiOs, SrTiOs, PbZrOs,
PST, PZN, PZT, PMN, and combinations thereof. It is thought that because many other
inorganic high-k materials are resistant to etching by current etching formulations, they are
candidates for use as gate dielectrics, which resist damage during selective epitaxy procedures

and prevent gate-electrode-to-source/drain-extension bridging.

[0024] The high-k film or layer has a lateral extent or "footprint” larger than that of the gate
electrode. That is, portions of the high-k film or layer protrude or extend beyond the periphery or
sides of the gate electrode along the upper, free surface of the substrate. Stated differently, the
footprint of the high-k layer as viewed from above or below (i.e., perpendicular to the plane of

the high-k layer and the substrate) is larger than that of the gate electrode.

(0025} In preferred embodiments, the deep source and drain are formed by selective in-situ

doped epitaxy procedures suitable for use in fabricating UST devices, as will be understood by



sides of the gate el ectrode along the upper, free surface of the substrate.
Stated differently, the footprint of the high-k |ayer as viewed from above
or below. (i.e., perpendicular to the plane of the high-k layer and the
substrate) is larger than that of the gate electrode. [0025] In preferred
enbodi nents, the deep source and drain are fornmed by selective in-situ
doped epitaxy procedures suitable for use in fabricating USJ devices, as
wi |l be understood by 8 those skilled in the art. Alternatively, the deep
source/drain may be forned by ion inplantation. Were epitaxy is used,
recesses these skilled in the prieititamativily, the Besprsatise/ienin mag be fymed b ien implaitation.

epi taxial formation therein of the appropriately doped deep source and

drai n. | Whenmepitayhoiedaatesses e fpsidbanadad tloonpsteita foo thechibtelfeerd @epittsour ce
and drain includes silicon, silicon- germanium silicon-carbon, or a
conmpound ¢pRARiSIGBAMETA therdit! 6Nthad Spropriadiy desudRREM Shurée dnbi-dMin. la@s@eund, a
[11-V conpound or a IV-1V conpound. The foregoing naterials may be used to

form the eﬂﬂ)%gin%'tgtﬁ@{)ﬁfeyﬂreg rc@ﬂng sl?t?onao?tﬁé)de%% kGete 2Rl cﬁ%%lﬁ&%ﬂi@&ﬂsﬂ%gﬂf

. 0 :
tensile stresses In channel region of the substrate, as w

under st 0q -t he..ar rker of ordi j lxective
in-situ &g%g%“‘té‘% ﬁﬂg%;l—% °the ascgr#éoﬁda{%w%oﬁg{ﬂatér’ F#]cg%ggéaﬁg (%{)}rﬁg%lmhﬁg \gtrcai n
are respective shal low contiguo xt ensi gns, t her eof ich lie,betwen the
Sour ce. mdnpined Atk oSt A F RET SoBPOkh St Rt s se bF Sesip
portions of the gate dielectric. The free or upper surfaces of th

ext ensi of8Mathe depp surreaRe digin $p asre ciferheslcdled sopECSVeroR BGOSR h‘b&ﬁorti ons
of the gate dielectric. Preferabl K the shal | ow source and drain_extensions
extend icherncliegionef hrecbubsirates 3 wihiesrynderstoor &y reoart wekagolgudimagyi skilbet ri ¢

portions and underlie peripheral portions of the gate el ectrode. The

anmount Of[oﬁlﬁﬁr | ap: &8s B/}I S%Yg%gvﬁgfsﬁldoﬁe% Jpn%cféﬁﬁé L Ephaterials as the deep source .

and drain are respective shallow contiguous extensions thereof which lie between the source and
the drain beneath the protruding or extending superjacent portions of the gate dielectric. The free
or upper surfaces of the extensions are in contﬁct with the Iqwer surface of the protruding
portions of the gate dielectric. Preferably, the shallow source and drain extensions extend
inwardly beyond the periphery of the protruding gate dielectric portions and underlie peripheral
portions of the gate electrode. The amount of overlap (as viewed normal to the substrate)
between the gate electrode and the underlying portions is selected to achieve a desired overlay
capacitance and series channel resistance. The channel region, accordingly, resides between the
lower, deep source and drain as well as between and below the higher, shallow extensions of the

source and the drain,

[0027] In some embodiments, the upper, free surfaces of the source and drain are generally
coplanar with the upper surface of the substrate. In other embodiments, the source and drain may
be raised or elevated so that the upper, free surfaces of the source and drain are elevated above

the upper surface of the substrate. In some embodiments, the source, the drain and their



bet ween the gate el ectrode and the underlying portions is selected to

achi eve a desired overlay capacitance and series channel resistance. The
channel region, accordingly, resides between the |ower, deep source and
drain as well as between and bel ow t he higher, shall ow extensions of the
source and the drain. [00271 In sone enbodi nents, the upper, free surfaces
of the source and drain are generally coplanar wth the upper surface of
the substrate. In other enbodi nents, the source and drain nmay be raised or
el evated so that the upper, free surfaces of the source and drain _are

el evat edreaprmtiee extt¢rsionp percosprifealod thuf sanieanaserinls. wédtle in pthesuntodenebaibgent s,
the source, the drain and their 9 respective extensions are conprised of

t he samecdmmpcRitioalo$ thewbinlc€/diain aidtaeir exthaitingendyslifftte conposition of the
source/drain and their extensions nmay differ. [00281 In its method aspects,
the present invention contenplates nethods for fabricatin FETs..havi ng

the strull@Bles dadiemalnd aspenie the repeigveREPB FPRFYPRfeS é‘%eﬂ}ogs rSRREEEHE ¢ her e

is shown a MOSFET 10 according to the prior art, as generally set forth in
U.S. pat ¥K3SEET50aying dhe(stupiures tleseribed eoive) . | n Figure 1, taken from Figure
| of the '214 patent, the MOSFET or other sem conductor device 10 is

fabricat i . . i ) d i
the. et o KRR R W HARLE ks s MG EXIOSTEE ) Ol M fplonigbl. 0
10 | t t f f t e of, t i st 1,
anot her EEeaY st Aoy e avtse L th Pty B elhue b ol Eg s
and/ or PMOS dgvi ces -10, can _be forned on the s bstrlaot,e 2. separ ated by

i sol at i oh of B ‘drPateat, t&@é@@ﬁf%%@%%@%@ﬂﬁﬁ&ﬁ%@s s fabEieted 1 argio8d 16 of

the substrate 12. The substrate 12 may, )
substrate 12. The device 10 may be a MOSFET used in the manufacture of a CMOS or other

type of integrated circuit. The device 10 may also take the form of another type of transistor, a
memory cell, or another type of semiconductor device. Multiple devices 10, including NMOS

and/or PMOS devices 10, can be formed on the substrate 12 separated by isolation regions 14.

[0030] The device 10 includes an active region 16 of the substrate 12. The substrate 12 may,
as shown, be of the bulk type and comprise a body of silicon, silicon-germanium, germanium or
other semiconductor. If an SOI structure is to be fabricated, the substrate 12 may constitute a
semiconductor film of silicon, silicon-germanium, germanium, or other semiconductor material
formed on a layer {not shown) of insulating material, such as a butied oxide ("BOX"). In this

latter event, the insulating layer is formed on a semiconductor "handle wafer" (not shown).

[0031] The active region 16 includes a deep source 18, a deep drain 20 and a gate 22
between the source 18 and the drain 20. The deep source and drain 18, 20 are formed by m-sita
doped selective low temperature epitaxy techniques with their upper portions elevated above the

plane of the substrate 12.
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as shown, be of the bulk type and conprise a body of silicon,
silicon-germani um gernmani umor other sem conductor. If an SO structure
is to be fabricated, the substrate 12 nay constitute a sem conductor film
of silicon, silicon-germanium germanium or other sem conductor material
formed on a layer (not shown) of insulating material, such as a buried
oxide ("BOX"). In this latter event, the insulating layer is forned on a
sem conductor "handle wafer" (not shown). [0031] The active region 16

i ncludes a deep source 18, a deep drain 20 and a gate 22 between the
source 180033 t héhelgate A2 BRludFhe cae eloctswisr’denandlatdvely thidg higheék gatediklerimed by
in-situ doped selective |ow tenperature epitaxy techniques with their

upper porbitinsetassaheghtabiosterdene fropl dBeuitratche. asbistwnbihehel'214 pfedtG8321 The
gate 22 includes a gate electrode 24 on a relatively thick, high-k gate

di el ect riggte Bledthicds SOPALEEES hkfvaflBlemidRder24vis0m Lhe réulsithat e 12.

