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y 1 WO 2004/ 112147 PCT/ US2004/ 020201 GATE- | NDUCED

STRAIN FOR MOS PERFORVANCE | MPROVEMENT  FI ELD [ 0001]

Wi muidndevi ces and the manufacture and structpdERu@ines/n20201
circuit devices. 5 BACKGROUND [0002] . Increased
performance of circuit devices on a substrate (e-g., "

i ated circuit (1Q transistors, resistors. - . .

o LR INSUCEECSTh AT ol SE PERGORMEANCE IMPROYEMENT

substrate) is usually a major factor considered during

desi gn, manufacture, and %g ion of those devices. -

For exanpl e, during design O manufacture or . _

form ng of, metal oxide senmi conductor (MOS) transistor

1 condu : [FoX j S, :

O aren a e MR B HE PRl BB P Rl o circugt devices

often desired to increase novenent of electrons in -

N-type MOS device (NMOPACKGRESNENd to i ncrease

novenent of positive charged holes in P-type MOS _

devi ce (PMOS) channel s. 15-£Q003] U.S. Patent Number'

[6003k5, 233Ingrenspd pesformpinee of clsnidtidevioes ompaunbstyatei(og.,
conductor substrate to _

 iBEhned ol AR B oﬁrirﬁ?ggm&?écww%a“ea pemiconductor

(81 SR BRI P Bl

nRIrREAGHARE ah@ opeftddd ofthosdabiRéS Fiﬁfeﬁﬁinglé}ei\ﬂm% ﬁé&ign and

to forma first precipitate area to a first dep
nysedacuroeiocingof, mpetal oxid2 Beinduonidaictar{MDE etdansistor
the well area on both sjdes of the gate electrode, so -
seipiconguctos dexises, gigh gs Shese ysedsin aremplementasy shetaliexide

' e j hal h he fi depth. A .
DA R SISt I Wt BB g irons
NEBHICOICR @dvice AURRODRMAANEIR 5A1h fiﬂér.eése%ﬂe%ﬁ\%h{ﬂogg&ﬁﬁ%e
tHerein and to form’a second precipitate. area. |

cho@edhdlksSn PatpeMOdudbdee GNI65) dHandiscl oses a
sem conductor device that includes a lightly doped

[n (LDD)_ structure MOS transistor wherein the
(Bt | onCist YabsraoNarmbiise 885 2ondinisrenn ArvioRndnctineimpusity
; : i:de, wal | of the gate electrode i .
GG R R i b optRFi SRb e R B Rat b eregypn which
afg@te 18EbAislformed. 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

{on is implanted into the well area on both sides of the gate electrode, sb 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 control a substrate defect therein and to form a second precipitate

area.

[6004] 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

1
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s+ WO 2004/ 112147 PCT/ US2004/ 020201 the source and drain

regions of the MOS transistor, inpurity ions are

wWiptaniegsy using the first and second si de wal PET/US2004/020201
provided to the gate el ectrode as a mask, and then

- the heat treatnment for inpurity activation is

performed after renoving the second side wall near -
thasouserandderiy regianp of dgi g t@@pﬁ@&iow impurity ions are nnplanted

ncentratl rt By r in |
ubpddha e @@d«ﬁsmn%ﬂ%s WHE i Rhe el IR s a5 S mask, and
r e f ‘
t}?eﬁxgp tﬁ\r%ﬁegp % ntg(at &?n%”%iq% %Cﬁquag% % pﬁ%ﬂﬁ&s]rng?c{] ?ﬁ&t fé’ﬂlb'%llg the _
s&%ﬁﬂ%@é@%aﬁ&%?% dduPee R4 ARhin 'NH%E@RE d@gé& 5v1ﬁﬁﬁ%h-concentraﬁon
discl oses a nmethod for fabricat m conduc RS
irelputigeions. Blyirethovang the secbnd sichyveelﬂl ptioatd thesheat treatment the
conductivity type is 10 formed in a region_ of_ a
sreysi apphied do dhe edgestofdhe higindenaentratioy ivpwirigs doped regmns inan
i solation. A collector opening is formed through a . :

