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FI ELD [ 0001] Circui o ] g Heml t he manuf acture and
structure of circuit devumes BACKGROUND [ 0002]

R EEANURED, STRMRT iR MOE R EBRVRN ER IPRQVPMENT
resistors, capacitors, etc. on a sem conductor (e.qg.,
silicon) substrat e) is usugigpypa nejor factor '
consi dered during design, “manufacture, and operation
of those devices. For exanple, during design and 10

[osoapuf act Cieuirdévaces il Bie maRtflctasiage samtaaeildiait devices.
(MOS) transistor sem conductor devices, such as those

used in a conplenentary netal oxide sem conductor

(CMOS), it is often deéﬁ@iﬁ[&ﬂlﬁ!ﬂease novement of

electrons in N-type MOS devi ce (NI\/DS) channel s and to
rease move 05|t|ve ed hoIe pe
dov L aaerarte of igu td%d%esgnsas Rtiee 4

to
R BT PRt
iliesm) subsehte) 3 85u él\’ﬁ'\ Or fadtdibAsidefsd A8l desion,
(e?gﬁlrrledm A fi rst) non- églg,nducﬁl vg i mpur |1ty is i n’pﬁantségn
mamtfactuine, andedperatien of thdsetdevidede Fopéxdrhpley dueing design and
el ectrode #o control a_substrate defect therel n and

manyitpgige ar forpung of sl oxide sanaisonductor (MEIS drgqmston
t
= SRR G R e BT el e

Se%{éklﬁinng relativel {/qgﬁacﬁ%{v\g}&dt%an tﬁ% Sd% ﬁogte E peiﬂ‘o'?lsm

N-4ppoMO$ davico (NMDEY ehdrneld ahd td mcrddse mmnemt of pdritive
source/drain area so as to control-a substrate defect

chargeddiglesind-typd WQ@F devicedRVIQS)ediapnelst e ar ea.

[0003] U.S. Patent Number 6,335,233 discloses a first conductive impurity
ion that is implanted into a semiconductor substrate to form a well area on which
a gate electrode is formed. A first non-conductive impurity is implanted into the
well area on both sides of the gate electrode to control a substrate defect therein
and to form a first precipitate area to a first depth. A second conductive impurity
ion is implanted into the well area on both sides of the gate electrode, so thata
source/drain area is formed to a second depth being relatively shallower than the
first depth. A second non-conductive impurity is implanted into the source/drain
area so as to contro] a substrate defect therein and to form a second precipitate

area.

[0004] U.S. Patent Number 6,365,472 discloses a semiconductor device that
includes a lightly doped drain (LDD) structure MOS transistor wherein the
formation of defects due to ion implantation at the edge of the side wall of the

gate electrode is suppressed. In order to perform the ion implantation for forming
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25 [0004] U.S. Patent Nunmber 6,365,472 discloses a

I tor device that includes a |ightly RCHESR004/020201
v rgiiﬂsr:{ij?ﬁ'g‘[:)) structure MOS transi stor "wherein the

formati on of defects due to ion inplantation at the

edge of the side wall of the gate electrode is .. lanted
thestppeeasd drainregicoe of the PEPP siapsist, IBRUFIRHIHI 3FF BIpiante

e 5 s SOSO0R A 20884y B SRR B0, n
82 DL P 8 gl antonoing e

te electrode as a

sec ﬁ‘sid?%ﬂ AdEhe Pgm%ghd At Fepdnd @opédrpwth high-concentration

i'vation 1s perfornmed after renoving the second
inﬁiu‘i'ﬁy Y6hd. Biessmbiiagshusecorahsiddmalhprieytathe heas dreatment, the
igh-concentration S inpurity ions. By renpving the . .
stiescapplied wethealdgep of the hightenaceriaation ERPRERY dopgd Tegions in an
stress appl led to tge edges of the high-concentration
amonphois a@@gééeqr%@e ns in an anorphous state is
decreased. [0005] U.S. Patent Nunber 6, 455, 364

iscl ose t f i i i ; .
(OfH7 oo T SR eRinBher 83 Sipldisclofes S AR uchabiicating
sefRRSHRld: doviky Bewhich, Qtolléctbd Idyeir it d first condagitiwityofype is

sem conductor substrate sandw ched by device isolati .
fofmea lih @ gegionasteréengcondicomsubstrato sghdwidtieddsy device isolation.

insul ating | ayer deposited on the em condugt or
AsoBettoropeningtin frmeshthrangh adirst Heulasimeay e dspesife,on the

eSS G55 LS ey B Eves
tivi . b e n
SRR P A st a cond

cc%rﬂﬁicﬁ@itsr 9pé ab b ekeimaisaderig formtid en pyeetionof the semiconductor

eak. prevention layers of the sanme _conducti vi 5y tgpe,
sulstiatelceatedrinaidelthe eoHeatof opeamiagi whiledunelion &g gption

substrate. [0006] U.S. Patent Nunber 455 871 .
layrescofdbe SameFOPRBaNTSY YRBAY g el Dagecaredaimed in the

usjng.a nmetal oxide film There is disclosed growing a
S%qqcpg@\’l‘:tﬂﬁﬂ"b?tr%' | ayer and a SiGe buffer layer on a

silicon substrate by |owtenperature process, so that
[(ﬁ)’ﬁéﬁ‘:t S CHUS by NP&H& 71 Hisdbeslaanbtter] for fabricating a

constants being applied to the ) B .
SiGe device using a metal oxide film. There is disclosed growing a silicon buffer
layer and a SiGe buffer layer on a silicon substrate by low-temperature process, so
that defects caused by the mismatch of the lattice constants being applied to the
epitaxial layer from the silicon substrate are constrained in the buffer layered

formed by the low-temperature process.

[0007] U.S. Patent Application Publication Number 2002/0140031 discloses
a strained silicon on insulator (SOI) structure and a method for its fabrication, in
which a strained silicon layer lies directly on an insulator layer, contrary to the
prior requirement for strained-Si layers to lie directly on a strain-inducing (é.g.,
SiGe) layer. The method generally entails the forming a silicon layer on a strain-

inducing layer so as to form a multilayer structure, in which the strain-inducing
2
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epitaxial layer fromthe silicon substrate are
woey/idised in the buffer |ayered formed by thea/us2004/020201
| owt enperature process. [0007] U. S. Patent
Application Publication Nunber 2002/ 0140031 di scl oses
25.a. strain ilicon on.insylator (SO.) structure,. .
layep 585 2 FlERE Fasfcs catamh thaRetisan Sortha fHerP e P Bptrained
L . Li i ect. n_i.nsul.a | ayer, .
as 8 oqliE0 SARcE R RP R e Rk Prer s g muttitayer
strhgteé g thenlboRddi s Gl dubs@ltsSiHaghf if ' Hﬂle?'
SiGe) | ayrelr. The net hogagener aIaI yﬂéﬁgt]g?ﬁlggt e ?%tr)megenthe
strainet|silicom lapgreand thessulistiaite) andrsdlibanthd stjdned eilieén 1ayer
forma nultilayer structure, in which the
direetly rentagtsibe pulatinglpeo4The strain-Peidige Byet (20 removed
| ayer has,a di.fferent | atti ce1 constdant than siljicon so

to pypse asuriace of dhe strgipedisiiconlayerand wielda sirained siicanren-

kAT e R 0 e e

subdbrite, ahd thewbdindsilid¥ s fayed ohechmhdaﬁﬁg 1@& ai ned
and so-tna

silicon | ayer and the substrate, t he
strained silicon layer 5 directly contacts the
insulating layer. The strain-inducing |layer is then
renmoved to expose a surface of the strained silicon
| ayer and y;-lg a_strained silicon-on- insul ator
structure t BRMEEDBESCRIRTIQN QFEHEIDRAWE sul ating
| ayer on the substrate, and the strained silicon

er on Wl At [ [ 0_BRI EF CRI PTI.ON OF

OO o R tufts Afhes Y B0 atipiiees ylT Become, sore
thoreghllyegfsarst froRake i

the fol I'owi ng detail ggudesc 9%@%%%%%?@‘@?@%‘9%%'
andactomepanying virawingsin whicht n whi ch: [0009] Figure 1 is

a schematic cross-sectional view of a portion of a 15

ﬁﬁm condyctor substrate after formng a well, gate
[0007)e| ect r Figure ds g schernptic erasersectionalivissy efid petisn of a

] . l.eElLgure 2 sho a sem conduct or
serfh A 80r b pitek B MR ngrte g s SRR Retaglegsrode of
NMOS aRMI\VdRd&[8es. [ 0011] Figure 3 shows a snal |
| atti ce spacing gate el ectrode and a straining

[0010} Figure 2 shows a semiconductor substrate after forming straining
layers on the NMOS and PMOS devices.

[0011] Figure 3 shows a small lattice spacing gate electrode and a straining
layer.

[0012] Figure 4 shows a strained small lattice spacing gate electrode.

[0013] Figure 5 shows a large lattice spacing gate electrode and a straining
layer.