As shown in the '214 patent, the gate dielectric 26 nmay rest on an

12, * Accor e 07 A BGle B R, 2 pollh dhe el ot 601 hohdelfiierBUPSE [ ©
el ot r 0ae 5 (s pHIRE br rRetalPshih Wl CapaR i GRRT Mrtialiv Ry 2 ©
P2t or o1 S LR Sl Beaot e s o b a T Bl sy iogaas
A channel 28 between the source 18 and the drain 20 is defined within the

subst r at dateraly beyead therasircaleafiots [241," (¢pdurem anlinss 6284).s control | ed by

el ectrical signals applied to the gate electrode 24. The gate el ectrode 24

may b & (ARSR. SUBRAT oL UOGRELR: 0L 4 WD 2L A0 MaerRLrlRlin dethbanum

rhodi um “pa platinum "titanum and denunt a netal -contal ning
12. The conductivity of the chanriel 28 is controlled by electrical signals applied to the gate
electrode 24. The gate electrode 24 may be a metal, such as tungsten, tantalum, aluminum,
nickel, ruthenium, rhodium, palladium, platinum, titanium, and molybdenum; a metal-containing
compound, such as titanium nitride or tantalum nitride; a semiconductor, such as polycrystalline
silicon or polycrystalline silicon-germanium; or a silicide. If the gate electrode 24 is a
semiconductor, a conductive gate contact 29 may be formed thereon by siliciding the free surface

of the electrode 24. Conductive contacts 30 for the source 18 and the drain 20 may be similarly

formed.

[0034] In the '214 patent, the function of the buffer interface 27 between the gate dielectric

26 and the substrate 12 is said to be as (a) a reducer of diffusion and/or penetration of atoms
from the high-k gate dielectric 26 into the substrate 12 and (b) a retarder of a reaction of the

high-k material of the gate dielectric 26 with tft'xe substrate 12, either or both possibly leading to

degradation of channel mobility in the channel 28.

{0035} The gate dielectric 26 is a high-k material or muiti-layered stack of high-k materials.

As used in the 214 patent, "high-k" means that the material of the gate dielectric 26 has a
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conpound, such as titaniumnitride or tantalumnitride; a sem conductor
such as polycrystalline silicon or polycrystalline silicon-germaniuny or a
silicide. |If the gate electrode 24 is a sem conductor, a conductive gate
contact 29 may be forned thereon by siliciding the free surface of the

el ectrode 24. Conductive contacts 30 for the source 18 and the drain 20 may
be simlarly fornmed. [00341 In the '214 patent, the function of the buffer
interface 27 between the gate dielectric 26 and the substrate 12 is said
to be as (a) a reducer of diffusion and/or penetration of atons fromthe
hi gh- k gatasivelpehetivity or dieletinic consdtant bighentthart H). The 2Ad palgit exprestes egregioighcen
reaction of the high-k nmaterial of the gate dielectric 26 wth the

subst r at fr 12, fokbwihg highrk Metfalpaasthlixydds gaethingtrides, nehe) sAdatts, orangfiorciathel
nmobility in the channel 28. (00351 The gate dielectric 26 is a high-k

mat er i al o 9fesMibudsitiondN Q45186 rigt A ekn s ophh @A tidaRE SixlyAltSdes OF mé &8 detu] t he ' 214
patent, "hi gF’u- k" means that the material of the gate di el ectric 26 has a 11

relativey %Hﬂetstiu‘éb%égfs'héiteekﬁ&?n'(i)drn??h%&%?aftf?ifot"295 SIHANRY 28N, RS, 814

pat ent expresses a erence ow ng hi gh- *k’matertal's’ heta

Cran ti B S 2500 ARG PR Tk 20 fdég)”e%‘%@gah@?ﬁfﬁ?g or
7o, heby, B ‘f‘%&e?wép RO Rict, FlhPi s ﬂ?’ﬁaﬂéﬁﬁo@rﬁa‘z A1205,

Ti 02, Ta205, La203 Bi 4Si 2012, W3, Y20 . Bal xS r,, Tio03,
PbTi 03, %ﬁl@wns&w@é aﬂﬂﬂ@zm@@khl@grthapzﬂr sz‘r214m%qnt spcongemplatasthabiie

thereof, all having a k higher than 10. The "214 gatent al so_contenpl at es
that th egatgémbcm@%myrbeca ‘2endary-ki enaderiad wathddr lgssthamdt, evdhags silicon 0sidR, | ess
than 10, such as silicon oxide,

silicon oxynitride, and silicon nitride.

[0036] In the 214 patent, a preference is expressed for high-k gate dielectrics 26 because
they minimize performance-degrading effects such as current leakage between the source/drain
18/20 and the gate electrode 24, allow for the establishment of a suitable capacitance, and

otherwise-improve the reliability of the device 10.

[0037] A liner 31 is formed adjacent the sidewall of the gate 22 as an aid in the fabrication
of the device 10 by isolating the gate 22 from the source 18 and the drain 20 during fabrication.

The liner 31 may be relatively thick silicon oxide or another oxide.

[0038} Sidewall spacers 32 on the liner 31 define the locations between the spacers 32 and
the isolation regions 14 where the source 18 and the drain 20 will be formed by epitaxy. The
spacers 32 may be an oxide, such as silicon oxide; a nifride, such as silicon nitride; or a

composite spacer, such as oxide/nitride, nitride/oxide, oxide/nitride/oxide, or nitride/oxide/nitride.

[0039) The deep source 18 and the deep drain 20 are located in respective recesses 38 and
40 formed in the substrate 12 by selective etching between the liner-spacer 31-32 and the

isolation regions 14. Preferably, the source 18 and the drain 20 are formed within their respective

12



silicon oxynitride, and silicon nitride. [0036] In the '214 patent, a
preference is expressed for high-k gate dielectrics 26 because they

m nim ze perfornmance-degradi ng effects such as current | eakage between the
source/drain 18/ 20 and the gate el ectrode 24, allow for the establishnment
of a suitable capacitance, and otherw se inprove the reliability of the
device 10. [0037] Aliner 31 is forned adjacent the sidewall of the gate 22
as an aid in the fabrication of the device 10 by isolating the gate 22
fromthe source 18 and the drain 20 during fabrication. The |iner 31 may
be rel at jecedsys 8nd KO Biy lldve empexdtete selectvm epitexy obxiliden of Hd@BizeBnawwalefiestpdcer s
32 on the liner 31 define the | ocations between the spacers 32 and the

i sol at i opethved 180 solfio VRIS | henERlNiaer-shBcansl -Bheashraprintedopand spekies ®orored by
epi taxy. The spacers 32 may be an oxide, such as silicon oxide; a nitride,

such as P—It#ﬂcfz H—ﬁg)@lle g{aﬁ}o ﬁéed?ﬂétg Fhe £IFRALIahE RRALED0 b ¥EHveRBoRL itééﬁléigﬁésf i de,

nitridel/o nitride/oxide, or nitride/oxide/nitride. 0391 The

and a0 TorRaar PR ARt RR By R BLRoL AR R ol RERRER (U dppRsecs 50

| i ner-spacer, 31-32 and t he d,isolation regions 14. Preferably, the source 18
and t he BCE0RPoEnFUReERdRMY hi n their respective 12 recesses 38 and 40
by | ow tenperature selective epitaxy of silicon or silicon-gernmani um

ef f ect edjoolagf Weel dbige ichplviMal GMilhCGHRASS #k 'PAGDatdieislshoRh asPaseriseddd 162.
Appropriate dopant species (N or P-type) may be introduced into the

source 1 (Fhd2 80 p ¥t COMHERL A QMR thd SENPUGN SR iuded XY BhiE el it
dopant s ?%tgﬁﬁdﬁagzg?i(ﬁony?&%ﬁo%?hor ous a@ arseni c. Typi cal BP— type dopants
i ncl ude rbe?artgfgfy 2 halylélrrr(])fas?a%dérgqé H¥erial. A deep source and a deep drain have respective
shallow extensions, the free surfaces thereof being co-planar with a substrate. The deep source
and drain and their shallow extensions are formed using ion implantation, not low temperature

epitaxial, techniques. The shallow extensions are shown as extending beneath the gate dielectric,

which is laterally co-extensive with the gate electrode.

