Strained channel Field Effect Transistor using sacrificial spacer Technical
Field The present invention relates to the fabrication of semiconductor
integrated circuits, and more specifically to an apparatus and method of
making a strained channel field effect transistor (FETS) such as an
insulated gate field effect transistor (IGFET) in which a stress is applied to
~the channel region by a semiconductor alloy material disposed adjacent
the channel region. Background Art Both theoretical and empirical
studies have demonstratee-dhat cairies Melility-n a transistor can be
greatly increased whenta:stiess wisufficigotanggnitude is applied to the
channel region of a transistor to create a strain therein. Stress is defined
as force per unit area. Strain is a dimensionless quantity defined as the
changedmitrd Gigitension of an item, e.g., a change in its length, versus
the original dimension, e.g., the original length, when a farce js applied in
the same GRERAHETBIFTIRE BAEEGH B1 RETEAGAC G BdE o Rigrated -
strain can:be.gihes tensilsals W essienls Rbypedisihefiarh-iansisingy
(PFETSs), a compressive stress applied to the channel region in the
directinanetitsidengtfec. cramicamPFESsjvetiongitudin alsstagss teieatel! ceffect
strain which is known to increase the drive current of the PFET.
transistor (IGFET) in which & stress is applied o the channe! region by a

semiconducior alioy material disposed adjacent the channel region.

Background Art

Both theoretical and empirical studies have demonstrated that carrier
mobility In a transistor can be greafly increased when a stress of sufficlent
magnitude is applied to the channel region of a transistor ﬁ) create a sirain
therain. Stress is defined as force per unit area. Shrain is a dimensionless guaniily
defined as the change in the dimension of an em, &.g., a4 change in iis length,
versus the original dimension, ¢.g., the original Eength, whsn a force is applied in
the same direction, L.e., in the direction of iis length, in this case. Thus, strain can
be either tensile or compressive. In p-iype field effect transistors (PFETs), a
compressive stress applied to the channel region in the direction of its length, Le,,
a compressive longitudinal siress, creates a strain which is known 1o increase the

drive current of the PFET,

Commonly assighed, co-pending U.S. Palent Application No. 10/604,607



Commonly assigned, co-pending U.S. Patent Application No. 10/604,607
1 filed August 4, 2003 and U.S. Patent Application No. 10/605,134 filed
September 10, 2003 describe ways of applying stresses to the channel
regions of FETs to increase their drive current, These applications are
hereby incorporated by reference herein in their entirety. As described
therein, one way of applying stress to the channel region of a PET is to

form shallawsrepionsalAsemicenduciprirlonmaieriabssirtam Re e mper

channel region, the semiconductor alloy material being lattice- mlsmatc e
to the KeRiicbRuctor mate nhbihgirexistssiethie dhann@lr@gigont i SEDs ©
one example, shallow regions of single- cr stal silicon 9§rmamum (SiGe)
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SiGe regions are SpOSGd In areas O e substrate that coinci

implantswbichraetinmthe scwts ardrlrainifegienmed the mloonductor alloy
However, it is not always desirable for the SiGe regions of a strained
chanretis sheiarast deurbaB doipgie fRhasreiTSEEYRRS FPhesstrkdeing

and d n;g%l n the SlGer |onsn ed ob pla ed clgse to the
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placee§henTee, slase cammaRSRAIbIemS SWUERiRgcaysingithe thiasheldy
voltage of the transistor to deviate from a desired value. In addition,
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regions are disposed in areas of the substrate that coincide with implants which

define the source and drain regions of the FET,

Mowever, i Is not always desirable for the SiGe regions of a sirained
channet transistor siructure to coincide with the locations of the source and drain
implarits. While the SiGe regions need to be placed close to the channel region to
apply the stress nesded fo obtain high drive current, placed them too close cén
cause problems such as causing the threshold voltage of the transistor io deviate

“from & desired value.

In addition, the source and drain regions of a FET are desirably spaced
close 1o each other to increase the drive current ip of the FET by making the
length {L) of the channel region smaill. This follows from the equation

ip = WL



iu = f(WIL) where b is the drive current of the transistor, W is the
width, and L is the length of the channel region, i.e., the spacing between
the source aféd e raif Fayyisivg oftet stlistrasesidowdler fthevietis antirmitstene
how c’ose the source and drain regions can be placed to each other. if

they ardPaled Tob BI0EE TPEaChBtrer, SRS HECESERERUNEHN
could iise ciffie e 4w ning ki Gansistpt Wheh R Lapsistor . -,
cannot be fully turned off, excessive leakage current is produced when ﬁwg
transisteinisoffpcausing prose porehtothe. consymedeven whenihes sarn
transistor is oft. Excessive leakage current can also sometimes cause
outpuP &iBn&MEVER RS iR desiraliiyich corgramsapbreersomgtot the

would be desirghle to.provide a structure a thod of forming a FET in
which semiconductor z%loy rga%)ig%%o {fo“}r?newoil@ “é“é%a%?ﬁge Yo (Reeakage
channettegien ptbeuspacingrbeiagiselasiedindapendanily-imdhe: i be
locations at which the edges of the source and drain regions are placed

DisclGSUfETeFd ventigien he Agcoiimdetethefetshispestaktiverpresentalse

dg igﬁg}%@gd Tgf brlcatln%qa field effect transistor

invention, inere. s provids 1g g field
("FET"). comprising: patterning a gate polyclyStafiié semiconductor layer

overlying a single crystal semiconductor region of a substrate having a
first composition to form a gate polyconductor ("PC"); forming sacrificial
spacers overlying ideaisusdid e recessingportiongiefsaidisinglend
crystal s{gcr}gicgnductor r}ggjlon in locations adjacent to said sacrificial

spacers: Spitaxialy growing feichs EoNEGRaHE S Lan sy 5t atsinghed at a
crystabsanyieenoiuetoralay ipsaiddecations. sald saoicq %é@‘e%@#@)’mm

regions having a second composition different from said first composition,
such irreitsiongatrficia Fspadens dtteastpartydteterminenfirst 3pasings
between said semiconductor alloy regions and said PC; removing said
sacrificial spacers;

Disclosure of invenfion

According to the first aspect of the present invention, there is provided a method
of fabricating a field effect transistor (“FET”), comprising: patterning a gate
polycrystalline semiconducior layer overlying a single crystal semiconductor region of a
substrate having a first composition to form a gate polyconductor (“PC”); forming
sacrificial spacers overlying sidewalls of said PC; recessing portions of said single crystal
semiconductor region in Jocations adjacent to said sacrificial spacers; epitaxially growing
regions consisting essentially of a singie crystal semiconductor alloy in said locations,
said semiconductor alloy regions having a second composition different from said first
composition, such that said sacrificial spacers at least partly determine first spacings

between said semiconductor alloy regions and said PC; removing said sacrificial spacers;



