MOSFET Device Wth Localized Stressor TECHN CAL FlI ELD
[ 0001] The present invention relates generally to
sem conduct or devices, and nore particularly, to
nmet al - oxi de- semi conductor field-effect transistors and
met hods of manufacture. BACKGROUND [ 0002] Size
reduction of netal-oxide-sem conductor field-effect
transi stors (MOSFET), including reduction of the gate
| ength and gate oxi de thickness, has enabled the
cont i nued %@SﬂETeDBVim Wit d,ocpbized Steessoxr density,
and cost per unit function of integrated circuits
over the past few decades. To further enhance
TECHNRNSI, 8D per f or mance, MOSFET devi ces have been
tabricated using strained channel regions |located in
portions of a sem conductor substrate. Strained
[0001d han Ak presejit dmvsntivn wletesrgensralldtosamicdonductsisieyicesy andmbrs
realized, thereby resulting in increased performance
partiontaely, toswxdalfoxiderseoticomdead tox iMIADEHEST frammistére andpmeth@dnel manufacture.
(PMOSFET) devices. Cenerally, it is desirable to
induce a tensile strain in the n-channel of an NMOSFET
BACkE%Qﬁhﬁbor in the source-to-drain direction to
Increase electron nobility and to induce a
conpressive strain in the p-channel of a PMOSFET
[0002]r anSiztreduction bfraetaboxidesdémicalrdactor fleldetitarantistors (MOSFET),
increase hole nobility. There are several existing

includifP fedasitdcof e safd IeOEtH Ghd ats bXiak thidkieds!Teas ehaBBSThS iitinued
channel region. [0003] In one approach, sem conductor

impré¥eln@Mt th 3Y&ASperPrfn@Sdepbity, sANcBEHFRRt WA SF nkdpPied circuits
ger mani um car bon, are forned bel ow an overlying thin

over thE Blalscf PRHHELALs. Y fafther MIBLRE Rraddior performance, MOSFET devices have

been fabricated using strained channel regions located in portions of a semiconductor substrate.
Strained channel regions allow enhanced carrier mobility to be realized, thereby resulting in
increased performance when used for n-channel (NMOSFET) or for p-channel (PMOSFET)
devices. Generally, it is desirable to induce a tensile strain in the n-channel of an NMOSFET
transistor in the source-to-drain direction to increase electron mobility and to induce a
compressive strain in the p-channel of a PMOSFET transistor in the source-to-drain direction to
increase hole mobility. There are several existing approaches of introducing strain in the

transistor channel region.

[0003] In one approach, semiconductor alloy layers, such as silicon-germanium or silicon-
germanium-.carbon, are formed below an overlying thin semiconductor layer, wherein the
semiconductor alloy layer has a different lattice structure than the overlying semiconductor layer.
The difference in the lattice structure imparts strain in the overlying semiconductor layer to

increase carrier mobility.



sem conductor alloy layer has a different lattice
structure than the overlying sem conductor |ayer. The
difference in the lattice structure inparts strain in
t he overlying sem conductor |layer to increase carrier
mobility. 1 [0004] This approach, however, can be
difficult to process in addition to presenting
junction |eakage concerns as a result of the bl anket

sem conductor alloy layer. The |evel ermaniumin
[0004] e dBistarRioash. yogﬁwag@ﬁﬂbf@ﬁw@mceaﬂ maﬁdmayéqpr@%mtlb@umnon
difficult to control. In addition, the presence of a

leakagsi epnResns aseieshefUibe blanket sewyiconsdpetor alldydewsr.aBheilewelrof gérmanium in
interface between the source/drain regions to exist,
the epitesisllp kxpwinrsemipudiater allop tayenran be diffigdt {00061, Im addition, the
anot her approach, strain in the channel is introduced
presetoe of b dddnketgemidoadwsa alloy tdyer allowb ah AW antedintdiface between the
source/drain regions. A layer of SiGe is epitaxially
sourcg/dRNreplohidexidl ok 6o SSeshiucing finefisn lehlnge eby
|ntrodu0|ng strain in the channel. The anount of
ss may be increased by increasing the Ge
[0005& 0 n c émel%%ltqr apPraaty fiEpin ethe phannel ipingedicsd by sreptieg aeesess in the
the Ge concentration in the recessed area, however,
substiafedn thossoprce/sdeain raginais| drlgxes of Bigre ie spitagladly gravor vzﬁlsimlge recessed
the Ge concentration during the epitaxial growth
regionse theteby introdacihg stiein irdiba shanyelo fThd iaslootatfistvess naayde increased by
defects in the SiGe |ayer. Degraded selectivity and
increadipabié Ge ooncphivatiphsluving thewsoveth @rave S0 Tofingrese eidGe {:(ﬁﬂ@lﬁi‘ahon in
Therefore, there is a need for an efficient and

the re6€Séd £&4, B6Wewe, dIAtdrqlodess dhallelEes. Skdr@kdinpleinéB&i e Gl
region such that the per f or mance characteristics of

concenfr@ic GG Shedpha £\ @& Besits in 2 higher density of dislocations and defects in

the SiGe layer. Degraded selectivity and deposition process windows are also of concern.

[0006] Therefore, there is a need for an efficient and cost-effective method to induce strain

in the channel region such that the performance characteristics of transistors are enhanced.



SUMVARY OF THE | NVENTI ON [ 0007] These and ot her

probl ens are generally reduced, solved or

circunvented, and technical advantages are generally

achi eved, by enbodi ments of the present invention,

whi ch provides a strained sem conductor device to

i nprove the operating characteristics of the

sem conduct or device and a nethod of manufacture.

