SEM CONDUCTOR DEVI CE HAVI NG A STRAI NED REG ON BACKGROUND [ 0001] The
sem conductor integrated circuit (1C industry has experienced rapid
grom h. Over the course of this growth, functional density of the
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that extends from the substrate. FinFET devices may allow for shrinking the gate width of

device while providing a gate on the sides and/or top of the fin including the channel region.

[0003] Another manner improving the performance of a semiconductor device is to provide
stress or strain to pertinent regions of the device. For example, inducing a higher tensile strain in

a region provides for enhanced electron mobility, which may improve performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Aspects of the present disclosure are best understood from the following detailed
description when read with the accompanying figures. It is emphasized that, in accordance with
the standard practice in the industry, various features are not drawn to scale. In fact, the
dimensions of the various features may be arbitrarily increased or reduced for clarity of

discussion.
[0005] Fig. 1 is perspective view of an embodiment of a semiconductor device.

[0006] Fig. 2 is a flow chart illustrating an embodiment of a method of forming a

semiconductor device according to various aspects of the present disclosure.



100051Fig. | is perspective view of an enbodi rent of a sem conduct or
device. [0006]Fig. 2 is a flow chart illustrating an enbodi nent of a
nmet hod of form ng a sem conductor device according to various aspects
of the present disclosure. [0007]Figs. 3-8 illustrate
cross-sectional views of one enbodi ment of a sem conductor device at
vari ous stages of fabrication according to the nmethod of Fig. 2.

[0008] Fig...,9 is a flow chart illustyating, another. enbodi nent of a
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cross-sectional views of one enbodi nent of a sem conductor device at

variou t ages_.of fabricati accordi to, the method of Fjg. .9.
?{}(?08?9 Fig. 9 {s a flow c%artcl’ lusti'agng anoﬂl%r emboJi]ment of a method ofJ fgrming a

semiconductor device according to various aspects of the present disclosure.

[0009] Figs. 10-18 illustrate cross-sectional views of one embodiment of a semiconductor

device at various stages of fabrication according to the method of Fig. 9.

[0010] Fig. 19 is a flow chart illustrating another embodiment of a method of forming a

semiconductor device according to various aspects of the present disclosure.

[0011] Figs. 20-24 illustrate cross-sectional views of one embodiment of a semiconductor

device at various stages of fabrication according to the method of Fig. 19.
DETAILED DESCRIPTION

[0012] It is to be understood that the following disclosure provides many different
embodiments, or examples, for implementing different features of the invention. Specific
examples of components and arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are not intended to be limiting.
Moreover, the formation of a first feature over or on a second feature in the description that
follows may include embodiments in which the first and second features are formed in direct
contact, and may also include embodiments in which additional features may be formed
interposing the first and second features, such that the first and second features may not be in
direct contact. Various features may be arbitrarily drawn in different scales for simplicity and
clarity. Additionally, the present disclosure may repeat reference numerals and/or letters in the
various examples, This repetition is for the purpose of simplicity and clarity and does not in
itself dictate a relationship between the various embodiments. In it is understood that those
skilled in the art will be able to devise various equivalents that, although not specifically

described herein embody the principles of the present disclosure.

[0013] It is also noted that the present disclosure presents embodiments in the form of muiti-

gate transistors or fin-type multi-gate transistors referred to herein as finFET devices. Such a



[0010]Fig. 19 is a flow chart illustrating another enbodi nent of a
met hod of form ng a sem conductor device according to various aspects
of the present disclosure. [0011]Figs. 20-24 illustrate
cross-sectional views of one enbodi nent of a sem conductor device at
vari ous stages of fabrication according to the method of Fig. 19.
DETAILED DESCRIPTICN [0012] 1t is to be understood that the foll ow ng
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NMOSEETA HeafiscgalnAs, GalnP, and/or GalnAsP; or combinations thereof. In yet another aliernative,

the substrate 102 is a semiconductor on insulator (SOI).

[0016]  The isolation structures 106 may be formed of silicon oxide, silicon nitride, silicon
oxynitride, fluoride-doped silicate glass (FSG), a low-k dielectric material, and/or other suitable
insulating material. The isolation structures 106 may be shallow trench isolation (STI) features.
In an embodiment, the isolation structures are STI features and are formed by etching trenches in
the substrate 102. The trenches may then be filled with isolating material, followed by a
chemical mechanical polish (CMP). Other fabrication techniques for the isolation structures 106
and/or the fin structure 104 are possible. The isolation structures 106 may include a multi-layer

structure, for example, having one or more liner layers.

[0017]  The fin structures 104 may provide an active region where one or more devices are
formed. In an embodiment, a channel of a transistor device is formed in the fin 104. The fin 104

may comprise silicon or another elementary semiconductor, such as germanium; a compound
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[0014] Il lustrated in Fig. 1 is a sem conductor device 100. The

sem conduct or device 100 includes finFET type device(s). The

sem conduct or device 100 may be included in an IC such as a

m croprocessor, nmenory device, and/or other IC. The device 100

i ncludes a substrate 102, a plurality of fins 104, a plurality of

i sol ation structures 106, and a gate structure 108 di sposed on each
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other suitable material. The high-k dielectric layer may be formed by atomic layer deposition

(ALD) andfor other suitable methods.

[0021]  In an embodiment, the gate structure 108 may be a metal gate structure. The metal

gate structure may include interfacial layer(s), gate dielectric layer(s), work function layer(s), fill
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bet ween approximately 15 nm and 40 nm hi gh. However, it should be
under stood that other dinmensions may be used for the fins 104. The
fins 104 may be doped using n-type and/or p-type dopants. [0019] The
gate structure 108 may include a gate dielectric |ayer, a gate

el ectrode | ayer, and/or one or nore additional layers. In an

enbodi ment, the gate structure 108 is a sacrificial gate structure
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CVD, apgéPbldolgse Suk hahbwrddh Bl@Elits fhat is to be formed in the respective region. The
work function layer(s) may be deposited by CVD, PVD, and/or other suitable process. The fill
metal layer may include Al, W, or Cu and/or other suitable materials. The fill metal may be
formed by CVD, PVD, plating, and/or other suitable processes. The fill metal may be deposited

over the work function metal layer(s), and thereby filling in the remaining portion of the trenches

or openings formed by the removal of the dummy gate structure.

[0023] The semiconductor device 100 may include other layers and/or features not
specifically illustrated including additional source/drain regions, interlayer dielectric (ILD)

layers, contacts, interconnects, and/or other suitable features.

[0024] The semiconductor device 100 may benefit in performance from a stress/strain
provided on and in the fins 104 in the channel region 112 and/or the source/drain regions [10. In
an embodiment, a tensile strain may be generated. The strain may be obtained using one or more
of the methods, such as the method 200, the method 900, and/or the method 1900 described
below with reference to Figs. 2, 9, and 19 respectively. In an embodiment, the strain is provided

by introducing dislocations into the region of the device.



[ 0022] Exenpl ary p-type work function netals that may be included in
the gate structure 108 include TIN, TaN, Ru, Mo, A, WN, ZrSi 2,
MoSi 2, TaSb, N Si2, WN, other suitable p-type work function
materials, or conbinations thereof. Exenplary n-type work function
netals that may be included in the gate structure 108 include Ti, Ag,
TaAl, TaAIC, TiAIN, TaC, TaCN, TaSiN, M, Zr, other suitable n-type
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method 200. Similarly, one may recognize other portions of a device that may benefit from the
methods described herein. It is also understood that parts of the semiconductor device 300 may
be fabricated by CMOS technology and thus, some processes are only described briefly herein.
Further, the semiconductor device 300 may include various other devices and features, such as
additional transistors, bipolar junction transistors, resistors, capacitors, diodes, fuses, etc., but is

simplified for a better understanding of the inventive concepts of the present disclosure. The

semiconductor device 300 may include a plurality of devices interconnected.

[0028] The method 200 begins at block 202 where a semiconductor substrate is provided.
The semiconductor substrate may be substantially similar to as discussed above with reference to
the semiconductor substrate [02 of the semiconductor device 100, described with reference to -
Fig. 1. In an embodiment, the semiconductor substrate includes a plurality of fins extending
from the substrate. An isolation region (e.g., STI feature) may interpose the fins as discussed

above with reference to the semiconductor device 100.



[ 0026] Referring nowto Fig. 2, illustrated is flow chart of a nethod

200 of sem conductor fabrication according to one or nore aspects of

the present disclosure. The nethod 200 may be inplenented to increase
a stress or stain provided in one or nore regions of a sem conductor

device such as a field effect transistor (FET). In an enbodi nent, the
met hod 200 nmay be inplenented to forma nulti-gate fin-type

transi stor or finFET device. In_an enbodinent, the ngethod 5 nﬁ% be
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sem coriﬁ[lﬁii or HeviatkodiI0, thahes osdedeid bidsb2@6wiliere spe¢esielsmeatstats [prmed an the

s n}?lasg ate ﬁ%gs%c%r IS an?ﬂ%;[ gf)néj gl\{r{iﬁr% (sigcgwali J)Hﬁé gﬁé gtg.lcltlp? Ei'egzhbg’d

|s pr oV Xi's g-,” alon
SOUT Ce ab@g With ﬁeﬁbxdfcatd’lblbeglﬂﬂrt)f.the{ Q686] The mae b}ﬁﬂdm?ﬂﬁ’@nérﬂnﬁna)pmdaéedhcdm

bl ock 204 where a gate structure is fornmed
nitride, silicon oxige, silicon oxynitride, anﬁ/or other su1talgle die?ectrlc The spacer elements
may be formed using suitable deposition and etching techniques. The spacer elements may
include a single layer or any plurality of layers. Referring to the example of Fig. 4, sidewall

spacers 402 are disposed abutting the sidewalls of the gate structure 108.

[0033] It is noted that the prior to the formation of the spacer elements, one or more
processes may be performed such as doping processes (e.g., defining the extension or low-dose

drain region of the semiconductor device).



substrate. In an enbodi nent, the gate structure is fornmed on and/or
around a fin extending fromthe substrate. The gate structure may
include a plurality of layers such as gate dielectric |ayers, gate

el ectrode | ayers, capping layers, hard mask | ayers, and/or other
suitable layers. In an enbodi ment, the gate structure is sacrificial
(e.g., includes one or nore sacrificial |ayers) such as provided in a
repl acenent gate nethod of formng a netal gate structure.