[0014] Figure 6 shows a strained large lattice spacing gate electrode.
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20 layer. [0012] Figure 4 shows a strained snmall
waatond/cr1Epaci ng gate el ectrode. [0013] | ayer .Pda/gs2084/020201
5 shows a large lattice spacing gate el ectrode and a
straining [0014] Figure 6 shows a strained |arge '
[00LSE t i ce Bigiae s gdlow dipghinosier prbci¥s 30 Sdvmihg 1T MOS
PCT/ US2004/ 020201 [ 0015] Fi gure 7 is a flow di agram of
stractprobagingfaodetioe withya straimideg layer depositedhamerrthe electrode.
device with a straining | ayer deposited over the
el ectrode. DETAILED DESCRI PTION 5 [0016] Figure 1 is a
cross-sectional view of a portion of a sem conductor
substrate after formng a well, gate dielectric, and
gate el ectrode of | PMOS devi ce.
Appar atus 100 (e. ﬁﬁTN Dﬁ% e CMCS
structures) incl udes sem conduct or substrate 102, in
[0026 enbOBighRB1 8 a%tddsERbtioRalRaswalf @ pHtiofRif lafsenditonductor
| ayer of a sem conductor substrate, haV| ng active
sulstatsafter fodmingla welbi gamesdmiaécnne(irhlygate eleztiode cfraedSMOS
such as shallow trench isolation structures 110 '
deviee ard ailMORdevies. cApparasus 300 teig.| sygbras xoe ormopre CMOS

st GRS PSP didol B e P e eitbenet Aticon
sut‘sﬁ'-ghg or %[)ftﬁffai‘ 5%%{ b8 sgﬁﬁ%&ﬁlﬁ%ﬂ;@g%t@ ?\fabﬂg@chve areas or

rou renc
cell‘i@@ﬁﬁistdelﬁﬂm&l by Behtidnutesesuchl &hallo® gehéh fsolaﬂ:ldrh?cructures
trench openings (e.g., 15 such as forned to height H

1101fotmad i hubstrate dFi egmmaeuad Jayerr102nFohexarapley dubstnate 103 Fhay be
structures 110 def] ‘éiel ve areas or_cell regions for
ys

formed;arigrawm frpaNSng siligen, qnd ghalloyy tuengh laqldiom (RTT)

Sﬁlﬂﬁ%’%&?@é'@? bR dofard b sBbt o diinvEn 7 Frcbing) and

gt BpU s g oRISRI0D R Loicp 08 AN s

such(‘arsﬁ‘eﬂnedh t@ hag‘lﬁ!H o11 aé sl$¢tbﬁﬁﬁ Figuk0D. Whiahethérieriodiment,
115 is formed in a second regi on of substrate

STIMCHHES Jhe deéine amﬁse areas or el regionh fasindiyidual transistor
[ ntrodum S boron nd/ or indium
deviges)(e.gy ﬁ't‘a’g ﬁﬁl\ﬁ}" I%Mcfgé aF‘é’lCSS oh2 &]\49 dure)or an
N-type device. N-type well 115 is forned, such _
[0017] Figure 1 includes P-type well 105 and N-type well 115 formed in the

individual active area or cell region defined by STI structures 110." For example,

P-type well 105 is formed in one region of substrate 102 while N-type well 115 is

formed in a second region of substrate 102. P-type well 105 is formed, such as, by

introducing a dopant, such as boron (B) and/ or indium (In), into an area of
substrate 102 designated for an N-type device. N-type well 115 is formed, such
as, by introducing a dopant, such as arsenic (As), phosphorous (P), and/ or
antimony (Sb) in an area of substrate 102 designated for a P-type device. P-type
well 105 and N-type well 115 may have work functions corresponding to the
work function of an NMOS device and PMOS device, respectively, of a CMOS

circuit.
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as, by introducing a dopant, such as arsenic (As),
wohwespheigus (P), and/or 25 antinony (Sb) in arpcanga@ioz2o1

substrate 102 designated for a P-type device. P-type

well 105 and N-type well 115 may have work functions

rrespgdl S 408} 1Ak fGiniNM e dR\dilRctric

[Oogﬂd owglg{égelglcfelﬁlsyeégeges\é@%rglty, of a CMXS circuit. 4
lay_gpar?@gél/elelé’e%aeﬁgért&%@@ﬂé St 1306k sibsfragul(2, and

illTustrates substTate 102 after the form ng a gate )
sulslegh@ttpaterningyereaiodabef anelhstad pdeidnaé the gate dinlectric

surface 136 of substrate 102, and subsequen

laypnandston geje slectrede layier oFor Mg 2p ﬁhq%«ﬁ,at%tfﬁ%lﬁ@ﬁg&?@ may

B A L
{ .

ty SR B therthaf JRRRI ol o SHbLAGL 093 SO, Ot BB

ypi cal Ty grown

. appRENBAIIRS, jR\WRdiSHPE STLoftlke gate Sleletirids, such hosiliton nitride

ppreciated that, in additionto Si 2, other gate
(SisNg) erctluimisumsoxitie f4l,66) magrbenised tofurther optijnize the CMOS

al um num oxi de (A1203) may_be used to, further t herle )
transigtoceBices  Horsponaple gatetislecirimalariql bavipgiadgh didlectric

dielectric matejials vi ng _a high. di el i .
coRRTaRY Dhagedat et o Geanpl s Bt fpkifince of he
a{. ncrease the capacitance of the gate. [0019] Figure 1
B8%hows a structure which includes gate el ectrodes 130

and 132 over the surface of substrate 102, such as by

[oodeposi t i Pipueal @howise diedtaed which iRludesgate glettrodes 130 and
el ectrode 130 and PMOS gate el ectrode 132 nay each be

132 bvelethesutfade obsubstiate k0 suchhs byolepogidion entogase dieleric
. _to_about 2000 angstrons D, 15-200 nanonet er s
120 NMOS et slartrots 150 and PHICR ot SorirrgR S Hiy cach be

el ectyode. 1 e
aeBbR R kcKea O L BRI BN RO bAC 200 afgtoms (e,
151200 $eh8ileféts Iéﬁ:ﬁyoe SAéc%Eé{r%‘i%&e JRICkeEssEMNTNIDB EaR: elédvEdde 130

gate electrode “130 has a rk function correspondi ng
antd®PNIOS gute klettrode 18Dar eauh svalappeanid maycbe sdecriber ghosen

el ectrode 132 has a work function correspondi ng to the
basest en intagration issifes aelated, pedeige performaneryt WMOS gate electrode

odi ment, NMOS gate el actrode 130, and PMOS .
150 Fag s it fuatoR gOBeRITIAiBR 0 dan BT S P ICRLFH Ry pe device,
Q : .

PR BBERR 29 4 PheosTpb R PR in AN Funcin
of a P-type device. In another embodiment, NMOS gate electrode 130 and PMOS
gate electrode 132 may be silicon deposited by chemical vapor deposition (CVD)
and then doped to form N-type and P-type materials, respectively, such as by
doping as described above with respect to forming the N-type and P-type
material of N-type well 115 and P-type well 105, respectively. For instance,
NMOS gate electrode 130 may be doped at the same time that the corresponding
NMOS junction regions are doped (e.g., such as NMOS junction regions 203,
shown in Figure 2), and PMOS gate electrode 132 may be doped at the same time
the PMOS junction regions are doped (e.g., such as PMOS junction regions 204,
shown in Figure 2)

x
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dopi ng as descri bed above with respect to formng the

wWo toperamd P-type 25 material of N-type well 18&r/asm04/020201
P-type well 105, respectively. For instance, NMOS

gate el ectrode 130 may be doped at the sane tine that

fod cor " £5A8RY Mok SR URC LI ghfforR6 Fol R esired

junction reglons 3, shown 1 n

pottiaiy ¢ g'b)te d@éléhtfi&@&) gad N M@gét@@ecﬁiﬂem&ﬂ el PRIGSIgate

the sane time the PMOS junctron regions are doped
ele(:la‘oge 133,La:i¢haas bp\ieGtgrningt a orask eyieoa slefindd ar&DfatidMOS gate
5 WD 2004/ 112147 PCT/ US2004/ 020201 _[ 00201,
eleFrr@éP é"‘Q af\érHMQS gte rlectrade 433 and stching awayy thgaindesed

ex PO e Ens BEL SRR ARY B Rel, et Sebind St itsipns of

e R e L oS g R B ‘%Sé EFE‘???% et Akl

patteaiddng fo dtd dicledfis 128 end NMOB g&ke R cES1300¢ver NMOS
covered by the mask. For exanple, uUndesired portions

device 183tanddicefoent gate didlectried 20 andd?MAS eedtypde 132 oyert BMOS
el ecér ode material nmay be patterned_to formgate
dewice 1ddtsuck ag by mrmmgag@oevmqr@a gechanquese suslvesplasma

etcHRHl SPue o5, BRAMRER HRsecheed P o, m another
err%Hhﬁéﬂi! RIMCS @ite CRRVRIIE ﬁ@ain% %le&Hfd?z 92 may be

pl asna 10 etchant, sputter etchant, /or a

pobysilimonnieposited byt@VDcmmmrmaskdd ard)étl&héd. enmbodi ment ,
NMOS gate el ectrode 130 and PMOS gate el ectrode 132
ol ysilicon deposited by CvD and then masked

b
IOﬁﬁ ete c hgtgurg G@hpwaiihg@aguqom suhst@emﬁﬁxgmeﬂmﬁer
for%‘@%}s&aﬁmgﬁay% RBdaRforh e e oL NS gad 06 deyices.
d
0 ot XS WL 1 8 LR AR IR 21t may
be fah@éd f albavtaBle atedl 'h‘é?/]r.rg)é‘fdtﬂge gba‘ciﬁ% amerteﬁm;;}ll\WOs

gate el ectrode 130 and gate el'ectrode 13
gateedgnirnded0and BMEDS gate dléerodetBy rebpettietlyc to mlm the
ions of _the transistor devices. For

cﬁ channel r e : . :
in Wé{v&ﬁ glectupges and Apnehrgmehyrgions of theytransister d@ﬁm@y For

S ternial 20 t ectrode 13
PR ANICES o s 200y I OB B R L nmatgrial on
NMOS gate electrode 130, in one embodiment, epitaxially, where NMOS straining
layer 213 has a lattice spacing greater than NMOS gate electrode 130. NMOS

straining layer 213 may be formed by patterning and etching the formed or

deposited material.