and completing said FET, wherein said recessing portions of said single
grystal emiconductor region includes performing ion implantation in said
o po?ﬂ%\ﬁ’gﬁg% Stifséduent SteRinG ChitFfrTpIRRteR DV orY préferanglanerystal
sermétativectorpestions dicsaddssipgie erstal iseMiGPRINETRRragionWhish & and
Subngt&r@nfg]qnek% ilt}a(y saai im Iart)t tion.. ~Ac ordi‘nq to the second aspect of
the present invention, TREFL T REUIGES BIFHEHOEIY fasbify hpridtgs of said
singffeet ttansistop{UREd! yeeomprisihg:panelpplycrystallingisemisenduetor
layer, verlving a single crystal semiconductor region of a substrate havin
a firé%gé%rrdiﬁiﬁsglit?oﬁ}%o I%:r%ycg 8&5%%8?;?6% (etgh ("5@‘3‘??&&%@& sgcﬁ?ﬁ:"léﬂ%d a
megpacefsioviertying sidewakéof said POiTecESSIng portionsof saitksingle: gate
poREYSIRLSRENCARALGION (egion InJaeafions adincent o said sacificial . ¢
Spacers; epitaxially growing regions consisting e sentlam/ of a'single™
subsialea'gsicanbtittepaiRsy ipsald [6oationsasaigedemicbreucttPalloy forming
sackREIONS having 3 seaancieemRasitign different fram said firstComROsItion, . .
such that said sacrificial spacers at least partly determine first spacings
SCTBHERNERAHSARE S8 HIdBrrtifttordiRey EdgioHd sasel Seid PEcremaving gaidrowing
regs@crificialspacershant,completing sald & Esgm\{m%@&(ﬁa@}%’;ﬂgxles'fg@%%ti(mss
. .(?emlcondiuctor gﬁ ion consists essentially of silicon and sai o
IS SMICEHELS |%Wéi%jf8ﬁshééﬁﬁﬁs‘f SSLEiaNY o Sificor GBrTariiam; said first
conherein seidsiieonsegianrisdigpgsedrinag siliconeNyinsulalon(SHY layengs
be t\g.)vteséiié:la %uq%%tlrggg d%‘ée({rlyéﬂg a bﬂyried ogide,%a_y@r of said substrate; and
wherein said step-of Teceasing At Pariohs bf S EINgsH it ifdlimasers:
andmptapkitigsaiddpoHibns e prefetentiallycetching saicbimplantad portionsists
. ive [ said silicon,region,which are not implanted hy said. .
e B Do R R e et o on
seriapiviiustiEtinig asstraihed chaionekfiblp efd ot trasisistoractoiding tGamn layer
of ¢ ' e in E : .2 11 illustrate stagesin, .
e tabnton o B R i et A P B oo o
YeC%ﬁégtngiﬁ@ teCEPamMBbdRtb At sPthaegion includes implanting said portions and

preferentially etching said implanted portions relative to portions of said silicon region
which are not implanted by said implanting.

Brief Description of Drawings

FIG. 1 is a cross-sectional view illustrating a strained channe! field effect

ransistor according o an emboediment of the invanfion.

FIGS. 2 through 11 Hlustrate stages in the fabrication of a strained channal

field effect transistor shown in FIG. 1, according to an embodiment of the



invention. Best Mode of Carrying Out the Invention A strained channel
field effect transistor (FET) according to an embodiment of the invention is
illustrated in a cross-sectional view, in FIG. 1. The FET 10 is either a
PFET having a channel region 22 of p-type conductivity or the FET 10 is
an NFET having n-type conductivity. The channel region 22 is disposed
below a gate conductor 29 of the FEY. When the FET 10 is a PFET,
semicepeueior alloy regions 39 are placed close to the channel region and
apply a compressive longitudinal stress to the channel region 22.
Preferably, the channel region 22 is disposed in a region 14 consisting
essentjally of silicon and the semiconductor alloy regions consist
essen"%’r%%&@ﬁi iHEGA YRR TR RYGRafter, the semiconductor alloy
regions 39 are referred to herein as silicon germanium regions 39. The
spacing of the silicon germanium regions 39 to the gate conductor 29 is
preferably 10 shreinedessidmerdésidorahesiieasigermaaumLeeiansg 3R tn
apply a stress having a desirable magnitude to the channel region 22. As

discuSTEE LBBUE! iR inRiss mirataled ihe eRveasHeIs WEthdPRET, The

- maki itchi t T more similar to the switchin
cpecd o o ALt oo B e G L ey o e
regioEfowever NetHikeathe; cagpeaitRa iz T CRENAELRIIMG BH @SSsposed
decreases the drive current of the NFET. Accordingly, when the FET is an
NFETERY theBifc SRYERRAMANPTehfofEB9 Yhieear the FI5E Which apPREL
com | itdinal e silicon . germanium regions 39 must
ciher B e o RS T R TR e SRR s e
than in thenpaseief theyRIickd| nresslas t@\Righseresaiyimpacipg e, the
drive current of the NFET. Methods of simultaneously fabricating PFETs
having eighed ¥hahfclisarre NIRET06 dhcutisinatessreidbseribiaimnd
the hgrein ine d lications.. In the following descrjption, ,
referéﬂn%e%év%%;mm%éie ?% he'%éé%lgca%%ﬁ’sgf aeﬁﬁggl%gio?f\?vﬁ#%% BrOVRTbH
that tHersiesasary septibicattansdnfosmdhey T raeersyeh Rssessibed,

in the incorporated applications.
germanium regions 39. The spacing of the silicon germanium regions 39 to the

gate conductor 29 is pfefer&biﬁ; 0 nm or less, In order for the silicon germanium
regions 39 to apply a stress having a desirable magnitude to the chaﬁne% region
22. As discussed above, such siress necreases the drive current of the PFET,
making the swilching speed of the PFET more similar to the switching speed of
an NFET thai does not have a stress appliad to its channal region. Howeaver,
uniike the case of the PFET, a compressive stress decreases the drive current of
the NFET. Accordingly, when the FET is an NFET and the silicon germaniurn
regions 32 are of the type which apply a compressive longitudinal stress, the

sificon germanium regions 39 must either be omitted or be placed farther away



With reference to FIG. 1, in a preferred embodiment, the channel region
22 of the PFET 10 is disposed in a relatively thin single-crystal
semiconductor-oninsulator (SOI) layer 14 of a substrate 17 having a
buried oxide (BOX) layer 18 separating the SOI layer 14 from a bulk
region 16 of the substrate. Alternatively, the substrate 17 may be a bulk
substrate, in which case the BOX layer 18 is omitted and such PFET has
a chapnel reaion ispased near e fop suage,ofaushBplic subsirate, o
When field effect transistors (FETs) are formed in SOI substrates, faster
switchingreiperatiatiig oftenrachievent thiamavieR TFERsrare formiedtimbulily
substrates, because in the SOI case, junction caﬁﬁacitance is eliminated

betwddHtRESHATRE Fayioh S brthe franrkistor didhthe BUR FedibH #8 oTre
the s in wAsfurthe I ' thod.is provi for.
£ ) .
e A
disposedanithiviansingle: enyatalegion.lé. dFerragiond#d senstalifgh that the
essentially of a first semiconductor such as silicon. When the first
semitepriFeir redifiedierthdor kT fpindfadesreetfdordudtserdingy in the
regions 39 consisti sentially of a second semiconductor material such
as sililé%mﬁpgé%r%%?ﬁarhr%a@ iich has a lattice constant which is mismatched to
silicon. Again, the semiconductor alloy regions 39 are referred to herein as
silicon germanium regions 39. In one example, the silicon germanium
(Sixeey) reffidnsigrergefinEEby: inforieinton sarecsimact ylerehponebiegioes?
by weight %@Ta Ge, respectively, and where X plus uals 100
percé:}r%ftlt. ﬁie rangé;]sso%s\f)aaﬁg ion é%é%%\g?ﬂ(%gﬁatr)i/gé%%r\ﬁ\éatgﬁgmg?ag?yon—
illustragviely, (BoiNeysery 1ete B90awantHA/FIUChH SAR8) XRRIIBENGNEIB0N,
varying between 99% and 1%. In a preferred embodiment, the PFET 10

