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 Hedavgr, The gate

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

electrical gignalsiadhe.gate elaatiadermeipatively eIt L pravents slegiisal candugtion between

the source and the drain.
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.



[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 technigues to achieve
appropriate compressive or tensile stresses in the channel; and using thin layers of high-k materials,
ie., materiﬁ]l Uh{ ving a. dielectric constant (or relative permittivity) greater than about 3.9, as gate
dielectrics “-instead of TyPIEAT XITPIAfEr S P e dieleetre somstsints M DBRE BsQual/ tess-- to prevent
gate tunneilén Q%g%gggsbgt e}gn the gate  electrode and the channel region. [00051 Following
fabrication of the aboverdescribBY LkIEF B Sk e epiasiatteotinitilies Tadarm the

source and,drain.and hay thin gate oxide, damage to the gate oxide has been detected. Such
damage causeéH gat%—:--Q%%gg%%e-S'Eloc-hs%ﬁ%lcl(la(l%%gtgﬁs’?%%ﬁ%Q}H@’SB?WQWQ%W@WWMWQW

bridging. Itis,Resiuiated that.s damage is caysed by the processes typically effected prior to and
during the e%’itaxial steps carrigP o%??(g)sbg%ﬂ lce gcgégﬁ%%eﬁ@nd?%‘?ﬁ PR e ERsighExBlch

damage v e AREESSR ARIRISakATE TSI, N device b fllowing ormatinof e

selective epitaxy source and drain and/or their extensions.

amelioratesmﬂaar:.amm@a@m&tﬂ%@&%ﬁ@@n@%%ﬂ?&rﬁ&é@ﬂQSFETS haVi”%n'Sit_U doped
selective epitaxy source/drain extensions and high-k gate fe]leéif}igg?ﬁ%% U f%énﬁ Biem&Etich as
‘unacceptaipieagatetderkiages CUIHEES: GRteriRmte compressive or tensife stresses in the channel: and
using thin layers of high-k materials, i.e., materials having a disiectrio constant (or relative
ermittivity) 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.



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
extensions caused by pre-epitaxy and/or epitaxy procedures. [0008] In accordance with a preferred
embodiment of the present invention, a MOSFET is provided. The MOSFET comprises a
semiconduetoik Va@é!?w@%ﬁ@}ﬁree 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 oudhe; free sueface-af the-high-lodayen.The, highsk layerprotiudes bevond the-gate

electrode. The MOSFET also comprises a source and a drain formed on opposite sides of the gate

and a shallgersaurge ExtensierEndashallowdiain: exiersian, cachlormed by selective in-situ doped

epitaxy. [0009] In accordance with another preferred embodiment of the present invention, a MOSFET

is providedihi®he M@SEDT conprisgedsemiconsiucionsubstiale pre-paataienAfreq,syrtacg;af the
substrate. The gate includes a gate dielectric, which comprises a layer of high-k material on the free
surface of te Gubsivate, thadxgataetectiodeonlibe freesuifaceiof the highelalayer . Thenbighek layer
protrudes beyond the gate electrode. and is capable of acting as a

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 mcludes a gate dielectric, which comprises a layer of a high-k material on ‘ahe
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 pI‘OVIdF’d Th\, MOSFET comprises a semiconductor substrate and a gate on 2 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



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 MOSFET is provided. First, a high-Ic dielectric layer is formed on a
semiconductor substrate and a conductive laver is formed 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 Iarger,t aen gég(;efootp%;ﬁ of tkpaig\%te electrode so tha thS gﬁ\te electrlgegr.otrudes (?eyond

2 g X v b , F 3L ol
the gate SiEEHGHE, fira<PEcR P I EIMEY oh The SidEs O the Gate. oh the free surtace of the

protruding gate dielectric, and on the substrate to a selected distance away from the gate. Then,
portions (g?%ﬁ “SUBS I Ot EEVETEE 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 dofiéd @pitaxin Tdvenithe first.spater istémedetrdnd mseconspasert isYorited ondiedides of
the gate and on the free surface of the protruding gate dielectric. Thereafter, the free surfaces of the
source, tHerdraltrard MRS Bt st ate ddd Harsippdisuifaieloftiihdesabitiatebe Ar At IRNEGatE @ielectric
are etched to produce second shallow recesses therein. Finally, shallow source and drain extensions
are formeutintraispedtive sdevint lerassdemiedeldbndisiraitic dosedeprt Ko aHeE & mini of the
shallow extensions lit beneath and in contact with the gate dielectric. [0011] In accordance with
another preferred snfirodingerst lofine prsse plerivetrisiopa methdglectric. 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