[0022] Similarly, PMOS straining layer 214 may be formed by depositing a
material on PMOS gate electrode 132, in one embodiment, epitaxially, where
PMOS straining layer 214 has a lattice spacing less than PMOS gate electrode 132.
PMOS straining layer 214 may be formed by patterning and etching the formed or
deposited material. It is contemplated that NMOS straining layer 213 may be a
different material than PMOS straining layer 214.

6
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| ayer 213 has a lattice spacing greater than NMOS gate

v esuieder 130. NMOS straining |ayer 213 nay becT/osved020201
by patterning and etching the forned or deposited
material. [00221 Simlarly, PMOS straining |ayer 214

[ooggy be fg‘géﬂg%% ﬂ)lﬁo,sg:ea’P NNI(DQ jfhction ﬁ@ﬁkﬁ{s' 23 20, PMBS junction

te el N one nbodl epi taxially,

] lafeliddotol Ay @burckddrads régibas't or:’édlﬁﬁnmmm ions”)
re%{%gsﬁ)égé\/%ﬁ%%& gate el ectrode 132. @gPI\/[)S strainin &

that 838 befbéniedybybejirationdmiplaptee.ge sucngs anplagttmg withiaseenic,
formed or deposHed material. It is conte Sgthat
phodyiterets, andj/ oy antiyenyZes Nrigpejungtiony mglené Pr

TS G A
coxj(rgsrf)g;tnld?lgg élg)%l tE{F 21}1?&%’(?0 < &@r\bU&ﬁﬁé ﬁﬂ&l@x@ i‘egmns 203

S ~source- al n re I ons'

maydde]fifoﬁﬁba 'byr&&iblﬁg?drtlohb of Pppe hellf 1o5nedobm tho;sej;um:hon
ant (e. as inplanting with arsenic,
re bmghmrmlser anbédiment} NIMOS jiation tegieny ABompy e formed, in

ions 203 and boron 5 and/or indjum f “\( %h
acqomgmqeoznlthékﬁ ohrragtgnistighet ol qVies/ S?éfecﬁ’l’ E e material of
P-grpoesiiii (O Taveet eﬁﬁ%y%%hn%s%@%@ér%% repighscfB, as
de]s%ﬂ)g? gge ?«glgllr\ g&gﬁécﬁ] er ) ﬁ’% t%@ﬁ] %rﬁuef PhafBrid 0 N-type

Weilluﬁ‘F;t TRBnbEEr Qﬁ%&ﬂﬁ\eMYPMGS‘ Qho®eh ré onaQO«t)ndqrbEeformed by
the characteristics of an NMOS devi ce, by dopi
do h% s af Notypicowrlltljipdo feioh thae junctionregions h@rygber

materlal in NMOS junctio iong 2 descr d
emitpdimeny, pRriieapelch -fty@ems%l 111;"9%}’1‘ ‘%’?R‘?‘ngq\ﬁ S’%‘ pr?}'
ter. . \A,ell
e IER A S5y AR o
tq P-
RAESHAES, B RS LA gk Wasgnganie e
my@ﬁbldﬂlﬁt}r@/wl@ﬂlosped to formthe P-type 15 materi al
in PMOS junction regions 204, in accordance vvlth t he
characteristics of a PMOS device, by dopin

[oegdcr i bleﬁll}mtitm fozmpsion is geaerpily knoyvn in He P%e

10 002
eSodfieh ARG RO A AL 204 2 %”Hg%@ﬁ?{&% §&tdsfibn of
stﬂggrgg\é :1:%{126% ﬁg% OR§ 2983128 d¢ eﬂﬁ%d%eﬁer ‘?i%‘i‘mﬂ%' 12er5213 and 214

maybe formed prior to the formation of junction regions 203 and 204.

[0025] ' Inanother embodiment, formation of NMOS straining layer 213,
PMOS straining layer 214, NMOS junction regions 203, and/or PMOS junction
regions 204 may occur in any order as appropriate, such as in accordance with the

characteristics of the desired device.

[0026] Figure 2 illustrates NMOS channel 494, and PMOS channel 492. In
one embodiment, NMOS channel's 494 performance is increased by placing
NMOS channel 494 in tensile strain. In another embodiment, PMOS channel's 492

performance is increased by placing PMOS channel 492 in compressive strain. In
7
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20 straining layers 213 and 214. In another

wobadimedr, straining layers 213 and 214 nmaybRCT/O8208¢/020201

prior to the formati on of junction regions 203 and

204. [0025] In another enbodi ment, formation of NMOS
onéembbodiment, siyainig Byer PlDBlats NMOBgaﬂtaybctera 13mms NMOS

junction regions 203, and/or PMOS junction regio

chagowl 434 irvtepsile straizn )}n@m@&er @@%w,, sgxtaénmgl}@]ﬁera%ltll places

d 2 ti f the d d
PV pleciofsase rne BNIOS hanpl &0 g[CSE“Hﬁ%‘?%ﬁ%‘%‘a o
and PMOS channel 492. In one enbodi nent,

[""%z&”iLan‘&i'?é g@@ﬁé@éﬂ{%ﬁ@?@ﬁ%%@%& 985 dg teP 1@9&8& 330

Stg agy%ggm RAER 148 agéc fig 49208 aemﬂ@gmrw&u@e 330 has a

i ncr by pl aci ng ¢hannel 492°i n conpr essi ve

lattite spacing dy ZOGI\O\QﬂﬁthkfbléﬁLzsﬁraﬁﬁiﬁg USaE(318 026 2artice spacing d2 208
enbodi ment, straini | ayer 213 places NMOS gate

thag isler genthan gateelgcnds33¢ whisichasjotiqespaeig @20 r ai n.

I n anot her enbodlnent straining layer 214 places
B e SR AL S B b e
co f’ca 2! | ‘i’é @le@fr@&é gg@i %83?‘%\,3]&}‘@1&%@ bPZatedI&S AI@&@B%S

spacl ng e gate e ectro 330 has

ma@che‘datfd the ¢atéiea of Beaiting Qfyer 833.1 Ak ilttistadited, thetlagice Ispacmg of
| ayer 313 has lattice spacing d2 208 that is lar

strainang tpyee 313 hat’; decteasg0slighitlyttolde208 avhile gatereded lmﬂ30 has
028] R F
had 3! eﬁa%mgpgr@é'ﬁ}?@qrgé’%ydt%&ﬁ%a%@%ﬁw tox g0 Thedoadiiion
e sneiiinat A% wil o P &8 BlacBite RpSihp 2208 39111@&6%58 s
de%éﬂd‘eﬁ'g R 15 refa'ﬁ% tﬁfckhg%e§ BP%A@%I&ftrod%t 350 SHSrAiRKEY layer

s decreased si Ightly t l'e gate

31%| Eetrabdag k3teri3ds is helativélg thinkér cenmpamasgivéthah gate electrode
i ncreased substantially to d3 210. The anount that
330, shen de 28%will hgr@lz dggeaselat allnwhda s 206 mﬂltmaneasgsmbat@haﬂy
aci d1206. wi | in gase, . endent. on
AR Ateinths et or8 iieladraly BRGGES %%%?Samﬁsswe than gate
ele%&F;aé 356 gchleﬁ é@vlﬁ]f?éxdir;f intfdaRt At 0, drY &S 268l Hecrease
Vel er or no massive than gate electrode
su@s’i@nuill}en d2208 will hardly decrease at all, while
d1206 Wi Il increase substantially. Alter nati vel y, if
straining layer 313 is relatively thinner or |ess
[0028Fsi ve WsdHustmbiedehdiigaredd 8804, d21208 lib2xereasket slightly from

hardly increase at all, and d2 208 w ||_ decrease
Figures 3'to 4, while the lattice spacing for gate electrode 330 has increased from

d1 206 in Figure 3 to ds 210 in Figure 4.