has FePHAIS RegiSel dispokeldm & BUl fegien 14 ofrifsustbsirnisoditaentiviiie
801 layer 14 consists essentially of single-crystal silicon being essentially
devo%éoflésewg%en?? nt'&H §J ‘tahaé%s).l |§§H%§%%Fﬁaﬁu@?§gﬁ%%es %@ %%?%’%?ée* 8is

contetiuda chhdanes P beernabrHd0%ian dighadti 5% by weighkaldhe

combined alloy. However, the present invention is not limited to the
fabricaeib Pk trsistisrs Wisin felh sfied| regidrigdifiosetin dopued $ilicen

crystal, The single crystal, SOI regign 14 of the sybstragte may consist
esseﬁ%ﬁ@ggﬁ Si%(%@nr ég}?%ham uﬁ?%%%ﬁ%r?%aﬁs [%’é%vl%ﬁn%% I?ﬁ’%t%é?l’?‘llﬂ?
SixiGehewhersud andilearepaeaniages whemsel oikion 198%and i

the regions 39 of the second semiconductor consist essentially of silicon
germrifingan eitfaantnsropom ieshocst dingasanssiconatiftheriull region 18
Si4G§%g \é\ﬁ%%{re )él and y1 are percentages where x2 + y2 = 100%, x1
being no equaFEo'xZ, and y1 being not equal to y2. In a method according
to a preferred embodiment of the invention, the second semiconductor,
being lattice-mismatched to the first semiconductor, is formed by

As iurther described herein, a method is provided for fabricating an FET

such as a PFET 10 having a channel region 22 disposed within a single-crystal
region 14, the region 14 consisting essentiafly of a first semiconductor such as

silicon. When the first semiconductor is sificon, te PFET 10 inciudes



epitaxial growth adjacent to the channel region 22 of the PFET 10.
The teachings of the present invention shall be understood to also apply
to the fabrication of transistors in other types of semiconductors such as in
[1I-V compound semiconductors having a composition
AlAlneGacAsePENE , wherein A, B, C, D, E and F represent the
respective percentages of each element Al, In, Ga, As, P and N in the
semicenfisianEy bl i8cRe e AlAgemINialindidfit: GalithRAsseRigRucior
(GaAs), indium phosphide (InP), gallium nitride (GaN), and InGaAsP
being sitiror e ptiscof savhesbmiconcludtess 2AkEiITratboslizthevhich is
teachings of th re?ent invention also apply to the fabrication of a
Sriesn

transiZt5IHCAY GifbORA e RESH Jegion evongs AR TSP
In Figueed, 4081RAR0RhARAIANLR A 836 RFEAL LOLRASROSERDE MR nium
gate conductor 29, preferably having a lower layer 26 of heavily doped
polysiliEigieih egivtacawitivinghteydicienttia 2iheThe gateydeteolice?higes by
preferably consists of a layer of silicon dioxide thermally grown on the

single“BIY%A1 SEAN Sia (RIBF LG4 VAR nablely, Sl at8bmsrsethcThe
can b : o : : lican-nitdde. or such

e o Ko Soioh Hledie St of NGy it
dieledtrim ritateri., imdirembodisaentdnalpoedians 23,aphbendensmy, and
regions 25 are disposed adjacent to the source and drain regions 24 in the

vicinity’of thd RBEHREISBH6ITe ot i EFér e meampuaniserispased in a
halo regj ng.e J jons royi .the halo,.

regior?s@ Iz%ggerﬁ fxtgzgéj%vr%%%grig{%% bﬁlggég%t?%lal ?ga%ﬁl%ésst g?séer%ﬁauy of
providiegiacoetdingitortheiparisuatiapsignoequiranentisaf theP e lsiBon

The polysilicon lower I\%er 26 of the gate conductor 29 is heavily doped to

a corRERRAKBh B B BAYaEdaE SOTTEMIT IR IRiHRS: ARt Alvenpd
arou%&ﬁ%@&w&g&{gg@g he, gj}l&ﬁg?pn layer 26 of the PFET 10
includes a p-type dopant suctf'u as boron for the purpose of matching the
workfunction of the p-type conductivity of the inversion layer of the
channel region 22 when the PFET is turned on in operation. The gate

conductor 2§i¥teraity AR THCItEEERs |dw-pekidtaisse Bortienfplrication of
disposgd.abave.the, RRLsIlican; ' -resistance portion 28
has mucH less re@%tance thar? 't%%r %ﬁgﬁéﬁﬁ:ﬁgp%%r\#oﬁgg? é}ﬂﬁ% é?r’e#ereaﬁr)‘/gie
includestal ns&al ravisiticide «ff ehenetalsiendaitayncanprefemeshembadinggain
the low-resistance portion 28 includes a silicide formed by a self-aligned

procéSETEMAICIALTY BRI Erasiae br any!samase fheiarintliding! uenot
"m'tegéopg&%ﬁ{ggggom%%%3@:9%&%.0'9& OIh@'%é%%'?ggP@ the, second

palladium, platinum, tantalum, titanium, tungsten, and vanadium.
prefesallyoribecsificigeiineludes0pbetsaitiniogstasiatnn sHiricis: thAsbns
silicide, tungsten suicide, and/or nickel monosilicide, Alternatively, the

gate ¥RRIEAP EasRvdaE L Anekelffay etharotd o) Frarnspriteses where
lysili i t ith t dielectric. 27, which I
poly cggéa_y €6 O'Qicl%glrﬁ%gfl '%sugetfg?aéﬁ gé'l g? LS v%\]/% Lel%c‘%% ﬁ?g{; ?r? a

take the place of the over owW-resis yer a
layermpseigrakiyohmving beandiermme dbasaireplacamentgalaiaierRidhcong
temperature processing of the source and drain regions of the transistor
has 58E¥estHpRetdging laitice-mismatched to the first semiconductor, is formed by



The source and drain regions 24 of the PFET 10 are disposed at least
partly in the silicon germanium regions 39, each of the source and drain
regions 24 being laterally spaced from the gate conductor 29 of the PFET
10 by a first dielectric spacer 32 and an oxide region 31 disposed on the
sidewall of the gate conductor 29. In such way, the source and drain
regions are placed at a desirably close spacing to the channel region 22,
the spaging bRie FRRKAIMAIR! LRI R JS IR opiRE Brene@mbodiment
10 rim, such spacing desirably coinciding with the spacing of the silicon
germanium regions from the channel region 22. However, the spacings of
the source and drain regions from the gate conductor can be different
from the SpRUNGE PG SITCBR SRHRAATAT B PeSRE RS R 2R ©
CONAYRIGEricabASGOHARILRMUORSHL AR, dUUStrativelydthin thermal oxidgs,
formed by oxidation of polysilicon material that originally fills the space
betweemthendxicleiregions: S hatmghe empaditent, sbougdipTiG, Fherain A,
low-resistance Iacgers 40 on each side of the gate conductor 29 are

spacBdFromieEo eSSt SRRRTTGHRe P B ue S Eictich SfIesifY, In, Ga,
Spacﬁ_&,%‘-aFQ%x'%Wﬁ%‘?&éﬁ’i@%ﬁ&u!ﬁéfﬁér&%ﬁﬁf?&%@%&éﬁ&Q&Jﬁ%‘{g"%ﬁ

iy

i
self-aligned manner, i.e. a ‘isalicide”, from a metal deposited 6n theraﬁgy%}{n
39 ofssilicite geamsninduanshtibeneaiten P aptiidnvithiteeGlicpn germaaiun
to form the suicide. The silicide can be a compound of any suitable metal

incluBRPRATHORNIRAERIES CHBAR TREIBERHIRR: £lnentsheide smaslires, of
oty alladium, nlatin a0 e, ndyenai
niobigy &eé%ﬁy'%@tﬂ% Wy &s&yamhga?f«ggfﬁg? Hnoqsgteglaﬁna&%gg? Ly