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
protruding gate dielectric, and then the free surface of the substrate and. the upper surface of the
substrate beneath the gate dielectric are etched to form first shallow recesses in the substrate. Then, .
shallow source and drain extensions are formed in respective first recesses by selective in-situ doped
epitaxy. Fhe:first spacet ibdtwer @movdd hndiarsarvntaspaceivignfdrmeteondthe sideg ot thd gate, on
the free surface of the protruding gate dielectric, and on the extensions to a selected distance away
from the fatécFimaflycatidepsdurdeamiaiddeprdraimarbefdiméddnttfecsubstratelwheieatiiehe
substrate is. not covered by the second spacer. [00121 The foregoing has outlined rather broadly the
features anektechidicat advantages dbmripleseneinl@eion meorddediatithe dethied deseription of the
invention that follows may be better understood. Additional features and advantages of the invention
will be desdlibsebfateinafer Whlkherpicthenduispaat ofttha efuims ol inveamsil it SHodtdepees
appreciated by those skilled in the art that the conception and specific embodiment disclosed may be
readily UtiliZ8Ey aibsis foPPHCEIVING JDEdsTH)MipRy BthethsiiueRIEe oAb sEsSISF ¥afrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that such
equiva|er§%%ﬂm%ﬁ@%@ﬁéteo@@ww@mffﬁ@ Yiricand bedpetaiting FeAtdTTBE sEtF6RM SN, the

appended claims. . ) o
extensions to a selected distance away from the gate. Finally, a deep source and a deep dramn 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.



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 generally of the
type improved by the present invention. [0015] 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 sectlo %@ J}/@%I@I’ igures 2 and 3 during the various steps of its
fabrication \g%—glgures ustrate 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 {80#hyg its Rbricationc D EFAILED DESCRIPTIONCSE IV S TRATIVE ERMBOBIMENTS
[0019] The making and using of the presently preferred embodiments are discussed in detail below. It
should betiagspréciaisantoneverngis thipietentiy eptisi providbeniassprapplicapietiilentive
concepts that can be embodied in a wide variety of specific contexts. The specific embodiments
discussed@renerEipIlisF e b dpekific ways to make and use the invention,

{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.



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. 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. Thegate comprises a relatively thin dielectric film or Ia¥p‘er of high-k material on the

upper or FEd 4bHAPL B UBStratefand-2 ghte dledirode BRhdipper or free surface of the

dielectric layer. The gate electrode may he a, metal (including copper, gold, silver, tungsten, tantalum,
aluminumgpickel, rutheniums shedium: palladipmplatinefetitaniom donmolybdénumys dimétallic
compound (such as appropriate nitrides like titanium nitride or tantalum nitride), or a metallic silicide.

The gate lpsiradenmay @lseheacanductive-materisd, psueh: aspelyerystalline isiticoapetipdlicrystalline
silicon-germanium. 7 [0022] The high-k material has a dielectric constant (relative permittivity) higher
than 3.9 areiscapablewviiatting ssapreiective:andietching basrerfRsusedtherbaspthelability of the
relatively thin high-k material to act as a protective and etching barrier means that it is resistant to the
erosive anghieihendetetrrinusdeffeciselejitaxy@nd/dispreidpitaxy procédusbpsutls asthaorpitaxy
procedures themselves such as cleaning (including HP application), etching, and other

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;xrfa e of the dislectric 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.



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, transition metal oxides, transition
metal nitrides, transition metal silicates, oxynitrides of metals, metal aluniinates, zirconium silicate,
zirconium aluminate, Hf02, ZrO2, HfO,Ny, ZrO1Ny, HfSi,Oy, ZrSi,0,, HfSIOyN,, ZrSi,OyN,, A1203,
TiO2, Ta205, La203, CeO2, BI4Si2012, W03, Y203, LaAlO3, Bai-,SI,;TIO3, PbTiO3, BaTiO3, SrTiO3,
PbzrO3, PST, PZNT, 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 ad0§ate dielebtridihvhien FaiicktranibgecHin iRt SERICE R eI BB (Heb i ptévent
gate-electrode-to-source/drain-extension bridging. [0024] The high-k film or layer has a |ateral extent
or "footprimed iargerEkeeT BsEDsfhR At tBIR A AE T THERIS Hotio HE B AHE M IRl & iBSer protrude
or extend beyond the periphery or sides of the gate electrode along the upper, free surface of the
substratersSHatel e raBENK BHESTEOIPRAL BT ARENRGHYE RIFeF AR E R BT Bb B HFEIH e,
perpendicular to the plane of the high-k layer and the substrate) is larger than that of the gate
electrode!GOREPRHVBrate PR AGaIRTEHEC et d sBprEs F Cﬁrﬂi%‘?ﬁﬁ%ﬂé’%‘ﬁﬂ&@%ﬁ%@&ﬁ@% in-situ
doped epitaxy procedures suitable for use in fabrjcating ’?é%]ld ices,.as ,wiq be gnderstgo{% by 8
those skilfEHA, RFRCSHUNITBFRRATER SHe8 e o8 ?n%; BRAHSHHED 5 iR ariiiantition.