[0041]) Another device having source/drain extensions beneath a gate dielectric of a gate is
shown and described in U.S. Patent 6,555,879 ("the '879 patent"). The gate dielectric of the '879
patent's device is a relatively thick standard-k material, which extends beyond the periphery of
the gaté electrode. However, the sourcé, the drain, and their respective extensions do not reside
in recesses in the substrate, as they are formed by siliciding the substrate, and not by low
temperature, in-situ doped selective epitaxy. The free surfaces of the source/drain are not co-

planar with the substrate.

[0042} A device, such as a MOSFET 100, according to the present invention is shown in
Figures 2 and 3. Elements of the MOSFET 100 corresponding to those of the device 10 in Figure
1 are designated by a three digit reference numeral, the first digit of which is "1" or "2" and the

last two digits of which are the same as or similar to the corresponding Figure 1 element.
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[ 0040] A device sonewhat simlar to that of the '214 patent is shown and
described in U S. Patent 6,512,269 ("the '269 patent"). The device of the
'269 patent includes a gate dielectric of a relatively thick |ayer of
standard-k material. A deep source and a deep drain have respective

shal | ow extensions, the free surfaces thereof being co-planar with a
substrate. The deep source and drain and their shall ow extensions are
formed using ion inplantation, not |ow tenperature epitaxial, techniqgues.

The shal | ow ext ensions are s s _ext endj be ' ric,
whi ch i 4994 er alFFyrhesel $RIHORS E@‘ﬁ@%ﬁlﬁh‘?#&m@é{%ﬁé‘i g%fer 6%‘532? Pg%ﬁf% %@gﬁﬁer
devi ce havi ng source/drain extensions beneath a t i electric.of .a gate
i s shown laipréllyiewey frpmand hesgnd a gpigredsstroes B@?&@ﬁ&%(alﬁh’gs ng?)%\"ts%’ﬁ‘%ed)l%l The
gate dielectric of the' 879 patent's device is a relatively thick .

st andar dndredetad bk, thihitaletuex tenligh-seepisrideleqide pkifsyardangingmortions 2R

el ectrode. However, the source, the drain, and their respective extensions

do not rgghldetchirgsidt@ntass pevirs ddneags dbsitg edrivus pRCes @lEps Suck AR EPIRLY
siliciding the substrate, and not by |ow tenperature; in-situ doped

sel ecti Vi@e SRiol ANWIF FEHerEAt @6xi84HehRRELY, solectiRatchiny, e ehiakial proeessot Tiie-  pl anar
with the substrate. [0042] A device, such as a MOSFET 100, according to the

present | ieRid Bileoh o iR dling BoaiheS0PomAlleste dfél RS selibiars VDSFET 100

corresp ng to those of t vice 10 in Frgure "1 are designated by a

three di Ies‘t{ e%?eé%.?cﬁﬁ%&?ﬂ%éu?{;‘e-m&&%% fni 1r2§1;to—qi49.bxtidéi£%|¥.\ﬁn§ 1 —El%ct?c?ﬁié—t@fdré" " and

the Ila i are e sane as o r to the

corresponding Figure_1 element. 13 [0Q43] Peripher '
oL S e M b ORI LR Bl PO IR 0P
roman dthg 23&2 r(ligelcgm?ca{ 266 tﬁxllse:fctt zrlsoa(tj grotqé%’éveogm?ergggﬂ?c&azrgy beAt‘.%re:t:V:\:{I t{'nla Io%v%r g(‘lagsccorf ItllljcaEd In
" gate electrode 126 and the proximate portions of source and drain upper extensions 148 and 150,

during processing and fabrication of the device 100.

[0044] The liner-spacer 31-32 of the '214 patent used to define the site of the recesses 38

and 40 and the deposition site of the source 18 and the drain 20 is replaced by an initial,
temporary liner-spacer 131-132 (Figure 4), which is removed following epitaxial formation of
the deep source 118 and the deep drain 120. Prior to epitaxial formation of the source/drain
extensions 148/150, a permanent liner-spacer 231 is formed on the sides of the gate 122 and on |
the upper free surface of the protruding portions 200 of the gate dielectric 126 that extend
beyond the gate 122. In other words, in the present invention, the temporary liner-spacer 131-132
is disposable. Its removal, followed by the formation of the_permanent liner-spacer 231, exposes
an upper free surface of the substrate 112 and the deep source/drain 118/120 to etching and the
epitaxial deposition of the extensions 148 and 150. The permanent liner-spacer 231 defines the
region wherein there will occur the etching of undercuts 138a and 140a, that is, recesses in the

substrate 112 under the gate dielectric 126, for the formation therein by in-situ doped epitaxial
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nore detail below, this structure (the high-k gate dielectric and its
extendi ng portions 200) is highly etch-resistant and prevents damage
during various process steps, such as pre-epitaxy cleaning and HF
treatment (oxide renoval), selective etching, and epitaxial processes. This
protective function of the extending. portions 200 of the gate dielectric
126 aneliorates or prevents gate-el ectrode-to-source-extension 124-to-148
bri dgi ng and gate-el ectrode-to-drain- extension 124-to-150 bridgi ng and
consequent | eakage currents. The extending portions 200 of the gate

di el ect r depoktion bhihe cRrhsias @8 pAO T BE tak deschibed inenqgre detatl belolvalk potod abmentiche

| oner edge of the gate electrode 126 and the proxinmate portions of source

and drai B 4RRg eﬁ%ﬁﬁ%ﬁ%tﬂé@a’t@ﬂ'@leéﬁﬁ 126@%%&%%1&@@5%@&1@@&%@6@@ on

of the device [0044] The | iner-spacer 31-32 of the '214 patent used to
define t AE" &R yehdenof the
source 135 dhﬁﬁgkﬁﬁalnlgggﬁiEﬁ%gﬁ%ﬁ%@ﬂ%égéﬁgg%ﬁP?%ﬁﬁ%ﬁﬁtnporaryr ’

For mat 1 o araeatinesg0L ARE gt Hisll R o BRT V] Bl P

epi taxial formation of the source/drain extensions 148/ 150, a pernmanent
Ilner-spﬁl?éﬁf°d2313?41 s fornmed on the sides of the gate 122 and on the upper
free surface of the protruding portions 200 of the gate dielectric 126 that

ext end b;ﬂ@ﬁﬁ thBe&%Eé%nJI:%eif errdderRbJuShe P8l fixcial ProbiBird£6 804 16 Rot@rthé on, the

t enpor ar er - spacer 132 is disposable. Its renoval, followed by the

formation_of 11 583the EYRES ee frERgt surface
of the su%urfer/%{alen @%9 %gﬁ‘%]hregﬁhm&gsgﬁt;ﬁéles H%lglsn 118%%28%?%&2)? Chel%.g atnd t he

epi t axi al. ositiogn of .t xtensi ons. 148
li ner - sp&%?F&§§¥m@5Fﬁﬁg?mqﬁ5ﬁcW% g@%nﬁﬁgegugm? éggmﬁﬁﬁﬁn%gggggt & et chi ng
of undercuts 138a and 140a, that is, recesses in the substrate 112 under

t he gat e [6048| ect Referrindbhow ©ITFiflies 40r-Mitd mofetbé neitindoyf fabnicstiingthe dpec: 100
epi t axi al

of Figures 2 and 3 is described and the steps of such method are illustrated.