OOOSE@In an enbodi nent of the present invention, a
SUM X INEENTE W uct or fiel d-effect transistor

(MOSFET) having localized stressors formed in the

[00072 our 664434 BireC B s afe éé'h@ﬁéllgFeﬁucedTﬁﬁvédQﬁ*@irberﬁ'@ented and

tressors conprise a stress-inducing layer formed in

techmc Ca%‘%r;rﬁg'%?a Te. %%Serﬁg%j{w(ﬁ%vg& E’H rEmboﬁl% R;Strf t}-lregkﬁ‘esent invention, which

r'ess codp ises a filrst m conduct of
conduct or
pmw%%&ééfgeeﬁ* A AR °Pefa§§&&afa%|t%w€?s g
t the . concent n of, the second sen1conductor
Semlcl?ﬁ quélF"lF%aridr?c‘lné%QéBme"(‘}g i n anot her enbodi ment of

the present invention, the stress-inducing |ayer is

[0008] O Meglan &ﬂ&fdlﬁexﬁ%@tﬁeﬁiﬁ&%ﬁﬁﬂvdnﬁ% Am&hl-shge-sam e ctoafigld-effect
regions. [0010] In another enbodi ment of the present

traanle’ QEE)S?ET) vl rlééahg?fo 9sf foﬁﬁ%d?nqge Surddfdphik TedidnslidBrovided.

I zed stre sors I n the source/drain‘regions

The lgciah%dos\fregsggs co %ISB a Et%éss ! &ﬁg ?%'%P@gr;q%;?ﬁ%eéegge@npﬁle%ource/dram

ress-|i uci n aln reglo

d
regofy, TRSHnehiirge }a%éreﬁﬂlq@%ﬁ%%c@faee@*@ﬁﬁhﬁf’e@%@%ﬂﬁ e
seiQoP i SFaE Ty PHERADLP PPN AL SPHE- D SEHE i St/

any process such as an oxidation or a nitridation
conogpiraiéensef th yesendsamicondaFionmeteaslts merepsedct with t he

[0009] In another embodiment of the present invention, the stress-inducing layer is formed

over a non-recessed region of the source/drain regions.

[0010] In another embodiment of the present invention, a first method of forming a
MOSFET having localized stressors formed in the source/drain regions is provided. The first
method comprises forming a stress-inducing layer in the source/drain regions (either recessed or
non-recessed), wherein the stress-inducing layer comprises a first semiconductor material and a
second semiconductor material. A treatment may then be performed. The treatment may be any
process, such as an oxidation or a nitridation process, that causes an ambient to react with the
first semiconductor material and forces the second semiconductor material further down into the

stress-inducing layer.



first sem conductor material and forces the second
sem conductor material further down into the
stress-inducing layer. -3 [0011] In yet another
enbodi nent of the present invention, a second nethod
of formng a MOSFET having | ocalized stressors forned
in the source/drain regions is provided. The second
nmet hod conprises formng a stress-inducing layer in
he source/drain regions (either recessed or
(0011} 5. 5t Beiise crnlpodiae of i Pessp duren e gisprpnr agegliod of forming a
conprises a first sem conductor material and a second
MOSEE%&%@ Ineplizied staessprs Aprmen in g spiros/diainmsgionsisfpoovigsf. The second
over the stress-inducing |ayer and a treatnent is
methqsegomprisesoformaing asyresstinducirgdayer omthe agece/drainrregions (sithér recessed or
the first sem conductor material. As a result, the
non-regssed}] vderdic the dressondurhtgdayeatormmistos Geml sémicdietor fiaterial and a
the stress-inducing layer. [0012] It should be
second gpnondiced nkiyerial OA @edtlibh laget ik ForinB@ ofdrithd dt@bs-inlfcing layer and a
conception and specific enbodi nent discl osed nay %e
treatnied@diedfortidd tb ZRhe A Rad?RA ayef Bred¥PHith Yid ¥ohs el &SN MNYaterial.
other structures or processes for carrying out the
' i Q- l. .
A R Raaa ™l SRR ud e SO s ipg over
equi val ent constructions do not depart from the
[00124 pj r I¢shgwld bs eppreciated by ghosmskilind io thezst thettthé cortchption anlepecific
. appended cl ains. -4 BRI EF DESCRI PTI ON OF THE DRAW NGS
emboflipGh8discloed abjydetreaiilg utititeras adusinfor aeslifpigtdn designing other
i nvention are best described in the preferred

struct&ilfb odpmeelmegvﬂ)ﬁ dartyRig@ue tHe8arhO plid6sed bi Ae PRAeiAMNASS It should
that 1 nclude:

also be realized by those skilled in the art that such equivalent constructions do not depart from

the spirit and scope of the invention as set forth in the appended claims.



[0014] Figures 1-6 illustrate various process steps of
fabricating a MOSFET device having |ocalized
stressors positioned over the source/drain regions in
accordance with a first nmethod enbodinment of the
present invention; and [0015] Figures 7-8 illustrate
various process steps of fabricating a MOSFET device
having |ocalized stressors positioned over the
source/drain regions in accordance with a second
nmet hod enbodinente§&%&3$ resent invention. -5
BRIEDEEACRE IORSERI TR GY USTRATI VE EMBODI VENTS
[0016] The nmaking and using of the presently preferred

[0013E DO IBRES afd Sthell REHTELRA of thiFigléHtion aReSMdesdribed MOthe Breferred
e apprecCi ated, however, that the present invention

embongfn%}{ﬂ WS iR e %me!agMeg drawiYRhdt W nsencept s that can
e enbodied I1n a wde vari ety of specific contexts.
‘The specific enbodi nents discussed are nerel )
[0014] | | uBignes ilaseillostragperiolts propesy stepoofifalkicatingla Hedevice having
invention, and do not limt the scope of the
localized\s@8dsbBosiliOfkt/dverihg wo@se/drabh riegibusimraatedacostithadirst method
enbodi nent for fabricating a sem conductor device

embodigéhi\F tRe Srbseat ROEntAgsmel region in accordance with an
enbodi nent of the present invention. Enbodi nents of

the present invention illustrated_ herei.n ed .
[0015] i, aFiguyep di8illgstrags yarigus grocesrstept pf %ﬂ%ﬂrﬂ% W%&%@?"éce having