Where epitaxy is used, recesses are first formed in the substrate for I%leggubsequeml in;situ epitaxial

formationRSFEHT BF ‘e %B&Bﬁﬁaﬁe% A Fed TEE O YR R IR A Sgation oF e asep
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



embodiments the preferred. composition of the deep source and drain includes silicon, silicon-
germanium, silicon-carbon, or a compound semiconductor, such as a I-VII compound, a II-VI
compound, a Ill-V compound or a IV-IV compound. The foregoing materials may be used to form the
deep source and drain so as to effect selected compressive or tensile stresses 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 materials 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 contacttwith thélédvie tsuafaceiefthe protiuding: portioasof theayadte fdieledthic i Rreferablyithe
shallow source and drain extensions extend inwardly beyond the periphery of the protruding gate
dielectric pOrtiongdnd underdia perpheralipoftions OftHecgateselectiodbe THeamoumt-oftoverlap (as
viewed normal to the substrate) between the gate electrode and the underlying portions is selected to
achieve acgssinetfovaray: Cxpacitalitbe amdoseries xHaneé Hresistamceath&dghahnelmegion,
accordingly, resides between the tower, deep source and drain as well as between and below the
higher, shailbwliextatisiohsrofahe! soupselardahédréing 00279 indorne ervibddiridnes thecopper, free
surfaces of the source and drain are generally coplanar with the upper surface of the substrate. In
other emIESHIARHHE, fid-souEdBRddrafmpaydoe raiceri bplele vate dso thal grenpper; frde\Surfaces
of the source and drain are elevated above the upper surface of the substrate. in some embodiments,

the sourc&YRHO Hidiri AHAtIETPBoRBSpECtIVE BXtetiBions dre Boavprrdteoh i isimeimiariddowhile in

other embodiments the _ A _ ) .
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



composition of the source/drain and their extensions may differ. [0028] In its method aspects, the
present invention contemplates methods for fabricating MOSFETSs having the structures described
above. [0029] Referring first to Figure 1, there is shown a MOSFET 10 according to the prior art, as
generally set forth in U.S. patent 6,504,214 ("the'214 patent"). In Figure 1, taken from Figure | of
the'214 patent, the MOSFET or other semiconductor device 10 is fabricated in and on a 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 arsheSubsitatsit2separatdshy iSdlutsmregisnsiaa. obao) The deviedasiiciites an active
region 16 of the substrate 12. The substrate 12 may, as shown, be of the bulk type and comprise a
body of siicomssilicort germarieiitajerddhiintgenstaes semidisductor. If an SOI structure is to be
fabricated, the substrate 12 may constitute a semiconductor film of silicon, silicon-germanium,

germaniygy,gi othey, semiconductormaterial. fonmed o amlayerakshovsnokinsttatingmaterial,

such as a buried oxide ("BOX"). In this latter event, the insulating layer is formed on a semiconductor

"handle wafet-fQtisheyinh. [PR34k-dhe-astii reaion 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

above 149G ahe of SeSUBENERE 3 SOOI The DA 22 ReTidee o Gore B TS

relativelyefst] igcéie?zia%g_é(e ?otremdlig ls.cé.rigatent 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