[0047] As shown in Figure 44, in step 300, the semiconductor substrate 112 is provided. If
desired, thé substrate 112 can be doped with N- or P-type dopants in a conventional manner.
Next, the isolation regions 114 may be formed according to prior art techniques, step 304, to
determine one boundary of one or more active regions 116. Preferably, shallow trench isolation

("STI") or other conventional techniques may be used to form the isolation regions 114.

[0048] A layer of the high-k material of the gate dielectric 126, which may reside atop a
t;uffer interface layer 127; is then deposited on the upper, free surface of the substrate 112, step
306. In step 308, shown in Figure 4B, the gate electrode 124 is formed bf depositing a layer of
an appropriate material on the layer 126 of the high-k material and then patterning, as_by the use
of a mask or patterned i)hotoresist and a wet or dry chemical etch. In step 310 (Figure 4C), the
dielectric layer is patterned so as to produce the gate dielectric 126 and the protruding portions
200 thereof extending beyond the gate electrode 126. The foregoing step may be effected by first
covering the sides of the gate electrode 124 with an etch-resistant liner 212 baving a thickness
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14 deposition of the extensions 148 and 150, as described in nore detai
bel ow. As noted above, the protruding extension 200 of the gate dielectric
126 prevents bridging between the gate el ectrode 126 and the extensions
148 and 150. The extensions 148 and 150 not only extend under the
-protrudi ng portions 200 of the gate dielectric 126 but al so extend
partially beneath the gate electrode 124. [00451 Because in preferred
enbodi ments epitaxial procedures are used to formthe source/drain .

118/ 120. and their extensions, 148/ 150, the structure and nethod of the
present CH¥REnRIaDl sl the emtonat thaidhe gave fielsotind 26 i pxiend vepretredsdsyons of
the channel 128, as is known. [0046] Referring now to Figures 4A - 41, a
preferredﬁﬂgﬁhﬂdﬁﬂﬂeﬂabmkhhmiﬂgmngéwdﬁ&é@ﬂcm@ﬁ; of Figures 2 and 3 is

descri bed and the steps of such nethod are illustrated. [0047] As shown in
Figure 4 300, t he onduct or substra OVI | f
desi 1 oa. el o oS riERE Pléteeiﬁfb et ind Recen) ST SR 5 B
conventional manne xt, the isolation regions 114 may be forned

accor di n@OIiV@n%?naéﬂeP&ﬁlﬁ-a@%Wh f@fﬁ@élue% {rep wwitable gategial, donexpaplsistiosp onidar y of
one or nore active regions 116. Preferably, shallow trench isolation
("STI") witride ¢rex fupetivnelly sionlat matedihhiThe tesnperayy beervspear { 31-1 32 may relidsdhbeat i on
regions 114. [00481 A |ayer of the high-k material of the gate dielectric
126, whi tihenf wsebiodernatiepate diludifiel2d of sy bofrhel/gfier tdoval sf thbéinerddpokt t ed
on the upper, free surface of the substrate 112, step 306. In step 308,

shown i nafy gtsng tBinck-BeacePl A - BIzaekinads 42 didbSof ey el_@dfro@@@% bitd e thayer
of an appropriate material on the layer 126 of t hi gh-k material and

e P IR0l O T B, RO i
as it may be removed and replaced by a segment of the temporary liner-spacer 131-132, as seen
in step 316 (Figure 4E).

[0050] In step 316, portions of the substrate 112 between the temporary liner-spacer 130-
132 and the isolation reg.ions 114 are removed to produce the respective recesses 138 and 140 for
the source 118 and the drain 120. This may be achieved by the use of a suitable etchant, which
'may also remove an upper portion of the gate electrode 124 so that it is slightly recessed below

the upper plane defined by the temporary liner-spacer 131-132. Next, in step 318 (Figure 4F), the
source 118 and the drain 120 are formed in their respective recesses 138 and 140. In preferred
embodiments, the source 118 and the drain 120 are formed by low temperature selective
epitaxial deposition of suitable material, such as Si, SiGe or SiC, or a compound semiconductor
with the source/drain 118/120 being doped in-situ as they are deposited with appropriate dopant

~ species. At the same'time, an epitaxial layer 214 may also be formed on the free surface of the
gate electrode 124. In step 320 (Figure 4G), the temporary liner-spacer 131-132 is removed,

following which, in step 322, a permanent liner-spacer 231 is formed on the sides of the gate

electrode 124. The permanent liner-spacer 231 and the layer 214 protect the gate electrode 124
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dielectric layer is patterned so as to produce the gate dielectric 126 and
the protruding portions 200 thereof extending beyond the gate el ectrode
126. The foregoing step nay be effected by first covering the sides of the
gate electrode 124 with an etch-resistant liner 212 having a thickness 15
equal or nearly equal to the amount that the gate dielectric 126 wll
extend or protrude beyond the gate el ectrode 126 and then etching the
dielectric layer. [0049] In Figure 4D, step 312, the tenporary |iner-spacer
131-132 is fornmed, such as by conventional deposit-and-etch techniques,
from a sfirn il affeatatod pubaequenioiteps X Brpicamancht wskspaceie | owgrlies thpePrgyiousty
functionally simlar material. The tenporary |liner-spacer 131-132 may

i ncl ude fohed profteding &enssrd 200 of the gatt Meelagéicel 26i el ectric 126 or may be
formed after renoval of the liner 212. In any event, the |liner-spacer

131-132 resides on the sides.of the gate el ectrode 124 rs the

pr ot r udi B85Hor t iHE 28 660VEE 10y %ur@ﬁﬂeseg‘?cé]wé%tf’ﬁfl% O}%g‘% ﬁe?ﬁg%#?’%éf{ﬁglz shown in
step 312 is "optional™ as it may be renoved and replace a ment of
the tenpiueeeiiain Ads/13phenddhe aubstraig 312 rpanayewpprtions therap %ti%g%‘g?lf&&ﬁ%‘ﬁﬂ% 15
[00501 In step 316, portions of the substrate 112 between the tenporar

| i ner - s peffseted 58 @s fodtRinethelsaunes/drain] 148130 ancbigivodercutihe shstrate dbs sithebreprsstiuce
the respective recesses 138 and 140 for the source 118. and the drain 120.

Thi s mayidse aaehs@ved tRyextensonsel8aihd d 56 uietfaired tetwdeartie subsicatt L 1and the so
renove an upper portion of the gate electrode 124 so that it is slightly

recessed,Rel @Wp pbABndBIEST tRY %d&?di@ﬂﬁﬂriﬁqgs.bmait,hﬁc senp@rshhifar seleetivesipaiter
131-132." Next, In step 318 (Figure 4F), the source 118 and the drain 120

ambod; o Pl B B B oo by ow ©ommer at ur e
sel ecti VP48 and 150 in the recesses 138a and 140a and over the source 118 and drain 120, step 326

(Figure 41). Thus, the source 118/148 and the drain 120/150 .ma,y be viewed as constituting

respective lower portions 118 and 120 and respective upper portions or extensions 148 and 150.

It '1; contemplated that the deep source 118 and the deep drain 120 may comprise the same or

different materials. Moreover, the shallow extensions 1438 and 150 may comprise the same or

different materials as comprise the lower deep portions 118 and 120.