1, a wafer 100 having a gate insulator |ayer 110 and a
localiggdtsiressbesqropitignediovzr the spyree/digin rggienbisaceqrdance avitha sepifmethod

i n accordance with an enbodi nent of the present
embodimeandfitbepresshhmventbst r at e 114 may conpri se bul k

silicon, doped or undoped, or an active layer of a



sem conductor-on-insulator (SO ) substrate. Cenerally,
an SO conprises a |ayer of a sem conductor material,
such as silicon, formed on an insulator |ayer. The

i nsul ator |ayer may be, for exanple, a buried oxide
(BOX) layer or a silicon oxide |ayer. The insul ator

| ayer is provided on a substrate, typically a silicon
or glass substrate. Other substrates, such as a multi-
Iayered or gradient substrate may al so be used. [0018]

prTAgid S aRP TRt BT RAT r QDR ENR o T e

art on the substrate 114. The gate insulator |ayer 110

[001 6] S pfl?écrﬁﬁléﬁ’é é‘n(ﬁlslﬁiggff the predcailf pileferted BRibEdihhts afdidifcudsed in detail
|'i con oxide, silicon oxynitride, silicon nitride, an

0 SR howRPE2 8 pR¥drl Gaveki th
o R SR Bl ST

1nvent%\heyc§{1ceé Q%ﬁn Ef‘ ﬁlﬁ&ﬁéd fﬁ%l Wik g%ﬁ éﬂ;gplémﬁ@ LotReds. eﬂﬁeesrpemﬁc

exanpl es such materials include

emboc&ip‘zleata H}Sﬁl:i]ﬁlg%i(ig‘)é Igge?ﬂ%flﬁ\n{ﬁ%avg)%)y nri()) %((‘/Ifl% a))g "i)g {l]lakj rpg)ﬂsg ?w invention,
t her eof 0019 th f d enmb d whi h
and d 58 1t Be P ORIBITEER 110 compr | ses. Zﬁ”t oxide

| ayer, the gate |nsulator | ayer 110 may be forned by

[001'7'](”’)l P?hfd:@tl IANuRFRCERBthod mBodifhetEfor ﬁbnca‘ifng alsBRiddBductor device
xi dation in an anbi ent conprising an oxi H2O, NO

havm%ﬁ s@alﬁ%@'aﬂ%%bn 1H% c%?émc@&nth BY enPSITeA of\ﬂfi’é);ﬁ%sent invention.

eposi nlques using is

meobﬁltér 0?6{11«:}/ ersenf ern lglﬁrrg'ggl Tl% dlfl%gﬁjei used ﬁrgfpar?ezy &¥ circuits.
Refer{lp‘g gﬁh@ ggurB w#g l(é)(f about ig‘%%ﬁ?r 1%%?2‘10 ggd a gate electrode 112

t hi ckness.
formed on a substrate 114 is shown in accordance with an embodiment of the present invention.

The substrate 114 may comprise bulk silicon, doped or undoped, or an active layer of a
semiconductor-on-insulator (SOI) substrate. Generally, an SOI comprises a layer of a
semiconductor material, such as silicon, formed on an insulator layer. The insulator layer may
be, for example, a buried oxide (BOX) layer or a silicon oxide layer. The insulator layer is
provided on a substrate, typically a silicon or glass substrate. Other substrates, such as a multi-

layered or gradient substrate may also be used.

[0018] The gate insulator layer 110 and the gate electrode 112 may be formed and patterned
as is known in the art on the substrate 114. The gate insulator layer 110 is preferably a high-K
dielectric material, such as silicon oxide, silicon oxynitride, silicon nitride, an oxide, a nitrogen-
containing oxide, a combination thereof, or the like. Preferably, the gate insulator layer 110 has

a relative permittivity value greater than about 4. Other examples of such materials include

-6-



[0020] The gate el ectrode 112 preferably conprises a
conductive material, such as a netal (e.g., tantalum
titanium nol ybdenum tungsten, platinum alum num
haf nium ruthenium, a netal silicide (e.g., titanium
silicide, cobalt silicide, nickel silicide, tantalum
silicide), a netal nitride (e.g., titaniumnitride,
taﬂtalun1nitride), doped poly-crystalline silicon,
_other _conductive, nmaterials, or a conbjnatiqn thereof.
aluminu eride, dahagra oxidee ARG, Eieaniym Oﬁéﬁg*?ﬁ%lléla OéwamJe, or
recrystallized to create poly-crystalline silicon
combipgiping theidof.con) . In the preferred enbodi nent in which
the gate electrode is poly-silicon, the gate el ectrode

[0019% é Izyggc?{? ﬁ%ig&:@g%ﬂoa&egﬁﬂ%ﬁﬂ ﬂ% éatg Hafrdto? 'iaa}fhn fjﬂp&%pri_ses an

) oW pressure chém cal vapor deposition

.. (LPCYD) t0Q a,.thick S . X 0. At

oxide g el Gndhargp e 17 sk B gt B0 4 Ko ptoge sdenbwetor
[ 0021]. .The .gate jnsul ator. | ayer. 1 the gate ..

dry R PRI 30 Ry R B ALK TaSh NI P AR afign thereod or
techniques as.is known in the art. Ceneral]y,..