memory 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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26 that separates the gate electrode 24 from the substrate 12. As shown in the '214 patent, the gate
dielectric 26 may rest on an intervening buffer interface 27, which, in turn, rests on the substrate 12.
According to the '214 patent, the gate dielectric 26 and the buffer interface 27 (if present) "are
patterned to be coextensive with the gate electrode™ 24 (column 6, lines 29-32). This is achieved by
"removing a portion of the layer [26] of high-k dielectric material extending laterally beyond the gate
electrode [24]," (column 1, lines 62-64). [0033] A channel 28 between the source 18 and the drain 20
is defined within the substrate 12. The conductivity of the channel 28 is controlled by electrical signals
applied to the gate electrode 24. The gate electrode 24 may be a metal, such as tungsten, tantahnn,
aluminunfpaszkel, rathegitnt2randidss, paltadieoyoplatinum atitamivety andioltbientndj@ectric
metal-containing compound, such as titanium nitride or tantalum nitride; a semiconductor, such as
polycrystalfineatsiticonter thelyaeystaltindsilicongermaniumyoi A siticidenlfithbgaid eleettotde 24 is a
semiconductor, a conductive gate contact 29 may be formed thereon by siliciding the free surface of
the electrpde 24iConductive contacts 3 dortheydouiice :18 dnack the didgih.20 may fetsimitatly formed,
[0034] In the '214 patent, the function of the buffer interface 27 between the gate dielectric 26 and. the
substratesiBdssail torveadifa)ta teddcé pefedifftisioriantitropengtratid robatematérdmetig (high-k
gate dielectric 26 into the substrate 12 and (b) a retarder of a reaction of the high-k material of the
gate dielgotrici2h withp thersubstrated;teithive vithoire gossibiytiedding toceyradation ¥ thannel
mobility in the channel 28. [0035] The gate dielectric 26 is a high-k material or multi-layered stack of
high-k makétiaisachisused ifrahe'?itg patengr ighstayredae] thbkitieindielai ofwier varr wieletric 26
has a

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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11 relative permittivity or dielectric constant higher than 10. The '214 patent expresses a preference
for the following high-lc materials: metal oxides, metal nitrides, metal silicates, transition metal oxides,
transition metal nitrides, transition metal silicates, oxynitrides of metals, metal. aluminates, zirconium
silicate, zirconium aluminate, HfO2, ZrO2, HFOXNy, ZrON31, HfSiXO 1, ZrSiXOy, HfSiXOYNZ, ZrSi
OyNz, A1203, TiO2, Ta205, La203, Ce0O2, Bi4Si2012, W03, Y203, LaA103, Bai_xSrxTiO3,
PbTiO3, BaTiO3, SrTiO3, PbZrO3, PST, PLAT, PZT, PIALN, and combinations thereof, all having a 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 peltitc aprafateiicensisigrsssagforhihu gate dielbtrds I isatarimesthiey Hfimize
performance-degrading effects such as current leakage between the source/drain 18/20 and the gate
electrodé®@dbafidw fergesbskapistiabneta Stabl & et aEfEE e a SHEEHV SRS VS e
reliability of the device 10. [00371 A liner 31 is formed adjacent the sidewall of the gate 22 as an aid in
the fabri®Xtién. SrBaE SR UIEE 1B B ol ey Ht PG THEEHHRE O 1B EA: the@rain 20 during
fabrication. The liner 31 may be relatively thick silicon oxide or another oxidﬁﬁg)osm Sidewall
spacers SPUBHERS | HECI I HCTHENR cAG TR B ENTSE THE spatard 8D A “Aheh5o il regions 14
where the source 18 and the drain 20 will be formed by epitaxy. The spacers 32 may be an oxide,
“such as g’rﬁ%‘@ﬁ@%ﬁ%ﬁm‘é@lsgewzaé)gﬁ}lé&q:ﬁtrﬁé, or 22 ntp 1@%&&9&% Sk i?r%%ide/nitride,

nitride/oxide, oxide/nitride/oxide, or nitride/oxide/nitride. [803139% The deep source 18é;md the deep
U3,

drain 20 A& I0eaRaPIN LSRR b tecBaddd a8 Al P2 TPZN,PZT, PMN, an

- 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.
[0039] The deep source 18 and the deep drain 20 are jocated in respective recesses 38 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

12



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 recesses
38 and 40 by low temperature selective epitaxy of silicon or silicon-germanium effected between the
isolation regions 14 and the liner-spacers 31-32. Appropriate dopant species (N- or P-type) may be
“introduced into the source 18 and. the drain 20 by conventional techniques. Typical N-type dopants
include antimony, phosphorous and arsenic, Typical P-type dopants include boron, gallium and
indium. [0040] A device somewhat similar 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 layer,0% T@QQ%%'ME?&J%% &@8&9&8%%%%@%@%%%@ QL%&EE%‘%%&S&&?%%%%EE% g

extensions, the free sur%facés thereot being co-planar a substrate. p source an

their shallow exgensions are formed using ipndmplantation, not lay temneratige. epitaxiak feghniques.
e e rally