[0052] In Figures 2 and 4, the free surfaces of the source and drain structures 118,148 and
120,150 are depicted as being coplanar with that of the substrate 112. This configuration may be
referred to as a "non-raised” configuration. As will be appreciated by those skilled in the att, the
extensions 148 and 150 may be formed so that these free surfaces are elevated above that of the

substrate 112, as indicated by the dashed lines 236 in Figure 2. This latter configuration may be

referred to as a "raised" configuration,

[0053] Tt has been found that devices having the protruding extensions 200 of the gate
dielectric 126 prevent leakage currents and bridging between the gate electrode 124 and the

source/drain extensions 148/150. Accordingly, the presence of t_he protruding extensions 200 has
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epi taxi al deposition of suitable material, such as Si, SiGe or SiC, or a

conpound sem conductor wth the source/drain 118/ 120 bei ng doped in-situ
as they are deposited with appropriate dopant species. At the sane-tine,

an epitaxial layer 214 may also be fornmed on the free surface of the gate
el ectrode 124. In step 320 (Figure 4G, the tenporary |iner-spacer 131-132
Is renoved, following which, in step 322, a pernmanent |iner-spacer 231 is
fornmed on the sides of the gate "electrode 124. The permanent |iner-spacer

2o, B S BBl A e A oL o

subseque er-spacer over he previously

formed protrudi ng extensiqns. 200, of the e di.electric.126. [00511 .Next,
he hown MoSHE ke Beipmuse etsasory P et i bediiopd tioy g pReha b
source/drain 118/ 120 and the substrate 112 renoves portions thereof, step
324. Thi 80@pustachtieigsomeifyf atwean tBoloxer edeerdiithe gatecledinde dAtipad e SABPINS and
to undercut the substrate 112 so that recesses 138a and 138b for the

ext ensi on48 a4B1 Hrigy r&&Gimgraad Horentidg beting dre defrterirub sffecis en thipeegmgtry Réthe
protrudi ng portions 200 of the gate dielectric 126. Last, the sane or
simlar sehBgipraRdinds sdell to prdaprdhefrityl 38hand 1 38beahdttine éffactn dfilee epitaxy
source/drain 118/ 120 are effected to formthe extensions 148 and 150 in

the rec e;?&%d&éﬁ@se@@prw&% Rkt Q¥R 1 M2 OLIC Bhib bfotéstidn Brebdin R0 t6 teplt326
(Figure 41). Thus, the source 118/148 and the drain 120/ 150 may be vi ewed

as const if 4l 1agiod RIRGES LAEabONRL 19014 e BSudIaflhickeBnantl/ (%SRRGS VE UPpEr

portions or ons 1 I's contenpl ated that the deep
source 118.and the deep drai o | .S LS80 that
at or | al SR TR MO TR I BB, 1 B o
igge or p(rillc);c Ilr? ’Eeg t'q&% tugiglfg %Ll?r aalfne?/gprg%érl 3%?32t (?nethle Qdes oﬁﬁg Eatg ) LhENS h%i}i%g %Qg
protruding portions 200 permit etching and/or epitaxy procedures to attack the edges of the gate

dielectric 26, ultimately resulting in lowered electrical resistance and elevated leakage current.

[0054] Figures 5A — 5F depict two alternatives to steps 312-326 of Figures 4A ~ 41 for

fabricating MOSFETs 100" and 100" similar to the MOSFET of Figures 2 and 3.

[0055] In step 400 (Figure 5A) the high-k gate dielectric 126, including the buffer interface
127, if used, and rhé gate electrode 124 have been formed by deposition and patterning so that

the footprint of the former is larger than that of the latter, and the extensions 200 of the dielectric
126 protrude beyond the periphery of the electrode 124. A temporary liner-spacer 131" has been
formed to cover the sides of the gate electrode 124 and the upper free surface of the protruding
portion 200. Shallow recesses 138a' and 140a’ are formed by etching the substrate 112. Etching is
performed so that the substrate 112 is undercut and the recesses 1384’ and 1402’ extend beneath.
the protruding extensions 200 of the dielectric 126 and extend a selected distance beneath the

gate electrode 124, The temporary liner-spacer 131" and the protruding extensions 200 of the gate -

dielectric 126 mask the gate electrode 124 during etching.
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[00521 In Figures 2 and 4, the free surfaces of the source and drain
structures 118,148 and 120, 150 are depicted as being coplanar wth that of
the substrate 112. This configuration may be referred to as a "non-rai sed”
configuration. As will be appreciated by those skilled in the art, the
extensions 148 and 150 nay be forned so that these free surfaces are

el evated above that of the substrate 112, as-indicated by the dashed |ines
236 in Figure 2. This latter configuration may be referred to as a '
"raised" configuration, [0053] It has beep faound.that devices hayving the
prot r udi A48kt en&n BrAP0d e PRl Sgsatine, 1ISER gRiFXy és o Ob‘?dé{?%%n Q@ﬁR‘é{ge
currents and bridging between the gate el ectrode 124 and the source/drain
ext ensi orestengignsI B’ anddéYid itheglegessasHe 89 ped eaesodhatitheshstow cugnsigneldBedsPons
200 has 17 been found to anmeliorate the short channel effect and to

i ncr ease whialie éleiatidditg/poatich 200and ttvesesipbéry ofAbSHatscl¢rdroiia (24 Aihiscepitakihly
formed extensions 148 and 150. It is theorized that the extensions 200

protect tdagos @AM HrrRehWeRn stobe 14 enee fedgarfide dfftiee gad de@tieliROdBtde4 and
t he extensions 148 and 150 by resisting and protecting against the

del eteri %ﬁ%s 6] Bl £040Mhe thor QS FRBLENC Q131 NEreRlRBA M4 X QESHOY &%gdffl 6dy 40

produce t recesses 138a and”138b and the effects of the epitax

pr ocedur %%rr#&%ﬁlt ﬁn%r_gﬁa%gr%ﬁ s qgnnce?)éittcﬁ g&l PhR Sé]t%g ogg‘,? gljegﬁo deEﬁﬁB%%%&fdéﬂé) n has

been fou 0 resu I'n~no bri rom ectrode he
source/drajn..e nsi.ons_ 14 50 d l.ow, | eakage,.cur ts in co te
VORFETs  RBgrG B e Clocne 1P Sn € reu € KRESE B MBI oo lRRT A e o
art techni aues using.aonly a liner/spacer 30132 on the sides of the gate 22
and not HaViang thaiederbying sehsiral§ 1hdrt i ons 200 permit etching and/ or epitaxy
procedures to attack the edges of the gate dielectric 26, ultimtely
resul tingoasy ! owes Qe LdLE S D), W8S SRRGRA aRth FoBYA! B} MRIPKA0S e CldlShSRE -

by the arrow-headed vertical lines, formed by jon implantation into the shallow extensions 148"

and 150" and the underlying substrate 112, thus yielding the MOSFET 100", The permanent liner-

spacer 231" defines and limits the extent of these portions 118' and 120" toward the gate 122.

[0058] Steps 408 (Figure 5E) and 410 (Figure S5F) are alternatives to step 406. In step 408,
deep recesses 138' and 140° are formed through the segments of the shallow extensions 148' and
150" not masked by the permanent liner-spacer 231" and into the substrate 112. Finally, in step
410, deep source and drain portions 118" and 120" are formed in the recesses 138" and 140' by
selective, in-situ epitaxy,r producing the MOSFET 100"

[0059] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitu;cions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, composition of matter, means, methods and

steps described in the specification. As one of ordinary skill in the art will readily appreciate
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[ 0054] Figures 5A -- 5F depict_two alternatives to steps 312-326 of
Figures 4A -- 41 for fabricating MOSFETs 100' and 100" simlar to the
MOSFET of Figures 2 and 3. [0055] In step 400 (Figure 5A) the high-k gate
dielectric 126, including the buffer interface 127, if used, and the gate
el ectrode 124 have been forned by deposition and patterning so that the
footprint of the fornmer is larger than that of the latter, and the L
extensions 200 of the dielectric 126 protrude beyond the periphery of the

el ectrode 124. A tenporary liner-spacer ~131' has been . for t Q.- ' the
Si dos. oftontiae darlesier by BN D<A, DREPpEPCR R TNV PALE B p LAY BF

protruding portion 200. Shallow recesses 138a' agd{i%%ﬁ' are:%orned by ™
et chi ngntakier, suehs, mathedd distepEt wpientdy £xistngar faenia e dgv . PAPC9F St rate 112
i s undercut and the recesses 138a' and 140a' extend beneath the protruding
ext ensi gist:20010the biree finefi@odrrabitied2Bibstantiadly tenwimns reuiliasthacaicsp@dE® beneat h_

the gate electrode 124. The tenporary liner-spacer 131' and the protruding © °

ext ensi QR o&BRnR dctdiBegRdEin riiyteatilivéCact ainges khe fresegtinzerglonc eesaeingly 4
during etching. 18 . [0056] In step 402 (Figure 5B), selective, in-situ
epi t axy 'fJ&eS%p%gﬁdeEﬂéﬁagn_%l%Sﬁr&éﬂaea IhRnk Ve WeK RSt Sbpe ddoh prévidsed afiachinest he -

