Ultra-Shallow Junction MOSFET having a High-k Gate Dielectric and In-Situ Doped Selective Epitaxy
Source/Drain Extensions and a Method of Making Same [0001] This application claims priority to
provisional patent application serial number 60/516,500, filed October 31, 2003, and entitled
"Ultra-Shallow Junction MOSFET Having a High-k Gate Dielectric and In-Situ Doped Selective
Epitaxy Source/Drain Extensions and a Method of Making Same," which application is incorporated
herein by reference. TECHNICAL FIELD [0002] The present invention relates to ultra shallow junction
("USI") MOSFETSs having high-k gate dielectrics and in-situ doped selective epitaxy source/drain
extensions. The present invention also relates to methods of fabricating such MOSFETSs. More
specifically, th&/Breseriaihosndom esiate MONOBERTsvoRthe Tdigholn 6 desdipliontnwibiah éxhibit
improved performdne8itelflivedd Sbrcart MOKHETs Sane-ta: Methied . biendiichssugl MOSFETs may
be fabricated. BACKGROUND [0003] MwaHM@ﬁmggg%a source and a drain formed in an
active region of a semiconductor layer (semiconductor-on-insulator or "SOI" format) or of a

semicond 6495 odyﬂgy ormat by, implanti 9. appro riate,impurities .the.rein.aB twe nm'ghe source
Y6 }b EE; 13‘{%1(?21 2 {MD F(S)I;%Og)ng)imﬁsmn%py nta ézsllé‘cat;on SRR Juctor

and the drain resides a so- channe region. gaa?e resides on

above theaghqe,@@br@@éawgﬁegﬁi?fé@@l%ﬁ%%@u%tezﬁk%%gm%%u%}gp Hedaysr The gate

electrode is spaced from the semiconductor by the gate ectric layer. Application Ot appropriate

electrical signaleighy-aale eleetiadsseiegly e RIS ARy SRS Slersalandglion between
e
| Method of Making Same,” which application is incorporated herein by reference.

TECHNICAL FIELD

[G002] The present invention relates to ultra shallow junction ("USI") MOSFETs having
high-k gate dielectrics and in-situ doped selective epitaxy source/drain extensions. The present
ilnvention also relates to methods of fabricatiﬁg such MOSFETs. More specifically, the present
invention relates to MOSFETS of the foregoing description which exhibit improved performance

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

BACKGROUND

[0603] Prior art MOSFETs include & source and 2 drain formed in an active region of a
semiconductor layer (semicbnductor—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 semiconductor above the
channel region. The gate comprises a gate electrode and a dielectric layer. The gate efectrode is
spaced from the semiconductor by the gate dielectric layer. Application of appropriate electrical
signals to the gate electrode selectively permits or prevents elecirical conduction between the

source and the drain.



source and the drain. [0004] On-going attempts are being made to decrease the size of MOSFETS
and/or to increase their speed of operation, while investing them with greater electrical reliability.
These attempts have involved such techniques as: forming ultra-shallow junctions while increasing
dopant activation so that sheet resistance in the channel region does not increase; using epitaxial
techniques to form high-dopant sources and drains and to form high-dopant extensions of the sources
and the drains to reduce resistance at the semiconductor-source/drain interfaces; using epitaxial
techniques to achieve appropriate compressive or tensile stresses in the channel; and using thin
layers of hij Hl& mate@als, ..e., materials having a. dielectric constant (or relative permittivity) greater
than about 3-9. s gate dieRE e Rih S bt ss Bisledp saeeariydesshravifly QFEBEric donsiants of about
3.9or Iessr-éroefsge\(%ﬁt gt% tgmnelin% leakage between the gate electrode and the channel region.
[00051 Following fabrication of tha ABbvE e et ed sthaler aster M OISR ERS usinglisptaxal

techniques {g formt urce and drain and having a thin gate oxide, damage to the gate oxide has
been detectecli.%Suc %gz%gﬁgvgdc%{lggggogdgeqﬁlgﬁt CHER S b adlers iaisHpRagiFg Toreasing

SR S R B A P e,
flure folloming Tormation of B SEIEcAue Sk, oS A A AR GP G SRBAORS [0008]
The presestufxeation:elmiRates-QfAMeliates pLor MJQIPAEQOST—rs%luafto%gd%gigll%terfaces; using

epitaxial techm'ques_td achieve appropriate compressive or tensile stresses in the channel; and

using thin layers of high-k materials, i.e., materials having a dielectric constant (or relative

pemiitﬁvi‘fy) 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 oate

electrode and the channel region.

[0005] Following 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—eiectroda—twsource»extension bridging
or gate-clectrode-to-drain-extension bridging. Tt is postulated that such damage is caused by the
processes typically effected prioé to and during the epitaxial steps carried out to produce the
sogrce, the drain and their extensions. Stch damage gives rise to excessive gate leakage current
and device failure 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-kc gate dielectrics, incfuding problems such as unaceeptable gate leakage currents, gate-to-
source-extension bridging and gate-to-drain-extension bri dging, low dopant activation, and high

1 . s : :
sheet resistance of the source/drain extensions.



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 dopant activation, and high sheet
resistance of the source/drain extensions. 2 SUMMARY OF THE INVENTION [0007] The present
invention contemplates a semiconductor device, such as a MOSFET, preferably a USI MOSFET,
having a high-k gate dielectric, a source and a drain, and extensions thereof formed by in-situ doped
selective epitaxy techniques. Preferably, the source and the drain are deep, while the extensions are
shallow. The present invention also contemplates a method of fabricating such a MOSFET which
eliminates or ameliorates lealcage currents between the gate electrode and the source/drain

extensionsCaBéaby pre dpitaky Gt Epitaxy procedures. [0008] In accordance with a preferred
embodiment of the present invention, a MOSFET is provided. The MOSFET comprises a

semicondupiog gubstrae saga aatenanacieesuace of the, subsiraie Ih %&ﬁ:&s n -3 gate

dielectric, which comprises a layer of a high-k material on the free surface of the substrate, and a gate

electrode gndhestiee: stifaceroftite highrd : kayer: the high-kilayerpratrgesheyond:the gate

electrode. The MOSFET also comprises a source and a drain formed on opposite sides of the gate
and a shalliwrsdiftceekterisismanga sbriavw: drain: exdensians cach-fapmed by selestive inssity doped

epitaxy. [0009] In accordance with another preferred embodiment of the present invention, a MOSFET
is providedu¥ Heeh @BHETecomnepsises arsenlicondlictorsubstiate @itk R @aiaienARe method of

fabricating such a MOSFET which eliminates or ameliorates leakage currents between the gate

electrode and the source/drain extensions caused by pre-epitaxy and/or epitaxy procedures.

| [00068] in accordance with a preferred embodiment of the present invention, a MOSFET is
provided. The MOSFET comprises a semiconductor 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 & source and a

drain formed on opposite sides of the gate and a shallow source extension and a shaliow drain