, 13
The shallow extensions are shown as extending beneath the gate dielectric, Which is lat

co-extensiye with the gate slectiode. {00411 Anather devige having sguceldrain exiensions beneath a
gate dielectric of a'gate Is shown and described in U.S. Patent 6,555,879 (“the'$79 patent"). The gate

die'eCt”Cﬂf?fi'a%f%?@yg@él@ﬁgﬁﬁﬁﬁéi%@é%&i&ﬁ!ﬂﬁ‘!‘ﬁ%@ﬂﬁ&%@%%Jgfé‘eﬁﬂét?ﬁﬂba‘{vﬁi?ﬁ?%%ﬂ& beyond the

periphery of the gate electrode. However, the source, the drain, and their respective extensions do not

reside iqlggmgq%dﬁjtgﬁl%%@gd%hey 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. , . ) o
[0044] 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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[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 | 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. 13 [0043] Peripheral
portions 200 of a high-k gate dielectric 126 extend or protrude outwardly or laterally away from and
beyond a gate electrode 124 of a gate 122. As will be described in more detail below, this structure
(the high-k gate dielectric and its extending portions 200) IS highly etch-resistant and prevents

damage vari ocess ste u L[ and HF tre nt ox
removal)[%gé%gctlve gt@r?%ﬁaa%ca’%o&?; qgl Eha s"e(sg ?s(gpe?o ctive Tr geﬁlc 10 {he extena(iln?;
portions 200 o b‘é{j ate ielectri 126 meliorates or. | t %ege trode-10-source-extension
124-to- 1%1 }Pf f& SHE-foSaramsex gn%rl%é'r/\ ?i b%ldglngﬁag Scégbnéfe%uent

It?;l:iaeg?edcgj?ggelats E ex_F ndlngf ortlorl(_5r q;‘] tgt% % Iecgli en S agcg)t 85,8 P5R %:tlve

etween he OWGI’(G tI’O e prOX|mat pOI’tIOI’]S of

source _Ia#ég}l ralrgcﬂpl%er ex %% (I)%t]‘ﬁel .3 d 15 m ﬁjﬂ{;& §{1($ 155 égg @Ee re e{) §deV|Ce 100.

[0044] er- spacer fent Use and 40 and

the deposition, i, othe, source 19,40 4 1he 9 205 <0l ﬁ,erYd% {0l femearasyiner-spacer

131- 132C( |gur§3§1 ISrem owing epitaxial formation of he deep source 118 and the

deep dralg 129, Prig, 10 spliaL| gggﬁ 001 ihe squigalirain: gensions A48(3RRaRemanent

liner- spage ormed on t e s e gate 122 andon the upper free surface of the protruding

portions gpcng{tg]&%@é%%%@&%%%@é@%&%ﬁ%ﬂq24-t0-148 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 extend
bevond 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 i the

substrate 112 under the gate dielectric 126, for the formation therein by in-situ doped epitaxial
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beyond the gate 122. In other words, in the present invention, the temporary liner-spacer 1.31-132 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 13 8a and 140a, that is, recesses in the
substrate 112 under the gate dielectric 126, for the formation therein by in-situ doped epitaxial 14
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 eptensions 148 and 150 The axensionsiddgiandika00etenly extendunderdhsowiatiuding
portions 200 of the gate dielectric 126 but also extend partially beneath the gate electrode 124.

[00451 Baeausaineprafariediembadiments piiexiabprpraduresafe s eet ie-fanndheesoteeddrain
118/120 and their extensions 148/150, the structure and method of the present invention permit

selectivetensile and;cempressivastressing.otiheschannelgl28, axisknomnex[e0A6ldReferring now to
Figures 4A - 41, a preferred. method of fabricating the device 100 of Figures 2 and 3 is described and

the stepsyefisushgnethes: am ibpsteated. JROATY Asshownly Eigee d il siema00 fithesemiconductor
substrate 112 is provided. If desired, the substrate 112 can be doped with N- or P-type dopants in a
conventiehaksm@nrer. 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 {3 EH") or giher conventional eehnidyss mayRs.y3eskformiheselatgnrggions 114.