a an a

recesses 1 so that the shall ow extensi ons 148' /150

underlie t?}%lic rg%éﬁg&@gg%§£%%ﬁ%h§§%gg&gm&5§opﬁ£ﬁ9heryof the gate el ectrode

124. Thi"g@H orng the etch stop 214 on the free
surf-ace of the gate el ectrode 124. Between steps 402 and 404, the
tenporary liner-spacer 131' is renoved, and in step 404 (Figure 5C) a

per manent |iner-spacer 231" is forned to cover the sides of the el ectrode
124, the protruding extensions 200 of the gate dielectric 126, and a

sel ected area of the shallow extensions 148" and 150" and the underlying
substrate 112. '
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[0057] In step 406 (Figure 5D), deep source and drain portions 118 and
120" are, as shown by the arrow headed vertical lines, formed by ion
inplantation into the shall ow extensions 148" and 150' and the underlying
substrate 112, thus yielding the MOSFET 100', The permanent |iner- spacer
231" defines and limts the extent of these portions 118 and 120" toward
the gate 122. 10058] Steps 408 (Figure SE) and 410 (Figure 5F) are
alternatives to step 406. In step 408, deep recesses 138 and 140" are
formed through the segnents of the shall ow extensions 148" and 150" not
masked by the pe _liner-spacer 231' and into the substrate 112.
FinaIIYW%@¥I§Q§%AHZ€§&§deep source and drain portions 118" and 120" are
formed in the recesses 138" and 140' by selective, in-situ epitaxy,
producing t hep ST J8frisind: 0059] Al though the present invention and its
advant ages have been deggri%ed in detoil, it should be understood that
various cha : i i.ons and alterations can be nmade herein w thout
departing f?%%??ﬁ%&%%%F? gﬁﬁ scope of the invention as defined by the

appended cl ai ns. r eover e f Lcatd i s not

i ntended to ‘a‘cf'éql%q ‘?nrﬁl\/&%edg 4 ‘#etﬁ%%@gﬁ:%gltg? g&%%@&%ﬁa&%@b%@% ngragl?: ess,

machi ne, manufacture, ¢ osition of .matter an nmet hads_an

descr i bwnrises Hlaye 9é highdamatsrial oadhe fee Silag of s PP ey ﬁn%iangaﬁ%%e"ar ?g\%ﬁu
readi |y appreciate 19 fromthe disclosure of the present inyention,

pr oces stbs freeraurfricn efthe frphdf lareruthe hishdmayeinrptgrdngheyo &ple ‘%'é"gﬂ & et hods
or steps, presently existing or later to be devel oped, that perform

subst ant i al |asotive asdadrdinfochedon oppoaithsiessofdhgeaesabd al |y the sane result as
the correspondi ng enbodi nents described. herein may be utilized according
to the presendhailévesirtOsktenAvnandi Bilpw drhie eappeing eathdbmiadebyaseleciivriarigidd t o
include within their scope such processes, nachines,

doped epitaxy.

2. The MOSFET of Claim 1, wherein the semiconductor substrate comprises silicon,
germanium, silicon-germanium, a compound semiconductor, strained silicon, strained silicon-
germanium, a strained semiconductor, a strained compound semiconductor, silicon-on-insulator,
germanium-on-insulator, silicon-germanium-on-insulator, a semiconductor-on-insulator, or a

compound semiconductor-on-insulator.

3. The MOSFET of Claim 1, wherein a dielectric constant of the high-k material is more

than about 3.9.

4. The MOSFET of Claim 1, wherein a buffer interface layer is interposed between the gate

dielectric and the free surface of the substrate.
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manuf acture, conpositions of matter, neans, nethods, or steps. 20 WHAT IS
CLAIMED I'S: | A MOSFET, conprising: a sem conductor substrate; .a gate on
a free surface of the substrate, the gate including a gate dielectric,
which -conprises a layer of a high-k nmaterial on the free surface of the
substrate, and a gate electrode on the free surface of the high-k | ayer,
the high-k |layer protruding beyond the gate el ectrode; a source and a
drain formed on opposite sides of the gate; and a shal |l ow source extension
and a shall ow drain extension each fornmed by selective in-situ . do

epi taxys. 2. ThpRMOREEERTCiimd wheretn, thovhighds [aver fea BORCH BN D ‘E?S%%?fg’f e
conprises silicon, germanium silicon-gernmanium a conpound sem conductor,
st r ai nettle gith elecimodesigpinbtribelddetbiianreifege theesvwipelectiye imbitiedppsé apitesnddEt or , a
strai ned conmpound sem conductor, silicon-on-insulator

gcr mani &g} damings Wedteing, t diycadhiger manunt on-i nsul ator, a
sem cond-actor-on-insulator, conpound sem conductor-on-insulator. 3. The
MOSFET of Claim 1, wherein a dielectric constant of the high-k rmaterial

is nore than_about 3.9. 4. The MOSFE T of, im.l, .wherein a bqu
interfate | a%%gggﬁtoé Frogdd Wﬁmgﬁ Ir’ta??élag%ﬂbghﬁg&k&a%r ‘?181“’%‘%%‘8 5% e%g%i ee
surface of the substrate. 21 ) L . .. .
from the group consisting of metal oxides, metal nitrides, metal silicates, transition metal oxides,
transition metal nitrides, transition metal silicates, oxynitrides of metals, metal aluminates,
zirconium silicate, zirconium aluminate, HfO,, ZrOa, HfON,, ZrO Ny, HfSixOy, ZrS8i Oy,
HfSixOyNz, ZrSixOyNz, A1203, TiOQ_, Tazos, La203, CEOZ, BhSizO 12, WO3, Y203, LaAlO3,
Ba,; St TiOs, PbTiOs, BaTiOs, StTiOs, PbZrOs, PST, PZN, PZT, PMN, and combinations

thereof.

7. The MOSFET of Claim 1, wherein the gate electrode comprises poly-silicon, poly-

silicon-germanium, a metal, a metal-nitride, or a silicide.

8. ‘The MOSFET of Claim 1, wherein the source and the drain are formed by ion

implantation or by selective in-situ doped epitaxy.

9. The MOSFET of Claim 8, wherein the source and the drain are formed by selective in-
situ doped epitaxy and comprise doped silicon, silicon-germanium, silicon-carbon, or a

compound semiconductor.

10.  The MOSFET of Claim 1, wherein uppermost surfaces of the source and the drain are

generally coplanar with an upper surface of the substrate.

22



5. The MOSFET of Claim1l, wherein the high-k layer is a protective and
etching barrier for the gate el ectrode against the deleterious effects

t hereon of selective in-situ doped epitaxy, HF dip, cleaning, wet
etching, or dry etching. 6. The MOSFET of Caim1l, wherein the material of
the high-k gate dielectric is selected fromthe group consisting of netal
-oxides, netal nitrides, netal silicates, transition netal oxides,
transition nmetal nitrides, transition nmetal silicates, oxynitrides of

metal s, metal alum nates, zirconiumsilicate, zirconium alumnate, HfO02,
Zr02, Hi.O XRyg MORFBT, dfylaimH, Sthere@yuppernGit $@faces ¢ff the saOyddznd i Suidye 7
A1203, Ti2, Ta20p, La203 , Ce2 , Bi4S12012 , W3, Y203, LaAl B,