by chegrigrl grrar HieppsEm GYRISPahaiuesisings fqtﬁﬂr-ge@avl-ﬁﬁ%%-awégﬁe §TEOS) and
material, which is then masked, exposed, and )

oxygedeveprspador. Ap therprefimed grbadiment; the eatadoulator faver bidjsgbout 8 A to
an etching process may be perfornmed to renove unwant ed

about p6 t indhiskreks, bhiemgatpeefdiablyabouti 16 Avintthickedss.and t he gat e

el ectrode material to formthe gate insulator |ayer

d . i . A
[0020 -10 € g_a?ttla'] elﬁgt{a(%lg lg# g?etférgbqg coér%l];%%sgg ﬁél?]‘{dd?é]&e%%g\ﬂ%l{;]%C? asa metal

i gu efre [
ate el ectrode erial is o{.-cry tallinge silicon .
(e PN ST TRoIaplegny Rl Pl gffiur,fihentum), a
et ching process maybe a wet or dry,_an'sotr?picuor
metal sidigide 6pg ¢ titapiuansilivide eglalt siligide, pick¢lsilichey taptalugy, silicide), a metal
ani sotropic dry etch process.
nitride (e.g., titanium nitride, tantalum nitride), doped poly-crystalline silicon, other conductive
materials, or a combination thereof. In one example, amorphous silicon is deposited and
recrystallized to create poly-crystalline silicon (poly-silicon). In the preferred embodiment in
which the gate electrode is poly-silicon, the gate electrode 112 may be formed by depositing
doped or undoped poly-silicon by low-pressure chemical vapor deposition (LPCVD) to a

thickness in the range of about 400 A to about 2500 A, but more preferably about 1500 A.

foo21) The gate insulator layer 110 and the gate electrode 112 may be patterned by
photolithography techniques as is known in the art. Generally, photolithography involves
depositing a photoresist material, which is then masked, exposed, and developed. After the
photoresist mask is patterned, an etching process may be performed to remove unwanted
portions of the gate dielectric material and the gate electrode material to form the gate insulator
layer 110 and the gate electrode 112 as illustrated in Figure 1. In the preferred embodiment in

-



100221 Figure 2 illustrates wafer 100 after a mask 210
has been forned over the gate insulator |ayer 110 and
gate el ectrode 112 in accordance with an enbodi nent of
the present invention. The mask 210 acts as a mask to
prevent epitaxial growth of SiGe along the surface of
the gate insulator |layer 110 and gate el ectrode 112
duri ng subsequent processing steps. Cenerally,
epi taxial growth of SiGe involves exposing silicon to _.
which e seienél eatiodp snaterighis prhr @ystalingdiconag4 &}qgag%@?leqiﬁé material is an
germani umreacts W th exposed silicon to grow SiGe.
oxide, Beeiching ploccsg may bejarveal pudioyy aispjiopic P1 HFoHARIC fie Rygesss, but
el ectrode 112 are frequently fornmed of silicon, e.g.,
preferstily isamranisdirepi¢ dey edetdprpedsyisi | i con, respectively, it may
be desired to forma nask over the gate insulator

ayer. 11Q .an he gat ct j
o022 g A L5830 0 B e
. erformng.a bl anke position of .silicon.nitri
imsual it CipoBa Fapote ER0arerGed by pPBRuBER o e prosom

hysi cal vapor deposition process (PVD ..atom
invenqri)(az drhegeask 2iL 9 p@ﬁasgq: wagle p(&gg)e’pitﬁigltgq%v)vqhi o% S}Gﬁqe%g the surface of

deposited, the mask 210 maybe patterned via
the gapshiosuwbdton Inyaylap hyd gase Flactepded 12 Prrarigesubssiapent prRCCSHGSISPE0
is about O A to about 1000 A in thickness. It should
GenerbBy, mpitaxal ghawth tofi §iGa ineslser exppungulicanrio genmpaipmepader specific
steps) may be fornmed substantially adjacent to,

processpaadit owelhefgeonanion raaod evithexpbsetl hdicgmtocgrew iGe.oBecause the gate
100241 Referring nowto Figure 3, the wafer 100 is

insulaSdt@WRr B0 A1 tROgRE EBLREe N1 D aRTEqhaslyfeeied disilicon, g, silicon
create recessed regions 310 in the substrate 114 on

. . O] b | ) 1
dlox1ﬁ a:nﬁ%gﬁfgﬁf% gés%ﬂﬁre%?ft Sa$!be AbdiRA%o fokh2 thikk@R60the 8M6 ehsulator

thé present invention. It should

' 11
e P B o PR el BBt o 10,
gate

10023] The mask 210 may be formed by performing a blanket deposition of silicon nitride
via a chemical vapor deposition (CVD) process, a physical vapor deposition process (PVD), an
atomic layer deposition process (ALD), or the like. Once deposited, the mask 210 may be
patterned via photolithography techniques. Preferably, the mask 210 is about 0 A to about 1000
A in thickness. It should be noted that the stressor (formed in subsequent steps) may be formed

substantially adjacent to, spaced away from, or underneath the gate electrode.

[0024] Referring now to Figure 3, the wafer 100 is shown after an etching process has been
performed to create recessed regions 310 in the substrate 114 on either side of the gate electrode
112 in accordance with an embodiment of the present invention. It should be noted that the
portion of the substrate 114 located between the recessed regions 310 and below the gate
insulator layer 110 and the gate electrode 112 defines the channel region.

8-



i nsul ator |ayer 110 and the gate el ectrode 112 defi nes
the channel region. -8 [0025] It should al so be noted
that the process described in Figures 1-6 illustrates
source/drain regions having SiGe epitaxially grown in
recessed regions 310 as an exanple of a preferred
enbodi nent of the present invention. The processes
described in Figures 1-6 nay be applied to
el evat ed-type Si Ge re jons in the sourge/dra
[0025]; e gilbshould %Sqlrﬁ roted t%letr heprogess éﬁsaaa?%@rﬁlgure% @élh}sgfates
empltamally grown on the surface of the substrate 114
source{graip skgiors dpving §iGeendigsialy giownte recgispd ragiane 319 as an example of a
Thereafter, the same processes described herein may be
preferied pinbodiment af thestasenhinv@gion| dive processey dsisgrited daFigurgs 4r6 may be
area of higher Ge concentration. [0026] Referring back

applied o deguadetyfe SiGracgioneimskdsouagidoais réidhs mivy thiealfeoratieel edobodiment,

a plasma etch wusing chlorine and brom ne chem stry.