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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[0048) A layer of the high-k material of the gate dielectric 126, which may reside atop a buffer
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 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 photoresist 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 haying a thickness 15 equal or nearly equal to the
amount (TR GAEE HRALEL: Lo BTN 6 BTOR R By oric k5t GIBRIFSIE L 98 & then

etching tit}ée dielectric layer, %0045 In Figure 4D, step 312, the temporary liner-spacer 131-132 is
formed, SUEHES 93%8%?/@% it Ilhférb%“gﬁ?é%&l%éﬁel%&ﬁa&%%, from a suitable material, for example
silicon oxide, nitride or a functionally similar material. The temporary liner-spacer 131-132 may include
the liner @92%sed to fémrthél gatepdielectriced2toonmiydiesfacmdd aftet tefovatiofibie diner 21.2. In
any event, the liner-spacer 131-132 resides on the sides of the gate electrode 124 and covers the
protrudingopeetions 2 @erokthengatedietdotroctk26oithe dinehRl 2 shownfin stemBt2ikctoptiddal” as it
may be removed and replaced by a segment of the temporary liner-spacer 131-132, as seen in step
316 (Figurdr4ig y,:{8 503t inrsiép 36 aporicns. of thesubstratditd2spetwelti thi termporadngditier-spacer
130- 132 and the isolation regions 114 are removed to produce the respective recesses 138 and 140
for the sburc@ 218snd thendtadrea0iiathitimaytoer achidvethbydhefiseote suithiblestehaiit, hich
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 dramn 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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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 pénmatientdines-shader@shistomiBe parthersidekief thaagals leleettsddEareTiRB Fermanent
liner-spacer 231 and the layer 214 protect the gate electrode 124 16 from the effects of subsequent
steps. THerpermaneniiinenspacer: 281 ofédigsithéPreticusly. formed protruding extensions 200 of
the gate dielectric 126. [0051] Next, as shown in Figure 4H, selective etching of the free surfaces of

the sourggiehain 116L120,and fhe.suhsirate Lla.emevasipofliansdhersahiatep dade This etching is
oasto é source d1

effected thi“netﬁ rain“1.18/120 and to undercut the substrate 112 so that recesses

L.38a ang. 43830, for, eancions 146,80 160 i dounasaingendha sybstiatenbidand ibe

protruding portions 200 of the gate dielectric 126. Last, the same or similar selective in-situ doped

epitary sigpsused fa form he.saurce/arain 1482 Qaresiferied:tafaunsthr.extensians rd4sand 150
in the recesses 13 8a and 140a and over the source 118 and drain 120, step 326 (Figure 41). Thus,

the source 4.18/148 and.the drain, 1204150 mayike viewednas sansiutingsraspective inweidportions
118 and 120 and respective upper portions or extensions 148 and 15,0.

protrading portions 200 of the gate dielectric 126. Last, the same or simtlar selective 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 is 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 Fi@es 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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It is contemplated that the deep source i18 and the deep drain 120 may comprise the same or
different materials. Moreover, the shallow extensions 148 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 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 2fbéh‘Sé&fﬁ%&&%ﬁiﬁﬁ]fr%%%&%&%&%s&%&? A58, t%sg'e%ﬁ@_fﬂgmﬁh@g ,J00531t-has heen

found that devices having the protruding extensions 200 of the gate dielectric 126 prevent leakage

currents ad bHANA ReMESIIR GFIE SesliodE 24 AL BOCSIn X EnYANAAARD.

Accordingly, the presen otruding extensions 200 has 17 been found to ameliorate the short

channel sfigct andp Incrase. e elabl A0c oRustasss of MOSKET shavingehiealiformed

extensions and tis theorized that the extensions 200 protect the geometry between the

lowier edqg ol 691 slegliagead and e eSS 48800 IR by esistagAad PiolRcting

against the dele ects on this geometry of the etching procedures used to produce the

recesses, 0d-L3ghand ine gx%%at%%ﬁéb&@@@msar%%g%saﬂé%t&ﬂ%@gyp&mi%@nsions

148 and 150. This protection has been found to result in no bridging from the gate electrode 124 to