Bal, Srr Jietdied MdTt BupRa firfle oShEis@tralddZr 3, PST, PZN , PZT, PMN, and

conbi nations thereof 7. The MOSFET of Claim 1, wherein the gate el ectrode
conprises poly-silicon, poly silicon-germanium a netal, a netal-nitride,
or asilicide, 8 The MOSFET of C.aim]1, {\/nerei n the source and _the drain
are forhed byhs MOSERT offilaim bvhsreiniprmi gribe sealio. imsiondFedensstlt axy. 9.
The MOSFET of .Claim 8, wherein the source and the drain are fornmed by

sel ect i periphgral pertigniefpbeigapeleeiadeand conpri se doped silicon,
silicon-germanium silicon-carbon, or a conpound sem conductor. 10. The
MOSFET of Claim 1, wherein uppernost surfaces of the source and the drain
are genegal | s 1. The
VOSFET T O o R S P S MO S8R %8 ar i

are . . . . o . i1
situ doped epitaxy and comprise doped silicon, silicon-germanium, silicon-carbon, or a

compound semiconductor.
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el evat ed above an upper surface of the substrate. 12. The MOSFET of C aim
1, wherein termni of the shall ow extensions are beneath peri pheral
portions of the gate electrode. 13. The MOSFET of Claim1l, wherein the
source and the drain are formed by selective in- situ doped epitaxy and
conprise doped silicon, silicon-germanium silicon-carbon, or a conpound
sem conductor. 23 14. A MOSFET, conprising: a sem conductor substrate; a
gate on a free surface of the substrate, the gate including a gate
dielectric, which conprises a layer of high-k nmaterial on the free surface
of the $tibst AAdeSFRRtompyaing: el ectrode on the free surface of the high-k
| ayer, the high-k |ayer protruding beyond the gate el ectrode and being
capabl e of agtdnfigor@sctar pibetrget i ve barrier agai nst damage during etching,

cl eaning, epitaxial procedures, or epitaxial-related procedures; a source

and a drain §piEBega @iRe IRPRS oF theSubRBIDhe AR i8idhp ABSte dictdtald, adichour ce
extensi on and a shallow drain extension fornmed by selective in-situ doped

epi t axy 8%1‘31‘@?5162-9 Eﬁw;fggh"k B'Iatega?j)ﬁ'}h%%ee wheleiopiHRELSGH SRNINEL SecpddRShr at e

conpris I CO mani um si 1 con-germani um a conpound sem conduct or,

straineq silican rai.ned.sili.con- r.mapj . r.aine 1 tor, a
S iR TR b e RPN S e oo BB
gg;ﬁnggln %}Bg g#ﬁagﬁﬂfgétg{g%s?rp!r&g&{% %\u[r{cra? legalilnr,rs}t 8ar}f12|1grésdllj]l‘igé (e)trching, cleaning, epitaxial

procedures, or epitaxial-related procedures;
a source and a drain formed on opposite sides of the gate; and
a shallow source extension and a shallow drain extension formed by selective in-situ

doped epitaxy.

15. The MOSFET of Claim 14, wherein the semiconductor substrate comprises silicon,
germanium, silicon-germanium, a compound semiconductor, strained silicon, strained silicon-
germanium, a strained semiconductor, a strained compound semiconductor, silicon-on-insulator,
germanium-on-insulator, silicon-germanium-on-insulator, a semiconductor-on-insulator, or a

compound semiconductor-on-insulator.

16.  The MOSFET of Claim 14, wherein the dielectric constant of the high-k material is higher

than about 3.9,

17.  The MOSFET of Claim 14, wherein a buffer interface layer is interposed between the

high-k material and the free surface of the substrate.

18.  The MOSFET of Claim 14, wherein the material of the high-k gate dielectric layer is

selected from the group consisting of metal oxides, metal nitrides, metal silicates, transition
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conpound sem conductor-on-insulator. 16. The MOSFET of C aim 14, wherein
the dielectric constant of the high-k material is higher than about 3.9.
17. The MOSFET of Caim 14, wherein a buffer interface |layer is interposed
bet ween the high-k material and the free surface of the substrate. 18. The
MOSFET of Ol aim 14, wherein the material of the high-k gate dielectric

| ayer is selected fromthe group consisting of netal oxides, netal
nitrides, nmetal silicates, transition 24 netal oxides, transition mnetal
nitrides, transition nmetal silicates, oxynitrides of petals, B netal

Al Ui naResl Oslsse GRS gRSIAl SR IEES, SRS SR P B @ IO Tl |y oy,
Zr O\y, Hf SiQy, ZrSi,tOQy, H Si XOyNZ, ZrSi OyNZ, A1203, Ti 2, Ta206, La203,
Ce(2, BiluSiREE2Zirconipa) silaiE3zircopium dgmimgid, BiQrjZr03 HiPsM. & OxMa FeR0y.Sr Ti 03,
PbzZr @3, PST, PZN, PZT, PMN, and conbinations thereof. 19. The MOSFET of

C ai m 1Z:SiyheHE 0, Ny 71§30¢N g nést1:1 Bide, Tafpilias@s Jebh)Bisib0aoW s, Yy
silicon-germanium a netal, a netal nitride, or a silicide . 20. The MOSFET
of C ai mAW,, BAESETID,! PETiEN BLROASITIN LMoL, PSAL BZROPAEPMN, o

i npl antation or selective in-situ epitaxy. 21. The MOSFET of C ai-m 20,

wher ei n dhe. sourae .aad the drain conprise doped silicon,
silicon-germanium silicon carbon, or a conpound sem conductor. 22. The

MOSFET of- C ai m 14, wherein uppernost surfaces of the source and the drain

are gener al I¥ CISPI anar with an upper surface of the substrate.
19. he MOSFET of Claim 14, wherein the gate electrode comprises poly-silicon, poly-

silicon-germanium, a metal, a metal nitride, or a silicide.

20.  The MOSFET of Claim 14, wherein the source and the drain are formed by ion

iﬁlplantation or selective in-situ epitaxy.

21. The MOSFET of Claim 20, wherein the source and the drain comprise doped silicon,

silicon-germanium, silicon carbon, or a compound semiconductor.

22.  The MOSFET of Claim 14, wherein uppermost surfaces of the source and the drain are

generally coplanar with an upper surface of the substrate.

23.  The MOSFET of Claim 14, wherein uppermost surfaces of the source and the drain are

elevated above an upper surface of the substrate.

24.  The MOSFET of Claim 14, wherein termini of the shallow extensions are beneath

peripheral portions of the gate electrode.

25. The MOSFET of Claim 14, wherein the extensions comprise doped silicon, silicon-

germanium, silicon-carbon, or a compound semiconductor.
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23. The MOSFET of C aim 14, wherein uppernost surfaces of the source and
the drain are el evated above an upper surface of the substrate. 24. The
MOSFET of O aim 14, wherein termni of the shallow extensions are beneath
peripheral portions of the gate electrode. 25. The MOSFET of C aim 14,
wherein the extensions conprise doped silicon, silicon germanium
silicon-carbon, or a conpound sem conductor. 25 26. A nethod of nmeking a
MOSFET, OIvvhi ch cogpri ses: formng a high-k dielectric |layer on a

sem conduct or substrate, and nductive layer on the dielectric |ayer;
pat t er Mg t%@th&f@aﬂ(@gWﬁlgﬁgga‘f’}é‘%%WW ®4 gate el ectrode atop a )g;ate
dielectric, the footprint of the gate dielectric being |arger than the
footprint offorhieggdigh-keflislseirisdeyes on g peppicensacigasubstrap apde eendicliyedeyes @8s
beyond the gate electrode; formng a first spacer on the sides of the gate,
on t he thedgletuidlage;, of the protruding gate dielectric and on the substrate
to a selected distance away fromthe gate, and then etching portions of

the subst ratgeglingcay eiyed thfrinheraSiaciiy agid dedmotit aiep ageeplicletsssies i n the
substrate; form ng a deep source and a deep drain in respective first

rec esseﬁo{i;\ﬁﬁgf;] e géﬁé Qiel it tethg 19@REHaP M FSMint B THR\UaRG14MROdE bd it thppster and

formng a’sec pacer on the sides of the gate and on the free surface

o o A AR RS PRI g cria e [ ce surfaces o the source
forming a first spacer on the sides of the gate, on the free surface of the protruding gate
dielectric and on the substrate to a selected distance away from the gate, and then etching
portions of the substrate not covered by the spacer to form first deep recesses in the substrate;
forming a deep source and a deep drain in respective first recesses by selective in-situ
doped epitaxy;

removing the first spacer and forming a second spacer on the sides of the gate and on the

- free surface of the protruding gate dielectric;
etching the free surfaces of the source, the drain and the substrate and the upper surface
of the substrate beneath the gate dielectric to produce second shallow recesses therein; and
forming shallow source and drain extensions in respective second recesses by selective:
in-situ doped epitaxy so that termini of the shallow extensions lie beneath and in contact with the

gate dielectric.