SiGe iPestaiallh loyow drethe eaEss of theaghstat: 1Nawathaudfephihgrédesses in the
about 10 nmto about 200 nm An optional anneal naybe

substrd1€ 1l { Ar pRgeatner, iftdalietpdd@sses HdsebedHetiRinaP Be p&for@A® push the Ge
any etch danage as well as to slightly snoothen the

lower,[%fa%%l%}ﬂ?:aﬁlﬂ faﬁ‘ﬁl%afo?ﬁlghél%ééb%&ﬂﬂéﬁ% epi taxy process.

re 4 illdstrates the wafer 100 after an
epitaxial growh of a stress-inducing |ayer 410, such
[0026]as sRéferring bgek todiigwierd, theractssed weioss 1D megbofosmed hpa plasma etch
accordance wi th an enbodi nent of the present
using ¢Hidmiktand brondine clegmittax YPrpfetabs theuseasetl acgi@rsfiawern titeh from about
epitaxial gromh may be chem cal vapor deposition,

10 nmUb bt DO@HmY deLaptosleRh&inay BPPEFEHRRO T fabitifatd 3tidorGMIgation to
or nol ecul ar beam epitaxy. The epitaxially grown
repair 98 &FR @iSagldRY wal1 20 t3MaRIN s ASAING RE siREIOMrfabEfor the subsequent

epitaxy process.

[0027] Figure 4 illustrates the wafer 100 after an epitaxial growth of a stress-inducing layer
410, such as silicon germanium, in the recessed regions 310 in accordance with an embodiment
of the present invention. The epitaxy process used to perform the epitaxial growth may be
chemical vapor deposition, ultra-high vacuum chemical vapor deposition (UHV-CVD), or
molecular beam epitaxy. The epitaxially grown materials may also extend above or below the
surface of the substrate 114. A raised source/drain region is shown for illustrative purposes only.
In a preferred embodiment, the stress-inducing layer 410 extends from about 0 nm to about

200 nm above the surface of the substrate 114. The stress-inducing layer 410 is preferably from
about 10 nm to about 300 nm in thickness. Other materials, such as SiC, SiGeN, and SiCN, may

be used.



surface of the substrate 114. A raised source/drain
region is shown for illustrative purposes only. 1In a
preferred enbodi nent, the stress-inducing |ayer 410
extends from about O nmto about 200 nm above the
surface of the substrate 114. The stress-inducing
| ayer 410 is preferably from about 10 nmto about 300
nn1in thi ckness. OGther materials, such as Si C, SiGeN,
and SiCN, na be used. -9 [0028] The stress-induci ng
[0028] ay eThezsilBSSpm weangigyer 448 ppferadly cemprises a figd gerpispedietas anatenal
material and a second sem conductor material, wherein
and 2 sehendpeminondectertmatirial seberin tepresearrfdhoseconrhiearisandusion
a different lattice structure than the first
materigldres e difttwentt datticepttrsctived than the fieds perniopaducion gnatesial, dlenetiynimparting
the channel region. In an enbodinent in which a
strain Bi thé clanne wE o1, alneaniemnbodiatent inhehiéh & siticorsmbbteondwsted) the first
material nmay be silicon and the second sem conduct or
semicéiIuEo! MhteFYmBEbe GiRdoRRAH tHY sevhd stROAIURER matdiRl may be
stress-inducing layer 410 nay be a Si Ge | ayer. [0029]

gcnnah:luglu L Retetdrtl $hd SRS iddlEnY Bl & 41500y cliGReSER M N a
treatnent to increase the concentratlon of "t he second

sem conductor material, e.g., Ge, in the |ower_ section
[0029bf  t FigurstSriBasirates g iwifagl 00Afer perfogmingradeznatment s increase the

depl etion layer 510. In an enbodi nent in which the
concegtation of thieselpnid semicaydnctot irteriohigi , $xes irGhSkowerr lgection of the stress-

treatnment may conprise exposing the stress-reducing
reducih@lager M 00creating agiepletion layepi10. dmin enbodimnekerin phheabsstress-

conditions that causes the gas or liquid anbient to

inducih@ &&tr 4¥0tBmiphiSesBiGk, RO tretmEktenaS cofpitd &fposihg th%%tr@ss-reduémg
result of the reaction, the depletlon 'ayer 510 wi ||

layer 41@'{9 %géseor%rﬂﬁld AGER i gﬁ’@&%%ﬁﬂi‘%ﬁﬁhﬂ@h%s It gasdPHquid
fromthe depleti

ambient to react with the silicon of the SiGe material. As a result of the reaction, the depletion

layer 510 will comprise SiX, where X denotes another material, and the Ge from the depletion

layer 510 is pushed further down into the stress-inducing layer 410 below the depletion layer 510,

as indicated by the directional arrows in Figure 5. In a preferred embodiment the resulting

stress-inducing layer 410 below the depletion layer 510 exhibits a gradient concentration of Ge

such that the concentration variation from the top to the bottom of the stress-inducing layer 410

is greater than at least about 5%.

[0030] In an embodiment, the treatment may comprise a thermal (furnace/RTP), plasma,
UV, implant, or the like treatment in an ambient of an oxidation-based gas, such as O, H20, Hs,
N»0, NO, O3, or the like at a temperature from about 100° C to about 1200° C. In this