More prefera includes co e, tantalum suici
titanicemsoieidiesrtivagstemsidigiske, and/or nickel monosilicide. FIGS. 2
through 11 are cross-sectional views illustrating stages in the
As further shown in Figurs 1, the channel region 22 of the PFET 10 is
disposed below a gate conductor 29, preferably having a lower layer 28 of heavily
. doped polysiticon in contact with & gate dislectric 27. The gate dislectric 27
preferably consists of a layer of silicon dioxide thermally grown on the single-
crystal semiconductor region 14, Alternatively, the gate dielectric can be any
suitable thin dielectric material such as sliicon nitride, or such materials commonly
known as high dielectric constant or “high-k* dielectric materials. In an
embodiment, halo regions 23 and extansion regions 25 are disposed adjacent 1o
the source and drain regions 24 in the vicinity of the channal region 22. However,
in some embodiments, the halo regions 23 and axtension regions 25 are not
provided, the halo regions 23 and exiension regions 25 being optional features

that are provided according fo the particular design requirements of the PFET 10.



fabrication of an insulated gate strained channel field effect transistor
(FET) according to a preferred embodiment of the invention. As is the
case for all drawings referenced herein, the features shown in FIG. 2 are

- not drawn to scale. 90. 2 illustrates an initial stage in fabrication in which a
silicon-on-insulator (501) substrate is provided, from which the PET is
fabricated. As shown in FIG, 2, the 801 substrate 17 includes a relatively
thin silicon-on-insulator (S01) layer 14 and a bulk region 16 separated
from the 501 layer 14 by a buried oxide (BOX) layer 18. FIG. 3
illustrates & stageyiitahrisedicayin 2evicha {pyeteddsinckobas leenyfaspedo
over the 801 substrate 17. The Iayered stack mcludes as listed in order

from ThePSENiEier 1 bpWRRIS R atR di‘@l’iecﬁ“é 5% aiay divekRiirsernd

26, angkd S i Iy h qverlie

the pg %n%%@g%%hg Ig{g%géleleget}rl ﬁ%ﬁ%@@% e’?fg suc[htgjs
thosejdgsardied abeven andis farmoes Gusas )b aFPal@XERBOROP-type
thermal nitridation of the silicon-on-insulator layer 14. Alternatively, the

gate ERBRBEHHE Y i foltmeraitsy B olitien ceapetisiffdow2prbssuhe PFET is
chemical a s de ition (LPCVD). Still other i fd| Iectrlcs such as
thosnegusesfec d'Ho ergﬁ?/no#ée\?eéal%\o/n tr%% §§§%% ﬁ?gf?%‘ijgl% fHidow-
constasbmaeriaisitalse refgsesitanschigh-Sdlisipeiicmuierials)gan be-
formed by deposition in place of silicon dioxide or silicon nitride. As

partiéﬁW%WﬁQH ﬁﬂ@a%,M@@@y%%@%ﬁdﬁ@h%@&fﬁﬁf&wmﬁm 28,

hardma, k tternin Iaye ich unde lie the oxjde layer 46.
Suchaﬁgsr dhask It‘a“p? Sré o va 3&&%%?& BkitBcPrifiared

eris prefer y brovide

tetragthiviarthng) eatR A TELRBharapmen 2o hRMRINAEGNde formed by & sel-
borophosphosilicate glass (BPSG) or undoped silicate glass (USG), The

polydiligest Iﬁ%ﬁ%i%"p@&f@‘rﬁbl?@ﬂ@d@ pleider dighnilysdivpel raethingtalge ofit
fabrication. an e do referred vy dopant concentration,
such': ag fﬁ\ﬁtoet?gc i%On i;ilrl%p ?ﬁ%%?gﬁ aPa 13ESF Y % ng%%}lc%{?%fﬁm Pajgiiung,

illusteases.msubsaamMeniaies offabieation aisidm.aatesiackdasb ?e@ne
patterned from the layered stack. As shown in FIG, 4, the gate polysilicon

Laye?“@@ea@%lt@eéaﬁt@%lééc% arideduojariicisis Hiamide dlicilowurpsamasilside,

patter tﬁ:‘ tack qver the gate dielectric 27, which, in turn, overlies the
sritcd
subs?ra '7 |on Sidewalls of the gate polysilicon layer 26 are

exposed by the patternlng and are thereafter oxidized, as by a thermal

oxidation, to form oxide regions 31.
Alternalively, the gate conductor can include a metal layer (not shown) in

the place of a polysilicon layer 26 In contact with the gate dielectric 27, which may
also take the place of the overlying low-resistance layer as well, the metal layer
preferably having been formed as a replacement gate after high temperaiure

processing of the source and drain regions of the transistor has been completed.

The source and drain regions 24 of the PFET 10 are disposed at least



Thereatfter, as shown in FIG. 5, a pair of sacrificial spacers 50 is formed

on the oxide regions 31 overlying the sldewalls of the polysilicon layer 26.
The spacers 50 are preferably formed of a dielectric material, for example,
silicon nitride, which has good etch selectivity in relation to silicon dioxide.
Thereatfter, as shown in FiG. 6, a vertically directed ion implant 58 is
performed to regions 65 of the SOI layer 1410 help define the depth of the
botto s i | Q il ium.reqi
ot T e et o o s
implagtes: sin gleelystabsiichonmbaiegiad itoregians BbJOReAFITNG by a first
material therein to be etched preferentially in relation to other regions of

the SOV REYE SPACEUEh 16% Pkt ROE o rieRpsrst @xHimpidsvsyl of the gate
implantati ' i under dos and with sufficient
energ) e B R R A e e
SOI layes 3hetinG @ suhskatestyrically HsegddaagbimthippRixdessdhanio
100 nm, and more commonly having a thickness between about 40 nm
and 70 6 PREferaphe e deein s an. suebriseh depehi 6 oolopiingisrih the

close to the tgghs@ugglce 64 of the BOX layer 1§ in erer for theégé?{% ovar,

formed silicon germé?'r% ﬁ]@?gg}’g%fg {8 gfgmigﬁ?y%a@@?hée%%%c

SOI layesdAipihasedagions 65 Besiradiinthedsienth 800LHRI8r can be
implant from the top surface of SO1 layer 14 (defined by the gate
dieledifieran)res dsmCHGsate ief afiect aptimafitine aby sapface idndhitheste
BOX El)%gr 08r' In one embodiment, when the 501 layer 14 has a thickness
of abou nm, the regions 65 are desirably implanted to a depth of 30
nm or moreyA sikglerepsial SiGe regiarrbieBAMBAhaIBikasdhickess,
as the SOI layer 14 imparts a compressive stress on adjacent silicon
regiopsdgigorrErelsiinepareidrisl hebiBenalyidihsalha degsth Bovisshigieepxide

than could chieved.than if the SiGe ion,were much thinner than the
o1 1 e BarTAE BP T L e o S A oo
silicogide of RERIENRGAGEIP 2F af RFREESRIMRBETR e WhichiPrelRreBially

etches the implanted regions of the 501 layer 14 selective to the
singlé-epgsndl sitieshiensneriil HF thiee SOI-legjeletde Thiw firgrefsswhbsaltsiride

producin ened regions 66 having depth 60 and lateral dimension 62
ot (SRS R T ] Stne e BB a2 R OHERS (F1e
6). SughreishiNeas YRR HRM R B:A8AFINAIO BT GR(BHEPIRCRS fum

an isotropic etch selective to the single-crystal
to form the silicide. The silicide can be a compound of any suitable metal

“including but riot limited to cobialt, malybderum, a monosilicide of nickel, niobium,

paliadium, platinum, tantalum, tianium, fungsten, and vanadium, More preferably,
the silicide includes cobali silicide, fantalum silicide, fitanium silicide, tungsten

silicide, ant/or nicke! monosilicide.