[0030] The strain placed on the lattice of gate electrode 204 equals:

E= iz—d— X 100%
1
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substantially. j 20 [0029] As illustrated in Figures 3
wandodi1126y 208 has decreased slightly from Fi g@Tass2804/020201
to 4, while the lattice spacing for gate el ectrode 330
has increased from d1206 in Figure 3 to d3 210 in
[0033]9Ur € 4n oh@@AtHodihRns thaistrap Rdes than tbout E0%) ¢r aabther
gate el ectrode 204 equal s: E= x100% d~ 8 WD
emBélidieht Ahd 3RETISUSRGH4N @POROT %] daBhDther epriwdiment, the strain
enbodi nent, the strain is | ess than about 10% In o
is lesa thareabow Ao dimernther prbodiment, tke steais 18 lesh thanabownd %.
I n anot her embodinent, the strain is |ess than about

008 SRR o3 i Bt fning e
S|P R 0 e It D Wt 10

laréé?%ﬁn 4ifi%on.| Bi 6R¢ einbodirmeht, ilattiderspatidgeds208iiseidre thin
attice spacing d2 208 is nore than about 10% | ar ger

abaitt 0% latger ¢hars frticgpating 06 206, lthen gaﬂeeelelbelder?&ﬂ)emayo
may experience significant. disl|locatiaons V\QM
experienee @gelf@snt dislosatiaps when gate slecrode 330 is, tiptpcontact
er 31 as d,i.n ure 4. 10 [0033] In
Wltbﬁ (ﬂo’lh@ﬁ?ﬁu%éat gddp &&?f 330 as shown in

Fi gure 3 has a lattice spacing between about 0.5 and
o0310ut O.18 Mdkh <Sd1?ﬁéﬂtn £330%8 sRown@in¥Ggure 3 has
[ ?%ttl ce spaci ng than gate ectroé’a O ofS about Oggji-

a latticedpridingbetiveehiibo(100.34ind sbaitd.enpdhdethiniagiayer 313 has a
| ayer 313 may be made of silicon doped with an

larggrdattice spasing ghan gateglegtrodediief absmg 8:51itp ahoyt 06 gun.
whi ch woul d 15 cause the lattice spaci ng of the

[00 'Liecgfn 0 Incrﬁ?‘i‘;&i“j %m tabl e Pﬁga&{i n Iude O%Z?ﬁlcon
doﬁc?fvﬁ]& axé $§g11enllt ﬂg{éﬂ%}é&wale /fgrﬂngsqg}r%%ram% E?ir&&[’x( which would

caBBhe [adticedpaciify SopaRilfcoiRYs iRBreask. Usditble HopaRRlintRide one or
conpensat e for he relative size of silicon conpared

motreof demianiro(i5]) dggiamt $Ga), igeomananh {Gejramtenic (As) odibas (In),
a 20 covalent radius of 1. 11A alunm num has_a_coval ent

tin ,(%&), antimeny ($k)a thaliem {51); leady(Pb), and/ or bismuth (B1). The amounts

of the dopants may be adjusted in order to compensate for the relative size of

silicon compared to the various dopants. In one embodiment, silicon has a
covalent radius of 1.114, aluminum has a covalent radius of 1.184, and antimony
has a covalent radius of 1.40A. Since the covalent radius of aluminum is relatively
close to the covalent radius of silicon, adding 1% of aluminum will not have a
large effect on the lattice spacing of the silicon. In contrast, adding 1% of
antimony to silicon will have a larger effect than adding 1% of aluminum to

silicon, since the covalent radius of antimony is much larger than the covalent

radius of silicon.

[0035] For example, a large amount of aluminum is needed to dope silicon
compared to a very small amount of antimony in order to achieve the same lattice
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has a coval ent radius of 1.40A. Since the coval ent
WRA0%E12347 al umi num i s.relatively close to thePCT/US2004/020201
coval ent radius of silicon, adding 1 % of al um num

will not have a l|arge effect on the lattice spacing

spa@ingt N8 afblliet @inbddimenn!suitable dojtintg inddé arsanid mn)yantunony
sillicon wll have a Iarger ef fect than adding 1 % of

(Sb}alaudynuhusnmth (Bi)si 1 i con, since the coval ent radius of
antinony is nmuch |larger than the covalent radius of

10034111 iR oRsA b e artel. Gt ShEMRY Piay b provided
aciFR 1o B o2 JRipte Ut Bhon s L aledocstdined by

sﬁ%‘lﬁj{teﬁ’f@o Gh G temb%ﬂﬁrﬁz% ech@%@ﬂ{rﬁ)t 'SHSMW ﬁeﬁh§]§ Bh §nterior

ant | nony and/ or bisnuth (B

of the@apperatesyipacs élemrod@ B30 iadx térimt toSdmm)el b:agl sbmrung layer 313
provided adjacent to gate el ectrode 330, where

is extegion & gatestlectmeind3thanyd dharnebe strained by 5
stralnlng | ayer 313. I n one enbodi nent, channel (not

00322 oS B B s R AP o2
R 100 L A ol g Wi 4205

As bl'\éw}a'ﬁ‘iﬂi FiAfe T Ati6é S5AdiRE €, 386 of Pat¢idlerticiel 53I6s Iapet Hian
d1306, and straining |ayéer 514 having lattice spacing

lattit? spading 3 308 oﬁflsn'anunglfyeylmé. 5, lattice spacing d1306
of gate electrode 532 is larger than lattice spaC| ng

d2 308 of straining layer 514. [0038] ferring
[0088]gur e dReferring RPWHO Fawe & Siraipin éﬁﬁ%ﬂgﬁ# reug tinto
I
coriiaftfh gt R e M She TRl iRt eledogp o2 5Rgfl with
theAttidé BE E‘Sallnﬁyé layet414. LEE&!CE %Pﬁﬁﬁg' | bB08%f 388ir8h dhe layer 514 has

stral ni ng 514 has 15 l'y increased trom

shgﬁﬂ?dh@reﬁsécbfr&rgm ré 5 totHigard @,tWhﬂe I&ﬁe@smlﬂg deB06bS gate
el ectrode 532 has been great reduced from
elecﬂ@‘.llﬁ532rha€| hpenegreatly reducdorom di 3flria Figuresh ko dad1Q in Figure

e, di scussgj on abov regar di.ng u the, rel ative
o thaisqussian gbops Fegzad H’&F’é’% 4, ierelaiie wpowpthat &
I
306%%* %Aro&ﬁégg%e ?ﬁfcflt%% é@ (f“%gge%sga al\ég?rr\(% ﬁﬁﬁhe relative
sizésPHRY/ o2 Massébef g&’t%%@éctiétﬁz ?32 4l &rhiven@iager 514/ The l@per the
of straining | ayer 514 as conpared to gate el ectrode

rel&B@, size and/ or mass of straining layer 514 as compared to gate electrode 532,
the lesser amount that d2 308 will increase, and the greater amount that di 306 will

decrease.

[0039] In one embodiment, gate electrode 532 is silicon, and straining layer
514 is a material having a lattice spacing less than silicon. In one embodiment,
suitable materials for straining layer 514 include silicon doped with an element
having a covalent radius less than the covalent radius of silicon. Adding an
element with a smaller covalent radius than silicon will tend to decrease the lattice

spacing of silicon. The smaller the covalent radius of the element as compared to
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the | esser anbunt that d2 308 will increase, and the
wy palenignount that d1306 will decrease. [0039]T/U$2004/020201

one enbodi nent, gate electrode 532 is silicon, and
straining layer 514 is a material having a lattice

sinc%a?&{engregke@% Efféct thid diewient Will haee entthd lattine spaing of the

suitable materials for straining |ayer 514 include

siliconl iFopaxatnphey ifmiticorahased eovalent ragdinsef hltdyphesphorous has a
radi us | ess than the coval ent radius

f sjhi : . o
covalent frsiunol LDBABARC RPEGR BRSREPTAFREGaYS Rt O BERT adding 1%
lic. i 1), tend.t t ' i f
vorgh S0 rhEF ok afiRE BRS Tl it scphenins ©
L A s A Er T
element will have on the lattice spacing of the
[00@09 | i conInGabtietanbelimedntssuitablnd bpants to addl torsilicondinglde
0

1. 11A, phosghorous has a covalent radius qQf 1.06A,
onesordmbrer efrbaran (B), cavkares). ritrgen ). andlor ph\a%fﬁrfgoms ). As

e SR i
spagﬁ;[gg &r%eﬁ%%ﬁngﬁ%ﬁlgﬁ: %‘gé‘b@fﬁn {votid'Be nelAd@hs hicpank be

pants to add to silicon include
sili€@etHah pRekphefousp siven(tBeir reRitiverov&lent radil. o8iewe pRpsphorous
and/ or “phosphorous (P). As discussed above regarding
hasrd gnvatend radicis Fhgch eloger invsize tesilicen, dbwall moy affectilicon’s

[attice spaci for straining |layer 514, le bor on
Lattige,ie A5anHEs a8 BORRN hershans: MTF PHOSRRGTCUSVORSPe needed to

hosphor . Qi V [ arel abi r.aAdideaie:
o BICE BV s {50, HLBhGeEbaoHimeRY abRatc Akt or
strdifling 1afert $145hthfeihn alloybf $ili6éH afd bogén 8B).1 con’ s
[ atti ce size as nmuch as boron, therefore, nore
phosphorous woul d be needed to obtain a given lattice
[0041)zi ng. Inorenohbedimeeripthesinin expetiandes! hygetd elecrody 532
straining layer 514 include an alloy of silicon and
fropoFigure ES?Q Figuedpsdefingd@te enbodi nent, the strain
experienced by gate electrode 532 fromFigure 5 to

Figure 6 is defined as: dr 4d3 x100% d, [0042] In
one enbodi nent, straiE#&Fd—k)&mﬁ%about 10% In
anot her enbodi ment, strai@&is |ess than about 5% In
anot her enbodi nent, strain is |ess

[0042] In one embodiment, strain is less than about 10%. In another
embodiment, strain is less than about 5%. In another embodiment, strain is less

than about 2%. In another embodiment, strain is less than about 1%.