embodiment, the depletion layer may comprise a film of Si,Oy.
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| ayer 510 is pushed further down into the
stress-inducing | ayer 410 bel ow the depletion | ayer
510, as indicated by the directional arrows in Figure
5. In a preferred enbodi nent the resulting
stress-inducing | ayer 410 bel ow the depletion | ayer
510 exhibits a gradient concentration of Ge such that
the concentration variation fromthe top to the bottom
of the stress-inducing |layer 410 is greater than at
[0031]] eadn 2nefbenenmlimepn 3y treatnent ayisorPHEH thermal (furpage/Rd Ry,
may conprise a thermal (furnace/RTP), plasma, WV,
plasmd, &P, amplanip pr thia dike ikameniga aprembientolzmimdsiiembased gagmsuch as NHs,
oxi dati on-based gas, such as 02, H2O, H2, N20, NO
Na, NO3Y,) br thedikk aketeatpemture fipmrabbulr 907 Coonbdod200P00 1B thie
about 1200 C. In this enbodinent, the depletion |ayer
embodiR¥ntCAEHEP SifordaFer nfily @bmPiise@y/film ABiNAB B O,N,. abthehanbients
enbodi nment, the treatnent may conprise a therma
and/or{tfHnRAEAHhI CRlse a RAHBABithlde Si AHR MBI or n@Iredckien Willi@he Ge may also
treatnent in an anbient of a nitridation-based gas,
beusegUCh as NH3, N2, NO N20, or the like at a
tenperature fromabout 100 C to about 1200 C. In this
enbodi nent, the depletion |ayer may conprise a fil m of
[00321Si XNgigane 63]1ps@vés theowafer 10adice e snask A H) bas bepreepmawed and spacers
that cause a reaction with the Si and little or no
610 havededr formed inactdrdariGe withyanahbodintvet oftbelprepdd B entiing (the mask
6 illustrates the wafer 100 after the mask 210 has

210 mR§BOrenRIVEY Bfla aRedip pRERISluditQcidax e doeeash pocesd in
accordance with an enbodi nent of the present

R R L0 ST, 1M TR T R
the source/drain regions, preferably comprise silicon nitride (SisNs), or a nitrogen containing
layer other than SizNa, such as SiNy, silicon oxynitride SiO«Ny, silicon oxime SiOxNy:H, or a
combination thereof. In a preferred embodiment, the spacers 610 are formed from a layer
comprising Si;N; that has been formed using chemical vapor deposition (CVD) techniques using

silane and ammonia as precursor gases.

[0034] The spacers 610 may be patterned by performing an isotropic or anisotropic etch
process, such as an isotropic etch process using a solution of phosphoric acid (HzPOs). Because
the thickness of the layer of SisNais greater in the regions adjacent to the gate electrode 112, the
isotropic etch removes the SisN, material on top of the gate electrode 112 and the areas of
substrate 114 not immediately adjacent to the gate electrode 112, leaving the spacer 610 as
illustrated in Figure 6. In an embodiment, the spacers 610 are from about Inm to about 100 nm

in width.
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[ 00331 Spacers 610, which form spacers for perform ng
one or nore ion inplants to create the source/drain
regions, preferably conprise silicon nitride (Si3N4),
or a nitrogen containing |ayer other than Si 3N4, such
as SiNNy, silicon oxynitride Si OXNy, silicon oxine
SiONy: Hz, or a conbination thereof. Ina preferred
enbodi ment, the spacers 610 are fornmed froma | ayer
conprising Si3N4 that has been forned using chenical
[0035}y, apdt slwel}s‘glsq noteshtheteusrtienedths Hirssindusing laygr?‘} 19 eayhisdocated
ammoni a_as precursor gases. [0034] The spacers 610 may
underrigathparortéamrddhdspaprss 65} deprydem upemihe dpsited gpurgeifyt myyand and
etch process, such as an isotropic etch process using
electrical shiradtéertticoéf the pasplbiog senreaddrain(re@MB4) . Because the
t hi ckness of the layer of Si3N4 is greater in the

' ' .t t a. .
e 20, e SR b AR S R Ay st
treatil O A A BT I Ao R B R raer pB b s

] | eavi ng the spacer 610 as _illustrated in Figure 6. In
inventign. disEefoRe ﬁm,godlwénfslaaﬁ@.t%i i FEged 1 FSONPA B EHET hinicp prepared
_ about 100 nm in width. -11 [00351 It should be noted
in accordance avithdfigiren1-¢f whereindike seferenesqwaiers refgrde lika glomeitpe
| ocated underneath a portion of the spacers 610,
AccordipplynBigmte 7ifustratdsovadersliop of Figorerdcalled p sgantiomisyeril 0 dagibeen
el ectrical characteristics of the resulting
formed oikraled dread-indneiag tager 4100036] Figures 7-8 illustrate a
second enbodi ment of the present invention that

o0 o RS SR 08 P sppaion,

reacts with the silicon in the SiGe, but reacts little or not at all with the Ge. In this manner, the

reaction layer 710 can be made to react with the silicon and force the germanium lower into the
SiGe layer, thereby increasing the Ge concentration. In an embodiment, the reaction layer 710
may comprise Co, Ni, Ti, or the like and may be formed by a CVD process, a PVD process, an

ALD process, or the like. Other materials may be used.

[0038] Figure 8 illustrates the wafer 100 of Figure 7 after performing a treatment to cause
the reaction layer 710 to react with the stress-inducing layer 410, thereby creating a reacted layer
810, in accordance with an embodiment of the present invention. The treatment may be any
treatment that causes reaction layer 710 to react with the Si in the stress-inducing layer 410. As
a result of the reaction, the reacted layer 810 is formed and the Ge is pushed lower into the
stress-inducing layer 410, as indicated by the directional arrows in Figure 8. It should be noted
that the reacted layer 810 is formed in part from a portion of the stress-inducing layer 410. Thus,
the volume of the stress-inducing layer 410 decreases while the number of Ge atoms remains

-12-



i nvention. The second embodinment illustrated in
Figures 7-8 assune a wafer has been prepared in
accordance with Figures 1-4, wherein like reference
nunerals refer to like elenments. Accordingly, Figure 7
illustrates wafer 100 of Figure 4 after a reaction
| ayer 710 has been fornmed over the stress-inducing
| ayer 410. [0037] The reaction |ayer 710 conprises a
~material that, under specific process conditjons, . X
relativelyaonstank therebyincspsing ti cppeeptiaiio;ofihe Gy ithig g wress-indpging
or not at all with the Ge. In this manner, the
layer 416action | ayer 710 can be made to react with the
silicon ﬁnd Lorce the germanium|lower into the SiGe
ayeyr, ther L ncr in . [ | ;
10039% ol uttoopat B SR el Sof EARGEIN bilen il cifbien
Ni., Ti, or th ' it .a. .
compiie Buiex TPl BUBLLEE SRR B b oGeESe e By =ppination
QG her materials may_be used. 10 | e 8
theseof o ghe o6 BT ETD T g P00 S Fospens g =
_atreatment to cause the reaction |ayer 710 .to react
rapid-thierthal mheeaking. aidaser freaieienly UVasgpaingArbean FEmgpiplant feptmgnt 2
reacted layer 810, in accordance with an enbodi nent
plasma frestiventy pe skratvie lntrediatiomireamnents ordhe Ylgsamapalso e usgdy
treatment that causes reaction layer 710 to react with

he S in.t Str - '

ol Fhopdiil e FCRE MRSy Mt
t Ce is, hed [ . - i NG
subselpit PReeS B ARy e SR FERT) BN TP o LY
8. It should be noted that the reacted |ayer 810 is