FIGS. 2 through 11 are cross-sactional views illusitrating stages in the
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silicon material of layer 14 that has not been pre-amorphized, or a
combination of the two. For example, in one embodiment, a RE process is
performed, followed by an isotropic etch for a 'cleaning purpose, e.g., to
remove damaged areas of the layer 14 that remain after the RIE process.
Such etch for a cleaning purpose can be part of a two-step process in
which an exposed surface 68 is first oxidized, as by a thermal oxidation,
and theyxile themaiiruERROYed. aRb¥dSHHEPRIS Giohiagedd ANAIREF (FET)
embodiment, a RIE process is performed, followed by a short duration
isotroisicostion &F theoreipigininiayierety of titidore résulthsgisniopensdior all
regiogs 66 Whi?h gfngnrall .COI cifde with the pre-amorphized regions (FIG.
6). In“KROI9E ERIBEHMEHE L 55T BN Chr s paffoPriciidRpeale:
conditiens sA-a84Q Undarsttihe remicndvsianRatetatwmbich-Knderliesy,
portions of the spacer 50. With additional reference to FIG. 1, the lateral
distangestaiwichiozaiel, Spacen B0 aRge e dtipicsadhietching im &ifurthene
param }er available to control the proximity of the SiGe regions 39 to the
chanﬁ§ RYRRS 2 bitREdeR T REvely kP *gﬂe"e%@%ﬁﬁwfﬁ?&ﬁ@esfwd
layerohsinalgcr Y8iabslicen ERMANN 159 By IRANENE0hOX) yer
epftaxially grown over the top surface 68 of the single-crystal silicon to
form #ilicon germanium regions 39. During this selective growth process,
the SiGe material is not grown or deposited in areas covered by the
spacers 50, oxide cap 42 and nitride cap 44. In an embodiment in which
the 301 layss 4 Ekles Sl AMIACAREORITANMEELERRIRILIE
SiGe regions 39 grown at this time have a substantially higher percentage

of geimramilovethibn Sditsobireis0 Y. [Aye tzidcthgspe icantag =6 meantestof
the regions 39 is selected as a parameter affecting the stress to be

appliBetdhEharRiel tegNR S e Etigesiia o rianeerinalatis g 8kimt
of th i 30 tathe edge, te-palysilico ickness

the T S S s e sy o o S e e e
time Jahe sdcrificiajsipadiels:50 taveckerses theisdunstion of spacingstibed
SiGe regions 39 from the gate polysilicon 26, and are then removed from

the TR YPRceTEB0a Y TBRTBSL kRN 4 IaBHEDiciEtatas thibe
silicop:pitride ; ial p ctive. ta.oxi fo llico

i S e P o
nitridéepagtidd, kemerigitheodesap d2andisidpaaliamdsereqgionsySil s
place over the gate polysilicon layer 26, as shown in FIG. 9. Referring

to FIBNYOYRGRIPHHP SR HPR fadReersrivstret mman e arussd msiiaeyn
using;the.gaig,palyallican. %ﬁ@%%@&és%g&? RhbASAMASK O deline,

halo regions 23 and extension regions 25 adjacent to the charinel region
22. Thisepratess besultssin i ecpiStoraginas:39 Heingdmmanieditemmaarth
70 as indicated in FIG. 10. The formation of the halo and extension
regions after the formation of the silicon germanium regions is beneficial
as follows. ili ' egi re best.formed on surfaces of
a SihglG-Cf@%%%@%@h%&%?ﬂﬁﬂwg ég sglh%g%gj%ﬁég?él%l%gﬁ Ruhich have s ed
dopaittenrsenyation yuhishiig spatiady Wniteromabre iisalus i BfOETCh
dopant profile ‘results when the halo and extension regions are implanted.
E pitdRFEHEWtRGT siffcoRrglerbinidravishtb Qsrfateyrivigrasion-Uriform
dopant profile is undesirable, because nonuniform dopant profiles can
cause defects in the crystal lattice at th% locations



where the silicon germanium and the silicon crystals meet. Such defects
can degrade the characteristics of the stress to be applied to the transistor
channel region by the silicon germanium regions. These problems can be
avoided according to this embodiment of the invention by growing the
silicon germanium regions onto surfaces including the sidewalls 30 of the
silicon region, through use of sacrificial spacers, removing the spacers,

and thereafiesPREMRENgrined)alvand e XensitnHmpantsoroprtEsiaaiiel

with reference to FIG. 11, a new pair of spacers 32 are formed on the

sidewifissoftifeGtroctndopyer dhieakidetal (Bkde rEfonaimlicn daer 26 is
embodiment, the new s s 32 are formed of silicon njtride, in order to

permffrﬁr?%f’?r‘s}) agg??gpt%él?g %ﬁ[’i’e{g}%@ F?fE%Se?i i ?t%%}ﬂ%ag?ﬁdéi}%gfé%ffa‘f?ﬂﬁd
the oxidereanitd AR e siieen-ABdSife Malet alscab e S o, at a

However, any dielectric material, for example, other non-conductive
nitridésstiskpeanipeiettbmed selectively to silicon dioxide and other silicon
oxides, silicon and SiGe can be utilized in forming spacers 32. Using gate
polysilicon 26, oxide regions 31 and spacers 32 as a mask, an additional
implant 72 jg-perigrmegds.Rerorment f&agg%@?ay?@a%@éé!%%%dg%@@m has
regions 24 of the FEY. This implant also has the effect of implanting the
SiGeregigriBestbiadapthiaid md icndy sither befilie saime gadiffortintn
from the depth 70 (FIG. 10) to which the halo implants and/or extension

?mplalﬁi@r _ e BB TR HTOE e@%@dﬁﬁ@n‘f?ﬂ‘n@@%ré@ ARY drEiRetfioh
implagn 6.1 nerommed ala daseubighiishigher &f{i&n% GIROTERHAS She
of magnitude than the implants used to form the halo and extension

regionssBatee the spiitingsidefthle sbiwogensbilsirunegionss24dwpnibe by
gate polysilicon 26 are defined by the spacers 32 and the spacings of the

silicoR Y ERTERItPrEGREh dheeRbTh WETRkePB ol <hidsHDY ardeligindel oy
the sgﬁggjq%}oﬁga@ers 50 (FIG. 6), it is evident that with this embodiment
of the invention, the spacings can be controlled independently. Thus,
while the particular spacings from the gate polysilicon 26 of the source

and drain regions 24 are desirably close to those of the silicon germanium
regions 39! tREPL A8 SBMIRTR Gicheb &% sarriieia sReer itisformed on
som ; 1ot ilic r . ferri
G e ety aampiate fo e LB A e
thereipacmlslisiorad spaieersBbaredaime darcsidewalls:pfithefistsn anres:
32, the additional spacers 34 consisting of a dielectric material, such as a
nitrid@EEpEEidNYASRESH FithdeeribH s Ine &efisenidiaisanner which
etches at a comparatively much faster rate than oxide, silicon and SiGe.
Thereatfter, the oxide cap 42 (FIG. 11) covering the top surface of the gate
polysiliconTayess, isseshovadnasby @ etchi@iycasswhiahissaiecteis
to silicon nitride, A metal is then deposited which is subject to react with