[0043] In one embodiment, if strain is greater than about 10%, then there
may be significant lattice dislocations in gate electrode 532 when brought into

contact with straining layer 514.

[0044] In another embodiment, gate electrode 532 has a lattice spacing of
between about 0.3 nm and 0.6 nm, and straining layer 514 has a smaller lattice

spacing of between about 0.49 nm and about 0.59 nm.
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20 than about 2% In another enbodi ment, strainis
wesasnitihan7about 1 % [0043] In one enbodi nent, pcir/us2004/020201
strain is greater than about 10% then there may be
significant lattice dislocations in gate el ectrode 532

[00gslen br duditothért émbe@irhast, chirirte] fhétedhiowi() thay & 16dated
[0044] In another enbodi nent, gate el ectrode 532 has a

adjheant ite elespradeg2.0Chapsebi@otekownpmay @s@be strained Iy Siraining
n and straiping |ayer 514 has_a smaller lattice

layggé

- g e grebodidrentipehanns! motshewadefipgs andntsyiorigfthe

S 11 2004/ 1 7. PCT/ US2004/ 020201, [0045 n .
P B e P e 2 S FLT O AL SoRY Sapine Yse G4 ds
ext@flbAfpite LRechloBRn0dndamaghannel (not shown) may

also be strained by straining |ayer 514. In one

enbodi nent, channel (not shown) defines an interior of
[0046fe  apphar aielembgdirrert, gate deltrdaiss 339 agudl/ok 582, liave a

.channel , and straining layer 514 is 5 exterior to gate
thigkness suleptamiiallysless treansteainingmloyers 313 ande ox$d4dilmenother

have t hi ck

| | od 330 / 532, ] .
emBRiEnch Ser RO g ers R e/ o Sl e, BigtndsS SERRGw ten times

. o) [ &agtraining |layers 313
& egrﬂé'/tgéﬂg%% ﬂg‘%"%&ﬁ??g’lﬁr@% 58?' about ten tines
greater than gate el ectrodes 330 and/or 532. 10 [0047]

[00RA er | rRefophing Aok BLFiguRe 2) i HRECABEARERNNMIE Braining
straining layer 213 conprises silicon gernmani um
layes?1Seqoniprisessitieqy germadminm (F)Ge) (forbramples@bout 20% to about

er mani u an | ectrode 130 and/or channel 494
609%6&5‘?‘?%’5%) ??@B‘W%%@W@e Paniss by corpprige silicon
St aini . ' . n silicon
SIF 5B LS, BORRSLAEREREIRRL RSl b doped
siliééH, FeneaipRD @éi‘boﬂ%éierd Sitikde Hﬁ‘vi:@lnéjooc’m EArdehR{about 99%
132 and/ or' channel 492 conprise silicon (Si). J [0048]
siliton, andt MO elbctiode h32 antl6r ctaraiehdHYcdrapeise 2ilizon (Si).
conprises a first material having a first lattice

a&aci ng,_ and EII\/OS | ectrode_130 and/or channel 494 i
[0088]pr i selnancthenempadinent, NMOSiTaininglaser 213 eomoprises a first

kN where. the first lattij aci ng s~ | arger
maf R Aind 85 1t sphihe, aft OIS AEREE L3 RAR! channel
494 &inprise a second material having a second lattice spacing, where the first
lattice spacing is larger than the second lattice spacing. In one embodiment, the

first lattice spacing is between about 0.2% and about 2% larger than the second

lattice spacing,.

[0049] In another embodiment, PMOS straining layer 214 comprises a first
material having a first lattice spacing, and PMOS electrode 132 and/ or channel
492 comprise a second material having a second lattice spacing, where the first
lattice spacing is smaller than the second lattice spacing. In one embodiment, the

first lattice spacing is between about 0.2% and about 2% smaller than the second

lattice spacing.
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20 first lattice spacing is between about 0.2% and
WMUI/]I%%7' arger than the second lattice spacipgg/us2004/020201
049] I'n another enbodi ment, PMOS straining |ayer 214
conprl ses a first material havi ng a first lattice
[0058Paci Ngin ARGHBMERHIIBRERS @alt&% AR Rls ﬁﬁ@ﬂ(h?' be 484 for
conprise a second material having a second |attice
elecapdes %) andborel 32 ehdrirtedd 4Xbathdy 6 492, andLongrainirgialyess 213
t han the _second lattice spacing. In_one enbodi nent,
andy e 214 inclide @me pr:mogg at thefollovgagimbieorniSil ﬁﬂmog%eammmn

(SiCl e Proe Orr FisksbolrBiz ey %%ta%%rﬁf GRS (o). Cobalt
RS B 5 4 oA

indinsl/ Pér éiarrﬂp]!él amcdraa@ugo 2i@ chanfél¥94 #duile shiteHakitvihg a
nore of the foll ow ng: silicon (Si), silicon gernmani um

latticSsmiing shdtiare differeht t}mr(tﬁle@tucalspkeh of the stieinfig Biyer 213.
titaniumsilicide (T|S| cobal t 53|I|C|de(CoS|2)
Morgspesificalyt inngration M m lojier k4 Iasy in one pmbeliment,

i ndi um ec and ¢
a seiflfprlsich SRadhl bR PRATE B fe 1805544 P Eand pr g R A and
[

e S S o T i 02,
straftMsasbedby PMOSuts elédttodad3d?2 and PMOSHhadhasi92 having a

smal ler lattice spacing than PMOS gate el ectrode 132
lattige gpaging thatrie b laxger lattica spaning dws&edattmnppewgm PMOS

st.rain i ate el ectrode 132 and/ or channel 492. This
Su'ag}ur"gllﬂ'qrglgaused by PMOS gate el ectrode 132 and PMOS

channel 492 haV| ng a lattice spacing that is a |arger

(002 21 i o AREURE iR P SIS Sy BpetdlERy way of

thershdlahnisondgch ayer exdarh epﬂeamxeg Riyeny3 sfay HavelhedefRtient of

m smat ch. For exanpl e, straining |ayer 213 may have a
linegy gidrmyl expangion thatealess teamilie @eﬂamemtmf lirteat thernmalss
an the co fflc Ilnear her xpansi on of
expa%ilené{f] &ate %a%mi ege&aée elt PHg 3%5 saiung layer 213

e ?%hgs?égr%réga&%t%é%swgez A58 35k i, ot gpou
700t eherd i8 ndGtedih 2HbwdIRWeMEFate 2fectddR 18D 8R ge i %qffadm

straini ng | ayer 213 20 coo gate electro
cool, igate elestrode k30reikk utylmrslﬁirﬂalmm thdrestesiniipIayer 213 since gate

elec%%td% 130 has a larger coefficient of linear thermal expansion than straining
layer 213. This mismatch in coefficients will cause a tensile strain in gate electrode
and a compressive strain in straining layer. The relative amounts of the
compressive and tensile strains will depend upon the relative thicknesses and/or
masses of gate electrode 130 and straining layer 213. If straining layer 213 is much
thicker than gate electrode 130, then strain on straining layer 213 will be relatively
small, while tensile strain on gate electrode 130 will be relatively large. Channel
494 may also be strained.
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el ectrode 130 has a |l arger coefficient of |inear
wdsronaiz2iexpansi on than straining |ayer 213. ThCEUS2004/020201
m smatch in coefficients will cause a tensile strain
in gate electrode and a conpressive strain in .
[0052] T &i ni ngo%aaéﬁbn, Fhe dlridevis0anay besilitbnttuving a coefficient
conpressive and tensile strains wll depend upon the
of linedrathisnal dyprnsisseisatand 26X10%/ e saebstodining layer 213 may be
el ectrode 130 and straining layer 213. If strainin .
formed/ef a silison oxide; having & lespertaesHicgntoidinear Hogranal seypansion of
t i st r.al ni ng .l ayer . Wi e vel Yss
aboul EPXEL AT RibeRsiferoidr RS G T P13 o Bl Hicon
Y, 8% °C, there is
gat{??%%‘fé%isq%t %él%g%ffl ??%?}?*%Eér? %32004?1033 ggggt f[s%oogéf
no st Befviddrothe 18pére. dhen sididen bRilewyaihingslayer 213 hnd siliyon

a coefficient of linear thermal expansion of about
gateelexttads13arexvdlest toaranm ternpgrature1(®f abyuiheb’C) ositieen exide