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

[6009] In accordance with another preferred embodiment of the present invention, a
MOSFET 1s provided. The‘MOSFET comprises a semiconductor substrate and a gate on a free.
surface of the substrate, The gate inchudes a gate dielectric, which comprises & 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 &
protective barrier against damage during etching, cleaning, HF dip, epitaxial procedures, or

epitaxial-related procedures. The MOSFET also comprises 2 source and 2 drain formed on

W



surface of the substrate. The gate includes a gate dielectric, 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 J opposite sides of the
gate, and a shallow source extension. and a shallow drain extension formed by selective in-situ doped
epitaxy. [0010] in accordance with another preferred embodiment of the present invention, a method

for making a MOSFEET js provided. First, .a high-lc dielectric layer is formed, on a semiconductor

r
substrate’RREFHCHGUCE Fle AROR ?]nae%)%rn the ieledtric ]a%/{}e%'r.%%e%%%xﬁ, aclenl%tes?“ss 'aFe patterned to
form a gate having a gate electrode atop a gate dielectric. The footprint of the gate dielectric is larger
than the o?ﬁ%ﬁ?‘?ﬁ m&%ﬁ@&%%&%ﬁ% so that the gate dielectric protrudes beyond the gate electrode.
Next, a first spacer is formed on the sides of the gate, on the free surface of the protruding gate
dielectric [@fid on the.substiatedovaisetetied uistarrcecavbayiirom ahigatescThenspbrtionsiofthé
substrate not covered by the spacer are etched to form first deep recesses in the substrate. Next, a
deep soufceraridng ddépiiain:are fordnedrinsies pedtiiedirbic ricksss SSUyrauie cove sHsendepes
epitaxy. Then, the first spacer is removed and a second spacer is formed on the sides of the gate and
on the frearseirfdcendfithengrotiudingeg atdaietdridhetheleartedase freesdriaeddysttae source, the
drain and the substrate and the upper surface of the substrate beneath the gate dielectric are etched
to produ'cgaggmddcsﬁgnbwgpé@@%égmgfi@ﬁlectroda atop a gate dielectric. The footprint of the gate

dielectric is larger than the footprint of the gate electrode so that the gate dielectric protrudes
beyond the gate electrode. Next, a first spacer is formed 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. Then, portions of the subsirate 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 swrf;aces of the source, the drain and the subsirate and the upper surface of
the substrate beneath the gate dielectric are etched to prodﬁce second shaliow 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, 2 method
for making @ MOSFET is provided. First, a high-k dielectric layer is deposited on a
semiconductor substrate and a conductive layer is deposited on the dielectric layer. Second, the
lavers are patterned to form a gate having a gate electrode atop a gate dieleciric. The footprint of

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



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 lit beneath and in contact with the gate
dielectric. [0011] In accordance with another preferred embodiment of the present invention, a method
for malting a MOSFET is provided. First, a high-k dielectric layer is deposited on a semiconductor
substrate and a conductive layer is deposited 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 4 protrudes beyond the gate
electrode. Next, a first spacer is formed on the sides of the gate and on the free surface of the
protrudingrgfatd dibtoctriciranththendhedfrdésstrfdtes of the substrats! andhthedasppéhsprfagedodthe
substrate beneath the gate dielectric are etched to form first shallow recesses in the substrate. Then,
shallow sbeifcesandahain éxtergionsagfodmbdinaespebivdifir Stacsedseso byseldstives imdituedoped
epitaxy. The first spacer is then removed and a second spacer is formed on the sides of the gate, on
the free surfavecobtse protradisitpgdtendisicbrrigaiant derthe asxmanisions toa Sefeetetdadistenseecaway
from the gate. Finally, a deep source and a deep drain are formed in the substrate where the
substratelishastiesiared sy tHeaBevoridrisp 468 i [OBIQI-THETO rag diig Mok oeiifedty s atHe FiseeaRily the
features and technical advantages of the present invention in order that the detailed description of the
inventionthagRsHoREMEY e BefertindErstobY SRuit sncio ENES AR FRAAEGEESE the invention

will be described hereinafter which form the subject of the claims of the invention. It should be
appreci atfé’éinﬂﬁf!- on the sides of the gate, on the free surface of the protruding gate dieleciric, and on the

extensions 1o a selected distance away from the gate. Finally, a deep source and a deep drain are

formed in the substrate where the substrate 15 not covered by the second spacer.

[6012] The foregoing has outlined 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. Additional features and advantages of the mvention 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 readity
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 skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set Torth

in the appended clamms.



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 skilled 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. 5 BRIEF DESCRIPTION OF THE DRAWINGS [0013] For a more complete
understanding of the present invention, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accompanying drawings, in which: [0014] Figure 1
is a sectioned view of a prior art MOSFET, which is based on Figure 1 of U.S. Patent No. 6,504,214

and is ge dﬁng to#ﬁﬁﬁpﬁv%%bbmw@%%% invention. [0015] Figure 2 is a sectioned view of a

MOSFET accor e present invention 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 450141 illustrate therstopebiia prévesa for tabritatng thelMOBSFE Pt tiguresiamd 3, the
Figures including a series of sectioned views of the MOSFET depicted in Figures 2 and 3 during the
various stéysscef. itsfapiication 008 Figared s KIns FipdnatatHE Step S OF We areriathe processes
to that depicted in Figure 4 for fabricating the MOSFET of Figures 2 and 3, |nclud|ng a series of
sectione 2GRN HEY he NODEE TIdiRIEY its fabrication.

{06141 Figure 1 is a sectioned view of a prior art MOSFEL which 1s based on Figure 1 of

U.S. Patent No. 6,504,214 and is generally of the type improved by the present invention.
[0615] Figure 2 is a sectioned view of a MOSFET according to the mu‘:ent mvention,

f6016] Figure 3 ts a magnified view of portions of the MOSFET in Figure 1 illustrating 1ts

improved structure according to the present invention,

[0G17] Figures 44 — 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.

[0038] Figures 3A — 5F iliustrate the steps of two alfernative 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.



6 DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS [0019] The making and using of
the presently preferred embodiments are discussed in detail below. It should be appreciated,
however, that the present invention provides many applicable inventive concepts that can be
embodied in a wide variety of specific contexts. The specific embodiments discussed are merely
illustrative of specific ways to make and use the invention, and do not limit the scope of the invention.
[0020] In its product embodiments, a MO SFET has a semiconductor substrate, such substrate
including both a semiconductor layer on an insulative substrate ("SOI") and a semiconductor body
("bulk™). The term "MOSFET" will be understood 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. PHd %Bgéa‘i@ﬁ%@%mi@M%%fe@&%i%ﬁé@&&*[w&ing (typically) silicon,
silicon-germanium, silicon-carbon and germanium. [0021] An active region of the substrate is defined

between ggpoyce and-adhiain saparatet hyagaieformet-aadiamitpienaurfacedafine-subsisatd. The
channel region resides in the,substrate between the source and the drain. The gate comprises a
relatively ghipwlielestricmuesiayerof highvsmateriad prethe ippetiar freeisurfane;ofthiécsbibstrate
and a gate electrode on, the upper or free surface of the dielectric layer. The gate electrode may he a,
metal (ingludingeappet;@ald: cailvey stuhgstehitantatismpatumifsmcifickehteutheMampadiddium,
palladium, platinum, titanium, or molybdenum), a metallic compound (such as appropriate nitrides like
titanium nitiBledonetantatlumspitrdey or b fhetallicsilicide:dhe gate tolectkodednay dGlsobenicconductive
material,

and do not limit the scope of the invention.