polySIREBHERPIREPEIER WifsrRPAREEC Tk salirié voipmigiihasption
be o r JnQr f | Is.in ing, but not limited tp: cohalt,
moly%8 enéam(%w‘gld %ﬁ%sﬁ%%ﬁ%% %&%5‘%@@%&8‘%"& adiur m"?B‘l%‘%?#ﬁ rar.%,w'la&}je
tantaermeditasisme (UTIgS TR, iapthmanadiLimditer e preferab bk Jharsuigign.-
that is -formed by this step is cobalt suicide, tantalum silicide, titanium

suici BRIy sehrurigenor ke Pintorissmgide, material therein to be etched

12



The substrate 17 is then heated to accelerate the reaction, resulting in the
formation of a suicide 40 overlying the SiGe regions 39 and a gate suicide
layer 28 overlying the gate polysilicon layer 26. Such silicides, which form
only in the areas in which the metal contacts the silicon and SiGe, are
known as self-aligned suicides or "salicides". In this case, the silicides 40
and 28 are self-aligned to the spacers 32, 34 that intervene between the

gate pRiysilisRM2A ANdithe-SiES: legions Aopareis St felmed altenihes

spacers 32, are used to control the spacing of the suicide regions 40
separatsiyfremithespagingyofthierSiBe EgieonsitiuthéCgaterpolysiicdrsafs
The spacers 34, the thickness of which can be adjusted independently

from SPECEHE S9TGRBWAIRES SAcG BRI HESSHIRR R S¥Ef R dliagy dfigerial
the gai aplyelican 2hde e ndaneadentl 6RRURIEL, waACearingly: B

structure and method has been provided herein by which the location” of
the hdleredibns, 28damdrthevextenisicavegotiscRixaredormedBierd0 nm and
semiconductor alloy regions 39 of an FET and are controlled

indepéh H@nﬁﬁﬁé"i‘ﬁ ¥%Qﬁﬁ%§%ﬁm@§%m@§§% Bhamiradiciree R hadkey
the present igyentiondovides an fﬁ‘EJé%Y%Qg et (;fé% %’?ﬂ%&%r&%%eg%%nanium

controlling the fabrication of FETs having strained channel region
Whileréigerin entibsttisibesie desgipedonita refenepgertoicarain pisiared.
embodiments thereof, those skilled in the art will understand the many

modiffitigRY dhe Eih At aBAteMinsirehiiase hralge Gitfeatddsrtmmg 14
from Ia g e and spiri inveption, which is limite I the
i QR R d?&é&ﬁé?é. SRR

appe& e éﬁa%s. F%%r example, in he initial Baﬂ%e%%%éa[ﬁgs %@E Ié?zf?f)

nitrideusgions oahdBEisppset omsidewalls afhie, paksiieasORYeE26! iIRas

place of the oxide regions 31 and a nitride cap can be used in the place of

the o)?ié@‘%ﬁ@ﬂ?f about 40 nm, the regions 65 are desfrably implanted to a depth of
30 nm or more. A single-crystal SiGe region of the same or similar thickness as
the SOl layer 14 imparls a compressive stress on adjacent silicon regions. Such
stress imparied by a SiGe region at a depth 80 is higher than could be achieved

than i the SiGe ragion were much thinner than the SOI layer 14, due to

distribution of the slress over a Jarger area of the silicon,

Heferring to FiG. 7, a process is performed which preferentially etches the
implanted regions of the SO! fayer 14 seleclive o the single-crystal silicon
material of the SOI layer 14. This process results in producing opened regions 66
having depth 60 and lateral dimension 62 that generally coincide with those of the
pre-amorphized regions 65 (FIG. 6). Such elch process s petformed by a

reactlve ion etch (RIE) process, an isolropic eich selective to the single-crystal
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overlying the polysilicon layer 26. In such case, the spacers 50 can be
formed of oxide instead of nitride and then the processes used to remove
spacers 50 can be selected such that oxide is etched selective to nitride.
Industrial Applicability = The structure and method according to the
invention is useful in the fabrication of semiconductor integrated circuits,
and provides a cost effective method of making a strained channel field

effect@rmmi&h:&ﬁ&ﬁ%i&)f@umw amsinsutatedogatentieloetieot mramlsmﬁen of
(IGFET) in which a stress is applied to the channel region by

semidbpdiRtSicars SN A aiR BRI e S ﬂf@%?%ﬁ‘ﬁ@"f@*@?@ﬁ follawed
Clalmi%% i3] 13(%%}3@00 g‘zc% %‘&bnc%&%a fﬂﬁ ﬂoﬁge‘étg"%%%%{éé:@é &d areas of

com
the iay’e? 14 that remain after the RiE process. Such eteh for a cleaning pupose

can be part of a two-step process in which an exposed surface 68 is first oxidized,
as by a ihemal oxidation, and the oxide thereafter removed, as by isofropic
elching. In ancther embodiment, a RIE process is pedormed, followed by a shon
duration isofropic eich of the remaining tayer 14 of silicon, resulling in opened
regions GG which generally coincide with the pre-amorphizad regions (FIG. 6). In
another embodiment, the Isotropic efch can be performed under condilions so as
10 undercut the semiconductor material which underlies portions of the spacer 50.
With additional reference to FiG. 1, the lateral distance to which sach spacer 50
s undercut by such eiching is a further paramelsr available to control the

proximity of the SiGe regions 39 to the channel reglon 22 of the FET 10.

Thereafier, as shown in FIG. 8, a layer of single-crystal silicon germanium
{SiGe) Is selectively and epitaxially grown over the fop surface 68 of the single-
crystad silicon to form silicon germarium regions 38. During this selective growth
process, the SiGe material is not grown or deposited in areas covered by the
spacers B0, oxide cap 42 and nitride cap 44. in an embodiment in which the 801
layer 14 includes SiGe having some gemanium (Ge) content, the SiGe regions
39 grown at this fime have a substantially higher percentage of germanium than
that of the SOI layer 14. The percentage Ge conient of the regions 39 is selecied

a parameter affecting the stress o be applied % the channe! region of the
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patterning a gate polycrystalline semiconductor layer overlying a single
crystal semiconductor region of a substrate having a first composition to
form a gate polyconductor ("PC"); forming sacrificial spacers overlying
sidewalls of said PC; recessing portions of said single crystal
semiconductor region in locations adjacent to said sacrificial spacers;
epitaxially growing regions consisting essentially of a single crystal

semicepdyclor alloy.insaidHlocalians, spid-spipiaensieioraliayeginngate

having a second composition different from said first composition, such
that paighsiastifieiahsphicerssatdietistpairthy G8terthine firseaparingsny. of the
between said semiconductor alloy regions and said PC; removing said
sacrificleP¥paléers; and completing said PET, wherein said
recessing portions of said single crystal semiconductor region includes
performing ion implantation in said portions and subsequently etching said
implanted pettienspyeferaniiiyl sotativesnipodisnsedfiissidusivigie drgstaing
semiconductor region which are not implanted by said implantation,
the SiGe regions 39 from the gale polysilicon 26, and are then removed from the
structure. The spacers 50 are removed as by an isotropic etch of the silicon
nitride material of the spacers 50 seleciive 1o oxide and to silicon and SiGe.
Femoval of the spacers 50 also results in the removal of the niiride cap 44,
jeaving the oxide cap 42 and sidewall oxide regions 31 in place over the gate

polysilicon layer 26, as shown in FIG. 6.