[ 0031] K134 r i idremesthasie2thenopracests o bhock 308 avhgrprasreagsp ixcathed i g fingt one
di spos g t . fif : 108
s i o poudly T SUREIA P e c R LR ey EOSORR BB MBI AR
104, segphnadbgyngichasduyretehing glasma ticbine avdetwhingr eyl theliendnde finbpdigneat,
channel region. In.the sem conductor vi.ce 300, the fin 104 ]

1 uet Pt oA ot RGP bR e b P B atss sl bl e

r egi on r}itning RiERLE tiRtshbgiaty Be dRScsYrdaeths ehingprdrbd. \Regtrfihg @rtht 0 as
di scussed above with reference to the gate structure 108 of th

seni cofwueRlpp! Bigv?,@acaqseSer ispiched mohahi #tiae Fﬁé‘ﬂ"ﬁ&ﬂa'?(’f%‘?fheﬂhﬁf{eﬁg‘eghgf
to bl ogk 208, WHEhE, BPBL]D nShARBES $nikf & hORATPEH RiAH: B . SR Rlehe HT My
spacer el enents nay abut one or re sidewalls cﬁ the gate structuré,
descri betietaisav &S wintahd npfrexiemeady #onil ock 204 of the method 200. The
spacer elenents nmay include silicon nitride, silicon oxide, silicon
oxyni t a ' i G Graral SHENS nay
be for#ggghsiEg&gﬁﬁﬁggﬁguggg%gp%?%ﬁﬂgﬁ :%Pc ?ﬁﬁbﬁﬁﬁﬁﬁﬁgﬁﬁgk The{0
spacer iretogdnend graimip dristbssdetos sgiegloé theapreicontuctm deybarlalantepnbodiment, the

| ayers. Referring to the exanple of Fi sidewal |. s ers 402 ar
o S pos SanTSTH P it era s cpopimety S pUR dist BRI IR st R &
i's not @ kbt rdred BBdvalin bRclk DE8. T yrrRihE1B, thd rrédicspdeRick el @manimrodose
or nore processes may be perforned such as doghygﬂgéocesses (e.qg.,

def i ni AiplacAdons,itads nadipcepiie irsss famgd b ugn SiPch2%8 he seni conduct or
device). [0034] The nethod 200 then proceeds to bl ock 208 where a

recess [G(Bﬁﬁt chgdnembbdithehi, theateati@t QiclIBy @ iafpldnb Broseudr The ARElAHratea n
regions. The recess nmay be etched using suitable etchinﬁneéechn,olo%y)51
[S]
n

such agayrhy adtlcamglegprepinagthauetiytanig Thevsmplay ercpsy, maynaclifregqrnpgumy(
enbodi I i g r

maki g o B B R o e R ME R o i e
pr ot echpplokinomaly hedegredsiand approxiesiely fedarges.nihe onplins epscayplag bobetFiegn

5 ar s, 502 is etched.in the fin at the source/drain region. The
dept h %ﬁﬁ§$’¥ﬁémpg§g@§gggﬁkﬁgy be +/- 10 nanoneters (nn) of the fin

104 height H. The fin height H may be between 15 nm and

appr oxi[0f87e| y Rederning to the example of Fig. 6, a treatment 602 is performed on the sidewalls of

the fin 104, providing treated regions 604. The treatment 602 may be at least one of a thermal
treatment, an implant process treatment, or a plasma process treatment. It is noted that the
bottom wall of the recess 502 is not treated. The treatment 602 is provided at an angle denoted
604. The angle 604 may be between approximately 10 and approximately 60 degrees. The
treatment 602 forms a treated region 606 of the fin 104. The treated region 606 is provided on

the sidewalls of the recess 502,

[0038] The method 200 then proceeds to block 212 where an epitaxial region is grown on the
substrate. In an embodiment, the epitaxial region (or epitaxy) is grown in the recessed region of
the fin. The epitaxial region may be grown on the treated sidewalls of the recess, described

above with reference to block 210. The epitaxial region may be grown by solid-phase epitaxy

8



[ 0035] The met hod 200 then proceeds to bl ock 210 where a treatnent is
performed to introduce a strain in or stress onto a region of the
sem conduct or device. In an enbodinent, the treatnent is a surface
treatment. In an enbodinent, the treatnment is directed to the
sidewal I s of the recess forned above in block 208. For exanple, the
treatment of block 210 may introduce dislocations into the fin

adj acent the recess forned above in block 208. [0036]1n an

enbodi ()., ThhsPE p@acsmrmw chpelriphessnaaphduapteagtt ofsemesogductareatenigb fant

Blr‘ ggggéry%gmn? S’tuﬁtt e, 0 fo?rnggjlr? epﬂg)ﬁag‘)g&og hﬁlu&héi %%?ﬁnen?shgthél i L?ﬂgl ﬁogthn
(O, aﬁldk@fses(]ﬁat}/eb’e lSBﬂ fueb e vgpephss epilhg. tlihk teplaaxgdleegmymbﬁmbmﬂmhmn

approxL tel 0 degrees nd a Xi mat el Q de | an
ener oy Ny B e oos ey PReaa e R b Rperfy ERall
[ 0037] RehslioRginkRdé Q&nﬁ?{ﬁﬁp%ﬂh% aEﬂeﬁtdeGgallﬁnﬁ hRAYTRMIMiRAR ghiSum indium
performed on the sidewalls of the f 104, prOV|d|ng treated regions

604. Tpleosphidatsitisan g@@@ﬂﬁﬁySilbéora@alfpléwﬂd/@hetherrp@ﬂbh@pmpsm@@ath&éﬁt an

i mpl an S; t ed
that ¢ HPBAER AR TR badclko BoBbRETE WGP RRAR, b ERMIE Mg, ol SolfeS
602 i sEperoplingeldpatis anludngb@idehapbdobfantifihey, dogineb&04d dirtlyorble, $§ﬁmeen
apprOX| t el 0 and. approxi mately 60 degrees. The treatnent 602
forms & 9%§¥Bﬁ'wgﬂﬁﬁﬁ 606 of the fin 104. The treated region 606 is
provi ded on the sidewalls of the recess 502. 100381The nmet hod 200

t hen ppodeleds Thoepitaazkrediba awﬁcﬁmdarm;fénisnambcahs ta@gdary the digloostione presdne

e R e LS b B he L B e et

grown onekibe wWheRaheshinkAENRbd Soh. Hﬁ@ser&ﬁ&%ﬁonﬂﬂ%ﬁﬁﬂobﬂg f(ﬂf@%ﬁ@sg‘% tHe as-
reference to bl ock 210. The epitaxial region my bﬁwgromn

sol i d- PRIeEPEpItrason (QSPEFnsipEcSPERpEGEESR twa'@s Fig amneﬁﬁaﬁmhlous
regi on. [onsfw";sccﬂ F&F&H g%b%{r:r%@(:}i()ﬁ OAG I Mﬁﬁﬁh& e F;ft%&ildf:ltegiroﬁ 709 e%t@ﬁdp the

epi t axi regi on n ot er e I'nments ér epl taxi aF grow
processﬂweﬁ&MﬁbHMumsdasumhma$nﬁ@mummph&aﬁmebwtﬁ%yepin$HQQMHﬂﬂlnmybe

regi on nma Ilgon hosphor u P 0 i licon
hospn AT FarEove o he e oY B e padPh it aRisudhe MGne
i ncl ud@;gﬁfam@lourmz grthvided B eMicAlstre9ab el ddtiuchude, 108] UNbthet W ords,
gal l'iumindiump hosghlde silicon germanium silicon carbide and/ or

ot her 68 &pisIsEuEHRPEE MY bAYE 2 $hanegl TemipibdihBathas sYpuesr {Cﬁ’e%‘a@r‘@e&d@éd
t 0 t he, ﬁﬁk% Hofhs él%Wﬁ %eéﬂ 08 Sfke gﬁtﬁw'rlh:u(rg 188 (sohxl}e/%hitnlr’sﬂébojg?g)Thls may

nts i ncl ude arsenic, hor ous, anti mony,
bor on @llovf fanatsyldmetramicbtmssfs@ahxda gpmﬂ@‘steesa;)r’tp be ptavaked in the channel region 306

underlying the gate structure 108.

[0040] It is noted that the method 200 allows for stress to be provided in the epitaxial region
702 without the additional deposition of an amorphous-silicon or stress memorization film as
part of a “stress memorization technique” (SMT) to form dislocations. The epitaxial regions

702 may provide a region for a source/drain feature of the device 300.

[0041] The method 200 then proceeds to block 214 where a junction implant may be
performed. In other embodiments of the method 200, block 214 is omitted (e.g., the source/drain
region may be doped in-situ with the epitaxial growth.) The implantation may include

introducing n-type or p-type dopants. Exemplary dopants include arsenic, phosphorous,



100391The epitaxial region as forned may be strained as caused by the
di sl ocations present. The dislocations may result from of be

i ntroduced by the treatnent of block 208 on the sidewalls of region
where the epitaxy will be grown. These dislocations may provide for a
stress in the as-grown epitaxy region (e.g., a tensile stress).
Referring to the exanple of Fig. 7, an epitaxial region 702 is

di sposed on the substrate 102. As illustrated, the epitaxial reglon
702 exPBifaenyaberps, qasen ¢ irfuorgs; andwetst peseiklsrimpeiiisg Refiiene the gxample of
possi blzg, T, i may be strained such as descri bed
above. %%thﬁpgggys Fglﬁ&fgl%gﬁgggd as 704. It is noted that the

epi taxial region 702 provides a symmetrical stress to the gate

st r uct R3] 108 he| ssmisoRdircigiodarice Hlcandghe ancthod Z0upey 1e8dgdrtheMYS or
channel (5§galcﬂr§bl§ rﬁ%ggm M%Bﬁé i%ﬁlue§kﬁ(ﬁbﬂ"mq}f@%%OF&r&aﬁ let %'n?éthod
regi ons grown o the gate structure sourc /dra

si des 3002)nay'ﬁnmcsed’rﬁyicm1h1l rnamfspacces, sfoyrﬁmmpiecmhmsm rtlmmhs:mnalmpls(ne dgsc ;bed in
tensil rovi in the chann i.on, 30 e
the_gablokTiabore QRsP CRueY Rbsest iR L END e P F Rl R B 25 ot ot
for stcegscttfeathes, psﬁi@l‘(laﬁi%ﬂlcidk feBRNgPhiRXis@be re@hcdn TRZ coMitddd Getitues ehay be
addi ti onal dep05|t|on of an_ anor phous-si]icon or stress menprization

film asoydedtoghe gate sirycages WSl ks epitagiabisriontid92. (Bimgontagt feaupgs include
di sl oc Sm e a [ i .
source?§$§gn %ﬂ?ﬁrgh% é%%émgggp@g§3@9§0”ﬁg§?¢gﬁgﬁﬁéﬁﬂggﬁzgngﬁ£Hﬁdwl
procee@@unmnhkonmu®n4dmhbmwdaGp&ﬁavd@hgmnphantﬂhﬂﬁeBéﬁbéﬂ:ﬂkﬂ@wnSkab

ot her nts of. the ho .,
Sour col TR Py Skl TR Rrighe QST AO M sOfde LGS “ebat o
g(le [ lm@d:@mé&ithdﬁ@uﬁmﬂ’e Ilztﬂiglhbl;d&: m&m@mﬁm)g ﬁﬂmbmaﬁ)rﬁrth@eéfy pﬁed@mb aaa:t Seatures
enpl ary dopants incl ude, arse phos ro anti non oron,
boron @& kg GEpediRy 2 BIvgPH! %tupfévcieaégrmsuﬂg aﬂlﬁﬁfﬂj‘ﬂ’ﬁ @ancapiag demeiy! laypr speh
exanpl e pthed Bl Bryeisl dbCld RAcH WA @ﬁfcorgg)zfdrl% éiilldl&@tﬂ[‘l@tﬂ%}il re[nQ}Qﬂ'%] th&@on-
sem conduct or deV|ce 300 and the nethod 200 may include further CMOS
or MOSr¢agsHmudtaldgyepr doasisi-eyek Geledrim(NdD)ilaigs canciattherdss fermagshon Hietshlestrate
art. F np 10 o
for exgpr%) a c%erg%c%(]%c arhngfjﬂgl?sgm%s(]\ﬁl\?fg) ?&gescfrul“tg&?ﬁp%ﬁ&g ngk g@irate to
above. pﬁhmektﬁaaﬂﬁhﬂbyFDHBQES&S&aﬂhﬂﬂlﬂ@yab&(ﬂESLDhﬂE&eWﬁ@Mﬂdﬂlmefﬂm
formati on of conta§t$g5§ture as silicide regions, may al so be