{6620] | In its product embodiments, a MO SFET has a semiconductor substrate, such
substrats including both a semiconductor layer on an insulative substrate ("SOI") and a
semiconductor body ("bulk"). The term "MOSFET" will be understood by those skilled in the art
to inciude 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 1s 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 or layer of
high-k material on the upper or free surface of the substrate and a gate electrode on the upper or
free sw;xrface of the dielectric layer. The gate electrode may be a metal (including copper, gold,
silver, tungsten, tantalum, aluminum, nicke!, ruthenium, thodium, palladium, platinum, titanium,
or molybdenum), a metallic compound (such as appropriate nitrides Iike titanium nitride or

_ téntaium nitride}, or a metaliic silicide. The gate electrode may also be a conductive material,

such as polyerystailine silicon or polyerystalline silicon-germaniuni.



such as polycrystalline silicon or polycrystalline silicon-germanium. 7 [0022] The high-k material has a
dielectric constant (relative permittivity) 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 epitaxy
and/or pre-epitaxy procedures, such as the epitaxy procedures themselves such as cleaning
(including HP application), etching, and other procedures that are typically effected during andlor prior
to epitaxial formation of the deep source and drain and. their shallow extensions. [0023] Exemplars of
appropriate and preferred high-k materials include the following: metal oxides, metal nitrides, metal
silicates, iP4Raltion ribedliehiliesatrEAsiion ABRIMATIBS HaREIIBIF RBRIMLTIRARE e Rkrites of
metals, metal aluniinates, zirconium silicate, zirconium aluminate, Hf02, ZrO2, HfQ,Ny, ZrO1Ny,
HfSi,Oy, ZrSiTAHSIO)RLIZ ST oYM R 23 HORIT A0t 14205 Bes, Brabii s Wh3, Y203,
LaAlO3, Bai-,SI,;TIO3, PbTiO3, BaTiO3, SrTiO3, PbZrO3, PST, PZNT, PZT, PMN, and combinations
thereof. IERsaHeE R tHAEhecaats B AT o PIRBTIATR G MGHIR RERETHE BFaT SR ENE 1558 ing by
current etching formulations, they are candidates for use as gate dielectrics, which resist damage
during seleGHVE aBRAFHROCIRAEETANE FhEvErt GRS bl SO EB AT LS e ANB T D Eging.
[0024] The high-k film or layer has a lateral extent or "footprint’. Jarger than that of the gate, electrode.
That is, pERHERE BPATEHRGHECTIFA G Brolaieora %@é&ﬁ&%ﬁ%ﬁf&éﬂﬁh‘%‘ﬂ%ﬁgﬁ&’é‘%f the

ate electrode along the upper, free surface of the substrate. Stated differently, the
J procedures %mt areprgr)picaﬂy 6f$f60te{§i: %ur[ng anc’ijf or pr%or 10 ep&tax;ai f%rman%n Ol'e the deep

source and drain and their shallow extensions.

[0023] Exemplars of appropriate and preferred high-k materials include the following: metal
oxides, metal nitrides, metal silicates, transition metal oxides, transition metal nitrides, transition
metal silicates, oxynitrides of metals, metal aluminates, zirconium silicate, zirconium aluminate,
HEOs, ZrOs, HEON,, ZrOyNy, HISiOy, Zr81, Oy, HESHO)N,, ZrSix0uNe, AlaOs, Tily, TaOs,
Lay(Ds, CeOs, BisSiaO, WOs, YoOs, LaAlOs, BagSrTi0s, PuTiOs, BaTiOs, S5rTi0;s, PhZrOs,
PST, PZN, PZT, PMN, and combinations thereof. If is thought that because many other
inorganic high-k materials are resistant to etching by cwrent 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,

10024} 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 ga{e 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 cmbodiments, the deep source and drain are formed by selective m-situ

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



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 USJ devices, as will be understood by 8 those skilled. in. the art.
Alternatively, the deep source/drain may be formed by ion implantation. Where epitaxy is used,
recesses are first formed in the substrate for the subsequent in-situ epitaxial formation therein of the
appropriately doped deep source and drain. In some embodiments the preferred. composition of the
deep source and drain includes silicon, silicon- germanium, silicon-carbon, or a compound
semicondiictersisiich mstizelavll/dompaurd, Gdlevtpcompetidjrantisvbednmpedig orrahvivtetompound.
The foregoing materials may be used to form the deep source and drain so as to effect selected
compressiecor terisite stressesintive ach@mhelmegibmdhtherisitbstraietlasswillegeaunhdesstood by the art
worker of ordinary skill. [0026] Formed by selective in-situ doped epitaxy of the same materials as the
deep sourpetzard idraintare thespectiveestraliowicohtigisoas éxtensions théreafwhichtie between the
source and the drain beneath the protruding or extending superjacent portions of the gate dielectric.
The free Gpbpperstrthcescdinle extansions aréin Gontactwithithdiowachuifacdiofthelpotruding
portions of the gate dielectric. Preferably, the shallow source and drain extensions extend inwardly
beyond tHE s TBRERs BIctieBrbaik ding (WateotislaeHic 9oy afvg iuritie Hig I efipmerad. fotidhs of the
gate electrode. The amount of overlap (as viewed normal to the substrate) between the gate electrode

and the ufRIBHgIRG-poFonsisnssiarted to ‘ahieveradesirddoleitaying materials may be used to

form the deep source and drain so as to effect selected compressive or tensile siresses in the

channel region of the substrate, as will be understood by the art worker of ordinary skill,

[0026] Formed by selective in-situ doped epitaxy of the same materiais 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 contact with the lower surface of the profruding
portions of the gate diclectric. Preferably, the shallow source and drain extensions extend
inwardly bevond the periphery of the protruding gate dielectric portions and underlie peripheral
portions of the gate eieotro_de. 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 channe! resistance. The channel region, accordingly, resides between the
lower, deep source and drain as well as between and below the ngher, 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. [n some embodiments, the source, the drain and their



capacitance and series channel resistance. The channel region, accordingly, resides between the
tower, 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 9
respective extensions are comprised of the same materials, while in other embodiments the
composition of the source/drain and their extensions may differ. [0028] In its method aspects, the
present irssentiorn: catterplates anpthivdd piiabACEING MBS PETS Raig T stiritieYdescribed
above. [0029] Referring first to Figure 1, there is shown a MOSFET 10 according to the prior art, as
generallysettoitoindd 8 patswid:s0and thefrratoadpsateit iffeFigure 1, taken from Figure | of
the'214 patent, the MOSFET or other semiconductor device 10 is fabricated in and on a substrate 12.