Referring to FIG. 10, with the sacrifictal spacers removed, implants are
performed, using the gate polysilicon 26 and oxide regions 31 as a mask, 1o
define halo regions 23 and extension regions 26 adjacent 1o the channel region
22, This process results in the SiGe regions 39 being implanted o & depth 70 as
indicated in FIG. 10. The formation of the hale and exiension regions after the
formation of the silicon germanium regions is beneficial as follows. The silicon
germanium regions are best formed on surfaces of a single-crystal
semiconductor, e.9. singie-crystal silicon, which have a dopant concentrafion
which is spatially uniform. A verdically non-uniform dopant profile resutis when the
halo and extension regions are Implanted, Epitaxial growth of silicon germanium
onto surfaces having a nen-uniform dopant profile is undesirable, because non-

uniform dopant profiles can cause defects in the orystal lattice at the locations
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2. The method as claimed in claim 1, wherein said single-crystal
semiconductor region consists essentially of silicon and said
semiconductor alloy regions consist essentially of silicon germanium. 3.
The method as claimed in claim 2, wherein said step of completing said
FET includes forming second spacers overlying sidewalls of said PC and
performing source and drain implants to at least said silicon germanium

regions,Hsipg SdE G AR R0 SRCORARRAL SIS &5 MAsKs An [BBats can

method as claimed in"claim 3, wherein locations of source and drain
regionishcatt FEhkrasedeterniitedsbyssaidisourpteand draimimpanisannel
and said second spacers at least partly determine second spacings

betwdBHBalY SHarEdEHdBFE PG GPEM%RAd sEGP O dblemie b daided

stweBh Sl BrERTHcrd Bt sk ek
coco e T TR B A R my

of comepietingheaithfcdsmtlbanialusdesprsfopingalieasi-gre efaigh use
extension implant and a halo implant prior to forming said second spacers.
of sacrificlal spacers, removing the spacers, and thereafter performing the hale

and sxiension implanis.

Thereafter, with reference fo FIG. 11, a new pair of spacers 32 are formed
on the sidewalis of the siructure over the sidewall oxide reglons 81. In one
embodiment, the new spacers 32 are formed of silicon nitide, in order to permit
the spacers to be formed by RIE selective to the oxide materlal of the oxide cap
42 and the silicon and SiGe materials of the structure. However, any dielectric
material, for example, other non-conductive nitrides, that can be etched
selectively to silicon dioxide and other silicon oxides, siicon and Si3e can be
utilized in forming spacers 32. Using gate polysiicon 26, oxide regions 31 and
spacers 32 as a mask, an additional implant 72 is performed is performed to
define the source and drain regions 24 of the FET. This implant alsc has the
effect of impianting the SiGe reglons 39 to a depth 74 which may efther be the
same or different from the depth 70 (FIG. 10} to which the halo implants and/or
exiension implants were performed. In one embodiment, the source and drain
reglon implant 72 is performed at a dose which is higher by one or more orders of
magnitude than the implants used to form the halo and exiension regions. Since

the spacings of the source and drain regions 24 from the gate polysiticon 26 are
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7. The method as claimed in claim 2, wherein said silicon region is
disposed in a silicon-on-insulator (S01) layer of said substrate overlying a
buried oxide layer of said substrate. 8. The method as claimed in claim 1,
wherein a depth of said impiantation determines a recess depth to which
said portions are recessed. 9. The method as claimed in claim 1, wherein
said implantation implants germanium into said portions of said single

cryst%ﬁﬁaaﬁ%gqﬂ&%gyc@mn&%&gaaﬂa%%@@ﬂ&@ve%é&ﬁ%%éfg% s 39

transistor ("FET"), comprising: patterning a gate polycrystalline
semidanial tictoelayelyelicrty ifgae sicigleidrystalsserfidanguctar tegion. 6f,a: is
substrate having a first composition to form a gate polyconductor ("PC");

formiffy SHEMHRIAMETRSAEBIEIMG Sradwaniops Laignpeies can be conirolied

independsntly. Thus, while the particular spacings from the gate polysiticon 28 of
the source and drain regions 24 are desirably ciose to those of the silicon
germanium regions 39, the source and drain regions 24 can be spaced either

somewhat closer to the gate polysilicon or farther away.

Referring o FIG. 1 again, processing is performed to complete the FET 10.
Ag shown therein, additional spacers 34 are formed on sidewalls of the first
spacers 32, the additional spacers 34 consisting of a dielectric matedal, such as a
nitride, especially silicon nitride, which can be etched in a rmanner which stches at
a comparatively much fasier rale than oxide, silicon and SiGe. Thereafter, the
oxide cap 42 (FIG. 11} covering the top surface of the gatle polysilicon layer 26 is
removed, as by an eich process which is selective fo silicon nitride. A metal is
then deposited which is subject 1o react with polysilicon and with Sile to form a
sflicide. The silicide forming metal can be one or more of the following metals
including, but not limited to: cobalt, molybdenum, a monosilicide of nickel,
niobium, palladium, platinum, tantalum, titanium, iungsten, and vanadium. More
preferably, the silicide that is formed by this step is cobalt sificide, tamalum

silicide, fitanium silicide, tungsten silicide, or nicke! monositicide.

The subsirate 17 is then heated fo accelerate the reaction, resulting in tha

formation of a sificide 40 overlying the SiGe regions 36 and a gate sificide layer
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recessing portions of said single crystal semiconductor region in locations
adjacent to said sacrificial spacers; epitaxially growing regions
consisting essentially of a single crystal semiconductor alloy in said
locations, said semiconductor alloy regions having a second composition
different from said first composition, such that said sacrificial spacers at
least partly determine first spacings between said semiconductor alloy

reaions SNSRI Gl BROAL) SoassiRSRRRRSS AN GBmPUAING tne
said , wherein said single-crystal semiconductor region

consigtsessemimllyofeiit oonantt saddsisem isan 8idxtoral loywegio nsiotinsast
essentially of silicon germanium; wherein said siliconéﬁs%ion is disposed in

a silico¥rees ipisERaES 0t) iy erssr e SR Al @l ehdivg e iR 5xite
laver af.said Subsyale: Andherein s AlPRAL BEESAIA 98d RotHenaAl
said siflcon region includes implanting said portions and preferentially
etchinggiiel smpipatedpurtinnadelativeto ppatiensif sadsiiton cegiohthe
which are not implanted by said implanting. _ . ,
spacing of the silicide regions 40 separately from the spacing of the SiGe regions
1o the gate polysilicon 26. The spacers 34, the thickness of which can be adjiusted
indepandently from spacers 32, allow the spacing between the silicide regions 40

and the gate polysilicon 286 to be indepandentiy controlied.

Accordingly, a structure and method has been provided herein by which
the location of the halo regions 23 and the extension regions 25 are formed after
semiconducior.aﬁoy regions 39 of an FET and are controlled independently from
the locations of the source and drain regions 24. Thus, the present invention
provides an improved methoci and structure for controlling the fabrication of FETs

having sirained channel regions.

While the invention has been desctibed with reference to cerlain preferred
embodiments thereof, those skilled in the art will understand the many
modifications and enhancements which can be made without departing from the
true scope and spirt of the invention, which is limited only by the appended
claims. For example, in the initial patterned gate stack (FIG. 4), nitride regions
can be disposed on sidewalls of the polysilicon fayer 26 in place of the oxide

regions 31 and & nitide cap can be used in the place of the oxide cap 42
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11. The method as claimed in claim 10, wherein a depth of said implanting
determines a recess depth to which said portions are recessed. 12. The
method as claimed in claim 11, wherein said recess depth extends to
about 80% or greater to a depth of a top of said buried oxide layer from a
top surface of said silicon region. 13. The method as claimed in claim 12,
wherein said recess depth extends to about 90% of said depth of said top
of saiddynigdiexidedtiyet. ald: Thesathogsas nkasmedinsclaim Ad formed of
wherein said implanting implants germanium into said silicon regions. 15.

