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WO 2004/ 112147 PCT/ US2004/ 020201 GATE- | NDUCED STRAI N
FOR MOS PERFORMANCE | MPROVEMENT FI ELD 100011 Circuit
wdeviqciasi4and t he manuf acture and structure of eCTAISRA04/020201

devices. 5 BACKGROUND [00021 Increased performance
of circuit devices on a substrate (e.g., integrated

SHEELIRIGHR ATRA B0k MR PHGIORMARRTE MR QP ENT

usual ly a major factor considered during design,

manuf acture, and operati ompngose devi ces. For
exanpl e, during design an nufacture or formng
of , metal oxide senm conductor (MOS) transistor

[oost]m condaiteit déevdes asd the tharagattngs endisgtciureaf circuit devices.
conpl enentary metal oxide sem conductor (CMOS), it is
often desired to increase novenent of electrons in
N-type MOS device (NVBAGHGREWNDING to increase
novenment of positive charged holes in P-type MOS

o3k o ¢, e R AR P 3 @gagéeﬁcgvﬁﬁ&ﬂbﬁw RS
mt%:%x%m % é‘\ﬁ‘é I@?%siﬁ& (B ﬂnﬁ,fs%‘i‘s, PELRS eRUBRLN h?c&?ductor

ea on ate elettrode i's Torned

(e.4 dilicqt) snbstratel ihigdially d fajor fhmor gonsigibreadl @drihg desighs
wel | area on both sides of the gate el ectrode to

maguiactole, and wipsratiowr ofidfase devives.eFor emmdpleOdﬂnngu design and
first t.at t first d

magtHfeAEET GEl OB CEy SR PaiG S R e YD e |

se@%cg)?lgﬁ tcg‘?fe@m%' . deRns thidse ggécf v A&ﬁ'{l %Serg:ﬁ& h{bbél dkide

raln area Is rorne a se

sef@loadaé &l YCMOb), d¥RIoftadestidag tof'mérééséjxﬁbbﬁmeﬁt o€ El‘éﬁﬁons in

non-conductive I npurity is inplanted into th
N-éypa Mé)Sidevine (NM@S\;dieameimambm inoteaae mm,samatta)fqﬂfs&c\te
therelqandtoforma second precipitate area. 25

chpgsdwles ig P-papeMORGaBIE (BMEED dpndisscl oses a

sem conduct or device that incl udes a lightly doped

O (L A P 2 B g
ioR 6lgf i9implaated Bfo \élaéehu@éndﬂft‘%or SdHsfrafd ﬁﬁfdrﬁgﬁ well area on which

suppressed. In order to performthe ion |np antation
a date eleotrotl@ds fbrmed. 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 that a
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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WO 2004/ 112147 PCT/ US2004/ 020201 the source and drain

regions of the MOS transistor, inpurity ions are
wonpi4anzi@d using the first and second si de waPC$/US2004/020201

provided to the gate el ectrode as a mask, and then

the heat treatnent for inpurity activation is

perforned. after  renpyv

the PO A TR O the Y DR gt ety 16ns aft fiplanted

el B DI R Bt AUBNOAO L B and
thef th€RSataRRIRAt FR ikdPRurRYIREVfioh REpEH SN EDBRENFSAbY R the
impurity doped regions in an anorphous state is

secoted silaseal npAODS jsolrd®. arlRhdmih régiohe doped 56i13 Bigh-concentration
. discloses_a nethod for fabricati ng a sem conductor
impyaitydens. nBywiewRYing theseeendsideyyall papr fo the heat treatment, the

B AP E e i SR of Pt BietSiefir o iration iRy Sopdd regions inan
am?ﬂﬁ{&tsispﬂe[{s ﬁe&@é%eﬁ‘?t or opening is formed through a

I'rst insulating | ayer deposited on the sem conductor
substrate so that the range of the coll ector opening

[o003]ver s thS. Patehnt Brimbed 6483, 36displebés #indthed fieviabeicating a
i sol ation. A sem conductor |ayer of a second

sengigpraidiactoy fleyice yipwhach, arcollector dagrer tod aefirlst corsluntiy ibntyge is
seni conductor, 15 sub e | ocat ed

ortion of th trat . )
forfedi i TERIOTLE! 3 SEVGPROREIT AGbstiRte SERS Rkl Hlegice isolation.
BB 1S 0 SR 488 o
sentieBAdH@bE subfRAB ko that thEdh & oﬂﬂh@%!le@ks)iﬂ %etgig% covers the

di scl oses a nethod for fabricating a ce
collestardaperreatchpardof thee device isbletion. i A sdirdairabetiogiager affa second

silicon buffer 20 layer and a S Ge buffer Iaf\{er on a
conductivify t¥pe 86 paextepal basetensaras o e Dortien o6 the semiganductor

def sed h i h of ,t-he | i .
stttk BB We kDfledlb? Bt fBe P undicn &8k prevepion
R R AR s s
serhicBndRatioe subdipgtei cat i on -Publ i cati on Nunber

2002/ 0140031 discloses 25 a strained silicon on
i nsul ator_ (SOT) structure and a nethod for its

[0008br i cat Mem Patent Nuwindrer §456.841 désglasies nanethiogdyfer faliricating a
SGLEEF LSRR B LRH B LR RO ot
e SR ACC NG Loy 1 ol Jo T e proces
thattdediédis 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 (e.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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i nducing |ayer so as to forma nultilayer structure,

in which the strain-inducing 2 WO 2004/ 112147
weOeCH41$2A04/ 020201 | ayer has a different | attPC®US2004/020201

constant than silicon so that the silicon layer is

strained as a result of the lattice msmatch with the

' .l aver h Jtila rycture is. .

osB 58 DAL 0 TG R S RGNy

as & fesaBt ORRAE 14thee nibinatdhedithitht 68Ri-B¥RIc; e i
substrat e, ande so that t 1he strai 1ned siclnf)%ogglpa%? n15u1t11ayer

stratnecislthen bohded $o hisabstnstelsatthatah yelatinlayer is between the
strain-inducing |ayer is then renoved to expose a

strained sdicopfayereanst thei swbatrsie, pudfo thgtahe shainadesiicen layer

s PEaes the He e et Pl Tl cihipa ayer sshen pemoved

to SRRt At P B A RO o v s i e
inshRAOBItrvat Ottt LORIPHRS thedillRtiate, 1RO h-AUMMY BYRS olithd

becone nore thoroughly apparent ‘fromthe folFow ng
sulittasé, land the strinsd silicoralayen dadhe irsiulating kyer.
acconmpanyi ng drawi ngs in which: [0009] Figure 1 is a
schematic cross-sectional view of a portion of a 15
sem conduct or substrate after formng a well, gate
dielectric, and gate el ectrode of NMOS and PMOS
devices. [O i 3 '
devi ces. [0 KRR DSERIPTRORVG FIEED e NVOS
and PMOS devices. [0011] Figure 3 shows a snall
[00D8) t i ce ¥priousfpagaics, flpeets) 96¢ addniagss Hall BeBéme 2More
| ayer. [0012] Figure 4 shows a strained snmall lattice
thaspaghlypRperentdireny thedellowignd Sfiled gesaiftich appeaded chéms,
an(J[latti ce s}paciépgw ate el ectrode and a straining |ayer.
BeFLAPHENGIE &* ‘ﬁﬂk‘i‘r ained large lattice spacing
gate electrode. 3 WD 2004/112147 PCT/ US2004/ 020201
[00b9pP 15]n g FI;%Q&@ 145 hScRerhh QN2 AMB A vRPLP g%%?‘ticgr? bfa

form .
semiconductor substrate after forming a well, gate dielectric, and gate electrode of

NMOS and PMOS devices.