The devigg,3@may he @ MASEET Lsedip thamanfacieieeha GRS seotheridypeatiitegrated

circuit. The device 10 may also take the form of another type of transistor, a memory cell, or another

type of s%@mqg%qg%&\g%g@gmg ds¥acluding 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 sh e-of the bulk type rise a
body of Smggﬁ]’ sili céi%%&iﬁﬁ Lﬁﬁtﬁ? 1 LTS A5 %hown a %é 2 q.O acoorclmé/ B ﬂ?é‘g'rf%‘?ﬁl{i

as generally set forth in U.S, patent 6,504,214 ("the 214 patent"). In Figure 1, taken from Figure
1 of the 214 patent, the MOSFET or other semiconductor device 10 1s fabricated in and ona
substrate 12. The device 10 may be a MOSFET used in the manufacture of 2 CMOS or other
type of tntegrated circuit. The device 10 may alsc take the form of another type of transistor, a
memorﬁf cell, or another type of semiconductor device. Multiple devices 10, including NMOS

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

[0430] 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-germanitm, germanium or
ather semiconductor. If an SOI structure is to be fabricated, the substrate 12 may constitute &
semiconductor film of silicon, silicon-germanium, germanium, or other semiconductor material
formed on a layer {not shown) of insulating material, such as a buried oxide ("BOX™). In this

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

j0031] 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 in-situ

doped selective low temperature epitaxy techniques with their upper portions elevated above the

plane of the substrate 12,
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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 buried 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 in-situ doped selective low temperature epitaxy
techniques with their upper portions elevated above the plane of the substrate 12. 10 [0032] The gate
22 includes a gate electrode 24 on a relatively thick, high-k gate dielectric 26 that separates the gate
electrodef@d3ftpm thehsyhsiraie:Lhds shawrlnthe :2patedt;ithe ygatek digidekricaR6dmizyirest on an
intervening buffer interface 27, which, in turn, rests on the substrate 12. According to the '214 patent,
the gate diél¢atrieRbaandHhgabuttecintérfacé @R (ife prbsent) Tareipatternad toebi2l égextensive with the
gate electrode" 24 (column 6, lines 29-32). This is achieved by "removing a portion of the layer [26] of
high-k dielettritfaatériad extending: latéenatty deyohdithe:gatéaetetiroded24}; t{oolwmrn d; thines 62-64).
[0033] A channel 28 between the source 18 and the drain 20 is defined within the substrate 12. The
conductivitybetthel channet@8dscintidliedaneléctricet Sighalsiapplied tecthelgatotalectrodd24. The
gate electrode 24 may be a metal, such as tungsten, tantahnn, aluminum, nickel, ruthenium, rhodium,
palladiunypetatinuirretitetiom] anek motybuenerih thetaticontainiag’ Sbmpoamd suats a8-fitanium
nitride or tantalum nitride; a semiconductor, such as polycrystalline

This is achieved by "removing a portion of the layer {261 of high-k dielectric material extending

laterally bevond the gate electrode [241," (column 1, lines 62-64).

[0G33] A channel 28 between the source 18 and the drain 20 is defined within the substrate
12. The conductivity of the channel 28 1s controiled by electrical signals appiied to the gate
electrode 24. The gate electrode 24 may be a metal, such as tungsten, tantajum, aluminum,
nickel, ruthenium, rhodium, palladium, platinum, titanium, and molybdenum; a metal-containing
compound, such as titanium nitride or tantalum nitride; a serniconductor, such as polyerystaliine
silicon or polyerystalline silicon-germanium; or a silicide. I the gate electrode 24 15 2
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.

{0634] In the '214 patent, the function of the buffer interface 27 between the gate dielectric
26 and the substrate 12 is said 1o 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 ﬂlle substrate 12, either or both possibly leading to

degradation of channel mobility in the channel 28&.

10435] The gate dielectric 26 is a high-k rnaterial or multi-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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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 the 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 multi-layered stack of high-k materials. As
used in thdeiya prateiitviHigh-Kchdsssohaeth sl mstafian dlihdhg ateidislestferre s areierelative
permittivity or dielectric constant higher than 10. The '214 patent expresses a preference for the
followingthiidhe & Heataridisslmerabsxide siniatar kit des trhatal Kificaess) tHasmmolawstan sxgEes,
transition metal nitrides, transition metal silicates, oxynitrides of metals, metal. aluminates, zirconium
silicate, Ziredasirmraitamiml Bfodez /s RoRRp ZHORSE, TSRO PZRSIXB W HSIXOYNZ, ZrSi
OyNz, A1203, TiO2, Ta205, La203, CeO2, Bi4Si2012, WO3, Y203, LaAl10Og3, Bai_xSrxTiO3,
PbTIO3, BETCRCSSERORPLY HORS P FOPIA PIUsrap KN, 462 cBfhbhatiohsteFdoh @i having a k
higher than 10. The "214 patent also contemplates that the gate dielectric 26 may be a "standard-k"
“material &t ¥ TEsethdl- 1 SdddiNas Sidor GladeeSitidet ";ﬁﬁméiaﬁ%@f)@ﬁié{‘f@ghi%ﬁ%ﬂs |
LaAlOs, Ba Sty Ti0s, PoTi0;, BaTiOs, SrTi03, PbZrOs, PST, PZN, PZT, PMN, and
- combinations thereof, all having & k higher than 10. The ‘214 patent also contemplates that the
gate dielectric 26 may be a “standard-k” material with a k less 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 electrade 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 nitride, such as silicon nitride; or a
composite spacer, such as oxide/nitride, nitride/oxide, oxide/nitride/oxide, or nitride/oxide/nitride.
[0639] The deep source 18 and the deep drain 20 are located in regpective recesses 28 and
40 formed in the substrate 12 by seiective efching between the liner-spacer 31-32 and the

isolation regions 14. Preferably, the source 18 and the drain 20 are formed within their respective
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[0036] In the'214 patent, apreference 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. [00371 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. [00381 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; anitride, such as silic itride; omposite. r, og}% nitride,
3¢ %;E%Qg?&n&% }R@'I%m %é%lﬁp%&ll‘v o Q}ERL%%%?J%O% Q%ngﬁoea §1 SHAGE! %é%gi%l %ﬁn% t 6%45.5

nitride/oxide, oxide/nitride/oxide, or nitride/oxide/nitr eep sou eep

drain 20 i ;inrespective race d. 40 formed-in £ legtive etching
bet\l/veen %é?l?r?ﬁi%%ﬁ%-%@n{? %ﬁg%i?s% a%rc?er? ?nggal oér?ssm}ﬁ%ré%grlﬁg}g%g\%eﬁéégge?%i@évt re drz;in

20 are fopmed ydihin Iheir [aSPEciive (1215685565 38 @00, 40, by, low flemperatire seleclive epitaxy of

silicon or silicon-geérmanium effected between the isolation regions 14 and the liner-spacers 31-32.

Approprigie, dapant.species, (Nm ok, £-¥RG)may. hesiniroducad:inio the source 1.8,a0d, hg.drain 20 by

conventional techniques. Typical N-type dopants include antimony, phosphorous and ‘arsenic, Typical

P-type dopants ipsiMds.Rerangallim.and indium. [0040] A device somewhat similar to that of the
'214 patent is shown and described in U.S.