RN AE R S
X tca ni ' 13 i : _ o

silic@iS R b Wit AR oirtenr SHEFRA LARALRR, it 9 cHuse o
ten%%%hﬁin PeYh o8 Gectr5&E €30 #nd & cﬂ{a&@\ieM@EtaYﬂeéﬂc%lﬁPressive

yers. en silicon oxide straining |ayer 213 an
strafni in gilicon gride sttadnihpdeperl®3. are cool ed to room
tenperature (of about 25C), silicon oxide straining

| ayer 213 will want to shrink |ess than siljcon gate
[0038] ect r ode angtheneanledimgnt; gaig e@EF@é}e§%ﬁé¥}®f ave alower

coe i o e BB R A T ' presiv

/ | i s2i:A b3 ine
sl S e ARl BN BOTRAT S ALan chining

lay&diadi nent, gate el ectrode 132 may have a | ower
coefficient of thermal expansion than straining |ayer
214 to cause a conpressive strain in gate_ el ectrode |,
[00542 and/Inmperatomgate glectradea 182 mayshe silisen haninga coefficient
straj,nin 15 | ayer ,214. 4] . ln _opgerati.on at
of gt tHestitl expariion b 201t LBRTfe g8 SEaur RededRt 214gmay be
] . 2 GX10. . ¢
for SRPLe RRRRIRIm T L gl Epiiart (il maliapansion o

abdt@ 28X00-¢/ €. gWaiencdeinfihgirestaifting 13\2@1&214 isefepisited on silicon
expansi on of about 23X10-6/ C. en al um num

gate eleatroidad 3R ay en elevated teippersiuredfarexamplecabag 598 there is
el ectrode 132 at an Xl evaI ed tenperature, for exanple,

no giERinibetyeen t ﬁ&ygrq. gAs the layers cool to room temperature, (for

example, about 25°C), silicon gate electrode 132 wants to shrink less than

aluminum straining layer 214. This relative mismatch between the coefficients of

linear thermal expansion causes a compressive strain in gate electrode 132 and/or

channel 492, and a tensile strain in aluminum straining layer 214.

[0055] In another embodiment, the tensile strain in gate electrode 130 may
cause a tensile strain in channel 494. In another embodiment, the compressive

strain in gate electrode 132 may cause a compressive strain in channel 492.
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no strain between the |ayers. As the layers cool to
woyieiper ature, (for exanple, about 25C), spd1/082004/020201
gate electrode 132 wants to shrink | ess than al um num
straining layer 214. This relative m smatch between
[0056he coefi amdthei embbdirmeaegstrainteneplbeerpaet bypa steainig layer
conpressive strain in gate electrode 132 and/or 25
havipganiatringe stresed Borreapminle sireining layer41gmay ke formed of a

straining layer 214. [0055] |.n .another, el di nent, ,t he,.
matpRA VN oF SIS GRS SFesoviE Deanaterial dat, Sxappld 4 Silicon
L dtenside strain i I |
i W PR 4 ISR PR EIR I s

AR 83k 130. | 1R 26086 mBOdimditt, ¥aining |

Com%%%ﬁ’fismﬂ P?Féuégg%%ﬁc}%%%oml [ 0056] nIrln alrrlrc;t her fing fayer
214 adydst aRniterialthiaiing anntrinsteemepresyiva sttessifar exarnplessilicon

havi ngigan intrinsic stress. For exanple, straini n§2may

C

oxideayihiclpwhemsjrasaingdayes?1dris deperitest prgaterlesiods 1

 cause {epPle S VB BRI en SSEPITE RO PR bpying

intrfg%irg[:gs‘f‘fégsc‘ i RHa O RitdReS 2Rl 64 AQIRhidH nli§YeatB¥ 8 §nRiR in gate

ressive strain in gate el ectrode’130. In anoth
elecaobes 1 3®and/ 6it 132 did)brl chinanels 294 ardy 0b 4920 Typieally) nitrides
having an intrinsic conpressive stress, for exanple .
mayshdvecamintrinsigeensile strainiand exides mayghavgan intninsicscompressive
deposited on gate e@ect rode 132 ma‘y cause a t e,rasi | e
straigy, hamever aitiga ceuld levte daumpressivie siain.&y &gy oxide could have

mat er.i al havi.n i ntri i . i | ude nitrides
a tefiile SRty ORaiPEn whaghells o RRMe AR 105 010G
el ectrodes 130 and/or 132 and/or channels 494 and/ or

[005492. Typh &Abther emBddifRnit, FEY eleatr6dan3i ahdiskiging layer 213
tensile strain, and oxi des may have an intrinsic

maycbelepssitedeassthesiame meterieds then stratningdayen 218 tay bealoped
. conpressjve strain, or_an oxide could hav atensile . .
witly apgtgriabip CANSe SHEMIAG 2R ¥AENIOSINRIEERA 1T FiZEh EORpYample, straining

7] 4l di
layer i3 anh g BfFeiOr T30 BT Upp Sl & ifle e dtaiife toyer
213 WRiFhé a{opea @R Bhe Bk B8 df AKBhirdds, %amege?ﬁ&eﬂum, hfsedic,
mat’eri al “to cause straining layer to Increase in size.
indfeen, téx andl/@r asitinadmy. (hhis ldopéng 3 opnidngHy subseptendteat
130 may be deposited as silicon, then straini ngl | ayer

and7p3 apngaling treplauenti may saesathe dgftise sizenf shaiumg lgues 24 to

eSS R e A P A channel
94.

4

[0058] In another embodiment, gate electrode 132 and straining layer 214
may be depo'sited as the same material, for example, silicon. Subsequently,
straining layer 214 may be doped with one or more of boron, carbon, nitrogen,
and/or phosphorous. This doping and optional heat and/or annealing treatment
will cause the lattice spacing of straining layer 214 to decrease, which will cause a

compressive strain in gate electrode 132 and/or channel 492.
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20 and/or annealing treatnent may cause the lattice
w0 2¢040121dT rai ni ng | ayer 213 to increase, whi cRCTWUR2004/020201
cause a tensile strain in gate el ectrode 130 and/ or
channel 494. [0058] In another enbodi nent, gate
[OOSB}ECt r odin didthenembodanent) gateea}eaﬁcﬂibﬂ%rmyﬂigen, and straining
osited as the sane material, for exa Si |
Fhots

laysu B&%@mnbmydopsd:sﬂrca’nnm@ 3 H?@?lﬁzmala)fﬁi W@ijg%‘«’%n

e <P AHaBis 1 o ot ORER Hredfl, Biespesing

pefff a?én:ozgaf@o%z&% Y byRR4 e Gl 80K ftoflcon
ga@cg]wtﬁﬁym strain in gate el ectrode 132 and/ or

channel 492. 15 WD 2004/ 112147 PCT/ US2004/ 020201

[0059] In another embodinent, gate electrode 132 is
[008D] i con, Iraambther aintiodimeht plactrodes 130 and Honldbaed/ or straining

oo B b o B sy 94 S v
e At S BB e b AR ot sl

c‘éﬁﬂ& o yOQ@RJ rred ugéksﬁ Rem tdlRbstrate, wh

Cry@Faggttﬂr%(h) es ggr aﬁ%/n})i 132 and/ or straening . | aye?sazei'}y ere

theagpsitaxial 2dyerrtay the shmieraedstall ogiepbia ct‘m:dadlyns’ed:m thesubstrate
deposition, CVD deposition, and/or epitaxial

matiesialsbut @Giffersy typerronceniEaion pfasicaamq elyan%herﬁmbp@ment

eleevéé@éisig%r% i i SR et 218 Rt/ BE G4 miRyE formed
by sDEHAIRVES Ushatilipe ARl bgﬁ@gﬁﬂsﬁﬁw@ﬁa&m %@pbeﬁm of single

rial, rsint
crys@il eRitbhalloyrvith tHe Bame crydtalbstaidiare £ M@d of B material onto
el ectrodes 130 and/or 132 and/or straining |ayers 213
whidhdtterst@icturesip depokitednialy., Hyimsiddremt the safXritetad orientation,
i ncl ude epitaxial deposition of single

and possi
suely fOQIr %‘?‘%%bn alloy with the same crystal structure
as that of the material onto 15 which the structure is

_[Oogﬂoos' tef}) {foter eﬁlbygﬂf' gf a%xélhgf Siﬁ,g@excrgtéztf%l grown on top of a

entation, Suc

sultRite ef Siedmokhae He siﬂcéﬁg@fm&muﬁh haséBulk pEl¥x&d g6 Fonstant

on top of a substrate o such that the silicon
thagés lmageru(eghanch ab biykabosit &%eid dbstutt 2qrercents thart thet dikicon # is

| arger (e.g., such as by about 0.5 to about 2 percent)
grawn ony Thegerultng I,afnqegmsflts at the block or blocks where the silicon
germanium bonds to the silicon may create a strain. In other words, a strain, such
as a compressive strain, may result from the silicon lattice stretched to fit into the

lattice of the silicon-germanium.