[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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structure having a device with a straining |ayer

deposited over the el ectrode. DETAI LED DESCRI PTI ON 5
wpQOmaEN21HFgure 1 is a cross-sectional view of RCP@IS2G081020201

of a sem conductor substrate after formng a well,

gate dielectric, and gate el ectrode of an NMOS device

[o0EB)d a P%ﬂ?ﬂs@ﬂoﬁﬂh@gﬁrﬂ%ﬁ@ﬁo&@s for; fosihiRig SIS OF
nore CMOS™ structures) 1 ncludes sem conduct or

strustipstheaiieg a0Rvidewshe sdreioiigieyer depsisited over thebaectaods.
or epitaxial |ayer of a sem conductor substrate,
havi ng active areas or 1o cell regions defined by
i sol ation areas such as shallow trench isol ation
structures 110 fornmed in substrate or epitaxial |ayer
102. For exanpl e, (sePRYTEDD géRlﬂaﬂ@N formed or
grown from single shal | ow trench
isolation (STI) structures 110 rray be formed by

[0016]f | ni ndFigags Disa tidas-cegioral @i ofh poirtign ofl derm@dcnduteor
or depositing silicon dioxide (SiQ2) dielectric in the

substretecifteyferinmgs a peelly gateldielagtric, asdfr;gaﬁmﬁ;trgdh of ghtNMOS
111 F

devgfer ad e.iﬂi%?f%fk%é ; él(;%@%%@ba@ggéugﬁr‘ a8 61 OF 553%@4%&

s AL S5 ORIy 029y 4R e

suﬂsaﬁkél deepitakiPRiyeRbf a ORIt drsRBsMald, hadn g}{&h%%é&b or

|nd|V|duaI active area or cell reglon defi ned

cel]&'églcaisrdeémdd:gr iboltioRcreassunbl as shaHGwFtrrelytﬁmsmbaltiorﬂsﬁﬁmmres
is forned jn one region_ of substrate 102 while

1104ermeq 18 S}lbstr%ﬁer?é@ww@l Layies b2 - Eey ﬁfarap leg fsrade 402 o may be
forfhe sV AL tupaih o SaL AR g iaBY Rl isolatinn (1D

strﬁc!tﬁ%/eg gmté@?}gge %,\15133@6% mppﬁﬁglgéa? %hﬂﬁ% Sucﬁgetfcﬂfngg'and

growihgeateipogithetihest didsidd(SA0.)atiskatric 1&%}3 trench opemn%s (e.g.,
phos horous (P), and/or 25 anti rmnydgs in an area
rzed ta @@@‘ééﬁ dbhhesshéwn in Figureds. dewnotherembqsbiment,

105 Ntype well 115 have work fungctions
?fég&sfa Adp ﬁ&fmsyagﬁge RASIOT G EVEIGRS & @ﬁh‘ﬂﬁﬁef Hapsistor

de@%%@ﬁ%?@%ﬁ%@ﬁ%@%ﬁwﬁ%%% ofpSPehismity *

illustrates substrate 102 after the formng a gate
[00dVE! ect rFigure 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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| ayer and gate el ectrode | ayer over the surface 136 of
substrate 102, and subsequent patterning or renoval
wohommaziat ed portions of the gate dielectric Payais2004/020201

and/ or gate el ectrode |ayer. For instance, as shown,

gate dielectric 120 may 5 be grown or deposited. An
[00EB1an! € FfyiR 1Siliub At stidbRatd IWRetler ithe forhdnpal gdtbdielecric

typically grown by thermal techniques over substrate
layekQdi @t&el&troﬂé layertavebhe sippacedidatafdubstzate 108, and

addition to SiQ2, other gate dielectrics, _.such %@ )
subgequesd paHPTing or rerBPIAlYL Uy aniedrRaTtANS o the gate siggctric

oy G SR R L P B b ARl ey

avin

be omrg& ﬁﬁs@t‘%&r sn LD?arﬁ SéeduitYe g&é&ﬁ@l@ctﬂd‘ ma&siat ﬁ‘i’a’c is

to |ncrea e the capacrtance of the gate.
typic@ﬁﬂz %]roﬁh'@y thetmahauBnigiisiover bilestvdte ¢02 istiO0dsisgabe
el ectrodes 130 and 132 over the surface of substrate
appredatesithht, as adyhtunpwiﬂzo@ﬂw@ng@tegaﬁ@ctnc@t sudhy ascsiliggrpnitride
NMOS gat e, elect 130 and PI\/EB ate | ectr.ode
(Siahbayy & RO e bg R R.ﬁ‘é@ erxpptifigte the TMOS
tratisat?(gngeev% (Er e gg-t}gl% gangﬁé%lér IQ’ b Sﬁ@’t’fﬁg ggkhrltéh dlel?ct'ric

SS O

corlStMrP 98} Be ﬁE&P tlf @&Grel3 Yor é&%}ﬁ% 1&@f&s@ﬂﬁ§édﬁéﬁaﬂc@of the

are each scal able and may be sel ected or chosen based

gaten integration issues related to device perfornmance.
NMOS gate el ectrode 130 has a work functlon
correspondi ng to the work function of an

[0048li ce. légunr\/bshgmsa %rlé‘éwwémt@@dw@s Gl slRrode 13 and
t f..a P-t
1o BRSO R IHE TS BBl B
PN L bed
1ROk el e PAASS ol Qeciid mrdgnavec
dep@ﬁt@dl‘totay@@cmds &, fopexdinplef alsdig, 150&6 pbot:it 2@00/angstioms (e.g.,

as by doping as descrlbed above with respect to
154260 mangrmetﬁes %lmjz)p eéxmdmgly,ﬁhe Phiclkaessraf :NMS?S %ﬁﬂé@trode 130

anil RN QAR SRR A2 A5 s oleb Ly e Selgsted gt chogen

{.
ba?e?&?% %rgt attft') 1s§1%§ ggﬁﬁéc’?? %E@geﬁg@ungﬁ?\}égg ate %lectrode
13@ 9§s a m%ft&vmnttﬁbr&&&é@p@ﬂdmg e tﬂ?é\@@rg &t&tﬁtrﬁ@ﬂ afrOFtlety%ﬁ%levme
be doped at the sane tine the PMOS junction

PM@@l ganselactzodepd2ihgea grorkfunttiars chivEpgnaing ito the wgilo fisnction
204, 30 shown in Fig

of a P-type device. In another embodgment 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)

Ed



5 WD 2004/ 112147 PCT/ US2004/ 020201 [0020] Figure 1
further shows the substrate after renoval of undesired
woaodsitom7of gate dielectric 120 and NMOS gat ePCT/US2004/020201
el ectrode 130 and PMOS gate electrode 132, such as by
patterning a mask over a defined area for NMOS gate

[ooz0]ect r odggkRO1 AnGh&ENMHEBWEATR sebsEhteqdter kérhoralofhfiédied

away the undesired 5 exposed portions not covered by
portioes whghte dielecericalBi and NiMiOSigatdelpcirodeh30 afd PH&DS gate
dielectric 120 and one or nore types of gate el ectrode

eleghends 132, sudyavlay ppHerdngadmagk PeR @%fmed arender NMOEgate
0 103, .
eleqtiieb Iy e el dociroto B pRibhna Sty Bk tde