[0041? or Meflarl EnmRAithert! mm@umaF bir@s ifucinb @ayst 4 HEIS aigradiitnit tger having a
ayer 410. Thus, the volune of the stress-inducing

fatticd @ﬁ%nt%galtg&% ERSEThMYplaBd R oRBMRE heirefsinaticifiBlayer 410 of at

remal ns -

least 0.2%, wherein the top region exhibits a larger lattice constant than the bottom region.
Furthermore, the lattice constant of the substrate in the channel region is less than lower portions

of the substrate due to the stress induced by the stress-inducing layer 410.

[0042] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, composition of matter, means, methods and
steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform

substantially the same function or achieve substantially the same result as the corresponding
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rel atively constant, thereby increasing the
concentration of the Ge wwthin the stress-inducing
| ayer 410. [0039] In an enbodi nent, the treatnment may
conprise thermal annealing in an anbient conprising,
for exanple, an oxygen-containing gas, a
ni trogen-contai ning gas, a conbination thereof, or
the like at a tenperature bet ween 100C and 1200C.
Ot her treatnents, such as a rapid-thermal .annea
embodimeenfs descripehherginmay g ugilipgdagoor nsé%\meé’a?smgminﬁﬁ? efgeordingly,
treatnment, a plasma treatnent, an ultra-violet
the appendid plaisns are Enenden to inglude wéthin their sceng sush PepasEses ggaghines,
[ 0040] Thereafter, the mask 210 may be renoved,
nmnu&mmuscmnmaykmeOfmnmﬂdmeamdndhh@%or%@bsequent
processi ng may be perforned as descri bed above with
reference to Figure 6. [0041] In an enbodi nent, the
resulting stress-inducing layer 410 is a gradient
| ayer having a lattice constant variation between the
top and the bottom of the stress-inducing | ayer 410 of
at least 0.2% wherein the top region exhibits a
| arger lattice constant than the bottom region.
Furthernore, the lattice constant of the substrate in
the channel region is less than | ower portions of the
substrate due to the stress induced by the
stress-inducing | ayer 410. [0042] Although the present
invention and its advantages have been described in
detail, it should be understood that various changes,
substitutions and alterations can be nmade herein
wi t hout departing fromthe spirit and scope of the
i nvention as defined by the appended cl ai ns.
Mor eover, the scope of the present application is not
intended to be limted to the particular enbodi nents
of the process, machi ne, manufacture, conposition of
matter, nmeans, nethods and
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steps described in the specification. As one of
ordinary skill in the art will readily appreciate
fromthe disclosure of the present invention,
processes, machi nes, manufacture, conpositions of
matter, means, nethods, or steps, presently existing
or later to be devel oped, that perform substantially
the sane function or achieve substantially the same

t > correspondi ng -13 enbodi ments descri bed
“ﬂﬂxﬁj$g#f$qﬁiggﬁg utilized according to the present
i nvention. Accordingly, the appended clains are

1. i AtsemetRedictoridedicl dempyidify:n their scope such processes,
machi nes, manufacture, conpositions of matter, neans,

n@gﬁ@@ﬁctr&fe 8% 4 ksl Ing S CLAIMED 1S5 1. A

sem conduct or device conprising: a gate el ectrode

fﬁum%‘fhrﬁﬁr #lﬁé%h% reifh ufocytrﬂg %geeal egl ons formed

on either e gate elec F%ln t he
SQHGeR i &ugce{a%%@g%o%o TREHSE, St hessnl pduclng Javer.

st
nd senic duct or, mat er concentration of the
g

Semw%n?‘@stﬁama@ AR SISO B PTG Clpearaiongl the seognd
rface than at a bottom surface of the stress-
semicoRRIGIOT WatTI A RN icaterie & uriaeathen da hosomeariate ot stress-
1, wherein the first sem conductor material is silicon
inducipg#¥¢the second seni conductor material is ger mani um
2, The semiconductor device of claim 1, wherein the first semiconductor material is silicon

and the second semiconductor material is germanium.

3. The semiconductor device of claim 1, wherein the concentration of the second

semiconductor material is at least 5% greater near the top surface than near the bottom surface of

the stress-inducing layer.

4. The semiconductor device of claim 1, wherein the top surface of the stress-inducing layer

is raised above a surface of the substrate.

5. The semiconductor device of claim 1, wherein the stress-inducing layer is from about 10

nm to about 300 nm in thickness.