[0062] Suitable processes for forming or growing of silicon and silicon alloy
materials include vapor phase (VPE), liquid phase (LPE), or solid phase (SPE)
blocks of silicon processing. For example, one such CVD process that is
applicable to VPE of silicon includes: (1) transporting reactants to the substrate
surface; (2) reactants absorbed on the substrate surface; (3) chemical reaction on

the surface leading to formation of a film and reaction products; (4) reaction
16
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20 grown on. The resulting lattice msfits at the
wol206d110147b1 ocks where the silicon gernmani um lpomiss20@/020201
the silicon may create a strain. In other words, a
strain, such as a conpressive strain, may result from
produigs dedbsedied o g sirfaerded!(3)ardrispottationtaveay bbttei reaction
of the silicon-germanium [0062] Suitable processes
produnt ffamthegudacegr owi ng of silicon and silicon alloy
25 materials include vapor phase (VPE), liquid phase

PE), or |1 d phas SP bl ocks of silicon .
10063 o b6 Fhaaditism. BaRgedorBing Yaican b ee8 llpys comprises
' . of. . si.li. [ . )
selofifh TR ibotliod I e 5T G Flipe et Typet
selebPCEpiRhSaltdgsResh. O sinigel ypes Hepé st Gl sildest alld) deposition
chem™cal reaction on the 'surface |leading to formation
woudfl ke dactiming) dnlyean gatermptesial(s) within the epenings of hagxide film,
2004/ 112147 PCT/ US2004/ 020201 products deabsorbed from

andgpinimghribery, EAWthon thexiffrt ati on away of the
reaction product fromthe surface. [0063] In

ditiog,.syitable form ng,ef silicgn L] 4 .
100 | o« °Bisg3pletectiyg PpleRL Rephinids P Alfiudes FERE2 setective
e o e R 1B bR o G S, ‘USing Type 2
depdsigios), foreihticii o g@vtdl dfalie gdiposiallop dccuwdldrdghte material(s), as

occurring only on gate material (s) within the openings
ah

welbas enshesxide filim, and thre wheni thisl typefof sleposigicavis mage, @he
e Bk P o S B S BR o BT ity
anc AR o FRB R0 PR B4 pSprea e
anghe of HEindbifa0e 1RifiieStothe HitinerrdRithIdifdctioh dependsin thes

on the oxide film and thus when this type of
crystelogiaphimorientatide of dne sibstwté.ace bet ween t he

epitaxial layer of silicon alloy formed on the gate
and er of sil.i

o0 RS £ 1 LG Sl S S sng

o s s EHREGE DYt Ool I ML S Wi

(SiGe)Psilieas earti@OEHE) Iniclad ellivede @UIDDStieRTm JiViBRle(TiSiz), cobalt
sel ectl ve epl t axi al dGDOSI t1on usi ng a silicon source

silicide (QdBinpateuitable teonperatures eAlswl, 5iHiGly Sildu nnayobe used as a
.Silicon germanium_(SiGe). silicon farbi de (Si O,

siligoresupree i hydrggen ghlorde HER rhlesing (Glo) ispressnt; 2) |
cobal t
[0066] Figure 7 is a flow diagram of a process for forming a CMOS

structure having a PMOS and/ or an NMOS device with a straining layer
deposited on at least one gate electrode such that the straining layer imparts a
strain to at least one of the electrode and the channel. At 810, NMOS and/or
PMOS devices of a CMOS structure are formed on a substrate having the
appropriate wells, junction regions, gate dielectrics, gate electrodes, and straining

layer. At 820, a straining material is deposited over at least one gate electrode.
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silicide (CoSi2) at suitable tenperatures. Also,

WO R(H1221451 HA may be used as a 20 silicon sour geTius2004/020201

hydrogen chloride (HCl), chlorine (Cl2) is present.

[0066] Figure 7 is a flow diagramof a process for
[0G63} ni ng SuitAlde strainingtrateriakindgde, fYRamplé, ailicdh, Midon

device with a straining |ayer deposited on at |east
geRaniya clapeduiliennegermeaniumnsilicna carbide milicpri earbon, carbon

i mpakris _a [.h to at l,east ope of the electrode and
dopR S uih I iCeeacihg At kar Bom ths dtrodrevrioied con be

. S tHat e, havi t he

dephtedty S oBeRucilh R o Bty RV DLAGH deosifin,
andibesedecti/el RBitioH) ATISdd, BbANIIMOBY Rvice/ sﬁ%?’u.n% material

straining material is deposited over at least oRe gatre
haginget lattite. sphZingQap@fr4han Thatof R NIFOBA¢A2620dar BOBEposited

Sui t@bl e straining materials include, for exanple,
to prqvidea tengile;strgin iy the M Qfelastpde and/or the HEvIRSGhannel.
. silicon carbide, silicon carbon, carbon doped silicon

ki h | atN i+n i.ffe fromthe el ectrode,, .

[odth 0, & Qe ARG b1.5 PRROS HePife & friaving muptetish having a
lath&y $haeingiHRt isePhilfer i 0 |

depgg‘)siJl ition. ll'hus, foirﬁhggﬁﬁl?/%ésd ggélcggd aggé'f %’%‘?‘ﬁ%ﬁg& X)?ample,
boreat-dopea silibaw,icagben-dapti cHicoppRitRenad@sdd $ilieon,! eﬁﬁi/ &

the NMOS el ectrode can be deposited to provide a
phesphoreus-dopad silican) pen lvdepesitest ontve BENIDelertrodaitoBause a

nnel . . [ 0068 ot her hand, for a PMOS devi ce,
C°‘§B§%SP1§F r?F‘%‘&‘ }fh{l'lé"r' elerirgde and Leox indbechannelof thePMOS
dewipg@l l er than the PMOS el ectrode (e.g., such as, for
exanpl e, 10 boron-doped silicon, carbon-doped

silicon, nitrogen-doped silicon, and/or

[006%jos phor Althodgh Figwids 1CPapsc@ e BEMEABASE hXME Sricture
PMOS el ectrode to cause a conpressive strain in tf]e
havingan YRGS dereicaanddiMOS dewicetheneia) otfer eirebdelfdents include

oSt R IR ot Ok s
. D ; Ao ; .
A e e TR R B TR ST et lspeprienb Shgle
NMOEGr PMOSeviddESidgN i 0
of i f]dependeer‘;t Si riggleél Nﬁll\%%ag?%%gg%g géﬁﬂle‘;ﬁg gin 4
dewipgosther tRVCECMOBsEctmeptradtiple doerpledd PMOS devices, or other

appropriate circuit devices on a substrate where the description above with

respect to straining material formed or disposed on and electrode such that the

electrode is strained are contemplated

[Q070] Various embodiments are described above, It will, however, be
evident that various modifications and changes may be made thereto without
departing from the broader spirit and scope of the claimed subject matter. The
specification and drawings are, accordingly, to be regarded in an illustrative

rather than a restrictive. sense.

18



10

15

20

25

device other than a CMOS structure, nultiple coupled
VRGBdevidtes, or other 20 appropriate circuit ®eviuse®m4/020201
on a substrate where the description above with

respect to straining material formed or di sposed on

and el ectrode such that the electrode is strained are
contenpl ated [0070] Va\ QBE €HviBent s are descri bed
above. It will, however, be evident that various

modi fi cations and changes may be made thereto w thout

Wh# igleloimeding from the broader spirit and scope of the
cl ai med subject matter. The specification and
drawi ngs are, accordingly, to be regarded in an

Ly &T?C’%Rqretémcpgmf&mghan arestrictive. sense. 18 WD

200%/ é%%ﬁ .IN THE CLAI M5 What is clained:

PCT lﬁ ﬁ 020201 1. An apparatus conprising: a
subgatdedic over thélswbsteatevaclutive s ghtetelatmdenmterdi suyface of the
gate el ectrode over a surface of the substrate; and a

substratenandy mat eri al di sposed over the gate el ectrode.
2. The apparatus, of claim1l, erein the,gate
el e@SEEMRING IngfgHiat disposed oyer Mﬁ&&ﬁggfi 1 east one of
a different lattice spacing of the straining nmaterial;
21 . : J k

2 ot TR PR SEERTL PR e S LREBUE B Bh06ra sorain

caliBdd by at afldriti of d Aiffeienblatidéd¥pagingedfahe strairdng thaterial; a
apparatus of claim1, wherein the gate el ectrode

theomglréxpension maiserdteh of Hae straining matarial andiacmaseradi of ghe gate
t hat_ conprises, a, di ff,er_ené1 | atti.ce spacinng than a

elgém‘?aaﬂg@ﬂine%%ﬁrwal& g sEaipg Attt eri al . 15

4. The apparatus of claim1, wherein the gate

el e 0 [ . j . .
gt r i Sl el REBLER Hhe Barp e/ RHOMETUREiAS o Mteril
' Lidlpt the® c6RPRisEga difidtehhRtEQCEHting tha
hﬁ???é??gﬁ?ﬁ% aoli‘itltgtt he éat e SeI gct r oge. g thana
second lattice spacing of the straining material.