Vi S r | 41Sd .
o RUEY RN B RMERRTOY B! UL lrions o
gaté didlecticdRo hﬁﬁtoneaﬁdﬁ@fe ng@@ bp phieel 8aERIE @htdtial may be
chem stry. In another di nent, NMOS gate el ectrode

patnemeé rh@l f@ma’@aileleetrelcﬂ(kﬂmi NMOSwthelecipodg §B(D mzenNMOS
d g % CVD an hen rms%él and et ched.
EVF? dnooen eate diglackim itland PMIBS elestiodsl %qy&r EMOS

ot D 8 AR S
etcﬁérlﬁ/taé}ﬁﬁt'?&' dretyait, AiB/ &rhdckﬁMlﬁe%E@d etcﬂ%ﬂﬁﬁii@& 214 ahbifer

fornmed, of 'a suitable materi al aV|n

embadiner, NM@B@t@ielﬁeﬂeoéﬁ 130 had PNIOS gagetlecebée 1152) deay be
and PI\/DS ate el ectrode 132, respectively, to

13
polysiligpn dleﬁ@31t¢ by ¢Vl and éhee masked aadgtehedhannel

regl ons of the transistor devices. For exanple, NMOS
213 be f d by d
10024 & ' Pn P8 ieid R eog@w”%aes %g@e%"#%ag? Tafter
forﬁ{iﬁggirﬁﬁﬁﬁ 15#rd Aol ﬂcﬁonvi‘é eat g t an I%{HJPM@S/ Bkvices.

has a Fattice Spac, ng g

Flgalre tshode NBIDS Nﬁ@milaly%r D13 end PREOSZEAINRY: IQFeer’M"fﬁQt may
y patterning and etching the forned or dep03|ted

be fmtreqd af a spyableimaerial havipg Pt esipaging differenytehan NMOS
e RestrlecePong TR iate s eils R BApectgl o the
] R AU (PR i e
exa{tng?lﬁé Ia&%?)smnlﬁﬁgﬂé)yéfeli?)hﬁa? BeSFTALA Gy RS RIETY Dehatdi8al 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.
PMQOS 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.
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deposited material. It is contenplated that NMOS
straining layer 213 nay be a different material than

wenuE/32ai ni ng | ayer 214. 6 WO 2004/ 112147 PCT/US2004/020201
PCT/ US2004/ 020201, [0023] Figure 2 illustrates NMOS

junction regions 203 and PMOS junction regions 204

[oozsg: g. . ?i!g%?e h&fiGLads NMES jUR@IE fegdsi 20T A8l PMOS finction
i ffusiOh regions”™) that ‘'may be forned by a junction
regibfPRGANE.(, @l® refated t@as fsoiremtitaig regiomsaos édiffysion regions”)
phosphorous, and/or antinmony for N-type junction .
thatmaayi beforaesl bynd jiastsm 1@@1@@{ ©rg-isveh@mirglanping yath arsenic,

phokplATOibr /AT RS GOpTA AR PiSE O SCRISH 247 endbprgn
end PRI S S AR oY b dhhonaly
. y . . . . 003
om0 B AL, L e N o oo
maybé fortrieel Ishdopirteeporsions of Frtype VR Tiw/fors thoge jopition
the material of 10 P-type well 105, to formth typg,
regions.eln another apebsdjroeit m%gn@%n MS”“%\g 5 la@éfg?q gged, in
s aRER e RRRE e i R RSOV 0 05 A il o
PoPHTRRL 88 ) 0 L RO BB B DAt o, o

desé@H Paovel Withespret to € | 15EfOtm the N-tpps nafterihltof -ty pe
wel | 115 may be Ibollé:)zped tﬁgﬂ%ormthe P-type 15 materi al

well il SPNBSrjothet ¢érohodieyersnEMIOS jurichioagegiona?0é ropy he feraned, by

T ey T L
erjal of. P-t 4 i '

el gt RERROIR ol o e g o i HE PRwe”

matet3€ i PRIOSAIRESNZE3iAM3P04 Oidh ¥y rdick QF bR ehefhahctefstics of a
deposition of 20 straining layers 213 and 214. In

PMOBd hdce, biyhbubing s destnilzdchivitd) resyent $o 20Pimmtb ot theyityéype
formed prior to the formation of junction regions 203
matgiigl 20R-typesvd] 103 anot her enbodi ment, fornation of

NMOS straining |ayer 213, PMOS straining |ayer 214,
junction regions 203 r P LunGti
10035 one 56 ARR SS RN Pl RhowhR hRfe Rne
! ; ' ®nay’b £ibt 8 Hegosfion of
emtﬁﬁgﬂxé%g’cf }nggﬁgg\?}égxgﬁg%%hﬁ 2088nay?Be EHIAE pAbE 86 HeFosiion o
straining layers 213 and 214. In another embodiment, straining layers 213 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 llustrates 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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[0026] Figure 2 illustrates NMOS channel 494, and PMOS
channel 492. In one enbodi nent, NMOS channel's 494

woeodsanmence i s i ncreased by placing NMOS charaeiusa4/020201
in tensile strain. In another enbodi ment, PMOS
channel's 492 performance is increased by placing

one EMBB dehant) etratfidg ilayer 1B paes NMES gite electrode W0 and NMOS
2004/ 112147 PCT/%B 004/ 020201 one enbodi nent,

chamtel 4Phimtensily eraiy Inpinather euvsligaand, St sraipmgdagen 2t plages
t I th
PMQRSIsHReR (LD arfid MOy Heaper SR PRSIV BREATE! ect r ode

132 and PMOS channel 492 in conpressive strain. [0027]
fgure 3.j.l.l '-'
002) 1 © Bl E R R 1038 o uelcie .
StraBRAG Agr 323 208 a Lftice %gﬁ@ihg 268t while gailelb@sode 330 has a
| at i ce spacing dl 206. As |IIustrated st rai ni ng

latticaypacing 81 s Aaulﬂmstsateqb,aananglngzaﬁ@fﬁl3thaatlaﬁge|sgageg d2 208

t han gate el ectyode 330 i.ch ha .attice spa g d
thatip bargenting) gate eleckdg 3%9%611 b@@ icyspasing hﬁ(bé Iayer

313 has been brought into contact with gate el ectrode
that th .
10087 o IR 10 Fibureh SaptigIast 313 BHS e oRiprt into
con&a!ck WaH gdie @1ec%ﬂaﬁe|3%bt 15 thReHNGRE of %E\E@él@t@sdé 83Fhas
has®decreased slightly to d2 208 | e gate
mateh@d; ts tiedafin@ dfasraifiag laye 318t mmﬁusﬂnakedndm‘ﬂhﬂﬁl& spacing of
i ncreased substantially to d3 210. The anobunt that

strajzingilexers3d dias glegreaged slightly todz 2fswhila gate ﬂactrocéft $3Q has

R RS SR R S

lattiRE's gh&hg %, |2@% %l}gjlﬁcélée anfl tBhE I%Jtt[ﬂé ﬂ?mcre ise is

rel or rore rrassw 1te e ectro

depéadent dihﬁéﬂléjx%léiﬂﬁa Mm&linéégé’scﬁf)ga@@@é@taéﬁe 330 ahdl strefiiihg layer
d1206 will increase substantially. Al ternatively, |f

313s if straining lagigedlBikFelasiveb tidkesloy mérermassive thapsgate electrode

350 Gheah 2o el daieeseicalyy Bisedygl WHCgicastse substantialy.
AN, P R BT I 08 g
eleét@od’e 330) theén amd will hﬁﬁilg RAGeAR diaill, gﬁa%@bs ¥lIQHR reh3l

has i ncreased from in Fi gure to d3 210 in

subfstagitially4. [ 0030] The strain placed on the lattice of
gate el ectrode 204 equals:

[0029] As illustrated in Figures 3 and 4, d2 208 has decreased slightly from

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:

o di=d,

! X 100%
d:
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E= d, d, x100% di 8 WD 2004/112147 PCT/ US2004/ 020201