f or med B2 RBUL AL Pe ﬂF@gtW§vﬁbgyﬂbupled to the gate structures
108 anq’dml they, %Hlemzs&iaien{ %ggawecmae |a§aeofqmsaﬁtmé@§4tygtﬁfctur@qby%ams
suicide materials, such as nickel silicide (NiSi), nickel-platinum
silici detheNim Qﬁ\)lce -k polpsiBedndurke gé@thﬂrﬁﬂahﬁd@qﬂioﬂ gae (ol emsw process (or
ni ckel h (

ol at i e PGP pbE el hiE e and Bl LB, & adrBbREd i dheptaced wit
(Er Si ) a needigdate. Shidr Iemrdﬁle,(amﬁta) gatotningrrepladc thb bate dord (iat, Im@srm:bmgatallayel)

and/ or nbi nat i ons ereof . The cont ct f eat ur es be forned
ot 0 s 81 TS SHeF e Rad ST e g TR et it SorhadrstRg DR Herdpive

layer sieR hiel dikRelap®takl m@,)eesr differ 301 yERAGKA/WM Edinisihdtion® thdiéoff OTIHY
silicidé, and then renoving the non-reacted metal |ayer. An

i nt er - Vaals ldyas emimciecat(m bDjableagraterighrsuetupg BEIMIBENS BORPEY YRS titanium,

SUDSE T 8k Euhf2 AR ARFHLE haREAPA L EHunP Rl i MiNidB! BREHS | Auide,

further app e to planarize’the substrate

a cont ackeledlidides ol sﬂilylﬂdle, @ﬂ“fd&LTa(ﬁ“;ﬁ@aSﬂe TaaNEHHIADTiARD WN, sl gﬁi)e, other

structur.e, 108 before form he
suitable mategais and/or COmBglagiOﬂS ther eofJ a[X a gate last process, the CMP process on the

tLD layer is continued to expose a top surface of the gate structure 108, and an etching process is

performed to remove the gate structure 108 or portions thereof, thereby forming trenches. The
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[0043] I n an enbodi nent, a gate el ectrode |ayer of the as-fornmed gate
structure 108 remains in the final device (e.g., polysilicon). In
anot her enbodi nent, a gate repl acenent process (or gate |ast process)
is perforned, where the gate structure 108, or portions thereof, is
replaced with a netal gate. For exanple, a netal gate may repl ace the
gate layer (i.e., polysilicon gate |layer) of the gate structure 108.
The netal gate includes liner |ayers, work function |ayer

conductiiepd jsaper &lledrsithia papes Wwosly dyngtion mefalj(gge rpstrpw%l? ﬁ@ﬁt‘?rhl‘j‘F@' or n-
Iayersmgéqgﬁggﬂﬁﬁgphﬂﬁﬂjons thereof. The various |ayers include any
suitable material, such as alum num copper, tungsten, titanium

t ant al UPR44§ ant Silbsenuabtuproenssing tmmt t‘arthem faluranions Aontadteleiastingsaaidumyltilayer

nitride, tanta nitride, n a i

The | TR e C 8% e e . Tty SBRMebigBly bRLAE: sublal(ETi02,
mat er i abﬁhgtaétﬂfcpronawbmm% lo@ﬂfeatth&l’@(ﬂtrubmlrfﬁ cgahesdmstmqmmcasxsce 309 The
CwvP process on the ILD | ay er |s continued to exF se %P gezﬁrface f
the gatddigpralcleaiuess1vay PRden fleairiop) HECTpYBE R | e dpY Y CXABR G &
the ga%l@%{réﬂﬁt‘é&%nﬂ&gmﬂnc%% 1 QNG| it &Rkets A8 8DYodveatBa0yik &NGARSES,
The trench'is then filled with a proper work function netal (e.
p-type awd)rhlollﬁm@it m@monewéﬂ, sa¢h ps tn,et?é liney. k Tthan@tlpmmt%@%nn)‘:ctlon catures may

[0044]Sub equ

cont aCtUPOT A PPgk SAITRP Rty el Bbel bl sndo gigide i gpe
| ayers eamdplre,rtt éihayar adi/et el Elarﬁzﬁs):ermrprbd‘ms swbest todben &@Qndmtmf (egurceppet)
to connect the various features or structures of the sem conductor

devi ce '¥8§d MHFa¥H dIECOMSFUMSIVEREs may provi de el ectri cal

i nter copau¢t i OIE‘etEIme; REwdS ¥iL 8, il l@iate@i AABL . chakt BHA heltRY S0 of semiconductor

i nterconnection incfudes vertical interconnects, such as conventional

vi as oralgisatiercacsordingdo lRar PrBereaspeciod freanerset dsclesuth T mrshos) 900inyde

The vai g hQheE GORASC! L0 SSAbES TR IRk SRR LocAS bPHSnGRNRNGH ve
mat er i i'ncludi ng copper, tungsten, S suicide " in one exanpl e

a danuasleeneswahds arficttiudfecdaamisoe (& bcesanbcsi:mer&dtht: metlmdrﬂ()a may be

conducti ve opper). related multila er.connectign ..

cer et dnBemiabia) RErarRlcfdi 6e Mg M A hEPHER A S Priment i
of a mptduad APMAS b GRAEUES YrmARinae ahh MordCLAWEEN Bnt Map RRogHizdMNE
aspects of the present disclosure. The method 900 may be inpl enented

to i ncdedisetypestheemay bancht tom therpscsetianethed. ofigs- dP- Ifoyr e croeyicstanabyieys of
sem co I

cbod oo bRy RRotel cF Qb REhe BN L b ettt g0 of
fin-t yﬁeg Br an:ﬂtostdd:re tmdet’stondiﬁﬁt Hewv 1068 and tleendesivo d 80 Orametrepredeatatiet dndyland
900 may H@{ QEU g to forma planar transistor. However, one may
recognP?EmHW' ["98ng-ypes that may benefit from the present

met hod. Figs. 10-18 are cross-sectional views of an enbodi ment of a
sem conaus] or ldehdud:eébeﬂﬁﬁﬁerfmbcristna;ﬂ gdt e oetididOtio! stes peps ey inpebdioms of
900 of Frg@ .t shog be unde stogﬂg%ﬁgt Fkgs 10- 18ﬂand %ﬂ} i
devi ce AFOBEIHVIE FrREERESEIYEOBHFPT techhidnaRiaces 8 ant Ui %G,

[ 0046] lohiyshestisddbecfiynébiar AdadRhsItsRPs nfabak pbitemiataAde, 30Qr dndtdr dde:sy the
steps having features of a conplenentary netal-oxi de-sem conduct or

(CVOS) meshstshifi0o Gymdibe @BEMAY BRPEIE AUPIPOrENG obh gy igrahrlrmpeRenplit ferp (e
her ei n. tnhégtgﬂégg&?gbd RerERS Itqgéfls@ﬁn(fé?srtgogrtﬁﬁ%l R?I}ﬂ[‘n sen"i‘tt:{)rﬁfucf%pgév(?ée 1‘3)@5 W39

the me arly, one may recogni ze ot er portions of
devi ce beligtricaay b €MOE technalogyt dne thwest Sooaksprdessessiabechihdesstibed briefly slelalrs o}

under s at rt f the conduct or device 1000 nmy.be
Fabrt atahen S trBRob Bt ghuts MM SNGUSe St b BE beies AR reRjep such as
descri hagibrdl efhMsbe! Bpsar fubdtion @lansitthe, LeiBlot) BaPdCits, digies Tased Q00 bk
i ncl ude various other devices and features, such_ as additional

transi steryieddprpbatier pgsetandimeol hednengraconcens of Be sresen giselopyes The

semiconductor device 1000 may include a plurality of devices interconnected.
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[ 0047] Portions of the nethod 900, and/or the device 1000, may be
substantially simlar to the method 200 and devi ce 300, descri bed
above, except as discussed herein. Thus, various steps in the nethod
900 and/or features in the device 1000 will refer to the descriptions
above with respect to the nmethod 200 and the device 300. [0048] The
met hod 900 begins at bl ock 902 where a sem conductor substrate is
provi ded. The sem conductor substrate may be substantially simlar to

as di sd¥i3bd divsrians af ths megiosy Weand/ ey thndeviceni0B BrierrchesnbLaivistly aimilat i
of 1 he tﬁ(?dq AnQldediey Bﬁ(ﬁld%sgpibecfi 5'&@5{&\% iR s &HSLRAC eI, \Fdligus dieps

Bl ock e substanti a S|n1 ar’ to block 202, discussed above
Wt h raféaanﬁ&ﬂﬁ@Oﬁh@bnﬁﬁhuﬁ1Qﬂ®chdesé6@bwdiMﬁxhnheﬁ@mBMMmSmUN@ngﬂl2

In an enbodi e onduct substrate includes a plurality of
fins ex?%ﬁgﬁﬂﬁ 8%@%Wﬁagiﬁﬁf$§¥%9&%n i sol ation region (e.g., ST
feature) may interpose the fins as discussed above with reference to

t he sen®®@8hducihemdie 2 biids at[lﬂﬁzlsgﬁjﬂaalemrw @ srgnit@lduttei eosingit & podvifady.
10, a nlcondu tor device 1 subst.r at e 2 having.a fin
104, T bR B P Rty Bufelioas diseisSid ouf R Aetepld 8
t he semecs@m%ﬁ&mm@,ayétﬁa 1RQ tidasanddpacoidRVEe WU, Ricsceibed aRE ecfb@ndd 1@.
1 and/or the device 300, descri bed above with reference to Flg3 3. It

i s not & t1h§ﬂ0$ﬁ@2§ahh?éhlaﬁzﬂwréw alaviae i ek 202) qisrupsed pher s WthHederents 19 s
provi degd. mgh& YioPUe R0 ‘?ﬂw Ihf%fé} c% téH: gengan ertlQEer thd gen&wﬁuaew ce

region to drain region 0050 od 900 then proceeds to block
904 \/\heut@nategmhe:lesammmw ef fiss efxmenﬂmg form ﬂh:@ubmmm et igolatiion laglon (e.g., STI

enbodl the. gate structur,e i s nd/ aor ..ar ound
oxt onal T P rRe B PR Seded BTE S RA b SRRl bevie

plural npy, of layers such as gate dielectric |ayers, gate electrode
| ayers, capping | ayers, hard mask | ayers, and/or other suitable

| ayers adi t ructure, i acr i

et a0 RRERG TP bl SRS B S SEh bR R RRL dop iy B e
st ruct ypBhaviiea bh 06K PRAerBIOnBECcSRSIRNDD@InkY b Bdﬂsﬂaﬂﬂiaily@nﬁﬂlz& th tmc K
204, described above with reference to the nethod 200 of Fig

[ 0051] RePEPRIusET deviem D edessripes abpvevgh raference tg dige 1 8pd/acths rd%“ife%oq s
di sposggscABed dHove WaRTE@feRce to Fig. 3. Itis noted that the semiconductor device 1000

illustrated in Fig. 10 is provided in a view along the axis 114 (e.g., along a fin from source region

to drain region).