[00446] A device somewhat similar to that of the 214 patent is shown and described in U.S.
Patent £,512.269 (“the '269 patent"). The device of the 269 patent includes a gate dielectric of a
relatively thick layer of standard-k material. A deep source and a deep dramn 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 impiantation, not low temperature
epitaxial, fechnigues. The shallow extensions are shown as extending beneath the gate dielectric,

which 18 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 1s a relatively thick standard-k material, which extends beyond the periphery of
the gate electrode. However, the source, 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 ts shown in
Figures 2 and 3. Elements of the MOSFET 100 comresponding to those of the device 10 in Figure
1 are designated by a three digit reference nurneral, 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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Patent 6,512,269 ("the '269 patent"). The device of the'269 patent includes a gate dielectric of a
relatively thick layer of standard-k material. 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'$79 patent"). The gate

clilectio i 875, patents device s relatuely tck standarc o material Mich sxtengs ieyond the

peripher € ource, rain, andtheirres Ive extensions do not

reside in recesses in the substr te, as.they are formed, by siliciding the substrate,. and.not.by low
temperafliré s a8p e SetBiie %‘&t%%‘? ekécﬁgéﬁsiu?r a%%%%ﬁ%&d%sn%}ﬁég %Sﬁél%%%t Co- planar

with the S betale 0098 acies, suah.as s MOSERTI00. agaaiding todhe presgnbyeantion i

rate.. [
shown irfnafﬁ ree%%g ements o corresponding to those of the device 10 in

Figure lare designated by a three digit reference numeral, the fi igit. of which.is "1+ or "2" and the
&1&' Oﬁ?t IS 1stax¥t%% garevengs ({ama eilgurm%rgamohs ?005% gi! ts Ju\élkb%%me]gln zt&ri

last two which are ameé as or similar tothe corresponding Figure 3 [0043]
from ok B s e T 3T S 108 il B e below thie”
structurep t&%&i@?'f'&%tgn%?’t%%&%e%%&%%%@éj% Re rtﬂg'%ﬁtggge)lé_ﬁtric 126 ameliorates or

prevents gate-slectrode-to-source-extension 124-to-148 bridging and gate-electrode-to-drain-

extension 124-to-150 bridging and consequent leakage currents. The extending portions 200 of

the gate dielectric 126 thus act as a protective barrier, particularly between the lower edge of the

gate electrode 126 and the proximate portions of source and drain upper extensions 146 and 150,

during processing and fabrication of the device 100.

[0644] 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 exend
bevond the gate 122. In other words, in the present invention, the femporary 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 i the

substrate 112 under the gate dielectric 126, for the formation therein by in-situ doped epitaxial
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highly etch-resistant and prevents damage during various process steps, such as pre-epitaxy cleaning
and HF treatment (oxide removal), selective etching, and epitaxial processes. This protective frsnction
of the extending portions 200 of the gate dielectric 126 ameliorates or prevents
gate-electrode-to-source-extension 124-to-148 bridging and gate-electrode-to-drain- extension
124-t0-150 bridging and. consequent leakage currents. The extending portions 200 of the gate
dielectric 126 thus act as a protective barrier, particularly between the lower edge of the 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 thgsite;0fihe 18C8858538 139040 1Bnd thedenpsitipnusite Rithesourceskiandithesdrain 20 is
replaced by an initial, temporary liner-spacer 131-132 (Figure 4), which is removed following epitaxial

formation,of -the deer.seuced dBangdathe drep drait 126, fAricitoepitaxialdormation efdede
source/drain extensions 148/150, a permanent liner-spacer 231 is formed on the sides of the gate 122

and on thesupperdreg-suitace of the protriding pakiansi200.0f (e gatedielectrid 126:thiat extend
beyond the gate 122. In other words, in the present invention, the temporary liner-spacer 1.31-132 is

disposabjgsttssemeavabfoliowetihy the foeisation abthe: peumaner findrispacet@3fhexposes an
upper free surface of the substrate 112 and the deep source/drain 118/120 to etching and the
epitaxial lepesitiornof the extensions 148 and 150. The permanent liner-spacer 231. defines the
region wherein there will occur the etching of undercuts 13 8a and 140a, that is, recesses in the

subsirate 42 under the gate dielectric 126, for e formation ersip.by.Issil foped geitial 14

source/drain 118/120 and their extensions 148/150, the structure and method of the present

invention permit selective tensile and compressive stressing of the channe! 128, as s known.

0046] Referring now to Figures 4A — 41, a preferred method of fabricating the device 100

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

10047] As shown in Figure 4A, in step 300, the semiconductor substrate 112 is provided. If
desired, 'th_é substrate 112 can be doped with N~ or P-type dopants in a conventional mannet.
Next, the isolation regions 114 may be formed according to prior art techniques, step 304, to
deteﬁhine 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 by depositing & iayer 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 j}_-)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 having a thickness
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deposition of the extensions 149 and 150, as described in more detail below. As noted above, the
protruding extension 200 of the gate dielectric 126 prevents bridging between the gate electrode 126
and the extensions 148 and 150. The extensions 148 and 150 not only extend under the protruding
portions 200 of the gate dielectric 126 but also extend partially beneath the gate electrode 124.
[00451 Because in preferred embodiments epitaxial procedures are used to fonn the source/drain
118/120 and their extensions 148/150, the structure and method of the present invention permit
selective tensile and compressive stressing of the channel 128, as is known. [00461 Referring now to
Figures 4A - 41, a pr ferreti thod of fapric tlngt .device 100 of Figures 2 and 3 is descyibed and
the steps SP%IL%Hlﬁ? thod s éolﬁ%émt i KRTE %ﬁ"m‘i’: &AL gﬁﬁé’ﬁ 6 e §%?ﬂf£onductor
substrate 112 is OVId elétf desired, th substrate 112 can be doped with N- or P-type dopants in a
conventlfg}ﬁ%g?'ﬁ% &Y OGext |§l§|%ﬁ gl AT Y)% formed according to prior art techniques,

step 304, to determine one boundary of one or more active regions 116. Preferably, shallow trench
isolation {(M8(PI") or dtlepcantentienall techniguesmayibe useddolformihe iketatiorsiegionsy114.
[0048) A layer of the high-k material of the gate dielectric 126, which may reside atop a buffer
interface tayeertR7alsithver: depbsitéd ahithaesp ferfreaiseiriaceacf the Substratécld Rostexi®)6. In step
308, shown in Figure 4B, the gate electrode 124 is formed by depositing a layer of an appropriate
material offiide dnayteﬁummoﬂhesmgmmteﬁamm&thpn patiermingaas by tHé Lseyohalmaskeor
patterned photoresist and a wet or dry chemical etch. In step 310 (Figure 4C), the dielectric layer is
patternediser ad toyprdtuteththganscdislsctric 126anuthé pfotrudindgtporiomel of the liner 212, In

any event, the liner-spacer 131-132 resides on the sides of the gate electrode 124 and covers the

protruding portions 200 of the gate dielectric 126. The liner 212 shown in step 312 is "optional"

as it may be removed and replaced by a segment of the temporary liner-spacer 131-132, as seen

in step 316 (Figure 4B).