[0031] In one enbodinent, the strain is |less than
wahodt114@9% | n another enbodi ment, the strai NPCH/US2®S/020201

t han about 5% | n another enbodi ment, the strain is

| ess than about 2% | n anot her enbodi ment, the strain

[0031F | esslii trnembodimdtt, thd S0&iA]is less tieen avdrddi0fenin agsther
el ectrode 330 is silicon, and stralnlng layer 5 313 is

embgdiment; the streaiviis tess han skowthiei Fyanothepembediment, she strain
% and apgut_ 10% r than silicon, 0
is leéfr@@&ia%@m B8ty a@pﬁh%reergﬁa@%ﬂd@lemlwl fepyahout 1%.

about 10%Iarger than lattice spacing d1206, then gat e
ectro . '
o023} o n Aot SaR e Pl AR RS IO kAot o REAA Tayer
313 $4 4 Alafdrid Ha@lri@%la@tlc% ch{g 45208 tebn abbGti0 §%4and @bout 10%
[0033] In another enbodi ment, gate el ectrode 330 as

largshthnm silicdi. dwcmeaemhed1meﬂtatfﬂat¢1ee spaing g B6$ iwemore Beart
5 and about 0.6 nm and_straining |ayer 313 has a

aboutalib/e ﬂalgaf ¥haé\91a§|lf§(ﬁmﬁlft%@nz%’aﬂ'@%aé%€ #edg 380 snay

oxp e e ra A Ghg Vb eate oot p DR LRRRBLAP ehntact
Wltﬁghﬁhﬁllgﬁ% QQll E%Y@d ﬁ{‘FgfL@Qk}_US | ar ger than
silico

15 cau the lattice spacing of
the silicon to | ncrease Sui t abl e dopants include one
[0033] nore Imfana&wﬂembndﬁe‘m, gaé eleotr6&Gap30 g@s]mmhljmfﬁﬁeﬁe 3 has
arsenic , |nd|u¢i§JI n), _tin (Sn), antlrmny Sh),
alamlspaﬁnghewee@abow $ angdrabogt 016|r§numd§ ningtayer 313 has a

ters 5 Bt s ines i ightp el e 0 o8 apat Pt e aodheh ey

to the various dopants In one enbodi nent, silicon has

[00??4;2 0 c O\I o?\@teéﬁ n‘efsti]a la 1”6'@3%5}; IB??nQdé: gy alieok

di us antl nmon as a co ent radi us

dopaid v’lntH&A el&h@ﬁfﬂh&\hﬁ QOAlabstt radidis Usrget tldriisilibom) which would
rel atively close to t he coval ent radius of silicon,

caugelthierlgtticedpeting afrtha sitioan!tb inveaseafmitabld dopantefindutle one or
ol G G RTRIS] bl G bl A 1),
o B S D o8 PP AR5 B B g amonns
of thB ﬂﬁphfi@, 188y Be@justed in order to compensate for the relative size of
silicon compared to the various dopants. In one embodiment, silicon has a
covalent radius of 1.11A, aluminum has a covalent radius of 1.18A, 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

9
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radius of silicon. [0035] For exanple, a |arge anpunt
of alum numis needed to dope silicon conpared to a
woeoy/3mall anount of antinony in order to achPevastive/020201

sane lattice 9 WD 2004/112147 PCT/ US2004/ 020201
spaci ng. | n another enbodi nent, suitable dopants

yiel dnt, StABI® A pahBihcludedheinib ( As)shtimon
spaczrg:)ﬁ'\ (f%%%lf%ﬁogﬁ%t%er enbodi rrgnt gﬁannel n(lngtw y

(Sb) sdraipd)r bistutie(Biy.ovi ded adj acent to gate el ectrode
330 where channel (not shown) may al so be strained by
5 straining |ayer 313. In one odi_nment

hannel
[0036hown) Hesmother embpdimentcham eota%w%)trugy s Qn?rgwd?’-%
| ect 330
S AR BT A S AR st
0
seaf 005 LI SO0 T U8, ) A1 i
of t éaﬂﬂd %éﬂéfed’édﬁfd@’@ 330\ extetibr havhagndl prtd sieaisipagiayer 313

d2 “30 As shown in Figure 5, lattice spacing di
is exd@fionfo gt eleethrode380@nsizhanyel. ar ger than lattice

spaci ng d2 308 of straining |layer 514. [0038]

Ref ' to Fi 6,. Straini | 514 h
[0035Een br BeEHENERRY @ bigues. Hharh igaiBuaitr Esleciisless2

t hat f
e by, AU 51 Bl R0 i g
As sHiRviP[n Bighat 5| RetdeyRIciild: $ToflEnte elegioby 58D 64 Iaageﬁfthan

from Fi ure5to Fi gure while | attice spacing di
1attia@6pmf1ngaltz6089fehr&mum@la@@ﬁSb‘hs been greatly reduced
fromdi 306 in Figure 5 to d3 310 in Flgure

Si.m | ar tothe di scussi on bovere ar di u're
(003816 1 ol Ao ITE RO TRER ey STSGHNGRYCTtY s DE5S bidusht into

Cong C?&gﬂh% OS}ggﬁ%)l 20?52'(#%13?&1%qp e&%t@%&&t@&éé 8&?&1&3&% with
the ?&tﬁ@é B Sigaindy, Offa 21514, Tﬂ@ttllcé‘ %ﬁ&‘ém%hﬁ 388 of stratniNg |He 614 has

/or mass training |layer 514 as conpared to gate

shghﬂ?dhf@d@ecﬁﬁ:ﬁm Fighere SatsFéguand) while }aahcaj@aﬁﬁig di 306 of gate
i ncrease, and the tg}r,eater amount that d1306 wi ||

eleq,teqdee@@&as[‘rmgggre@ 06 igdiiguxe Bq dodld) ipEigure
s SR oL D U o AR e o,
306%39% JEQkased and that da 308 will be increased depends on the relative
sizes and/ or masses of gate electrode 532 and straining layer 514. The larger the
relative 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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25 suitable materials for straining |ayer 514 incl ude
silicon doped with an el enent having a coval ent
woadi4us2i4ess than the coval ent radi us of siliceaT/US2004/020201

Adding an elenent with a smaller coval ent radius than

silicon will tend to decrease the lattice spacing of
silicén, lthe BitgerTihe fert et eldmentovill leate orathealattide spaeing of the

el ement as conpared to 10 WO 2004/112147,
silicRECTFS2@oupleih sirondiasiacsvalent sadizg g& A1l e Phpppherqusdias a

I 1| he | [ | fontzh . o
covali ais Gick OO BEToP s B ae bt D ARding L

fi L , : : i fo 06A,
bord g i A R AP Sp i BBl € it 34 o

phofiSH&Bus & Silibdi Winod hdroREHes al digallertcoivalens padiusg snal | er
than addi ng 1% of 5 phosphorous to silicon, since

boron has a snaller coval ent radius. [0040] In_anot her
[00481bodi nbnanotber exiblodimeptisuitable deganivtosadd tosilicer insede

one gRAE ogﬁéscaﬁéaﬁ@ér%?m&a: R @Ni%@/%fﬁb%g?ﬁaé% Ry As
ciscifil ¥ 30encl e Fiite 4 Ah Rl PO o BBl Eyen fattice

spa¥iRy| ®r BRan@es B 2518, IdaMseYon WoullbShéddednastidBpant for
phosphorous, "gi'ven their relative covalent radii.