[0050] The method 900 then proceeds to block 904 where a gate structure is formed on the
substrate. In an embodiment, the gate structure is formed on and/or around a fin extending from
the substrate, The gate structure may include a plurality of layers such as gate dielectric layers,
gate electrode layers, capping layers, hard mask layers, and/or other suitable layers. In an
embodiment, the gate structure is sacrificial such as provided in a replacement gate method of
forming a metal gate structure. The block 904 may be substantially similar to the block 204,
described above with reference to the method 200 of Fig. 2.

[0051) Referring to the example of Fig. 10, a gate structure 108 is disposed on the substrate
102. Specifically, the gate structure 108 is disposed on the fin 104, The gate structure 108
traverses the fin 104, separating a source region from a drain region and defining a channel

region, In the semiconductor device 1000, the fin 104 is illustrated as including source/drain
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102. Specifically, the gate structure 108 is disposed on the fin 104.
The gate structure 108 traverses the fin 104, separating a source
region froma drain region and defining a channel region. In the

sem conduct or device 1000, the fin 104 is illustrated as including
source/drain regions 302 and a channel region 304. The gate
structure 108 may be substantially simlar to as di scussed above with
reference to the gate structure 108 of the sem conductor device 100
of Fi greglonaAbl e & Henadd pezantite tTHF o viredursdfs gray pe gubstantiphngpylerig as
met hOdd@&Qseﬁ%BwﬁQﬁﬁ F'e@g'éncte% QG s%gﬁum%f %%%ﬁfcoﬁh%%%o@rl@ﬁ of Fig.
formed on t trate. The spacer elenents may abut one or nore

si dewal bsd/of the keanigantdectot deviteldO8 of Hiesdri bed above with reference to

bl ock 904 of the method 900. The spacer el ements may include silicon

nitri dﬁ){) 551 |1 680 n209900 Feh! ?&@ecg)%é’ QEMQ Pg@whﬁgqg £Er QLAGT s §1‘é'f&%@d%n the

di el ec The spacer ele nts may or e I'ng suitable
deposi $ubeﬂnatanﬂ]heesp(amrmg:meatshmyopbelsonelh otke 906vataypf be Sitddituaitd, @itﬂcybed

simlar, to block 206 i,b ab ve t eferen etot

500 of shevg i el 1 GRS OF e BORNR Aop  TspeEeS Hedigh b in TR o
402 ar gitrites pASELL-ad bilibsi0odyR Rri@a bRd/Sit dibktsUitab 1LD8lecti00FB¢ hﬂacbn&ld‘iﬁﬁn&d

that the grlor to the formation of the spacer elenents, one or nore

pr oces®ay dermEd upag pHfcRiedlcRpipnAed Gﬁbi“ﬁcjecﬁﬁkﬂé‘%% Rleck Pemay bt i ni ng
the eX&ﬁ;@éht@ﬂR%ﬁnhQ% gReg 264, aega.a&game a&thn&ereﬁ@er@oqwﬂe%@ao@@w,ge_y)

[ 0054] The et 0 then proceeds to bl ock 908 where a recess i8S

et chedRefrrrirggo thierexampletd Fen b .csideaat] spacedrdfR arer digpiosgtsabulthg thegate sirugtiye
be etc usi ng suitable etching technol ogy such as dry etching,

pl asma etching, wet etching, and the like. In an enbodi nent, one or
nore phot ol ithography processes are used to form masking el enents
such t W83}t he lrie neied thaythe @gboleshoformatensiflist spates eb}n‘@n@r oteagutaye f r om

t he etchin process 0 ) tantl I S|nllar 19 bl ock
208 of PERESGRITROE BEBMULLel PR IR e T HEr Ay Biialed oflshitin bg P
Referra@gnbgohbeﬂ@&aﬂnbﬁnaﬁnEb@cglz, a recess 502 is etched in the
fin at the source/drain region. The recess 502 has a depth D2 that is

T oL 00 EL o, L 404 Gt o8, a0

met hodsR dnben dRIeeRHs TR BlaS had bo ciohar @i uhils elching Re&hnblayesuch s

For rmddiy etching, plasma etching, wet etching, and the like. In an embodiment, one or more
photolithography processes are used to form masking elements such that the remaining regions
of the substrate are protected from the etching process. Block 908 may be substantially similar
to block 208 of the method 200, described above with reference to Fig. 2. Referring to the
example of Fig. 12, a recess 502 is etched in the fin at the source/drain region. The recess 502

has a depth D2 that is within 10nm (+/-) of the fin 104 height H2. The fin 104 height H2 may be

between approximately 15 nm and approximately 40 nm.

[0055] The method 900 then proceeds to block 910 where an offset liner layer is formed.
The offset liner layer may be a suitable dielectric composition. Exemplary materials include
silicon oxide, silicon nitride, silicon oxynitride, and/or other dielectrics. The offset liner layer
may be formed by chemical vapor deposition, oxidation, and/or other suitable formation
methods. The offset liner layer may be between approximately 5 nm and approximately 20 nm

in thickness,
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The offset liner |ayer may be a suitable dielectric conposition.
Exenplary materials include silicon oxide, silicon nitride, silicon
oxynitride, and/or other dielectrics. The offset |iner |ayer nay be
formed by chem cal vapor deposition, oxidation, and/or other suitable
formati on net hods. The offset |iner |ayer may be between

approxi mately 5 nm and approxi mately 20 nmin thickness. [0056]1n an
enbodi nent, the offset liner |ayer is deposited as a confornal

coat i n@ﬂ%@br | >}p ﬁ@emh@dlg@%{h@ é){féet( @e@iayer lﬁé$nﬁ)alﬁ€‘ﬁlg’lstaﬁ@nf65‘ﬁ% coating overlying
Struct We3hetra erg %gﬁégﬁfl%gfﬂggg% 'H?ﬁ'(gu:eg)hQn Qﬁ(gtﬁﬁterrlbb@l%{eni Q%fofsbts n{epl’a'?&dis

by a therna Ss an formed on the wal
recessﬁndeébymMﬁmmathbummphmﬁﬁﬁmdeﬁbenmbmbm©®mﬂ9@@heMﬁmﬁuthmdwdabﬁw

enbodi nent , .t he offs er on_t

sur f ac 8dNgpiefEe t&ahl{’&sgt % uct %5‘5’8%?{1‘3&%;0 eoﬁfsgﬁqme’ e‘?’ ), e0§ géP gg] on
above Wietdxpsel engrecot e @&t@@dﬁu@lﬂé (drdirgd spacecHeRay), de[samcﬁaa]alaa«feemm ng to
t he exanpl e of an offset liner layer 1302 is formed on the
substr&%@eTGZOPWCgﬁ@4F@5@§§k§@§ The offset liner layer 1302 is
illustrated as a conformal |ayer, however, other enbodi nents are

possi bligs7nc! uditiigng fcaheemmé@f;mg 13* aﬁbff*saﬂflﬁé: thyeat 302Sis g:rramﬁ ofmhd he
exposed portions of the fin recess 502 wa

[ 0058] THEUAE ASH! BOreEHe2pr, 8% e@“afé ligey lmeéd RUGis Iyiaied ag %%Ofﬁ?lﬁ?é{ayel
l'i ner lh@%@\/rer'cﬁhe?%ﬁﬂgﬁme-m%lé)gc;ssﬁﬁfe 1hélﬂ(ﬁﬁg,|f@1y§(ram5ﬁ‘,¥a REerelyehed: H%’lcﬂﬁn (r)]n

sui tabl e etching processes such dry etch, plasma etch, wet et
and/ or tistdvposed pottimbs ef the 0 d 84 &sg., ﬂhni@qqﬁoiiﬂwmh}sh one or nore
phot ol i t hogr aphy processes define the region to be etched using

sui t ablg,sgpskifg ngc,l Oma ngg}sce%éé%ék'mrwﬂem&oﬁﬁynp&@km%@chwch

that i |s renove ttomportion of the recess, whil
r emai nilihg ofiet fihe: layed ewalbe stebéd vdieg ueiobls SichRefpeeachseg sico ag. iy etxb,nxbaselaof

Fig. 14, the offse ner .| ayer 1302 (see 13) has bheen e
Fodm etthoncsfhetlorioHBs B Progans; Wbt 3 O neR PP RhRaEH Y °
bl ock %ﬂ(ﬂ:e%@@cﬂ&ina tHfel e Sibn ROB diged @bingRuigdId Axdkalg dlegingn I Tkﬁ offfseiimeplayer
the substrate. I n an epbodi ment, the first portjon of t epi t axi al

r egi onMay beetspd yush thid itd ey edpags atosy partien 9f e recess, w ile Tematiing on
the sidewalls of the recess. Referring to the example of Fig. 14, the offset liner layer 1302 (see

Fig. 13) has been etched to form etched offset liner 1402.

[0059] The method 900 then proceeds to block 914 where a first portion of an epitaxial
region is grown on the substrate. [n an embodiment, the first portion of the epitaxial region is

grown in the recessed region of the fin.

[0060] In an embodiment, the epitaxial region includes a first and second portion (as
discussed in block 916), which may be grown in the same or different epitaxy processes and
include the same or different epitaxial compositions. In other words, though described herein in
to “blocks” of the method 200, the growth processes described in block 914 and 916 may be
performed in a single epitaxial growth process. For example, as illustrated in the embodiment of

Fig. 17.

[0061] The first portion of epitaxial region may be grown such that it extends from the
exposed bottom portion of the recess and provides an interface with the etched offset liner,

described above with reference to block 912, Referring to the example of Fig. 15, a first portion
14



[ 0060] I n an enbodi nent, the epitaxial region includes a first and
second portion (as discussed in block 916), which may be grown in the
sane or different epitaxy processes and include the sanme or different
epi taxi al conpositions. In other words, though described herein in to
"bl ocks"” of the nethod 200, the grow h processes described in block
914 and 916 may be perforned in a single epitaxial growh process.