[GO50] In step 316, portions of the substrate 112 between the temporary liner-spacer 130-
132 and the 1solation regions 114 are removed fo 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, Wﬁit:h
‘may also remove an upper portion of the gate eléctrod.e 124 so that it 1s 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 iow 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 4@G), 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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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 having a thickness 15
equal or nearly equal to the amount that the gate dielectric 126 will extend or protrude beyond the
gate electrode 126 and then etching the dielectric layer. [0049] In Figure 4D, step 312, the temporary
liner-spacer 131-132 is formed, such as by conventional deposit-and-etch techniques, from a suitable
material, for example silicon oxide, nitride or a functionally similar material. The temporary
liner-spacer 131-132 may include the liner 212 used to form the gate dielectric 126 or may be formed
after removal of the liner 21.2. In any event, the liner-spacer 131-132 resides on the sides of the gate
electrodé:dR4 anerovers thiescprotruding, fbriorsi200nf ts-gatectiblectris UEhTRENKEFR12 shown
in step 312 is "optional" as it may be removed and replaced by a segment of the temporary
liner-spatiemt3 1132 iag sermsinstp31BI(Figurel i) 0052} In step 316, portions of the substrate
112 between the temporary liner-spacer 130- 132 and the isolation regions 114 are removed to

produce fhe gespecliye ecesses 138 and 140 Jor.diecsauies, L6 andibe deancla. This may be
Y e

achieve e use of 4 suitable etchant, which may also remove an upper portion of the gate

electrode 124 itis sHanHy Y the dppehplang.fefingd by thertempanagyis
Iiner-spa%c%i%igé){%%g? FNgéx%&%\Hgtxe}gg%%% %?%%?g) 4Fl), the soulrce 118 and the drain 120 are %g:med in

their reS%%@%Y&irs%cgssﬁ?ﬁ]ﬂf?@k@é]ﬂl&%%éﬂﬂr%ﬁ%%ﬁ%Flﬁﬁié@&ﬂ%e@ﬁ:%&@@_@h% and thesdeain 120
are formed by low temperature selective epitaxial deposition of suitable material, such as Si, SiGe or
SiC, or aGeMRoUNg:SeMICRNEHEIQons 148 and 150 are formed between the substrate 112 and the

protruding portions 200 of the gate dielectric 126, Last, the same or similar sé],ectiva in-situ

doped epitaxy steps used to form the source/drain 118/120 are effected to form the extensions

148 and 150 in the recesses 138z and 140a and over the source 118 and drain 120, step 326

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

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

It ié contemplated that the deep source 118 and the deep drain 120 may comprise the game or

different materials. Moreover, the shaliow extensions 148 and 150 may comprise the same or

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

[0452] In Figures 2 and 4, the free surfaces of the source and drain structures 118,148 and
120,150 are depicted as being caplanar 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 art, 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 the protruding extensions 200 has
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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 16 from the effects
of subsequent steps. The permanent liner-spacer 231 overlies the previously formed protruding
extensions 200 of the gate dielectric 126. [0051] Next, as shown in Figure 4H, selective etching of the

free surfages of (e, souiseldiain dae/A29 and (he.subsirale L2 cemeven ations herealsep 324

This etching is " effected so as to thin the source/drain 1.18/120 and to undercdit the substrate 112 so

that recesaes L 202,00 LIFRIA NG RUPURIGNS LS, apd b Pipre i magbeler e sbsliate 12

and the protruding portion e gate dielectric 126. Last, the same or similar selective in-situ

doped epjiary Sigpsdsd perndhe souceldiain 18t el aeelieciedJoJounds edensigns 148

and 150 in recesse a‘an a and over the squrce 118 and drain 120, step 326 (Figure 41).

Thus, the&g%eﬁé%}%%@ag tgﬁdﬁ;@{%&&% 120.may bayiewed aseonsiiulind. sespectvetower

portions and 120 and respective upper portions or extensions 148 and 15,0. Itis contemplated

that the dgep source.i 8.and-the deen drain 1204may semprisesthe.aame ofLifferant maissals.

Moreover, the shallow extensions 148 and 150 may comprise the same or different materials as

comprise ghe Jawer deen portians 18 .and 420 [0952kInigtes,2addh the fres suracesofithe

source and drain structures 118,148 and
in no bridging from the gate electrode 124 to the source/drain extensions 148/150 and low

leakage currents in completed MOSFETs having oxide-based gate dielectrics. It is theorized that
prior art techmiques using only a liner/spacer 30/32 on the sidss of the gate 22 and not having the
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.

[0G54] Figures 5A — 5F depict two alternatives to steps 312-326 of Figures 4A ~ 41 for

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

[00¢55] In step 400 (Pigure 5A) the ﬁigh-l{ gate dielectric 126, inclading the buffer interface
1273_.if used, and the 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 beens
formed to cover the sides of the gate electrode 124 and the upper free surface of the protruding
portion 200. Shallow recesses 138a' and 1404’ are formed by etching the substrate 112. Etching is
performed so that the substrate 112 is underout and the recesses 138a’ and 140z’ extend beneath
the protruding extensions 200 of the dielectric 126 and extend 2 selected distance beneath the

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

dielectric 126 mask the gate electrode 124 during etching.
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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 an. 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] It 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 the protruding
extensions 200 has 17 been found to ameliorate the short channel effect and to increase the reliability
and robulthesk of MOSIEES(HERHARY Eph sl forfre dlestERSIONS T8 e e 5o sBalfebrized that
the extensions 200 protect the geometry between the lower edge of the gate electrode 124 and the
extensiof§ 14BN H E 50By T sistifg raprsfotéélimyradaftissthé ddhetei ersiopthis gedmetry of
the etching procedures used to produce the recesses 138a and 138b and the effects of the epitaxy
procedurbBigédths proditiaamesieA8brrIThe nererh g, offile ritedaer Had Heeiarieditesult in
no bridging from the gate electrode 124 to the source/drain extensions 148/150 and low leakage
currents FFESHISRR P MASHRT stHAvIAY DXide: B ddgittd e it el B tRstv5abr art
techniques using only a liner/spacer 30/32 on the sides of the gate 22 and not having the protruding
portions S8 EtnEEAKinG ARIEPERIARF pBMSAUreS 1 aitIetha ddgesbriteGiauedielettric 26,
ultimately resulting in lowered electrical resistance and elevated leakage current. [0054] Figures SA -

5F depicPfVERRBHEGVARAS Steps 3197856 RGeS NS AF foF electiode 124, tae protruding

extensions 200 of the gate dielectric 126, and a selected area of the shallow extensions 148' and

150" and the underlying substrate 112.

[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 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 [imits the extent of these portions 118" and 120" toward the gate 122.