silicBhithan phosimoassgivea sheir celativeoovalenti radiimSincegplaosphorous
in size to silicon, it will not affect Silicon g ,

has pgovplent gdivs srudh Aasednisizedn siligesy gf‘esxller}ot@é?eét ilicon’s
hosphor ou ld be n d ' ' | att]

e PSRASLR MU OB AERAEL b0 (AR hofs ol L bR 1o

obtaﬁhraa%i%ﬁ‘ S8y iz irl 4inl HfdtHECerBBodinh@M, Slitale ntRBriakdor
boron (B). 15 [0041] 1n one enbodinent, the strain

stragnipgrayenGad ihgludate adloyodfrsilienzgRl bérooniByi gure 5 to
Figure 6 is defined as: E=d,d3 x100% d, [0042] In one

enbodi nent, strain is |ess than about % | n another
[008khodi nmaR©one Smbpdment) fZ@sstqah%ﬁX%mCEé §° alRstioae 532

emhodi te SErai.n 4 . 20 than about 2% In
frog\;%g%e;?gongl |rerr§r%€fle§1fl‘rg§?§f is less than about 1 %

[0043] In one enbodinent, if strain is greater than

about 10% then there ~bg significant lattice
di sl ocations in gate @Fg&g%exé%ﬁ%men brought into
' 1

[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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contact with straining | ayer 514. [0044] In another
enbodi nent, gate electrode 532 has a |attice spacing
wohRo0429213et ween about 0.3 nmand 0.6 nm and SPCRIUS2009/020201
| ayer 514 has a snaller lattice spacing of between
about 0.49 nm and about 0.59 nm 11 s WO 2004/112147
[0045CT/ USZh0atd ARO2€hbofiifidind, chamreeh (hdteshoamardayrbetiocated
_channel (not shown) may be |ocated adjacent to o
adjagenide elpgirode 232 chdmnar! (wsshewahimaymnlgo he seaisied by straining
S ined b trai ni.n | ayer 514. I.n, one enhodi nent,,
tayeg i oy one anDesBne SRl Brahonmegnes A dagerior of the
X « T .
app AR, BottSelectfidh S8 AR ehafindl bl ki Bk i
exteBlog &b pade] &trbdB32chaniteinne[.0046] 1 n one enbodi ment,

gate el ectrodes 330 and/or 532, have a thickness
substantially | ess than straining | ayers 313 and/or

[0046] 4. | nlmene Bwbodémpotiigatselectsedes F0egqd/ay 82, Baa a
.and/ 514 . a thickness of about t tJ
thicfiess SuptARLRY, o8 it S Poas Y5t ot/ s 5a o apether)
emB3iREA, @&aﬂﬁﬂ% 'ia&e%%% end { ot 51008 EIREAARO b .DM R en times
strain’ng laye conprises ‘silicon germanium
gredtSi o gat@eleeraam 330 andldr 530% t o about  60%
germani um) and NMOS el ectrode 130 and/ or channel 494

conprise silicon (Si). In .another enbodinment, PMOS :
[0045 r ai ni Rgfarsipgmox 4o EegrpeiZs ssonaeinbodivpet NS stvaining

f | e, carbon-doped si.l] havi ng about 1%
layqr 13 ShEros GO S8BT PG (ki A00Ek 20 te about
o . i, . B
ool gt RS SRRRATISNBfa7 b LAl 3 ok BMBLicon
(Si)C biRAbthes embbtiBbnt, PAIESI s@ﬂahlﬁagim;@e@micbﬁ{pﬂis“ﬂstcbp&m-doped
spaci ng, and NMOS el ectrode 130 and/ or channel 494

silicoopforiexemple eadrah-dapedisiicondaviiyg abeweckdh dattairt amdabout 99%

Ve e S e R B e e )

the 20 first lattice spacing is between about 0.2% and
out 2% | : 1] i . .
OO0 2 BE0RE LB L SORRO pp LA 55,23 Bfhrios i
maReEPhaieg Afifst ltfice SPd@hg AndANMOS efectriotie 130 ainkdl/©€ channel
spaci ng, and PMOS el'ectrode 132 and/or channel
494 comprise 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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492 conprise a second material having a second lattice
spaci ng, where the first 25 lattice spacing is smaller
wohen/titl7second |attice spacing. |n one enbodPOEMIS2004/020201
the first lattice spacing is between about 0.2% and
about 2% smaller than the second |attice spacing. 12
[0058]0 2004InlarRither EahbURREMH 5456 natpflsGhat maybetused for

enbodi nent, suitable materials that nay be used for
electgpaes Yi)guul/p3d3arehaancis a4 aviiondD3, apsly osigreringdayers 213

o b B S P g e B oS
(ke SHEIBRLASKSIENA) Skt MEIGAIESE S

silicialed OoBis), @pid ipagldptionalld Geetb padtwith et Mofecofdorbarasd/ or
. .and/or indium For exanple, electrode 130 and channel
indiygy FoyexgawlelestredeslIandhghannel 494 insludgpmeieripls having a

ot S B B G LB RREL RO Pl B g ey 10
Mo AR AR, Pk RIGERRin 0 808 ATHOU IR crfectimen,

a sidlidt BittichspHtehg A PROS fateRYetIdREI 32 1) @RBShNE 492 and
strain in’gat egel ectrode§132 and/ or channel 492. This

maystauge p comprassieel styginfMgate alectrotie 382 edd/ dBchaamk]l RRZSThis
channel 492 jng a_  lattice spacing. that is a_larger
strajngp f%@é@é@pﬁéé e elerEoda ) sl Eb/&% Roarsel Affipdaving a

s B oA R SRR R prc0s

may opera
straffig y@hmfor exanpl e, straining layer 213 nmay have a
coefficient of |I|inear thermal expansion that is |ess

than the coefficient of |inear thermal expansion of
[0053ht e el &zenodher eathodiinent, ghtaéniagdayers denylSperatelby way of
are deposited at an el evated

ther?lt&r«}%i@fsigg%?ﬂ%, g?er{ﬁxzaé&l 3}%1513?%&, ingiglat esoborey has g coefadent of
. ' L raid., . | ect rodg 130 d
e e POy 1 B U B o ER Bl R T R st

exphfisiof Of Shtel dléctiBdE130NANhEh oAk E1BErbAY £30 Msuﬁﬁﬁﬁg layer 213
gate electrode 130 has a larger coefficient of ITnear

are tihposited abaperievatad ttermperttues, fiomexarhpleeabA# P00 D ks about
J&]S tch in coefficients wll cause a tensile strain
7007, theleds BpstRindElOwEYET AsERIp elesgPde 180 pad straining layer 213

coof, tgf’:n% éﬂacpcgoéiea’}/ﬁ Wiﬂ_'tjr%l fo% altnikvr?loge %%ts%ra%intgquer 213, since gate
electrode 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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conpressive and tensile strains will depend upon the
relative thicknesses and/ or 25 masses of gate
wolewttmode 130 and straining |layer 213. |f str&Cmiusgoo4/020201
| ayer 213 is nmuch thicker than gate el ectrode 130,
then strain on straining |layer 213 wll be relatively
[00523mal |, Tinvoipegatic) Sateelsttradaldhmpatie slient hadegk3ebidient
be relatively large. Channel 494 may al so g;y
of lirear temaw] expanwipe 002bqut2 @Y1 B¢ TCUSd srporng dayer[238 593y be
I per.ation, gate.el ectrode 130 e sijdicon havin
formgd ah BRI G IRG St Re Rt e th BRppanion of
iy . o ' _
R S S o g e N e

gate blt@fBHE 180 RARA eRiVa®dd t atte 55t @xample, aBbewr 880G, eleere is
oxi de straining layer 213 is deposited on silicon 5
no sigaindetween thelkyesd Whearsiliosaide streinyeg kayier @13 pod silicon

et BRdE 10on Soslpaoh rommugmseraliR Lo e 5SS
S { I 0] g

s g5 S B 5 S0 i EBE0S e RR e 10 e o

silicoR¥Lide Bl %bgﬁ@@ntto@ 1905 tHerhn@$ expdisiort | ThisoRilD@ise a

el ectrode 13 ue to silicon oxide s |ower
tensflosfrhindinesilicof gate rbertrodedBfandgop ahanwe 493 harsd aicbmpressive