For exanple, as illustrated in the enbodi nent of Fig. 17. £0061]The
first banprixil regping 0P A illpeegicdn Tﬂ?ﬁ@‘%éo'@ﬁ%\/bﬁo%lﬁéjﬂﬁp@f’?étml ¢ potfdEhpgion

fromt %?th%ﬁpc%gse?%b%&%hme%%ga;cFQ% S%IT[ éo*ﬂ@u& §£§u%%@l tHRIRVi@es h@@ldes of the

interface wt e etc set ner, escrl ed above wt

r ef er effice pbaiobl IGOX ifddrPice Refatehred nffset hnetrhléOéxAmahge ot 04isgpr Oﬂéed IEtVfJ¢€l1§he

portion_ 14 . of e it i al 02 is | ust.r

or t1 oaaiginet Wth S8 ot B, eSS Toanc gty o0

wher e igkgie@nt acts the sem conduct or naterlal of the fin 104. The

si des of the first portion 1502 interface the etched of fset I|iner
ween th of f set 1402 an

1402. 15 4 is. ded be

firer AT on s erutLah St g ) Pe oD bl aass SRR &Y s
degreegye Es@%?&&tgan&y EStveR QR hindiphOls b fien 8Pidmdirdlictbe@hRialayrlallgicown
by solid-phase epitaxy (SPE). The SPE process may caonvert an

anmor phétisctusdp Gnmohe srifmxiab rginnt dr othar apbodiments. OHGE enifaxjah grodth processes
to form, 5/“)% 0 &Y 'a?‘l/%%)?%s eglltzﬂ(KOtThg ;%mwér%m%@ m@lh@@&h@cm tg@l’ﬁ'la"fﬂum

growt h processes may apor- ase €pitaxy.
epi t axigalliumegsennlcnealliimaittide abinlinwogglligerindininypipsidadel SIUmrag%mnmidm;
gal liummnitri i um i ndi um )
o ot PR R R TR B BOBSPBoa icsh ikl s odoed 5,
enbodi mRNdpitakiBPEydridubsg afe%r@\aaq@lgt; - ilﬁﬂ&iogthlg) ameaiplérwepamﬁmmge fsenic,
| ary dopants include arsenic,

grow h &@ﬁg in-situ dop |ng

phos ph#REWEorORREANHEAYY: B98I 010'@38%”3‘1‘101‘81? Fd(ps Pﬂﬁéposé‘r‘i’g‘? igpugtiser

possi ble inpurities. [0063] The nethod 900 then proceeds to bl ock 916
wher e 30068¢ ONAriRAhEth&NMS thehgroegidd @41@dk 916 where a second portion of the epitaxial

region is grown. As discussed above, in an embodiment, block 916 and block 914 may be
provided in a single epitaxial growth process. In other embodiments, block 914 and block 916
may include two distinct epitaxial growth processes, for example, separated by one or more

pProcesses.

[0064] [n an embodiment, after the first portion of the epitaxial region is formed (block 914)
a second portion of the epitaxial region is formed during the same growth process. For example,
the epitaxial process described above may continue to from a second epitaxial region overlying
the first epitaxial region. In such an embodiment, the etched offset liner remains on the
substrate. Referring to the example of Fig, 16, a second portion 1602 of the epitaxial region is
disposed on the first portion of the epitaxial region 1502. The first portion 1502 and the second
portion 1602 may include the same composition (e.g., silicon, silicon germanium, etc). In other
embodiments, the first portion 1502 and the second portion 1602 may include a different

composition or doping profiles.

[0065] The epitaxial region as formed may be strained. For example, stress may be caused

by the dislocations present in forming second portion of the epitaxial region with a profile
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region is growmn. As discussed above, in an enbodi nent, block 916 and
bl ock 914 may be provided in a single epitaxial growh process. In
ot her enbodi nents, block 914 and bl ock 916 may include two distinct
epitaxial growh processes, for exanple, separated by one or nore
processes. [0064]1n an enbodi nent, after the first portion of the
epitaxial region is formed (block 914) a second portion of the
epitaxial region is forpned during the sane growh process. For

exanpl éeﬁtq@é)yeaﬁptfiet&qna‘t@ Cﬁgt?éé§%'eé“e&c?q815“ekﬁoéb0\9@”nﬁ‘§’ disdneations enay sesut drany

second I in LiegHich
2 gt o a0 s s et T

Ref er r isigsstimth e geweannpitexyofeg i ge. g 16tensilsweend Retartinoia thesxample of irég. 16,

T

i ncl ude s0hgndsi@eeecomdpardon 1602 p(r@w@es a syirinetiten] ssdsk tactha ggesmm:mwn%etm)
I n other enbodi nents, the first portion 1502 and the second port.i

1602 miyher HeTdscrach ealf st VR withlave i chrnnst regisithey hat wymmedaeal strain e

[ 0065] Thge @Pitd:aat 't@émt’fs%%v?@o@@acfl QiR e Redratnlrad iR 802) GPthe @¥RIRL Qure
stress may be caused the di sl ocations present in form ng second

por ti o 08f Thlhelaepilo\aimaa symaggitiogal vttqssfstaalp{fog i leasileg@pishinbetpyovadadds ghe
than 9%4;159{%9{1% (oR964 ?n&?}g%gﬁhﬁ%gésgtu%ﬁ ¢ 108 Thus, the dislocations may

result Tromt presenc fset liner defining the
profile. These dlslocatlons may provide for a stress in the as-grown
epi t ax 0066 oriFh(eee@nd parttoe 1602 ef gherapisyial Reiba) hdsagraseent papexkenskample,

Fig. 1 the s éﬁ‘i%nc? Eo Sur a(‘tea% Be Y y?rége E(ljt 33 ?&ve(mi ghéf)fi &&ﬁ?ﬁ%ﬂd Ei rﬂg&o he

epi t axi ﬁm¥%g|o portion e secon

porti omﬁﬁ;@&/lmmmede&samstytnmﬁtst p&ebn sf thespitdxg redien gﬁlze{amt thelefchirdasfset
108. In other wor eacg‘ te structyre 108 w || ve a ihannet
r egi on NREHORKS! PSHEEE 9 p AP UEPY ‘Pt‘é’xé'BP'lea f 85copdRRrEs ! gfown

on each.gh@&o (tﬁe ngmnﬁpél{dcﬁf HE @rihed 69 HRNI3GAAT 1300 @ndBleRtchbd Hidet lifer
108. This may allow for a symmetrical stress/strain (e.g., tensile

stress)l46d. be provided in the channel region 304 underlying the gate
structure 108. 100661The second portion 1602 (of the epitaxial

regi On)[{)(f@f a Iﬁ E%E’t@@(ﬁmﬁnlaﬁ)@et tlll:é)ﬁrs%m 6 thk Qﬁte&% bdofn lg-ﬁ)gr%e(hﬁﬁoéﬁ d19p

surface (e.g., lying at of above the fin 104 surface) and a bottom
surfac @hﬁvﬁﬁ‘ﬂ‘@ﬂ of fistt dinéraie egnanied fromhibe fubsiratepdhe pighedoftisehiénce piay s yemaagil on

1502 (and _t he et che offset i.ner C
concay L DRuREe LI dof REh Sl S sulRR RO EEb RS Re Rttty e

t er mi nakagpld oPPight R tidafidhad d eyt likel 402 hat bgpartmoved fhd2thanhstriwe 162.ched
of fset |iner 1402..

[0068] In a further embodiment, after the removal of the etched offset liner, a second portion
of the epitaxial region is formed. The second portion of the epitaxial region may be grown by
solid-phase epitaxy (SPE). The SPE process may convert an amorphous region of
semiconductor material to crystalline structure to form the epitaxial region. In other
embodiments, other epitaxial growth processes may be used such as vapor-phase epitaxy. The
epitaxial region may include silicon, germanium, gallium arsenide, gallium nitride, aluminum
gallium indium phosphide, silicon germanium, silicon carbide, and/or other possible
compositions. In an embodiment, impurities are added to the epitaxial layer during the growth
(e.g., in-situ doping). Exemplary dopants include arsenic, phosphorous, antimony, boron, boron

di-fluoride, and/or other possible impurities.
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[0067] I n an enbodi nent, after the first portion of the epitaxial
region is formed (block 914) the etched offset liner is renmoved from
the substrate. The etched offset liner may be renoved using wet etch,
dry etch, plasnma etch, and/or other suitable stripping processes.
Referring to the exanple of Fig. 17, the etched offset l|iner 1402 has
been renoved fromthe substrate 102. [0068]In a further enbodi nent,
after the renmoval of the etched offset liner, a second portion of the
epi t axil@69t egi Referrige tothgsgemninel Ege bhd sprond iperiionfl 70hel thp prigpxiahregion is
region . b= ' ( \

conver TRkt Arsput e PRBE BBt L Pt I for DRl BERe R Y
st r uct poeiond 70D may tidvdudephd sxieadompesgjiion(e.d.msilaphesili@nigodihanan sstc)othether
epi t axi

N N T N R e

ar seni @gmpg@diédsl{m@@} Giffect@t dspispofigsgal | i um i ndi um phosphi de, silicon
germani um silicon carbide, and/or other possible conpositions. In an

enmbodi inpurities are added to the epitaxial roduri t he
or ot n 1pe0y ' P ssiuitl e g s et B s e oY o ikl eent
phos phaheUssiocaiiddsHWresuMOE AR the}RERRcciftihd dighct defscramel M tBd fiofile (opening)
possible inpurities.” [0069]Referring to the exanple of Fig. 17, a

second definad; byrtha offset bren(pa., apgle Ax¢4f Tig ddbnlhese dislopyinag map Prevade for 3¢
portio . [ i ! 5 : NG i :
Becond 55t IR oAk Rlad K ANe R dRnal CRl Mottt it collbIANTEDE
si | i comheggerepsniaimis detadd asl 1704t heés netedibdi theppisxia eidhiingtdipgtheifost pbBidsh
and th co ortion 17 i,nclude di.fferen onposj ti.ons or
Gt or 0L dshngreppoprriad | DB s Sapnttsal S b P PGSR AP
be straiedons, &GRHERE skicthlka 08ivill 0gatd @asndpF@sRIthat ik gyrethsitiogiatihiansic
may result fromthe presence of the etched offset liner and the

prof i | & thesetipria yedlers siewn By cadieidsr(fgesouredipin304y. Thinpgy allaw dor aof

Fi 9. 19)mmERRa Py digliRG R NS B ¥ RHAY bd BrdyRicddn flelchiithel RelolS08%n & L
epi t axy” regi on (e.g., a tensile stress). Referring to thé exanpl e of
Fi g. 17he gatestsehesslstrain is denoted as 1704. It is noted that the
epitaxial region including the first portion 1502 and the second

portio 2 i Il C
05, 1 n0bfihe, PIRKESR BRNTTTRO AR erfiskEPRglR) biR ELE SHEHE FHE Bamole
r egi on thehatrtidvas70yhasre top stiafacstergailying sieortabotertbe Epil Odxirbice ) angiadrotiogr own

on each side (e.g.,.source/drain 304). This may .all for ,a
oyrmet P S Gt T ot b g ekt By AR Heaitamavitoee
the chapggtorcd® Papes3 0 reraiaplkythdgecbREpdabe 1 B2rdithts ® tho8ernli) é3d fbiats
second portion 1702 (of the epitaxial region) has a crescent shape.
For exd&pnes by the first portion 1502 and the fin 104.
[0072] It is noted that the method 900 allows for stress to be provided in the epitaxial region
including the first portion 1502 and the second portion 1702 or 1602 without the additional

deposition of an amorphous-silicon or stress memorization film as part of a “stress memorization

technique” (SMT) to form dislocations.

[0073] The method 900 then proceeds to block 918 where a junction implant may be
performed. Block 918 may be substantially similar to block 214, described above with reference
to the method 200 of Fig. 2. In other embodiments of the method 900, block 914 is omitted (¢.g.,
the source/drain region may be doped in-situ with the epitaxial growth.) The implantation may

include introducing n-type ot p-type dopants. Exemplary dopants include arsenic, phosphorous,
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the portion 1702 has a top surface (e.g., lying at or above the fin
104 surface) and a bottom surface which interfaces with the first
portion of the epitaxy region 1502. The bottom surface has a concave
shape. For exanple, the second portion 1702 extends to two term nal
end points defined by the first portion 1502 and the fin 104.