The REdpdeFaICRiMERe PR I fOARISES HERTS IR JBRNG e 50 can
SPacEIS. e %8.%{90@%%99%&&%%‘%%?&?‘?&5%{@ "f&%}g‘%’fﬁg,'c'd.e overlying said
silicon"germanium regions, said silicide spaced from said PC by said
second spacers and said third spacers. 16. The method as claimed in
claim 15, further comprising oxidizing said sidewalls of said PC prior to
forminiguskief Aeplinsdidy

The structure and method according to the invention is usefil in the
fabrication of semiconductor integrated circulis, and provides a cost effective
method of making a strained channel field effect fransistor (FETs) such as an
insulated gate field effect transisior (IGFET) in which a stress is applied 1o the
channel region by a semiconductor alicy material disposed adjacent the channel

region.
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17. The method as claimed in claim 16, wherein said sacrificial spacers
include nitride spacers disposed on said oxidized sidewalls of said PC,
and oxide spacers disposed on sidewalls of said nitride spacers. 18. The
method as claimed in claim 17, further comprising forming a gate silicide
from said polycrystalline semiconductor while simultaneously forming said
ic{i} e overlying said silicon germanium regions. STRAINED CHANNEL
EFFECT TRANSISTOR USING SACRIFICIAL SPACER
ABSTRACT .
1. A method of fabricating a field effect transistor ("FET”), comprising:

patterning a gate polycrystaliine semiconductor faver overlying a
single crystal semiconductor region of a substrate having a first composition to form &
gate polyconducior {(*PCT);

forming sacrificlal spacers overlying sidewalls of said PC;

recessing portions of said single crystal semiconductor region in
jocations adjacent to said sacrificial spacers;

apitaxiatly growing regions consisting essentially of a single crystat
semiconductor alloy in said locations, said semiconductor alloy regions having a
second composition different from said first composition, such that said sacrificial
spacers at least partly determine first spacings between said semiconductor atloy
regions and said PG,

removing said sacrificial spacers; and

completing said FET,

whetein said recassing portions of said single crystal semiconductor
region includes performing ion implantation in said portions and subsaquently etching
said implanied portions preferentially relative to portions of said single crystal

semiconductor region which are not impiantad by said implantation.

2. The method as claimed in claim 1, wherein said single-crystal semiconducior
ragion consists essentially of sificon and said semiconductor alloy regions consist

essentially of silicon germanium.

3. The method as claimed in claim 2, wherain said step of compleiing said FET
includes forming second spacers overlying sidewalls of said PC and performing
source and drain implants to at least said silicon germanium regions, using said PC

and said second spacers as a mask.

4. The method as claimed in claim 3, wherein locations of source and drain regions
of said FET are determined by said source and drain implants, and said second
spacers at least partly determine second spacings between said source and drain

regions and said PC,

5. The method as claimed in claim 4, wherein said first spacings are different from

saict second spacings.
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A field effect transistor (FET) (10) provided which includes a gate stack
(29), a pair of first spacers (32) disposed over sidewalls of the gate stack
(29) and a pair of semiconductor alloy regions (39) disposed on opposite
sides of and spaced a first distance from the gate stack (29). Source and
drain regions (24) of the FET (10) are at least partly disposed in the

eieondceralopienionsx9). audsrased g eeronddisiancfre he
te stack ? by a. corresponding spacer of the pair of first spacers (32),
viriesr inalydss Brferel gt lEoR St dREFRESIThERET pI6YAHAY fdent
ipedlersesnpdspacessd 34 aisnposed an the first spacers (32), and
silicide, regions (40) at least partly overlying the semiconductor alloy
regions (39), wherein the silicide regions (40) are spaced from thedgate

tabhe(2of 19§ fie-friEtosHa SatoRodiaRBreAd 2 5m), BRPrS disposedn =

silicon-on-insulator {SO1) layer of said substrate overlying a buried oxide layer of said

substiraie.

8. The method as claimed in claim 1, wherein a depth of said implantation

determines a recess depth to which said portions are recessed.

9, The method as claimed in claim 1, wherein said implantation implants germanium

intc said portions of said single crystal semiconductor region.

10. A method of fabricating a field effect transistor ('FET"), comprising;

patierning a gate polycrystaliine semiconductor layar overlying &
single crystal semiconductor region of a substrate having a first composition to form a
gate polyconductor {*PC");

forming sacrificial spacers overlying sidewalls of said PC;
recessing portions of said single crystal semiconductor region in locations adjacent to
said sacrificial spacers; '

epitaxially growing regions consisting essentially of a single crystal
semiconductor alloy in said iocations, said semiconductor alloy ragions having a
second compaosition different from said first composition, such that said sacrificial
spacers at lsast partly determine first spacings between said semiconductor alioy
regions and said PC;

removing said sacrificial spacers; and

completing said FET,

wherein said single-crystal semiconductor region consists essentially
of siticon and said semiconductor alioy regions consist essentially of silicon
germanium; whersin said silicon region is disposed in 2 silicon-on-insulator (801
layer of said substrate overlying a buried oxide layer of said substrate; and wherein
said step of recessing said portions of said silicen region includes implanting said
portions and preferentiaily etching said implanted portions relative to portions of said

silicor region which are not implanted by said implanting.
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11. The method as claimed in claim 10, wherein a depth of said implaniing

determines a recess depth to which said portions are recessed.

12. The method as claimed in claim 11, wherain said recess depth extends to about
80% or greater to a depth of a top of said buriéd oxide layer from a top surface of

said silicon region.

13. The method as claimed in claim 12, wharein sald recess depth extends to abaut

0% of said depth of said top of said buried oxide layear.

14. The method as claimed in claim 11, wherein said implanting implants germanium

into said silicon regions.

15. The method aé claimed in claim 14, further comprising forming third spacers over
said second spacers, and forming a silicide overlying said silicon germanium regions,

said silicide spaced from said PC by said second spacers and said third spacers.

18. The method as claimed in claim 15, further comprising oxidizing said sidewalls of

said PC prior fo forming said second spacers.

17. The method as claimed in claim 18, wherein said sacrificial spacers include
nitride spacers disposed on sald oxidized sidewalls of said PC, and oxide spacers

disposed on sidewalls of said nitride spacers.
18. The method as claimed in claim 17, further comprising forming a gate stiicide

from said polycrystalline semiconductor while simuitaneously forming said silicide

overlying said silicon germanium regions.
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STRAINED CHANNEL FIELD EFFECT TRANSISTOR
USING SACRIFICIAL SPACER

ABSTRACT

A field effect transistor (FET) (10 is provided which includes a gate stack (29), a pair
of first spacers (32) disposad over sidewalls of the gate stack (29) and a pair of
semiconductor altoy regions {39) disposed on opposiie sides of and spaced 2 first
disiance from the gate stack (29), Sewce and drain regions (24) of the FET (10) are at
least partly disposed in the semiconductor alloy regions (39); and spaced a second
distance from the gate stack (29) by a corresponding spacer of the pair of first spacess
{32}, which may be different from the first distance. The FET (10) may also inclide
seeond spacers (34} disposed on the first spacers (32), and silicide regions (40) at least
partly overlying the semiconducior alloy regions {39), wherein the silicide regions

(40} are spaced from the gate stack {26) by the fivst and second spacers (32, 34).

Fig. 1.
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