cause a 10 tensile strain in silicon gate el ectrode
straindo slivenoride swablingdyerdhd a conpressive strain in

silicon oxide straining |layer 213. [0053] |In another

di I
oS0 ko §54 EpBLREEB kAo LR B o

coeffilidnt 8f GRYZR] BxSAMRES AV fraifiipilafet P1OR @uBE AonYstRssive
132 and/ or chahnel 492, and a tefnsile strain in

strait ihajate Blpctrbbel189 end? b4 chdrG@b492,|lamdop taratle strairgat graining
el ectrode 132 may be silicon having a coefficient of
layeri2hdar therrmal expansion of about 2.6X10-6/ C, and

straining |ayer 214 may be, for exanple, alum num
Vi ng hi gher caef f iCi [ r .4 her . . .
ogfeind, B URRRIegE BRI G0N, Pl hRIR IR MRl a cocticen

of 1i9bAAiHRLRG1 bRYSsidH 6f Ao enOsI(g0Com S birh@fg /821 £ may be,
el ectrode 1 at an el evated tenperature, for “exanple,

for e:@@ﬂ?le%)lﬁ)ﬁﬁrﬁjm havirgs a hiphet coéfficieat wé Enedihthelmpbexpaniion of
t he a&ﬁejros cool to roomtenperature, (for ex_aeglol e, ..
aboubd¥X10HCE. When ebimipre stlaedng daer 22 ingdepesiiesl empilisrn
gatle Slség’crggg [i?)2 at an elevated temperature, for example, about 500°C, there is
no strain between the layers. As 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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alum num straining |ayer 214. This relative m smatch
bet ween the coefficients of |inear thernmal expansion

woaousas2i@7conpressi ve strain in gate el ectrodertB2S2004/020201
and/or 25 channel 492, and a tensile strain in

al um num straining |ayer 214. [0055] In another
[0056nbodi dranpthdrenlerdinientsitrain mdynbeeaused byca slaaimingtnyer

.may _cause a tensile strain i.n,channel. 494. .In_anoth
hav g RN SO EORBraBbIey Srainta ot AL Ay b R mRoe o

132, may cause .a . - £S51 | .
e BB L B 00301 T BRI R kxAile & licon
nitri@ETORHRMainiS 181 & TEYis R positarsh biteteladtf@ld) ithalyadase a

having an intrinsic stress. For eXxanple, strainihng
compysive 2k3imimygdie efentroele 180. & anether ealbodavieny samining layer

intrinsic tensile stress within the material, for -
214 egphpRanatesial having an MHTIRSIC CORERESH Ya§tHiSofar Sramplq silicon

oxidg Sy YL Tt uTa D AL e gl P aR Cpst Ao drrapey
causﬁ TRO R ain %\;ifﬁg\{g{ﬂg ele@¥Ble 121 4ERBNPRE o niRefiblsHaving

aving an intrin conpressi ve stress, for exanple

intrifisit k@ eds inobdddenitmdiecindwbrides twhichimay taysera fidliniia gate
deposited on gate el ectrode 132 may cause a tensile

electzedesi 130windyion 1§32 raddios ehamepls 4%2&.111%5@&43% Jdygrically, nitrides

terials.having., intrinsic stress include pitrides .

may fay e GRiREESI e P, ARG I Ay 1R Agdpiinic Compressive
el I .

strai 9@8‘;"%“3%(6% ﬁ%ﬂrﬂlgih&ﬁ% %‘?@ﬁgsﬁg enagl or 48389t Rd have

. . _ have an intrinsic

a terls@88trhih, B RirfousAPehtdriCRnORI iR@N@aRN | Ntrinsic
conpressive strain, however, a nitride could have a
conpressive strain, or an oxide could have a tensile

[0058} r ai n, Irbynathet endodimaningateclrettade 130 andstapining boszp13
o I SRR LG LS IR0 A0
wit}{a@frﬁtrtéﬁél’tr)tcgﬁge §ttr5i?ﬁxg% p%i& % ?ﬁ?raégé Bz eF(ﬁD@%%EIE’J {tfhaining

materlal {0 cause ning layer to increase
laye$ iZI@andfgéteeé(léB@b&e 180 higlybe\depdsapéas 2l&oanthegodteaining layer
e

el ectro 130 may be deposited as silicon, then
213 staydiendoped witdy on@o8nray ob elugaipan \gal inne germeanivancargénic,
o calumnum, ,galiym gernani um . arsenic,. indium tin
indigi iy 2Bf1( PRERYIORY: o RIb HORG e BPAPBRILY FYPReaHSBtet:
r .
oGP R OL RIS PRI DY ARG Myer 21 o

incréfdeCWHIEH Wikl RHGSe A tdiRNSIskRibi @il eldtuee 36|21t/ ¢Rannel
130 and/ or channel :

494.

[0058] In another embodiment, gate electrode 132 and straining layer 214
may be deposited 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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494. [0058] In another enbodi nent, gate el ectrode 132
and straining |layer 214 nay be deposited as the sane
worbt@riizl47; for exanple, silicon. Subsequently, P@B/US2004/020201
straining layer 214 may be doped with one or nore of
boron, carbon, nitrogen, and/or phosphorous. This
[0059PPi NG BREn6diel eflodierht, gatd dectaadetBl Bgilicopatdstraining
w ||l cause the lattice spacing of straining |ayer 214

layetr @14 éxseahee-dopedilioqn, withha snsitiondapere@st sowny Rerwesn
te electrode 132 and/ or apnel, 492. 15 . .
et S ATNET R UsBon IGR a7 Prtps e Eraital inpasing
enbodi t ' NN 1
perGPER g bmEfbeads R &RRTE thd SuBhidilibd it opto silicon
gatééléél%é)&ém.| ayer (not shown) between gate el ectrode
132 and straining |ayer 214 of having a gradually

i ncreasing percentage of carbon, to ease the growth
[0068] the darbothetepabbdimentmieardesdidliaoddor 533and/ or straining

| de 132 [0Q60] | her. di , .

layc@ 844 FoR0er HOmEIrRdorS CAGPGrIE] PAPPICTEYE Aaperition,GVD
/ 2 A f . ' ti .

ccsfRR, oo Bebigl Q5TRHG, MEAIAL DY ofsngle

cry A8PRehiEbRDuctER FilR R %?;foﬁﬂe&ﬁbbﬁéi s@ﬂl%}g%‘z‘ﬁtapefu&mgé,@vhere

crystal sem conducto il mmy be formred upon a single

the eﬁj,tsiial layabhas tessambenystal gt dyghie phamaxteaisticaye thehasbstrate
the same crystall ographic characteristics as_the )
mateyieh tu défferisdn dypa Pr congengiationsof dopapfpkn gpother embodiment,

cledgtafee Lol abu] 8 232 R8T O st i Y B Sl T el apay by formmed
by &Rk CHD dBpbsifor], AhEShssthYy HRI1EE ég@aMm@k%;@ﬁ&ﬁ bPEingle

and possi bl'y“include epitaxi‘al deposition of single

crystaysitiedn slldy edth thd ynekitystd brusiane as tystaflthe hnatetial ento
as that of the material onto 15 which the structure is
whighgbs istragture igdepasitidnieigara similap er giarae grtsaal orientation,

Sucg%ﬁﬁéﬁ]iggg%aisuch as 100, 110, etc.). [0061] In

ment, a layer of Sil ,eCGCe,e may be grown
on top of a substrate of Si such that the silicon