[0072] 1t is noted that the nethod 900 allows for stress to be
provided in the epitaxial region including the first portion 1502 and
t he sedwmaonyobaipohorpel-fuprideend/ar etheutossible impitidsoRa enm@ﬁ@éheth@mpbfof

an ano rlzatlon filmas part of a "stress
nennrigg? %%j:g%hﬁﬂgﬁ%&s?gﬁﬁ?ﬁg orm di sl ocations. [0073] The net hod
900 then proceeds to block 918 where a junction inplant may be

per f or H8d4] BI dbk S@ﬂ'SOWﬁi’ytObde%l%é@%%ﬂdaﬂhﬁ yneéficwh P mey ingfugle Kurplieg CMOS or

descri th Fi her
enboai Mo Sogp Tl et GO TaT ibut g MRl (A oxingiy JnPhifiba
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bor on Qérrtefclt %b"tdigse’su@ﬂﬁg Qificiak h‘@g’iorﬁo%ﬁ'ybil% baTRMdell] ePhe RRERY 'féaﬂﬁestlﬂ IB@
exanpl e of Fig. 18, "a junction inplant 802 is illustrated. 074

sem copripadde liegategrepoe Widngdies treeepo motomak/the spitaxks ‘¢&B<Pi’{SHép /m
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108 and/or the second portion of the epitaxial regions 1602/ 1702. The

cont acthereeht Tireniagefeagesssan bf demed e rpeess dykinchidendeprfing s metal er,

(N Si ) d“e %l&r@&g?zﬁl hIH H'tﬁdtqﬁe Pl ?Er)lislaﬂleQEEf%e,\chi?@%: %\%9@? .rgil"{uﬂe,

silici nlce-germanlumSI ytterbl um
Sui Ci dmdtHbSremovpigah& nemresetbd oicte [AyPt. Sh) ;ntemlﬁvﬁi@ml@jtdid @Lﬂbaia(ydalrcsh Yurther

erbi u | icide silicide

conaucts R PE s, S92 s Shem et Bt o RhfR LR RRES is futher
f eat ur ggplican e siniied PynaizptRcRSsudid afurihee laudasicdagoasy iapg (@ESES aly
| ayer, annealing the netal |ayer such that the netal layer is able to

react b tormed on ©BRf ths gpissherre KR deforafpamingdhe HdryPig t he
non-remghsd MR al, Lay &Lmefﬁ” th@t Bhe sﬁ‘%&hred @é%ﬁm&!n@ (o Wl r%éiy‘aEwF@r{e.g.,

further be fornmed on e substrate 1 an em cal mechani ca
pol i shpcriwil(ic(DMP) Ipr&mé@s eimbofliorenher gatppllepbdem@ttmecesulﬁ@t gait dast cploc:eSS) is
pl anar i

oy beld bYIRE ‘DI B 2o PHEvare: o lEThr Erate TEPhre v AT ERE b
| ayer. e;{a&@;?@hhfktaﬁ@atelﬁﬁ@dbmﬁl&tthe gd’teiagat(ee$pd5iyﬁtawnﬁga1@layérwﬂhﬂgate Rrddnge
final dOeS\.“ %E?e metapgate includes liner layers, work function layers, conductive layers, metal gate
layers, fill layers, other suitable layers, and/or combinations thereof. The various layers include
any suitable material, such as aluminum, copper, tungsten, titanium, tantalum, tantalum
aluminum, tantalum aluminum nitride, titanium nitride, tantalum nitride, nickel silicide, cobalt
silicide, silver, TaC, TaSiN, TaCN, TiAl, TiAIN, WN, metal alloys, other suitable materials,
and/or combinations thereof. In a gate last process, the CMP process on the ILD layer is
continued to expose a top surface of the gate structure 108, and an etching process is performed

to remove the gate structure 108 or portions thereof, thereby forming trenches. The trench is
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polysilicon). In another enbodi nent, a gate replacenent process (or
gate |l ast process) is perfornmed, where the gate structure 108, or
portions thereof, is replaced wwth a netal gate. For exanple, a netal
gate nmay replace the gate layer (i.e., polysilicon gate |ayer) of the
gate structure 108. The netal gate includes liner |ayers, work
function layers, conductive |ayers, nmetal gate layers, fill layers,

ot her suitable | ayers, and/or conbinations thereof The various |ayers
i ncl udéearfilleduvithad peoprawer Bnctieumpabi. sl RiPa oAk AgisHer megal gy sttupe work
titani - um tantalum alum num tantalum alum numnitride,
titani ﬁﬁcﬁ?f?{e%@) tantalumnitride, nickel silicide, cobalt silicide,
si | ver [OOTEC, TaBbdypenta@dtesding@imayTiuhdd, fol, varressatongdcksdyias/linets ed multilayer

suitable materials, and/or combinations thereof In.a.gate,last .

o oo aouer sl Bt 08 RN B o ule e it lrfagdh Gt abhumes, 102,
top suchan@rd tolddengair wlibucictiuges B Sirudnds anthesahicoglpiodeiesise 1600. The
performed to renove the gate structure 108 or portions  thereof

t her ebydditennl gatuies iame Provivhe cteckiselh itgcompgiont for fsqdiiesn £ opropaple.
wor k f ungkih iﬁ%negﬁorgi cluBad YREcalHidcddhBGt 10Mh TBLALeRlonM-Vi¥Ps ORfaK:s,
function nmetal ). 100761Subsequent processing may further formvarious
cont actsd Woamnkdl rigsrcankctalst¢h ay ewtal diney. c dhe eatiodseiatanroageqtion geaturgs trady
| ayers.and interlayer dielectrics).on the substrate 102, confi.gured
to” coniBREmee ¥ Santieiu? FALRE vl e b tfn’ Sy SMuleey i one
devi ceelffle, aldunadctale bhdBadual @ahakces pidoesis avddde fehegtdidoative (e.g., copper)
i nterconnection to the device. For exanple, a nultilayer
i_ntercéﬁ*ﬁ%‘@:t“i”HHaXehE‘F‘“tiﬁl‘égle_?/té?“ﬁtl@équfq- nterconnects, such as conventi onal
vias OfipEePt aGtcorrial HoW@d F2OM allusdnABECONNG Ehase o1SURAREP 190BIA | i nes.
The various interconnection features may inplenment various conductive
mat er i adrsicpmbictod fabgicttsppreeqrdingrig sneer, merndipgets of thie pragent disglogwes. The
exanpl e, ,a scene.and/ ar a S e . C i §: .

condue r1eyBa 30 RES B ARl N g AR s PRk BB By S REAHS
st r uct uf gsendidehtildietericd sngh BOswut@/draig regldh ofial flelibéfteat eshsissordFETOVIN an
chart of a nethod 1900 of sem conductor fabricatian acfcor_di % tQ one
or nor EMAeGBERs thsmathRy 108 DedMOETSSISHAC IOFRE Y HAL HBHEC Hays By of

i mpl engRted dbficd NGB R8HoBin%hE, ERSmOhod | FOM A RVik RS dnkdQb Corfif a PRAR
regions of a sem conductor device such as source/drain region of a
field epfuger. tHarmespoe meFEEpgnipnother derise dipaetiel mepheengit fion thoposeihy
be i npl t o ul t.i - gat: i - ' : i 2

dovi coneia Pes. B PR ootk Bk G HREI BN SpRccilnd bl s
a pl anaeoa fbnsitat acord Movie veps the me:tidy! 9N@ oHEjni e Iothveld andemtoby ges I'igs.

t hat enefit fro e present .nethod., Figs. 20-24 are
crossﬁé@?iaﬁﬁéﬁe C\??”é@\gb arg FePLTRRATI YRy g npt &WE‘%W&?&’B‘?‘“%EW ce 2000
fabricated according to steps the nmethod 1900 of Fig. 19. It should
be und¢rog8pod It étdtildHegarthetOmadstand thahihe eettiod d 90D DOl udeestepahneng ftaatres/@
only and not intended to be |im in?mgﬁmllt shoul d be further

under s &8P AHECHEOHERSIBIERNJURL S FEEHLIHRNATRLEST EAY AReEUEarG

conpl egRIMRINHIE bAR PSR- ARTIRANAUSS Afa 6@%@@1‘@%@@&!, QN 4RHRE B&Tng the
flow and ' thus, are only described bri ef?/y. erein. Additional steps
may be medorlGOfe Ginhiddys enc may weogme dher gartiongof axdeviretthid naydenefit from the

Simlar " api: . rtl ' :

pener | ebiogh TR FORER e Qe iR R, @ il M T M0g oy
parts oé fdbhieats@hy CHMIORI Lol devindehik)Qnamycebes haamiddseribddybrieNpBerein.

t echnol o and thus,, so ro ses .are only descrjbed brjefl

hor of PO e SN R BHAID SPav R eesy B0 Ry e e ey aED i o
ot her d@yii&es uANGhid8 i pIASun@is Rradsistad debiboRa aphdi RS WRIIBY, FuseDicROI bAE is

junction transistors, resistors, capacitors, diodes, fuses, etc., but
i s si npinpified ferarbegieymdeistanding of gieamantive enceieof thy pisang diselgsite plle of

semiconductor device 2000 may include a plurality of devices interconnected.
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[ 0079] Portions of the nethod 1900, and/or the device 2000, nay be
substantially simlar to the method 200 and devi ce 300, descri bed
above, and/or the nethod 900 and the device 1000, except as discussed
herein. Thus, various steps in the nethod 1900 and/or features in the
device 2000 will refer to the descriptions above with respect to the
met hod 200 and the device 300 and/or the nethod 900 and the device
1000. hﬂﬁﬁ ] The nmet hod 1900 begi ns at bl ock 1902 where

seni cotfi7él or Rautwnsehthe meghgdy pc?é’é/orﬂﬁélegﬁﬁlze%d‘%?é’tl%?rsugiﬁ%‘f‘uhfi@ﬂﬁh?

be Sub%dgarnétha& bty sidlel RE 360 d@s%n ik s el AP AN Endh dodoehR NS ick Qobdre

sem conduct or su strate 102 of the sem conductor device 100,
descri beaphas disquefed heneoe Thos, Faagouﬂ stepBlithie n1s9IoR! 1PR) abdosishiateam thatdpyice

simla 0 2, dIS usse d ab v efere

500 aeePLERG S s ParRABE R festtel I HERLEAIBa e IR IR
to b|O@KﬂBﬂﬁenﬂﬂﬁﬁd@ﬁ@dﬂ&b@vacMAWM)reference to the method 900,
described with reference to Fig. 9. [008l] Referring to the exanple of

a1 - Jop® 7o R, BB G RS BB s D SRR AR P B

t o t he 1serdGROALLIREudeNt: Gy b Qubstasiany heﬂlalatbwalmgséu mfvememefeltence to
Fig. 1, the device 300, described above with referenc owgi 3,
and/ or t'ﬁf@“’d@\?‘%‘é“ﬁ@bﬁ‘ ategll2 Of ithsesgminogdueton denice AP depreibe b‘“ %’ele?&? ) ¢

i s not g% 4 haflodi@08 GEy &R @%%Héll)dﬁx\ﬁ'ifﬁleto%m 20b) d-?%uﬁﬁﬁ%gc)\‘e"\)vlﬁl Sferefde kS

provid in a view along the axi's 11 dg aﬂon fin from source
regi on tlteoncthacil aOO dgicohyd witlpa82¢irkdo Frgt I&@ /Qmst@mlmmléféé@biotﬂb%ﬂ, ock

1904 . ﬁ]ttsse OVS é\{l%%‘l e;[elr‘lir e I e rfn(e)trﬁ%) %(gglescrpi%eé ﬁf?ﬁﬂé@&ﬁtetj ki @P

enbodi or ' ground
extending fromthe substrate The bl ock 1904 may be substantially
si mi | af0a8d] t heRdtoink tczlhd exadmzi@pf Eig&(hbcmelcwdu@tqrdﬁ‘epéﬁ%@ inguddye substrate

met hod of Fi be, sub tia r bl ock
s04 ddozpriees g0E S PRttt A Ebr SutkBl B sl O
[ 0083] RefirbAd R devith BV HaERbR DbvEvdh rdBend tg&ie 1sthe devive 8001 0&ciised
di sposed on the substrate
above with reference to Flg 3, and/or the device 1000, described above with reference to Fig. 10.
It is noted that the semiconductor device 2000 illustrated in Fig. 20 is provided in a view along

the axis 114 (e.g., along a fin from source region to drain region).