[6Q58] Steps 408 (Figure 5E) and 410 (Figure 5F) 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
410,1deep source and drain poritons 118" and 120" are formed in the recesses 138" and 140 oy

selective, mn-situ epitaxy, produciﬂg the MOSEFET 100",

ave been described in detail, it

e nresent invention and its advantages
should be understood that various changes, substifutions 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, compositicn 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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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 the 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 138a. and 140 extendrbeneath dhefsetueiogrexensiansf200 of
the die%gfﬁc&ﬁ Sﬁ%&%ﬁten a%%s%slected distancBe beneath the gate electrode 124. The temporary .
liner-spacer 131' and the protruding extensions. 200, otihaieade rdielesins-12G:anaskdhe gate electrode
124 dur%%%gtﬁllcn%%&léT%OSg] in s%é%p%OZ (Figure 5B), selective, in-situ epitaxy is employed to form

shallow X&re&r;%i SA48.a0e, 180, thereessesd38a) pad 140a seuihai the shalipanédidensions 148'

/150" uRderne the protruding portion 200 and the periphery of the gate electrode 124. This epitaxial

deposilgnalsg,[apns R e siop 214 onviedeasuiase of hegalercloctiatie L 2d: Betmaan steps

402 an 4, the temporary liner-spacer 131" is removed, and in step 404 (Figure 5C) a permanent

liner-spager 231 -is: farmed.to coverihe sidesiofhe eleattosteididherpretredingadbitensions 200 of
the gate dielectric 126, and a selected area of the shallow extensions 148' and 150" and the

underlying sistrate. 312100541 dn:ster:406 {igaeaiBia); deeprsource and drain portions 118" and 120°
are, as shown.
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by the arrow-headed vertical lines, formed by ion 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 5F) are alternatives to step 406. In step 408, deep recesses 138" and
140" are foyppegrtig@ughnipgrgegments of the shallow extensions 148' and 150" not masked by the
permanent liner-spacer 231' and into the substrate 112. Finally, in step 4101 deep source and drain
portions 11.8% arokER0; @rapiesmed in the recesses 138" and 140" by selective, in-situ epitaxy,
producing the MOSFET 100". g [005(r)i Although +he present invention and its advantages have. been
described #sdetaihdtshoulthbeemdessdtodiamuatiols changes, substitutions and alterations can be
made herein without departing from the spirit and scope of the invention as defined by the appended
claims. Merstven,atfesstopecof the plesetst tiophtatiolrdspetgateticiecto. badiimited to the particular
embodiments of the process, machine, manufacture, composition of matter, means, methods and
steps des@dandises thewspetifibitighmaAs ot erothe fdinanyskibfiththamttaml rdaditeappreciate 19 from
the disclosure of the present invention, processes, machines, manufacture, compositions of matter,
means, métRRStsl Pt yrésesiiyhe iy lorcratbe kighd bavempadlingdiepeiform substantially the
same function or achieve substantially the same result as the corresponding embodiments described
herein may'h&3ifi¥&H4ecording to the present invention. Accordingly, the appended claims are

intended to include within their scope such processes, machines, manufacture, compositions of
matter. meaiereh é’fﬂ&d&a‘&f%ﬁgf’“ opposite sides of the gate, defining a stressed channel

region, the source and the drain formed of a compound semiconductor material, and
a shallow source extension and a shallow drain extension each formed by selective in-
situ doped epitaxy of a third material, wherein the first material is different from the

third material.

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 COl.ElpGU.Ild semiconductor, silicon-on-insulator, germanium-
on-insulator, silicon-germanium-on-insulator, a semiconductor-on-insulator, or a compound

semiconductor-on-insutlator.

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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20 WHAT IS CLAIMED IS: 1. A MOSFET, comprising: a semiconductor substrate formed of a first
material; a gate on a free surface of the substrate, the gate including a gate dielectric, which
comprises a layer of a high-k material on the free surface of the substrate, and a gate electrode on a
free surface of the high-k layer, the high-k layer protruding beyond the gate electrode; a source and a
drain formed on opposite sides of the gate, defining a stressed channel region, the source and the

crain formedl ofxgoRIOnBELeAHICANMSionalalelidsa shalan g eeiausian @ha shallow
ralin extension eac orme selective In-_situ doped eplitaxy of a third ma; erial, w eln the first
el kS rsorth AT A s et el T kgt Wil ke

substrate cdrapniges sikedimegermarighngsilicon-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

semiconduftdmAiHsERtsK 8 dosipstindD SaRiEh Al &b ish-ingtifatdi e it resRiRISE S of claim 1,
wherein a dieleetip constant of thethighidesnatatinhisitearenthaniidaaul 8:9sidiol hedQSHEET of claim 1,

wherein a Q}éﬁ%{i%@}e&@a en|1%¥ é’sistzi'grg%lz%%sﬁl%tgle Mﬁ%@sthc%(g% Sdes of metals, metal aluminates,
zirconium silicate, zircomium aluminate, H{O,, ZrOQ,, HfON,, ZrON,, HISL0,, ZrS1,0,,
HfS1,0,,N,, ZrSi,O\N,, A1,0;, Ti0,, Ta0s, La:Os, CeO, BiySihOp, WO, Y20s, LaAlO;, Ba;.
Sr, Ti05, PbTi0s, BaTiOs, SrTi0s, PhZrQ,, 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, 2 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.
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dielectric and the free surface of the substrate. 21 5. The MOSFET of claim I, wherein the high-k layer
is a protective and etching barrier for the gate electrode against the deleterious effects thereon of
selective in-situ doped epitaxy, HF dip, cleaning, wet etching, or dry etching. 6. The MOSFET of claim
1, wherein the material of the high-k gate dielectric is selected from the group consisting of metal
oxides, mefal nifiidegyapfat sifcatgs, ransition meiahexifes. tanstionmeiahoitides,tigpsition metal
silicates, oxynitrides of metals, metal aluminates, zirconium silicate, zirconium aluminate, Hf02, ZrO2,
HfOxNy, ZPesiNeralipsikeny oitsises clagfsiRoY Nz, ZrSioyNz, A1203, TiO" Ta205, La203, Ce02,
Bi4Si2012, W03, Y203, LaAlO3, Bal_ Sr.Ti03, PbTiO3, BaTiO3, SrTiO3, PbZrO3, PST, PZN, PZT,
PMN, and gomjnalieRs #1ere Qi TheMASRETShelaimd alhassinaegataelscede comprises

poly-silicon, poly-silicon- germanium, a metal, a metal-nitride, or a silicide. 8. The MOSFET of claim 1,
wherein th&$Btir€ePah d*HEar it areTeFfed B fo i HiftantitRines By WBletligamsesiP dSped epitaxy.
9. The MOSkmpoahélaimidnwdaesein 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
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11. The MOSFET of claim 1, wherein termini of the shallow extensions are beneath peripheral
portions of the gate electrode. 12. The MOSFET of claim 1, 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. 23 13. A MOSFET, comprising: a semiconductor
substrate formgdvah&-first Mateiak.a gate on a free surface of the substrate, the gate including a gate
dielectric, which, comprises a layer of hi h-%materia] n the free surface of the substrate, and a gate
electrode of SHSEEHHELY Y Efﬁfaf‘?i%%"ﬂ‘/ P4 HE'RiGH-K layer protruding beyond the gate electrode
and being cagable offiactingaas d frotelctivge bderiptcagainsh gdamagdeiuningvdtching, cleaning, epitaxial

procedures. gy cpllayialielaRAPIARRCUIES: HSAULCE ARY & ralidormed gn pRposite sides of the

gate, defining a stressed channel region, the source and the drain formed of a compound
semiconduéteitivtaena taesHsienrsBireiskiaridhedigh dhan ol e diredkisidion formed by selective
in-situ doped gatarteia tatddngleiab sdiattin the fiistenatenalis difereattram the third material.