[OOFQr mani UM fHdthér Qﬂbgdﬁﬁéﬂ)}g% @téff gﬁ.exGéQ Bﬂ&f‘ﬁ% grdWalon Bp of a

rger (e.g., such as by about 0.5 to abo percent)
subisbriate o4& ssich ithanthetsilicon?tergramitimdins altwel krrebaxetilattice constant
lattice msfits at the block or blocks where the
thagiq laegay (e.g., such as by about 0.5 to about 2 percent) than the silicon it is
grown on. The resulting lattice misfits 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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germani um bonds to the silicon may create a strain.
In other words, a strain, such as a conpressive
woebto@in2i4may result fromthe silicon |attice spCeshmd020201
to fit intothe lattice of the silicon-gernmani um
[0062] Suitable processes for formng or grow ng of
prodaidtd desbsarkibdsfirbircidre sulrfagy; ar@b(Onétamspattation eayeofithp geaction

Cg{mse (VPE), liquid phase (LPE), or solid phase (SPE)
prodjich Enean gre sq1faG€on processi ng. For exanpl e, one such

'CVDI p(rjocess that is applicable to VPE of silicon
: .t t 0 .1 .
o063} el ek, SPEAAE ok sa SRRk Skl 5y HBRH s

led¥d &ifixidl HepoBRIBNC Bbrni &, 08 BrOWth kRSwaUL e &rt &ATY
Seeto f rma)l(tlior?pof a filrm and regrction products; (4) pel

selectiaodpitaxidl GlepOs 2/ UdiAg A5 pedTd disfiet, GHARMallqyr dehosition
deabsorbed fromthe surface; and_( 5@ transportation
woulddg aseutring prlycan gate iprtsaialis) Within theorenings of thegndds film,

In. addjtjon, suitable, formng of silicon and silicon
andémnb%i’ m,igggyttﬁ‘ggletg&o?(%. epi t axi al depositi on,
formation, or growh known in the art as Type 1 5

[00%2' ect i ¥giePlels@ldcabe @?lﬂ%'al fRthatidtl 160 {REdds Type 2 selective

position, silicon afloy deposition would be

epitagialidepouition where sglattvitpobdepdsition id hdn-oritical. dpsing Mype 2
of the oxide film and mnimal, if any, growh on the
depesitign, fqrowéian @groatheofsbe siticon alleporenasan gyeraatesal(s), as

B E ISRy B8 LB PR B Bl FBRRAEA
L e L B

andanpblpeiliesh dgydridfilicanchldyUsrmie on theoxid@filafis created. The
deposition is made, an interface between the epitaxial

anglegfethininterifadecelntiie toythe filmegroprthidivectianaslapends ioalths)
and a polysilicaon | ayer qf silicon alloy forned on the

Cryﬁﬁﬂﬂ%ragﬁ%?ril@tép%tozghe ﬁ‘ﬂ@traé%gl e of this interface
relative to the filmgrowh direction depends on the

[00?% ogrsﬁ/StIﬁlaln%% i ' gﬂﬁggﬁﬁn% pér sé’l@cﬁx’f@%@%ﬁﬂ & {Sosition using

I n anot , lype 1 selective
a siipbri skt ittdpdEig drhorisiong of thesfollbdng:silidd silitohy@dirit@nium
_one or nore of the follow n(gei silicon, silicon
(Sige)s sitinomparbid (S8Y°), nirkel sdicidaMiSie titagiio siticided(TiSiz), cobalt
siligildle I(&Bgig) egtl\slluila le tteIIﬁI?er}latl%Jurpeg.l Ms%l, gS-IzElilz, gﬂg[)‘; ’ma(l:yo & Lged asa

silicon source if hydrogen chloride (HCI), chlorine (Cl,) is present.

[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,
Si H2C12, SiHA nmay be used as a 20 silicon source if
woydisagzia7chl oride (HCl), chlorine (Cl2) is preeems2004/020201
[0066] Figure 7 is a flow diagram of a process for
formng a CMOS structure having a PMOS and/or an NMOS
[006dpvi ce Guithbla serimngimatetialsancludiepfizidxethple, silicdrgallicon

one, gate el ectrode such that the straining |ayer

germapixng, dlopedsilicomgersnaiump sdicoprarhiter silicen earbad
810. N f

dopbl gy uf?e b pecting e B O i Aae iR be

AepBARPBY bAldp Rl usih e A o RAAID, %&185351%5&3

andgor aelenmg: defosttictl. Thus)époat NMOSMRIvI®, alseRShin@NBa@aag
el ectrode. 17 WD 2004/ 112147 PCT/ US2004/ 020201 [ 0067]

aVSlﬁ 1 idtiee spacingiangemibesrthal of tha VM@ elecrode aapbe deposited

to pEYiHE A erlaren i iy ROE R editkcundisn thaopoasharvih

wth [attice spacing different fromthe el ectrode,

[0068i Ch C&h B2 otHEPRSLA B QX’I\@@S%%@ESE ;@PQ ? ?Pﬁavmg a

nmore of CVD, epitaxial deposition

lattide ppeitigs diat ighmallef tarathe MNIOSdAattERle (.95 stidh Bk or example,
material having a lattice spacing | arger than that of

or@mréomb@l@pec@afr gB-dopedpslicup odtrogen-dopeq sdicodeand / or
PR 5Bl G e
gt £ THEPMERAAR B B 456 QAR A

devieeanpl e, 10 boron-doped silicon, carbon-doped silicon,
ni trogen-doped silicon, and/or phosphorous-doped
silicon) can be deposi ted onto a PMOS el ectrode to

[0069}use aAltnmgheEiguyes L7 dasaribefarmtivas eCMOBGt®iIcture

and/ o e.chan the P . devi ce. [0069]

havijy %[}8\463 ‘g%}’lr“"ef'saulCIP FN5 e Moo Snbadangtis include

f deyi ¢

O S A AN R B - Rl Ruf e o

andwmmn)ﬂ @év1MVCﬁ1@@‘ébﬁférﬂﬂb§éd3ﬂbrfMaHéﬁlﬂf lﬁa st sﬁ’{g@
and/ or NMOS devi ce. Thus, contenpl at ed tion of
%%Bhﬁéﬁ deicag IsinglnOE Qs oxHRM@dewmmo@mq lte foNdDS

devi &f/f‘ §ou pled to
device ot er than a CMOS structure, mu hple coupled 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

[9070] 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.
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device other than a CMOS structure, nultiple coupled
PMOS devi ces, or other 20 appropriate circuit devices
wono@/132iast r at e where the description above w POT/US2004/020201

respect to straining material formed or di sposed on

and el ectrode such that the electrode is strained are

contenpl ated [0070] Various enbodi nents are descri bed

above. It will, howevBX THE CIAMMENt that vari ous

nodi fi cati ons and changes nmay be nade thereto w t hout

2S departing fromthe broader spirit and scope of the
Wh@*llaif-‘hﬁ&eé'ubj ect. matter. The specification and draw ngs

are, accordingly, to be regarded in an illustrative

rather._th rest.rictive. sense. 18 WD 2004/ 112147
L oA IR THE GAl MG Vhat 15 cl i med: 1.
An JapRakalus conmprising: a substrate; 5 a device over
the substrate including a gate el ectrode over a
s unf destceofverthe sahitsatedhdpdingla gattdleitrodeovenasirface of the
di sposed over the gate el ectrode. 2. The apparatus of
subgtraen®nid wherein the gate el ectrode is under a strain
caused.by at ] east,.one qof a differ tice spacing
of & 1@%\8&?ﬁ¢eﬁﬁ‘§ﬁéﬁpe‘ﬁe§|°;ve£% %a{a Egcnn{(a) E'expansi on
m smatch of the straining material and a material of
2. th el"k&aé;ﬁ)a%ﬁﬁtdf_‘é%in En@hateih Bid fAslelectiodalis undet gtrain
straining material. 3. The apparatus of claim1, o
causb beiab ldabeogadea dliffetens theticosgrcingef thersitagning material; a
having a first lattice spacjng that conpyises a
theginp} expamsionanisraatchd che gtraking materalgng 4 Batpog of the gate
spaci ng .of .the straining.materi.al:. 4. The appar at us
eleﬁt?‘)‘gﬁf' ngjnafl e isﬁ’afrhggté"gts aéllugegtnrl%tgreé}‘s under a
conpressive strain caused by the straining material
3. h aVTHegaﬁgifa[-@st of @hirh A8wIRAGH He ghRl M- tRod@IrhPfises a material
| attice spacing than the second lattice spacing of the
hagiage fist ktticogecing that comprises a different lattice spacing than a