[0082] The method 1900 then proceeds to block 1904 where a gate structure is formed on the
substrate. In an embodiment, the gate structure is formed on and/or around a fin extending from
the substrate. The block 1904 may be substantially similar to the block 204, described above
with reference to the method 200 of Fig. 2 and/or may be substantially similar to the block 904,
described above with reference to the method 900 of Fig. 9.

[0083] Referring to the example of Fig. 20, a gate structure 108 is disposed on the substrate
102. Specifically, the gate structure 108 is disposed on the fin 104. The gate structure 108
traverses the fin 104, separating a source region from a drain region and defining a channel
region. In the semiconductor device 2000, the fin 104 is illustrated as including source/drain
regions 302 and channel region 306. The gate structure 108 may be substantially similar to as
discussed above with reference to the gate structure 108 of the semiconductor device 100 of Fig.

1, the semiconductor device 300 of Fig. 3, and/or the semiconductor device 1000 of Fig. 10.
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102. Specifically, the gate structure 108 is disposed on the fin 104.
The gate structure 108 traverses the fin 104, separating a source
region froma drain region and defining a channel region. In the

sem conduct or device 2000, the fin 104 is illustrated as including
source/drain regions 302 and channel region 306. The gate structure
108 may be substantially simlar to as di scussed above with reference
to the gate structure 108 of the sem conductor device 100 of Fig., K 1,

the sellB8ndudhemetiedilded @e@p@ﬁeqﬂﬁ@o blgek Lte vafers %PécegéWeaﬁd'tﬁc%Pe o
devi cepd QA0 k. The spa?:g eie[n%%a_% ?01%5@%31%QQieth]@é’beﬁ@&ﬁ@Qﬁwh@e bl ock

1906 where spacer elenents are Tornmed on the substrate. The spacer
el enmendescitey aabmwm@fmncnm blogk d20ded fkheomhethhe [9#k eBlork i2d0unay be

descri b v efe ock 0 .

B ook JogaThaY Sista i ABLES FRARC NG DRSS vhE e o U TRGE 00 2, o
W t h refdérenigseantiall{ helllmeﬁ)rbdxd:kzme dafscrﬁjeg ab@veanich @feraieh &1 thatiealddyp00 of
S|n1Iar to bl ock 90 descri th ref ence to the nethod
900 of Iigi §. R@‘errﬁgft%ﬁﬁeﬁanPSO? ﬁhg glbe i""éiéPacP‘iSd‘%E 9, S POHRARRIITING RS
402 arg.digsPasged abutting the gate structure 108. [0085]1t is noted

that the prior to the formati on of the spacer elenents one or nore
processes_nmay he perfornmed such as doping processes (e.g., defining

the ext8%3i onltds ncrtwhab@%pa?razpﬁher@gwwn& HHBASERCEEREUTESH Wi ce) .
[ 0086] Jh&s iR R RAh aRIPES thQss QC K., G0 MEERRIdBHISH-doSe

etched in the fin at the source and/or drain regions. The recess nmay
be et ctredl regpmgl Hastraibbraluetor Heviep)t echnol ogy such as dry et ching,
pl asma etching and/or other suitable processes. The recess may be

for m?dg SGh that m'eihoﬁqﬁo&méx?ﬁlfo%eéi@fté BI%E'k Pébs%&@gie%es‘%fis di&Ra utn hﬁrﬁn at
approxi mately 90 degrees erring to e exanple of Fig. 22,

r ecessth2 2@2cq adétr cliraiel rdgrpns h&hg raqemmatyrl:@ e@crbad vehigisuatable re@@mgriechifhl@gy
recess 2 udes r.of.i aV| e 220

boar HER B abAEeniie Pty Bbhihe Spd B R Rl Bhofesa? e [ Aihuay be formyd
an enbadh ﬂﬁmt hat fiendrs defkR4 bhas anglber @l@d th%aﬁﬁ%ﬁﬁl;@@pfegmmahmngso
nm and apprOX|nateI¥ 40 nm_Iln.an enh ﬂ@qe t he recess 2202 _has a
dept h R exanple pEFigi 10 a fecess 2208 inehnd 1p He THEAt Gesopse/drain Frgion; dhg gepess
[ 0087] The in&ided p;l&ﬂé)hﬁdﬂ aPA REELHS tnoarbérggdﬂnﬁ&mhm 28N i§ Rt ﬁaéh al

I’egIOI’lIS rown on the substrate. In an enb0|rrent eepltaX|a
regi onapipsoxgnaly S0rlepives.r brasgelbdiwefitothe 6h 10has4 hﬂlgh[t b@%]\%‘fé

Pt ax) gl QALRN ST aRParBFRMREHD dehiah dfcof USRS ol QB4 BRIk

botto
D3 that is within +/- 10 nm of the height H3 of the fin 104.

[0087] The method 1900 then proceeds to block 1910 where an epitaxial region ts grown on

the substrate. In an embodiment, the epitaxial region is grown in the recessed region of the fin.

[0088] The epitaxial region may be grown such that it extends from the exposed bottom
portion of the recess and substantially and/or completely fills the recess. Referring to the

example of Fig. 23, an epitaxial region 2302 is illustrated.

[0089] The epitaxial region 2302 may be referred to as having a crescent shape. For
example, the epitaxial region 2302 has a top surface (e.g., lying at (or above) the fin 104 surface)
and a bottom surface which interfaces with fin [04. The bottom surface has a concave shape.
For example, the epitaxial region 2302 extends to two terminal end points defined by the etched

recess in the fin 104.
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portion of the recess and substantially and/or conpletely fills the
recess. Referring to the exanple of Fig. 23, an epitaxial region 2302

is illustrated. [0089] The epitaxial region 2302 may be referred to as
having a crescent shape. For exanple, the epitaxial region 2302 has a
top surface (e.g., lying at (or above) the fin 104 surface) and a

bottom surface which interfaces with fin 104. The bottom surface has
a concave shape. For exanple, the epitaxial region 2302 extends to

two t elPPlal  dhecpisiinl scararmanes gwh by seitpEse FRRsE SEIN- (e SPEpracss,
[ 0090] égg SRk aflorfiogt RBiNBY s%c&{&%r Rcesial t'o%ﬁ%ﬁ?c Sﬁgb&@% R -

The SPE process may convert an anorphous region of sem conductor
mat er i glitakal cgiomt éxh bihaeensltadirotngs, etFEOe;fltaxm gmwtfepnc@xesanayr@glsofhsuw s

ot her enbod ment . axi a

s ap GO RLGE o e el Bl My BCeEa e TR e "

ger mangalium gakilié, Andh S8 Fhidiam igdlin phoyphidd, sitleon gniaiomnsitedn datbild, ard/om
phosphi de, silicon germanium sili.con carbjde, ég&%@: ot her p055|ble

conposPFigssib FﬁoﬁwoﬁﬁﬁﬁdﬂﬁéﬂﬁnlPWﬁﬁPﬁﬁP@§“§F@° othy gnt@xiahlayeryi al

layer gy He ;J&wgospnsﬁ@dgpm o) 'E'x%hblél)ﬂ&lﬁﬂaﬂlg)nch@é%@éh@r MhoAPRAGsS

i ncl ude a hor ous, antinony,” boron, boron di- quorlde
and/ormUmMHw bns&ﬁbh&uhﬁbmnd%meﬁouﬁbﬂgxﬁﬂhblmpﬂﬂaﬁlaI regi on as
formed may be strained as caused by the dislocations present. The

di sl ' n
| S10CiobPNS ITRY cHERM ﬁecgﬁcrnoa@f&ﬂaﬁednﬁagf%@%mw@s P By Oliislobdr S RS

in the ati ons may for a stress in
as- gr oke diplotatiops magirenit @em} g praSttnenshelpeO@E Déél@)eceﬂelﬁéhﬁr ﬁ'lrnngtﬁ@e t he
tress/ [Lal %noted a not ed

exanpl e pof Fig. 23, the

Chat 1 HeREI SR & iaht 9505 b B Beb PR F R tpalt e

gate SRéﬂéﬁtdgrt%hel&Bmplerbf@ig‘lQB tM@ﬁtﬁbss/stanCh dgadted 54 730¢1 trie nd@d that the

have a channel g,Z(%lon that has symmetrical strain due bg bgg

epi t axFRiRX bR g2 awd@ﬁaémwe%wéﬂeﬁ tg the gats pteettsd fiergyorgigye

gat e Séa{cﬂ% WsBudBR 108RIif nIRYa @ah@WidoPsn BahiiSREmEGRA sBhinQRSAS thb @paxial
l e stress) to be provided in the ‘channel regi on 306

under | seigivgs ghoavigat eack side 6t @y soukceglraif G@fQZJ]fItite gdate shoreer t8atThismayatovoter
\:l'\ng?g oﬁl? !53%/!.\%6%3%1, fless?s%ram C{ b?en rleos\{lleo§g Itob%e% FH trhgxi!l l‘lelrrgggbﬁ "o 302

ona ion TIEoRTor “stress
nenDrlaﬁkupm@ﬁhégﬁaaumaﬂéi&ﬁ a "stress nenDrlzatlon t echni que” (SMI)
to formdi sl ocations.