the sourcg/drain.extensions 148/150 and low: leakageicuirents incrmpiatedMQS Fiufs having:
oxide-based gate dielectrics. It is theorized that prior art techniques using only a liner/spacer 30/32 on
the sides;pf,ihe,gale 24 4RdHRIHAMIAGINR 124 1o 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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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 SA - 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 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 freb'&¥fface &F e piotridiag e portichl 200 e SHalihre Easse B8 Arid rousEéoBrmed by
etching the substrate 112. Etching is performed so that the substrate 112 is undercut and the
recessesC¥88alERd 4% 0nt dxterd Berestrethe’ profitiding exteiiots dodlor e diaisstit?l 2o and
extend a selected distance beneath the gate electrode 124. The temporary liner-spacer 131’ and the
protrudingregtiadisis Ton gethergate’ i arit the 1oerhiagie bz sledtisde 124 dirmd®tdhing. 18
[0056] In step 402 (Figure 5B), selective, in-situ epitaxy is employed to form shallow extensions 148’
and 150" {aRptieedsederisahe el tAUR2 56 b THESHANB eXtéhs it ol 94502 Lntiénis the
protruding portion 200 and the periphery of the gate electrode 124. This epitaxial deposition also
fonns thé@@n4§?oﬁ’§fﬂ%ﬁl’ﬁ1@%%r§{}fﬁ);‘&%“8?%ﬁ@ date BIEROUR 124 Betirdd depEut)and 404,
the temporary liner-spacer 131' is removed, and in step 404 (Figure 5C) a permanent liner-spacer
231'is foW%%MPﬁaécgrd%%loﬁtr‘-@r@@c&%@é’@ﬂ&?rﬂ%@ﬁ@%ﬁga G ERENSOIEB I gate

dielectric 126, and a selected area of the shallow, extensions 148’ .
extens?cns 20% of the gate f e?eomecsfzg, 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",

recent mvention and it dvznfage,g

™
- dab AN fvallll LA AT VoL

have been described in detail, it
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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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 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 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
4101 deep spurce and drain portions 11,8 and,1205.are, formaddn theesessesdagosindik4d by
selectiv%er,(ﬁ%-% u lesﬁl?g%, C;?;flroc?l%:ing the MOSFET 100". q [005(r)i Although +he present invention.and
its advantages have. been descrihed in.detail oitishauldhaundesstandithat variops thanges,
substitu%lg%n%zarﬁlgaglgt’e%lﬁé%s can %}g’rﬁade h%lrein without departing from the spirit and.scope of the

invention gss%%%fiﬂﬁghlgg%]% anpanded claims. sMareayary the saapeciithe presentapplitation is not

intended 1o imited to the particular embodiments of the process, machine, manufacture,

Composé‘rin%%ﬁ%%s@}%%e%e%% siandiistepsdesenibed indhesspadification. Ascongfprdinary |

skill in the art will readily appreciate 19 from the disclosure of the present invention, processes,

machings, manyiagtye, compositienseinmatiermeansimethedsdr stepsspresearitywexisting or later
to be developed, that perform substantially the same function or achieve substantially the same result

as the corresponding, emhadiments. describgdhereinotaybadtilized according to the present
invention. Accordingly, the appended claims are intended to include within their scope such

processes, machines,
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manufacture, compositions of matter, means, methods, or steps. 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 protrygingrheyensinibe gate electrode; a source and a drain formed on opposite sides of the
gate, defining a stressed channel region, the source and the drain formed of a compound
semiconductamtaera cangraisgallow 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 matedaknZcdiiaddOSbErdtofoetaihot a iereiretiae semiconductor substrate comprises silicon,
germanium, silicon-germanium, a compound semiconductor, strained silicon, strained
silicon-geragatiuma &estrainedos émindntteetdire gastrarietngompoulidssemicdnductor,
silicon-on-insulator, germanium- on-insulator, silicon-germanium-on-insulator, a
semiconduetoprinsiaduienof 2drgh-donapuiahdn Serficondietort dre-inbsikatoraB! AgreMOSFET 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 pafferdihtertdies ryerisinkersbddwetwbehighd fate 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 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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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, metal nitrides, metal silicates, transition metal oxides, transition metal nitrides, transition metal