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
el ectrode is under a tensile 20 strain caused by the
webko@iinziag material having a first lattice spaeCngs2004/020201

being a larger lattice spacing than a second lattice
spacing of the gate electrode material. 6. The .
appaiaing enpandiah mismaitteokihe sthinisgiraatesiaband eipaterial of
conprise a channel region. 7. The apparatus of claim

the gate glpstredf; aE channel region is under a strain 25

caused by. at |.east, one_.of [ rent lattice spacing
of a{‘ﬁ%trg{é}caﬁ%ﬁlﬂénﬁilé‘? apil I;‘ga“‘%gé 2004/ 112147
PCT/ US2004/ 020201 a thermal expansion m smatch of the

8. SUMik ﬁgggreﬁ% 8 ERIm) dylersmitBe icBhn®d] refivd igaineler a tensile
el ectrode; and an intrinsic strain in the straining

strafmterial. 8. The apparatus of claim 7, wherein the
channel region is under a tensile 5 strain. 9. The

apparatus of clajm7 erein the channel regipn is
9 un%@ﬁ apPaESHp P SLHime/, SYReIER tﬁf@?‘aﬁﬂ e8I B

claim 1s wherein the substrate further conprises a
COMUEFAYT SF 8P on, and wherein the channel region

conprises a material having a 10 first lattice

10. SPA%eMpPabdlus &F CRIiSE SwhRerdir] fHRsebbirhf furfiter SpAGHPs a
than a'second lattice spacing of the strainin |

chanatlaegin, add whereirafipartanos] xefgiol edmptisesvhsratenal aving a

_ substrate further conprises a hannel regi.on, and )
firstJaéiics) SpacinE CRARPBIPTIEEY? SHITiEnt fAdire SPaciifhitedis frond latiice

sIraifﬁ caused ?%t% .fgi'rst | attice spacing of the

spaging Gf the STARYRE P38l ng a sl ler lattice 15 spacing
than a second lattice spacing of the channel region.

11. 12. THOS s RAIsa (USaitd 1 GvBkid theiifisake futeh&tdodhpiiss a

materi al” conprises an epitaxial |ayer of a silicon
chaahkbregimt, endavhededn thihehaprhregios ioindéra eempregseresitrain

the straining material conprises a naterjal select )
caupe By tHarsy }aé%ﬁe gioardng of Hip Sraiving ree??rk%i%ﬂn&% PIRBRT fifice

er mani um (. Si . 20 X, Sl jde (Siy_X Cr),
PR BN Jeghif4d |§P7C,§méiotf T bither Regibdl (Ti Si 2)

and

12.  The apparatus of claim 1, wherein 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 (Siy-x
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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cobalt silicide (CoSi2). 14. The apparatus of claim1,
wherein the straining material conprises silicon
wdapedin4rh at | east one of boron, carbon, nitPOgGAEIS2004/020201
and phosphorous. 15. The apparatus of claim1l, wherein
the straining material conprises silicon 2 5 doped
16.wi tAnappheedgs com@rismegal uni num gal i um ger mani um
arsenic, indium tin, and antinony. 20 WO 2004/112147
PCT T85§85:020201  16. An appar atus conprising: a
subs 8&?\&@ ?V@r %%Véuggtrgéé‘%hcl%g W3t %E@cr%@& bUg:‘ Afbpisurface of
gate el ectrode over a top surface of the substrate,

the@Bs@afel £15d ajfBEunefion egFion aaddh secofd gmtctjomeigiomin the
region In the 5 substrate adjacent the gate el ectrode;
sulshdteadjhcant the gatestlesticde; badi ng at | east one of a

|attice spacing.that .is different. than a |lattice. ..

s pak FHNEIS méerg%ﬁwé% sl legstonepf alafticegnaginedthaf jsdifferent

t hermal ex Sj t hat i pf{.ferent than a coefficient
thagfaellal hear a?%&énﬁﬁegg%aﬁé%%a%f a material of the gate

el egtoateenablidbaraRei AN dipainGiont thas & diffeferitithah RicBefficient
mat eri al di sposed over the gate el ectrode. 17. The

of knpzathérnsal @ik pehsiomof @, matesiaé philtehgate eleginoidegamdt er i al

conprises silicon germaniumhaving a lattice spacing
t ha@n (YTINBCGECSHhan a | attice spaci ng of the

subst r at e .adapt ed. .inmpakt_a tensile strain in the
oot hestinigdBaterial dispORad bvin i FIEHEB or'ni ng a
device on a substrate, the device including: a gate

178l ethe Qﬁﬁaﬁ@uaﬁoﬁé{ﬁfrﬁqa Whetdif ,tﬁélmamﬁgemaaeﬁalréﬁn%ﬂses silicon
junctioh region and a second junction Tegion in the

gesnhsiuhahavingdj lactret spabinggieisdhegrrithaie a lattide 2pacing of the
depositing a straining [ayer on the gate el ectrode.

subgraty pdapiedtedmararts ensilesrajniy @ergag% glssirodag t he
straining | ayer conprises

18. A method comprising;:
forming a device on a substrate, the device including;:
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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depositing a sufficient thickness of straining |ayer
having a different lattice spacing than a lattice
wepeniingi4of the substrate to cause a strain i nPCiAIS2004/020201
substrate. 20. The nethod of claim 18, wherein
depositing the straining | ayer. conprises a 25
cheabEiak exapr tdehosilistaite sothbrisingnd gate elentrodenand
epitaxial layer of a straining npaterjal. 21. An
appsitraining yepextsring to thededce and exterionite hesbsiraie or
of the apparatus; 21 WD 2004/112147 PCT/ US2004/ 020201
a vice exterjiqgr.tq,the . substrate co | $i
2. 3 U6 reteiting! dhish 24 Y RRpRF S SRl eyl 8Refor o
i : ining layer.
the SBELER, FBH 17U hab GICHBARIIN, [ikttor @othe Iibintng loy
dielectric exterior to the substrate, interior to the
23. gaThe appatatasief claiid 22nivdeidn thogateealislecaicviongptisgset ledst
23. The apparatus of claim 22, wherein the gate .
one df eh ebtminun evpids 68 agmirumioxidma SéhCWIélllaﬁi ggha silicon
.nitride, an alum num oxide, a silicon nitride, and a
OX1C&t | i con oxide. 24. The apparatus of claim 21, wherein
the substrate further conprises a channel. 10 25. The
ap i : 0 r
24. ZOTR BpiSpdite B Mo, IRt S FIETATY Sorpiety ¢
chath@ler. 26. The apparatus of claim 22, wherein the
substrate further conprises a channel, wherein the
channel is interjor to the gate dielectric, interior
25. t o Theepgatatus of sleimaife whenein the ehawnelip Intados i thegatg
| ayer. 15 .27. The apparatus _of claim25, wherein the
electrogle E“?HPfH%ﬁ“E%ﬁB 8Y4t 1east -two junction

regi ons adj acent the channel. 22
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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