6. The semiconductor device of claim 1, wherein the stress-inducing layer is located in a

recess in the substrate.
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3. The sem conductor device of claim1, wherein the
concentration of the second sem conductor nmaterial is
at | east 5% greater near the top surface than near the
bottom surface of the stress-inducing |layer. 4. The
sem conductor device of claim1l1l, wherein the top
surface of the stress-inducing layer is raised above
a surface of the substrate. 5. The sem conductor
device of claim1l, wherein the stress-inducing |ayer

7. | The pemicarGOT 6o ph ARl BETCITIRE FASHINATBIVES & anlovated
The sem conductor device of claim1, wherein the

stressgr yueh that hegrpssgnueinglayes iy foragdean 4 rpngrecessrdaupstionofithesubstrate.
substrate. -15 7. The sem conductor device of claim1,
wherein the stress-inducing |ayer is an el evated

8. SHhESSRcoRetdr Hba&e 61 8aid! 1, Sdereh WHE Sir 3G il RYRD 1%@ {59 5@Ened
on a non-recessed portion of the substrate. . The

' erein the
from s§ r eggﬁﬁﬁglu@%r%gg}égl;@ﬁﬁ}? %gés%ﬁhgﬁég fromabout 0 nm
to about 300 nmfromthe gate el ectrode. 9. The
sem conductor device of claim1, wherein the
9. stThesemicautincion geviesef claymniy mhsrein e siggsadicdning|lappegomprises a
having a varying lattice constant fromthe top surface
gradiéno ldylechavotet aovargog Tagtee constint frdinethe topi sodfambuio therbotkewn smeface.
of claim9, wherein the gradient |ayer has a | arger
Iattice constant near the top surface than the bottom
face.

élF é‘.Frﬁlcgnqlqcl;ogpeYlg? {)% g 1[61 dﬁg aﬁle E}la?%r%lgmsl 8&1’ earéaettice

constant near the top surface than the bottom surface.

11.  The semiconductor device of claim 9, wherein a first lattice constant near the top surface
is greater than 0.2% of a second lattice constant near the bottom surface of the stress-inducing

layer.
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Is greater than 0.2% of a second |lattice constant near
the bottom surface of the stress-inducing |ayer. -16
12. A nmethod of form ng a sem conductor device, the
met hod conprising: formng a gate el ectrode on a
substrate; formng a stress-inducing |ayer on either
side of the gate electrode, the stress-inducing |ayer
conprising a first sem conductor material and a second
sem conductor, materjal; and _performng a treatnment in
12, of mathadegiforning 2 seraigprdugior daics: g metlod qomprising:
sem conductor material in the stress-inducing layer to
r foawmingwai gate elévdroderbn emubsateat i ng a depl etion layer in a
top portion of the stress-inducing |ayer, the
dfpiniigi acttredsaipduciteiapey oneitbtrasitei ofitheygate cectofle, tthesteee inducing
sem conductor material. 13. The nethod of claim12,
layer oMARIGING atffiet samitvofdictaramaerial end asecond gtaticandudiasmstedalsand
14. The nmethod of claim 12, wherein the anbient

CRRY iSRS tRdatAit kil ANbibASEE t@AMmedl caBsing the first semiconductor
nitridation-based gas. 15. The nethod of claim 12,

materidNERd RredsdlfrdRGRE RHE B9edohRith BRAMBEG clieﬁti!(i)g@f dldmed 1%%1‘ #h a top
tenperature from about 100 C to about 1200 C. 16. The

porﬁopﬁg‘ ﬁl%@]:rggs-i (ﬁlﬁ:ﬁ%@ lta'fer, atﬂ%?(é)gﬂ:@ntl% Béiﬁ%%l{ﬁ?ﬁgtri]ﬁ@%e'o? @R sfcond

ermal "treatnment’, treat
. ulfra-vi gl.e treatnment, an inplant, or a conbination
SleC?Iij.' %6%’[1& e_rlil

13.  The method of claim 12, wherein the ambient comprises an oxidation-based gas.

14.  The method of claim 12, wherein the ambient comprises an oxidation-based gas or a

nitridation-based gas.

15.  The method of claim 12, wherein the performing the treatment is performed at a

temperature from about 100° C to about 1200° C.

16.  The method of claim 12, wherein the treatment comprises a thermal treatment, a plasma

treatment, an ultra-violet treatment, an implant, or a combination thereof.



17. A nmethod of form ng a sem conductor device, the
nmet hod conprising: formng a gate el ectrode on a
substrate; formng a stress-inducing |ayer on either
side of the gate electrode, the stress-inducing |ayer
conprising a first sem conductor material and a second
sem conductor material; formng a reaction |ayer over
the stress-inducing layer; and perform ng a treatnent,
the treat nent. causing the reaction | ayer to, react W|th

17 { Aanqihadf oWERE & SHEGORBIIORARaFe HIE MibadRomprising:
stress-inducing | ayer, thereby creating a reacted
| foymingpaaie dlestrede obasvhstatet he reaction | ayer and the
stress-inducing layer, the reacted | ayer being at
I ﬁmmtngpeamessemﬂwm&bmw@dh@fﬂdmf el gate dleaiiede.Hbe stress-inducing
stress-inducing layer, the reacted | ayer being

layer @ulpsisaptai fabtl symfooaductdr matérial setoswoskbsengamductoomaterial;
material. 18. The nethod of claim 17, wherein the
tfcﬁﬁiﬂﬁ&ﬁbacﬁﬁﬁ'ﬂk@eﬁeﬁer&ddﬁeﬁsﬁaﬂuo&@a@r, and rapi d- thernal
anneal, an ultra-violet treatnent, or an E-beam curing

t B&ma uéa%nen-Ehtﬁe weithesk @lisifd Mk %alﬁmn MA&6 kddct Wigh the first

treatnment is perforned in an anbi ent conpr|5| ng

semicgﬁaﬁl%%p maPs\nta{ ﬁ’lquiu?% Vl\ﬂg(?l n'y&a{ﬂe% EE% { read@d Ia ?&E‘posmoned

od 0 The tro atme i's perforned
between the réa% n a?«taruarn the ergssa-llkl)l ucing 1%93911% ?ea%@&'i‘a%e}@é?%at lea]sgpartially

composed of material from the stress-inducing layer, the reacted layer being substantially free of

the second semiconductor material.

18.  The method of claim 17, wherein the treatment comprises a thermal anneal, a rapid-

thermal anneal, an ultra-violet treatment, or an E-beam curing treatment.

19.  The method of claim 17, wherein the treatment is performed in an ambient comprising

oxygen, nitrogen, or a combination thereof.

20.  The method of claim 17, wherein the treatment is performed at a temperature from about

100°C to about 1200°C.