0092]) It is noted that the method 1900 allows for stress to be provided in the epitaxial region
2302 without the additional deposition of an amorphous-silicon or stress memorization film as

part of a “stress memorization technique” (SMT) to form dislocations,

[0093] The method 1900 then proceeds to block 1912 where a junction implant may be
performed. Block 1912 may be substantially similar to block 214, described above with
reference to the method 200 of Fig. 2, and/or block 918 of the method 900 described in Fig. 9. In
other embodiments of the method 1900, block 1914 is omitted (e.g., the source/drain region may
be doped in-situ with the epitaxial growth.} The implantation may include introducing n-type or
p-type dopants. Exemplary dopants include arsenic, phosphorous, antimony, boron, boron di-
fluoride, and/or other possible impurities. Referring to the example of Fig. 24, a junction

implant 802 is illustrated.
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[ 0093] The nmet hod 1900 then proceeds to block 1912 where a junction

i npl ant may be perfornmed. Block 1912 may be substantially simlar to
bl ock 214, described above with reference to the nethod 200 of Fig.
2, and/or block 918 of the nethod 900 described in Fig. 9. In other
enbodi nents of the nmethod 1900, block 1914 is omtted (e.g., the
source/drain region may be doped in-situ with the epitaxial growth.)
The inplantation may include introducing n-type or p-type dopants.
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Of

i ncl udeotted todhﬁﬁetieéﬁuetﬂreédﬁ and/of Bgrsaeand posiieiho faile spitaxél degipnedi @nsThe
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sui ci deoptes Sraurcoeaichc fotmediy Psedleativdudenderasiing a mgtd/lerer, anhaling the
combi n%témq gﬁa{emat ﬁttem%att@et lsf AL UG §Sack %\nmbe léo@lr ea;eftntaysn@c.&r QRESfen
t hat i ncl u epositing a met'al |ayer, annealing the netal |ayer
such trnmom@theenm -rehely@mdts apdre to meradeevewdtd%ﬁcmd (Iebn lexer fogn rfurther be
silicide hen, reno non-react

it er - g BRERPR LT (bRl oo RN TR AT B DY C D ogepis turther
subst r apglicliQe tiRNdbaracheIplaatizdibe baster! Ruahdshtagact EVPltoploeedSESIS may
further appl ied to the substrate toesfpl anari ze the substrate Furt her,

a cont Retorawed gn &ro thegats stusiese Y 0% sforsdorgpgdig I6R 186 of the gate
struct y4gsi08 Ipetrpre%ogrnt@ntlgutehgattLQldcaMer 108l PQSRA B afe efRPdiARE! (e.g.,

the gate structure 108 remains in the final device (e.
pol ysi Ippb/elrh)ton)l nirapotther crebdbaitent sata repeamesip basesyelot gpteo@etsgloew) is
gg? ,?I l()%gttf?rp E the ert]:*é)c udeq{)%,vmg)roﬁ‘tl({nts]%heg@otf s%%__;ﬁé{%& Wi qthtgt’al gz(te F?t

gat e mayahiglp) aaﬁaatt gmee lgayt ﬁsplaayefe date. Ieyer (£0) ;ymsiucm gatgaaayet)lo&;tergatecﬁtrutﬂusa
gate structure 108. The Het al qate |ncI des Ihélner | ayers, vvor
functi di81 dpemetal eairdnelpsie!ites Jares, wesk Apcyay YF‘éy‘é‘?"‘é’“"tf‘*el [Py gate

ot her $éyerahliQayle?%§fh§v sﬁﬁg{eQdeﬁ:@ ARA/BALd R RatfoR e LR T TRe VA{duS WelsaN@hd
i ncl ude "any sui'table material, sSuch as al um num copper, tungsten,

titani any twuénbtlal naerialasuel vn dummwwunvonpaht%mgﬁwral Mmmmmtmttiﬂm@léantaium

i1 ooy b ey P B MR MG Ity i e Dlabafef ori GORRYG, b oG

sui t ablsgicidat @thlea,l BaC, arudiroy Ta@ﬂbTmat iroxid, tWist eafal laliogs, gt&tee siumﬂe materials,

process, . the proc the IL er IS C nued to expose,a .
top suPfdee R ‘f‘ﬂé’“@a‘g%‘egf?r&‘btau%aée % Progass L g%?'f?ﬁesﬁr%‘cﬁ?sﬂﬁ% layer is
per f or Bgtidued (O 4 hﬁf‘) aah& ﬁtﬁ@@ﬁth‘%@ué% 9B, PArahi @ihnpt f168EROTs, performed
t hereby form n%‘étrenc es. The trench is then filled with a proper

wor k f imesnion thegalr stractye, 103- eryprstiousr theirah shardy veniak ttsmchtmt yTpte HRHelk is
function, ;e%"%n tpoggﬁmupﬁﬁ S el peg SR IS (s Fleudi ¥ Bheype work

varlous COﬂ I nes an
function metal).

23



i nterconnect features (e.g., netal layers and interlayer dielectrics)
on the substrate 102, configured to connect the various features or
structures of the sem conductor device 1000. The additional features
may provide electrical interconnection to the device. For exanple, a
mul tilayer interconnection includes vertical interconnects, such as
conventional vias or contacts, and horizontal interconnects, such as
nmetal lines. The various interco n features nm t . i
varloué‘E@hduéﬁW?%WﬁﬁtﬁpﬁﬁﬂﬁgPﬁ@lﬂﬁﬁﬂgOBBﬁﬁgP”SPﬂﬁ@%%@ﬁgp dwgﬂnm“mym
silici %ewbﬁhe@t’"%a@ﬁﬁ@;ﬂg[e% ﬁelgﬁmépseﬁﬁd anpdiQ¥er d&@ilectﬁ@-ﬂa§§etﬂ@ ROQERS S 02,
is used to forma conductive g., copper) related nultilayer
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subst i taibPMShadslicy. tRleahdiRis aﬁtﬁﬂ@hd’és pidvitRUbr Hle pdih bip gnfddemg BRlocations
spirit and scope of the present disclosure. For exa

embodi fEnBR epitaxdllyssewmeinihiough Heriap pf i"éé'dﬁ‘dalﬁ%?fr?ﬂnFGFC@ﬁd eest ip 8§iEn
of a pl, (Bta)g\i $ 6\§1Tt Offpf gt?mg en’?‘aglfﬁc(i&*!eqfe% 8 9 2B %@gﬁls% Ils, such as

MOSFET it mn reciated tHat a met escri bed
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structure oye fin in the f| cent the
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recess. An epitaxial region is then grown in the recess. The

epltaX|8$e¢bg|on interfaces the altered sidewall of the recess and is
a strained epitaxial region. Exenplary alterations of the recess

i ncl udgogoggat neRtun@érstobd@ it digfRht EnRfdih &8s dika6QE herel 06 iRl fiitedisalosure,
| ayer on the sidewalls of the recess, and/or providing.a profile of
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from the spirit and scope of the present disclosure. For example, the embodiments disclosed
herein may be applied to formation of a region of a planar transistor (e.g., source/drain region) of

a planar MOSFET.

[0099] Thus, it will be appreciated that a method is described that includes providing a
substrate having a fin and forming a gate structure over the fin. A recess in the fin adjacent the
gate structure (¢.g., adjacent a channel region of the fin). The sidewall of the recess may be
altered after or during the formation of the recess. An epitaxial region is then grown in the
recess. The epitaxial region interfaces the altered sidewall of the recess and is a strained

epitaxial region. Exemplary alterations of the recess include treatment of the sidewalls of the
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WHAT IS CLAIMED IS: 1. A nethod of sem conductor fabrication,
conprising: providing a substrate having a fin; formng a gate
structure over the fin; formng a recess in the fin adjacent the gate
structure; altering a sidewall of the recess; and growi ng an
epitaxial region in the recess, wherein the epitaxial region
interfaces the altered sidemall of the recess and is a strained

epi t axi al cl

ot er t AEn ETLRRn e v O TUPRLE of e et i arg ik war Lo o pespss
| ayer oimtifeeidst gemaldd cofnet ftes thes 88 Begrees. 3. The method of claim 2,
wherein the epitaxial region interfaces the offset liner |ayer.

4. The nmethod of claiml, wherein the altering the sidewall of the
recess includes performng an ion inplantation process on the
sidewal | of the recess. 5. The method of claim4, wherein the
ion inplantation process includes a tilt inplant. 6. The

nmet hod of claimb5, wherein the tilt inplant is perfornmed at an angle
bet ween approxi mately 10 degrees and approxi mately 60 degrees.
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WHAT IS CLAIMED IS:
1. A method of semiconductor fabrication, comprising:
providing a substrate having a semiconductor fin;
forming a gate structure over the semiconductor fin;

forming a recess in the semiconductor fin adjacent the gate structure, wherein the
recess is defined by a first sidewall, an opposing second sidewall and a bottom surface
extending from the first sidewall to the opposing second sidewall, and wherein each of
the first sidewall, the opposing second sidewall, and the bottom surface are interfaces

with the semiconductor fin;

altering the first sidewall of the recess and the opposing second sidewall of the
recess by forming a dielectric offset liner layer on the first and opposing second sidewalls

of the recess;

growing a first epitaxial region in the recess, wherein the first epitaxial region
interfaces a first surface and an opposing second surface of the dielectric offset liner layer
and wherein the first epitaxial region is a strained epitaxial region, and wherein the first
epitaxial region extends to a first height and the dielectric offset liner layer extends to a
second height, the second height being greater than the first height such that an angle
defined by an intersection between a top surface of the first epitaxial region and the first

surface of the dielectric offset liner layer is less than 90 degrees;

after the growing of the first epitaxial region, removing the dielectric offset liner layer
including the first surface and the opposing second surface of the dielectric offset
liner layer; and

growing a second epitaxial region on and over the first epitaxial region after

removing the dielectric offset liner layer.
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2. The method of claim 1, wherein the altering the first and opposing second
sidewalls of the recess includes forming the dielectric offset liner layer by growing a dielectric

material on the first and opposing second sidewalls of the recess.
3. A method of fabricating a semiconductor device, comprising:

forming a recess in a substrate of semiconductor material, wherein the recess is
defined by a first sidewall of the semiconductor material, a second sidewall of the semiconductor

material, and a bottom surface of the semiconductor material;

forming an offset liner layer on the first and second sidewalls of the recess,
wherein the offset liner layer has interfaces with the semiconductor material on the first and

second sidewalls of the recess; wherein the offset liner layer has a dielectric composition; and

growing a first epitaxial region in the bottom surface in a bottom portion of the
recess, wherein a top portion of the recess above the first epitaxial region is vacant after the

growing the first epitaxial region;

wherein the growing the first epitaxial region includes:

growing a first portion of the first epitaxial region such that the first portion has a direct
interface to a lateral sidewall of the offset liner layer, wherein the lateral sidewall
of the offset liner layer is substantially parallel to the first sidewall of the recess
and wherein an angle defined by an intersection between a top surface of the first
epitaxial region and the lateral sidewall of the offset liner layer is less than 90
degrees;

removing the offset liner layer thereby removing the direct interface between the first
portion of the first epitaxial region and the offset liner layer, and

after removing the offset liner layer, growing a second portion of the first epitaxial region

in the top portion of the recess filling the vacancy.

4. The method of claim 3, wherein the forming the offset liner layer includes
forming a conformal layer on the substrate of semiconductor material and etching the conformal

layer to provide the offset liner layer on the first and second sidewalls of the recess.
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5. The method of claim 3, wherein the forming the offset liner layer includes

growing the offset liner layer on the first and second sidewalls of the recess.

6. The method of claim 3, wherein the first epitaxial region provides a source or

drain region of the semiconductor device.

7. The method of claim 3, wherein the semiconductor device is a multi-gate fin-type

device.

8. The method of claim 3, wherein the first epitaxial region is disposed in a fin
structure, and wherein the first epitaxial region interposes a first gate structure and a second gate

structure formed over the fin structure.
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