si:cié:)ates, 0%%@@@%?%?@1%@@?%%%? iﬂ@tﬁﬁh-ﬁi[&%ﬁl i ;ﬁ%é\ﬁzﬁg éi{@%&ﬁ%ﬂg 2%#%%@%&"2?26?02,
HfOXxNy, ZrOxN," HfSixQY, ZrSixQy, HfSIXQY,NZ, ZrSiQyNz, Al T|O" Ta205, 3, CeO2,
BiaaiOn 2SI A5 SR O S5 BHTIOE BB TS AT BE5H5%, BetPN, T
PMN, and caingatiensdhnegeof dry eTchexOSFET 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 MOSFE? MUHEHT 8f WA dintherdp e dantid Hialrishrk seimikidesyicdiselistednisht doped
epitaxy andheogrpnisecddpad sifleonalsdicosn; gasmianivides Sikeaih-<Hthien, Bmaitempannokides,
Sem'CO”dUF%%%i&cP- HEMARRET, ﬁs‘%!f%'@n%etwhsﬁg%é* p&e{{{%&;é Syriacesof ing Squree.and the drain
are generafy coplanar with an upper surface of the su’bstryate. 5 11. Tehe MOSFET o% claim 1,
wherein terffNafth& Sepsflow estensishandia heHEath 2r0x. HION,, ZiON,, RS0, ZrSi0,
HfSixOy,Nz, ZI‘SiXOyNIZ, A]QO_’;,, T10,, Ta;gOs, L3103, CBOQQ B.L;Sigolg, WOg, Y203, LaAIOg, B&;.

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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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 formed of a first material; a gate on a free surface of the substrate, the gate including a gate
dielectric, whichygomyprisesralayeraf Nidbsk material andhe.les suace.afiheg sHbstiag and a gate
electrode on a free surface of the high-k layer, the high-k layer protruding beyond the gate electrode
and being &&ijrbsre! Wﬁ@ﬁ@fégea‘%ﬁ%@%@ébarrier against damage during etching, cleaning, epitaxial
procedures, or epitaxial-related procedures; a source and a drain formed on opposite sides of the

gate, definipg §RIrERFEFALGNBRNRNCHIMIDR SALIGR:R0M e Al formed ah & CamRaLAd.

semiconductor material; a shallow source extension and a shallow drain extension formed by selective
in-situdop&d @pHaRs of Aiteirdehiateti §6hErand thb 9t Migemarie didte it FoRF RO tniRY material.
14. The MOSkHRIual staiinohdyadaerein 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-germannium-on-insulator, a semiconductor-on-insulator, or a
compound semiconductor-on-insulator.
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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 gil¢atas: trapsitionm24 metal oxides, transition metal nitrides, transition metal silicates,
oxynitrides of metals, metal. aluminates, zirconium sjlicate, zirconium aluminate, Hf02, Zr02, HfOxNy,

Ir
ZrOxNy, HISIRBSONAEPEYPHR A2 £HHBNY %1203, Ti02, Ta205, La203, CeO,, Bi4Si202,
W03, Y,03,2 katald3, BaisuGoe HOB; RbFO3 IBaHOBBITHOS RbTkG8rRSTI®ZN, PZT, PMN, and

Combinatb@aﬁ?ﬁg&o&1;138@7Ebﬁg\é'@%Eé&?&&lﬁme%uw@&rsmh%me?g%gts f.comprises

poly-silicon, poly- silicon-germanium, a metal, a metal nitride, or a silicide. 19. The MOSFET of claim

13, whereirf ff&redsieé gﬁﬂ%ﬁ@@rﬁfﬁhﬁ@%mﬂrb@%ﬂg]ﬁﬁ61‘éfﬁ"t§ﬁ8ﬁ‘6if’%éf’é@ﬂ% in-situ epitaxy. 20.
The MOSF&t gfcladnird® anheegip dheiseureetindiheakaineampisecainpetisiieon,
silicon-germanium, silicon carbon, .or a compound semiconductor, 21. The MOSFET of claim 13,

. ring etehmg, cledaning, epitaxial procedyres, or epitaxial-fe focedifes, )
wherein uppern%osf surfaces oig*th% Sourle and the drain are gene aﬁy copfénar with an upper surface

of the substragarce 2nd h drAOSIEET Gf Gtainta Sdogied feiretetriiiindt g e shsgibvhaaneénsions are beneath
peripheral partiangofihe OaleBlerliademed 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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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 gate!eigidtrodenttdeapetsouiradeanthkolzim hasirl gislhakeveeniensiorfsiarel fonmed on either
side of the gate. The deep source and drain are formed by selective in-situ doped epitaxy or by ion
implantationsandiithies.exitensiomsifiretformediby sblectivie, MSit/dopddiepitardrOThe Btehsions lie
beneath the Late in contact with the gate dielectric. The material of the gate dielectric and the amount
of its protrugitin®eiofidthélgafeSelectrode hre Sklected 5o Hadde SitbdhiaPprotsdubés:andYelated
procedures do not cause bridging between the gate electrode and the source/drain extensions.

Methods of falhi€atitp treliOs FEbT iste Badifbett [(E1 17pg: PST. PZN, PZT, PMN, and

combinations thereof.

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.