27. The MOSFET of Claim 26, wherein the semiconductor substrate comprises silicon,
germanium, silicon-germanium, a compound semiconductor, strainéd silicon, strained silicon-
germanium, a strained semiconductor, a strained compound semiconductor, silicon-on-insulator,
germanium-on-insulator, silicon-germanium-on-insulator, a semiconductor-on-insulator, or a

compound semiconductor-on-insulator,
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of the substrate beneath the gate dielectric to produce second shall ow
recesses therein; and formng shallow source and drain extensions in
respective second recesses by selective in-situ doped epitaxy so that
termni of the shallow extensions lie beneath and in contact with the gate
dielectric. 27. The MOSFET of O aim 26, wherein the sem conductor substrate
conprises silicon, germanium silicon-gernmanium a conmpound sem conduct or
strained silicon, strained silicon- germanium a strained seniconductor, a
strained com?ound senl%onductor n- on-insul at

ger mani &t onI RQASEES O Cdgim; 0o 5@%?\8‘8}?9‘6%? CoREHr ? Hie high-k material is

sem conduct or - on-i nsul at or, or a conpound sem conductor-on-insul ator. 26
28. ThehigsrER a0ui}-2i m 26, wherein the dielectric constant of the high-k
material is higher than about 3.9. 29. The MOSFET of C aim 26, wherein a
buffer interface | ayer is interposed between the high-k material and the

o o TR D ARSI it

materia eceric T ayer 'S se group
conS|st n ne xides ges netal silicates, transition
net al g ?é %ﬁ?fgﬁSW@¥§Fgﬂf transition netal silicates,
oxyni t r i des of netals, nmetal alum nates, zirconiumsilicate, zirconium
alum nate, H 2, Zr02, H OXNy, Zr OXNy, HfSi XOy, ZrSi Oy, Hf Si XOyNZ,
Zr Si XOyBNZ, ATROSIOSFEIZS CldR0, whaiBihe atial & thShizd2dicld@s e 1ay20B8 selketédd O3,
Bal, t Sr XTi 3, PbTi 03, BaTi 3, SrTi 3, PbzZr(3, PST, PZN, PZT, PM\, and
combi nathb@nge gloh e&lsting of metal oxides, metal nitrides, metal silicates, transition metal oxides,
transition metal nitrides, transition metal silicates, oxynitrides of metals, metal aluminates,
zirconium silicate, zirconium atuminate, HfO,, ZrO,, HfON,, ZrONy, HfSi,Oy, ZrSixOy,
HfSixOyNz, ZrSixOyNz, A.1203, TiOg, Tazos, L3.203, C602, Bi4312012, WO3, Y203, LaA103,
Bay.xSrTi0s, PbTi03, BaTiOs, SrTiOs, PbZiOs, PST, PZN, PZT, PMN, and combinations

thereof.

31.  The MOSFET of Claim 26, wherein the gate electrode comprises poly-silicon, poly-

silicon-germanium, a metal, or a silicide.

32, The method of Claim 26, wherein the step of patterning the layers includes:

patterning the conductive layer to form the gate electrode;

applying an etch-resistant layer to the sides of the gate electrode to a thickness equal to
the amount by which the gate dielectric is larger than the gate electrode; and

etching the exposed dielectric 1ayer.
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31. The MOSFET of C aim 26, wherein the gate el ectrode conprises
poly-silicon, poly silicon-germanium a netal, or a silicide. 32. The

met hod of Claim 26, wherein the step of patterning the |ayers includes:
patterning the conductive layer to formthe gate el ectrode; applying an
etch-resistant layer to the sides of the gate electrode to a thickness
equal to the anount by which the gate dielectric is larger than the gate
el ectrode; and etching the exposed dielectric Iayer 27 3 3. The nethod of
Claim 26, wherein the conpgsitjion and prot.rusio t he,gat e, el ectrode
of the gate dnemetbed pECleim28avhesn f§ﬁg5@“F@1§F JQH %@P%gmﬁﬁFveen t he
gate el ectrode and the extensions. 34. The nethod of Cl aim 26, wherein: the
deep soalecteodzred thergstediiclpetde aterselagiod smassa peeventrbsidgingrhstyagenithsrgate ¢ledrodhal | ow
extensions have a sane second conposition; and the first conposition and

t he secandltheeripadorndsi on are sane or different. 35. The nethod of C ai m 34,
wherein the first conposition conprises doped silicon, silicon gernmani um
silicon-carbon, or a conpound sem conductor. 36. The method of C aim 34,
wherein con 0 sonpri ses doped silicon, silicon-germani um
si i con? %arb %‘g gg%ﬁ%éhdggéﬂPconductor 28 37. A nethod of making a
MOSFET, - whi CHw deep golu?c;%sand the deep drain have a same first composition;

the shallow extensions have a same second composition; and

the first composition and the second composition are same or different.

35.  The method of Claim 34, wherein the first composition comprises doped silicon, silicon-

germanium, silicon-carbon, or a compound semiconductor.

36. The method of Claim 34, wherein the second composition comprises 'doped silicon,

silicon-germanium, silicon-carbon, or a compound semiconductor.
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(a) formng a high-k dielectric |layer on a sem conductor substrate and a
conductive layer on the dielectric layer; (b) patterning the layers to
forma gate having a gate electrode atop a gate dielectric, the footprint
of the gate dielectric being larger than the footprint of the gate

el ectrode so that the gate dielectric protrudes beyond the gate el ectrode;
(c) formng a first spacer on the sides of the gate and on the free surface
of the protruding gate dielectric and then etching the free surface of the

substra ang t er,.sur: h substrate beneath the gate

di el ect#f’c tg‘nﬁ%ﬁﬁ&%‘agﬂgﬁmﬁ’g&‘écgscgl%lplnﬁest he substrate; (d) formng
shal | ow source _and drainh. extensions in respective first recesses. b
selective i ?W&ﬂ)@é@'ké%l?cé&%aﬁfé’)n T EHS nﬁb"t‘f’t}"?él{)?tfartesﬁnds"’ﬁé’e ?Ct]é{ﬁiayﬂ%r m ng
a second spacer on the sides of the gate, on the free surface of the

pr ot r udphipeghalectds layactri c, and on the extensions to a sel ected distance
away fromthe gate; and (f) form ng a deep source and a deep drain in the
substrat e whé)eattdneing thedbyead i fosn aghte hevug pgdiclbicctrbde alewogale diskctic, 188, The
met hod of Claim 37, wherein step (f) is effected by ion inplantation into

the ext ejgirkinsf &b dateldee]Sousbdigd Rrged than Thecfoo®ptinnst thd gdit elecadé so Maetteigatest ep
(f) is effected by etching deep second recesses through the extensions and

i nto thgieRRRIANRIaB oh el Jo dkdidde deep source and a deep drain in
respective second recésses by selective in-situ doped epitaxy. 29
() forming a first spacer on the sides of the gate and on the free surface of the protruding
gate dielectric and then etching the free surface of the substrate and the upper surface of the
substrate beneath the gate dielectric to form first shallow recesses in the substrate;
(d) forming shallow source and drain extensions in respective first recesses by selective
in-situ doped epitaxy;
(e) removing the first spacer and forming a second spacer on the sides of the gate, on the
free surface of the protruding gate dielectric, and on the extensions to a selected distance away
from the gate; and

() forming a deep source and a deep drain in the substrate where the substrate is not

covered by the second spacer.

38.  The method of Claim 37, wherein step (f) is effected by ion implantation into the

extensions and the substrate.

39.  The method of Claim 37, wherein step (f) is effected by etching deep second recesses
through the extensions and into the substrate and then forming a deep source and a deep drain in

respective second recesses by selective in-situ doped epitaxy.
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