14. The MOdSFET o{lclaim 13, wherein ]the S iconduc%or. ub§t{a}jte comprises silicon, germanium,
. urm& etc 11’(1:% c!eami%ﬁje taxia Rr cedures, or €pi a}(}a ~related praced reﬁ, -
silicon-germanim, a cobmpou emicohductor, strained silicon, strained silicon- germanium, a

strained sefriiewrieaedcr depistfaimed Gornpeiindidermidbn duetdeisineonseeiseistianee!

region, the source and the drain formed of a compound semiconductor material;
a shallow source extension and a shallow drain extension formed by selective in-situ
doped epitaxy of a third material, wherein the first material is different from the third

material.

14.The MOSFET of claim 13, wherein the semiconductor substrate comprises silicon,
germaniwmn, silicon-germanium, a compound semiconductor, strained silicon, strained silicon-
germanium, a strained semiconductor, a strained compound semiconductor, silicon-on-insulator,
germanium-on-insuiator, silicon-germanium-on-insulator, a semiconductor-on-insulator, or a

compound semiconductor-on-insulator.

15. The MOSFET of claim 13, wherein the dielectric constant of the high-k material is higher

than about 3.9.

16. The MOSFET of claim 13, wherein a buffer interface layer is interposed between the high-

k material and the free surface of the substrate.

17. The MOSFET of claim 13, wherein the material of the high-k gate dielectric layer is

selected from the group consisting of metal oxides, metal nitrides, metal silicates, fransition
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germanium-on-insulator, silicon-germannium-on-insulator, a semiconductor-on-insulator, or a
compound semiconductor-on-insulator. 15. The MOSFET of claim 13, wherein the dielectric constant
of the high-k material is higher than about 3.9. 16. The MOSFET of claim 13, wherein a buffer
interface layer is interposed between the high- k material and the free surface of the substrate. 17. The
MOSFET of claim 13, wherein the material of the high-k gate dielectric layer is selected from the
group consistittgl okinhatatoxides nmetaliniticasymigtal sidichtdgateansstioiri®4 nfetaldxidesitransition
metal nitrides, transition metal silicates, oxynitrides of metals, metal aluminates, zirconium silicate,
zirconium alefwinades HAORAND 251 kEGx ys D Ox M8 X 00, ZFSNOVIRISIiXO0,NZ, FISIRONZ,
A1203, Ti02, Ta205, La203, CeO,, Bi4Si202, W03, Y,03, LaAlO3, Bai_xSrxTiO3, PbTiO3, BaTiO3,
SITiO3, PbZFGBORIISRENNP ZISHOMN, Ahd:scdifbinktiDnslitbledfe@8. Aie:MO IFET 8ieilaim 13,
wherein the gate electrode comprises poly-silicon, poly- silicon-germanium, a metal, a metal nitride, or

a silicide. 19-PHEMBSFET tPeldifd 113, Wakicin fidiSbulde/did heldrif ar84bridd by abh

implantation or selective in-situ epitaxy. 20. The MOSFET of claim 19, wherein the source and the
drain compri¥gBpEensiiesiot- silicon-germanium, silicon carbon, or a compound semiconductor. 21.
The MOSFET of claim 13, wherein uppermost surfaces of the source and the drain are

18. The MOSFET of claim 13, wherein the gate electrode comprises poly-silicon, poly-

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

19. The MOSFET of claim 13, wherein the source and the drain are formed by ion

implantation or selective in-situ epitaxy.

20. The MOSFET of claim 19, wherein the source and the drain comprise doped silicon,

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

21. The MOSFET of claim 13, wherein uppermost surfaces of the source and the drain are

generally coplanar with an upper surface of the substrate.

22, The MOSFET of claim 13, wherein termini of the shallow extensions are beneath

peripheral portions of the gate electrode.

23. The MOSFET of claim 13, wherein the extensions comprise doped silicon, silicon-

germanium, silicon-carbon, or a compound semiconductor.



generally coplanar with an upper surface of the substrate. 22. The MOSFET of claim 13, wherein
termini of the shallow extensions are beneath peripheral portions of the gate electrode. 23. The
MOSFET of claim 13, wherein the extensions comprise doped silicon, silicon- germanium,
silicon-carbon, or a compound semiconductor. 25 Ultra-Shallow Junction MOSFET having a High-k
Gate Dielectric and In-Situ Doped Selective Epitaay Souree/Drain Extensions and a Method of
Making Same ABSTRACT OF THE DISCLOSURE A MOSFET includes a gate having a high-k gate
dielectric on a substrate and a gate electrode on the gate dielectric. The gate dielectric protrudes
beyond the ga: }%i.ec%Ed . A deep source and drain having shallow ex tensions are formed on either
side of the gate. THE® _@ﬁo% r‘é@%Q%M@%Hnm%ygselﬁﬁigh%-@@té@ﬁﬂ&%@i@%ﬁ by ion
implantation and thé-die danmech Refoatio E&{}S’Eiﬁ@i\@gﬁy@ﬂﬂﬁg@gmmgﬁg%ﬁﬁ%ﬂsions lie
beneath the Late in contact with the gatef ei¢leqtig: Thepnpteqalpf the gate dielectric and the amount
of its protrusion beyond the gate electrode are selected so that epitaxial procedures and related
procedures do not cause bridging between the gate electrode and the source/drain extensions.

Methods ofEatiricatingthe MOSTET arg described. (FIG. 2) 26
A MOSFET includes 2 gate having & high-k gate dislectric on a substrate and & gate

electrods & lislectr e 1 T} i t
ctrode on the gate dislectric. The gate dielectric protrudes beyond the pate eisctrode. A dee

Sotree and drain having shallow extensions are formed on sither side of the gate. The des

T i y =3 ) . ~ ; d i 3 ‘
source anc drain are formed by selective in-sitn doped epitaxy or by ion implantation and the

extensions are formed by selective, in-sitn doped epitaxy. The extensions lie beneath the gate in

contact with the gate dielectric. The material of the gate dielectric and the amount of it
g o o bl Ll

profrusion bsvond he o it o lont 1 ; : .
I T e gate electrode are selected so that eprtaxial procedures and ralated

procedurss do not canse bridging berween the gate ejectrode and the source/drain sxtensions

Msz:hods- of fabricating the MOSFET are described
FIG. 2) | o
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