4. The apparatus of claim 1, wherein the gate electrode is under a
compressive strain caused by the straining material having a first lattice spacing
being a smaller lattice spacing than the second lattice spacing of the gate

electrode.

5. The apparatus of claim 1, wherein the gate electrode is under a tensile
strain caused by the straining material having a first lattice spacing being a larger

lattice spacing than a second lattice spacing of the gate electrode material.

6. The apparatus of claim 1, wherein the substrate further comprise a channel
region.
7. The apparatus of claim 6, wherein the channel region is under a strain

caused by at least one of a different lattice spacing of the straining material;
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5. The apparatus of claim1, wherein the gate

veb emlinoder i s under a tensile 20 strain caused bgT/UREO4/020201

straining material having a first lattice spacing

being a larger lattice spacing than a second |attice

s pacitegmal etpitsioni mishatdrafdbe pahiingmaterialand a material of

apparatus of claim1l, wherein the substrate further
theggatpelestrode;@mdnnel region. 7. The apparatus of claim

6, wherein the, changnel region js.under a strain 25

caudeitypsig s N e IB‘F‘#"F’é'Ik{ent lattice spacing

of the straining material; 19 WO 2004/112147

PCT4US2004/ 020 : ' }: f akdigsile
B. ot bR AR AR iy 7 hERin SHPERSLRR {RiBRS e .
stréineéctrode; and an intrinsic strain in the straining

material. 8. The apparatus of claim7, wherein the

channel region is under a tensile 5 strain. 9. The
9. appEhaapparatuscofdlaint 7, whereinthe phannel segipnis yngsr As

under, a conpressive strain. 10. The apparatus of
COPERSAIVE SURMr ei n t he substrate further conprises a

channel region, and wherein the channel region

o i > hayi . : i go
105 P S RulBOra R 1/ cPnThg Bubodkk bl Fomphaes &

ibRldrdCR hefdiAths ghotind] hegivhlcaiprices Batértdl hating a

Ch%ﬁgpg%g@a%dﬁﬁof claim1, mher%li%n tﬁgjsubstrate & ]
firdtattioe spacing thateonaprisssandiffererddattice spadngitbariarsecord lattice

channel region is under a conpressive strain caused
spasyngiof thestraining matesiddci ng of the straining materi al

being a snaller lattice 15 spacing than a second

11) at ibgggég%&%'gf 8@11:& h.l? m%r%ﬁﬂ%e %ﬁgét%’te.f&?the??rgm rises a

‘app arm ern the straining ter al
chéntisp E'éé@ﬁ, &1 wateréidthalchhAN@rregiondis Hindeg tohpr@gsive strain
material . 13. The apparatus of "claim 1, wherein the )
cawdeddiyna figst iattiee isphcingryiithe sizamingrataderiall being aciraalldnlattice
the group consisting of silicon (Si), silicon
spangthanmsgcong lrttiee spacing ofdheichapnelgegiane (Siy'x C.),
nickel silicide (NNSi), titaniumsilicide (TiSi2), and

12° ob 3 a%iplaxi'a i 9 of ‘c.lg?rrslilz,)wherem the straining material comprises an

epitaxial layer of a silicon alloy material.

13.  The apparatus of claim 1, wherein the straining material comprises a
material selected from the group consisting of silicon (Si), silicon germanium (Siyx
Gey), silicon carbide (Siyx Cx), nickel silicide (NiSi), titanium silicide (TiSiz), and
cobalt silicide (CoSiz).

14,  The apparatus of claim 1, wherein the straining material comprises silicon

doped with at least one of boron, carbon, nitrogen, and phosphorous.

15.  The apparatus of claim 1, wherein the straining material comprises silicon
doped with at least one of aluminum, galium, germanium, arsenic, indium, tin,
and antimony. |
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14. The apparatus of claim1, wherein the straining

wodRi/hlyconprises silicon doped with at | eastCmUs2004§/020201
boron, carbon, nitrogen, and phosphorous. 15. The

apparatus of claim11, wherein the straining nmateri al
16CoNPAIN §AFaratusicoompriéing: doped with at | east one of

al um num galium germanium arsenic, indium tin,

andagnbstrafay. 20 WO 2004/ 112147 PCT/ US2004/ 020201 16.

tAﬂ e %p argi%trcgftséé ?ﬁ%@lﬁl&ﬁi}l‘zﬁg 1 Chggfh b%éétg:e?egg@dg\%&g @ﬁgsﬁlrface of
th§ g&dﬁ&&%e ohd daf Hfsti-lkm&megioﬁaﬂd & sbdrit jtﬂn'éﬂ@hirégid&ﬁﬂi the

a sécond junction region in the 5 'substrat

sup&trAe edjackheth@aite Eleegbdefand and a straining materi al
having at | east one of a lattice spacing that is

di f hetmiring haterial havinged leastonagf aflattine spacing that is different
el ectrode; a coefficient of |inear thermal expansion
thama dattise spacieg ehthe gain e ficient of |inear

t hernal ..expangion of, a nmaterj al.
and SF0LR PR e heP il eRbpfiof d e dRBrEnPiEl § Cicient
of %@%@ﬁn@l’@iepérﬁforgéf £nfite[hl SfiRe gate eldfioddpaiiat us of
claim 16, wherein the straining material conprises

si | iapantrirgér stegsspm having a lattice spacing that is

larger than a lattice spacing of the substrate
adaphestraipingmaterial dispesadcovarthe gatereleqtrodmt e

el ectrode. 15 18. A nethod conprising: formng a

devi,ce on a substrate the device including:. at o1
1751 o dtRAREAGHTS oL Gliacts. Sierrl LSramint thire) Eofrtes silicon
; r
oSl Rabiih £ AR g 004t i MG BAn! PR tphckifof the
subsRaeiddaptedtsinipirt angnsiby staiann the galetetettadd. r ode.
19. The nethod of claim 18, wherein depositing the
straining | ayer conprises depositing a sufficient
18t hi dkmetkodeompriging:ng | ayer having a different

| attice, spacing than.a lattjce spaci of the
sub<PFEINg 4 Gopisaon Eeuktmate, the depiedideing .
a gate electrode on a surface of the substrate;
a first junction region and a second junction region in the substrate
adjacent the gate electrode; and

depositing a straining layer on the gate electrode.

19.  The method of claim 18, wherein depositing the straining layer comprises
depositing a sufficient thickness of straining layer having a different lattice

spacing than a lattice spacing of the substrate to cause a strain in the substrate.

20.  The method of claim 18, wherein depositing the straining layer comprises a
chemical vapor deposition sufficient to form an epitaxial layer of a straining

material.

21.  Anapparatus comprising:

a substrate defining an interior of the apparatus;
21
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20. The nethod of claim 18, wherein depositing the
WOR8MHMNIG7 | ayer conprises a 25 chem cal vapor PCT/US2004/020201
deposition sufficient to forman epitaxial layer of a
straining material. 21. An apparatus conprising: a

subs tevite edefiorito ghesubstrate canpoisingregate ger&msf@, and1

WD 2004/ 112147 PCT/ US2004/ Q20201 a devj ce erior to

t hea swininglayet exteriosita ghadgureand exterivgdo %éﬁﬂ‘ bstrate.
straining |layer exterior to the device and exterior to

22 {NeBUBSIERLE: 0P8l BF, ARARL DD Ringh B Fhiccke bldhior o
tlm%&%&ﬁt%t fntehﬂﬁ%ﬂﬁé' 4te elé&%oﬂ@taﬁ"uc?ﬁﬁ&txépﬁﬁbhe%ﬁﬁnu lgla yer.

interrof to e str I ni ng ayer 5 23. The apparatu

of claim 22, wherein the gate dielectric conprises at
23.| eaThe apperadis ofclaim 22 witerdit theigate aielattuivi omlmnplris@scht least

a silicon nitride, and a silicon oxide. 24. The
onexpHan alugsinuin aitzide, an aluwriEtun exidee asiliconnitride, andye silicon

onprises a channel. 10 25. The apparatus of claim
oxidg. " \wherein the channel is interior to the gate

el ectrode, and interior to the straining |ayer. 26.

Th [ :
24.  TRERFEERNS: G dELADT Aher B betate R Siipriss 2
chdﬂﬁbﬁrlor to the gate dielectric, interior to the gate

el ectrode, and interior to the straining |layer. 15 27.

The apparatus of claim25, wherein the substrate

25.f ur Theapparapes ebdaim 24 cwrberein phe ghannel ininterieroiesthe gate

electri)gg, %1%1 &lpe%grht%n glstralznzmg layer.

26.  The apparatus of claim 22, wherein the substrate further comprises a
channel, wherein the channel is interior to the gate dielectric, interior to the gate

electrode, and interior to the straining layer.

27.  The apparatus of claim 25, wherein the substrate further comprises at least

two junction regions adjacent the channel.
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