amorghoyssaieds dsgrepsier deposited on the seni conduct or

substrate so that the range of the coll ector openl ng

BRSPS, M0 SRS Bar b e S0 RAL AL o RY ricating s

t1on. sem condu

sEaReHEhEMr DevicRR vasicRh @11&&)3@& D3 first ERIARYVIE #peis
portion of the sem conduct or 15 substrate | ocat ed

fornedtie & tegiorobf #e¢micondanicngibsthite eapdwidhiedrbyt dekice isolation.
p vention _|layers of the sane conduct|V|ty type .as

egtor OPRRINGiadermed trongha finst FRelatiglryordkpesied on the

; eERRELEr st a0k FliFhentt s SanSepeirilhacpvers the

cHIRIcRSE 1y Rkl paicend dbiike FRRlRY S A RlaRapbIG fsecond

silicon buffe 20 layer and a SI Ge fer layer“on a

cendudtivitystype tas ahexbynhibusedshehRiduse a pootes of tissdrhiabnductor
defects caused by the m smatch of the lattice

selosiEate h?tcgtﬁlﬁ’elifﬁgieaibp cpBectopopering ephilayingtiondgak prevantion
thes |con subst rat eco strai ne |nth buf

laysypiete PR c Y e FCxPiar RS AE Bsneq b
égngg ieati on Publ i cation Nunber
}15 %Sg‘fﬁgyécl oses 25 a strained silicon on
insulator (SO) structure and a nethod for its
[G0ab] i cat | DI, HatentWiingben 6366 87D dibcRisks & afethasidor FdlRReating a

directly on an insulator |ayer, contrary to the prior -
Sieridevietrupingfometal oaidedilngi Tha;ees discbosed grawing alsjlicom buffer
a str | ayer. . The nmet hod . '
layen éP&ﬂ”%} ?ﬂ“g eafgaf QW%?IHF% srab%mfﬁ é’asrlomgﬁeweaﬁﬁge process, 50
r [ I rm.a t
(R L e et PE i g s e Bopted o the
epitaxial layer from the silicon substrate are constrained in the buffer layered

formed by the low-temperature process.

[0007] U.5. Patent Application Publication Number 2002/0140031 discloses

a strained silicon on insulator (8Q1I) 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,,

B SiGe)- 'layer. The method generally entails the forming a silicon layer on a strain--

inducing layer so as to form a multﬂayer structure, in which the strain-inducing
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. 2 WO 2004/ 112147 PCT/ US2004/ 020201 | ayer has a

different lattice constant than silicon so that the

woldepnzlayer is strained as a result of the bapiiéH6io20201
m smatch with the strain-inducing |ayer. The
rrultllayer structure is then bonded to a substrate so

Itha dilgsul ing layer is between the strained - )
FiF 180 etq%wméhw@w@mm ’fltlmallcm &yer is strained

aSh Ik B :1%1% Sty ES HiionRg ey vs Theamultilayer
shrefRYed thEﬂ b%iﬁg@& @0 q sﬁHgtfr%‘é So%hat I8 %ﬁf&%ﬂ'{%ﬂ)ﬁﬂ(}? 'bc&rr]een the

| ayer and yi el strarned sl con-o
siainad tsilicontlapdr E@M@ls&@%ﬁﬂéeaﬁ&'%ma%ttﬁe s’&ﬁﬁeﬂ@ﬁiﬁoﬁtlhﬁ&-

| ayer on the substrate, and the strained silicon |
dirggtlsr contacty éhe msulatirigrigytay e stﬂﬂn&%ﬂ&ﬁn@f@@&h?ﬂie@fe%ved

THE DRAW I\PS 008] Varl ous features, aspects, -and
to,rPase agustags pf theatwpedsilison {aysr engyiisidaprained silicomon-

led d d_cl
e T Bmtin e e @i DT tareomihes
suﬂas&%.&? R the 6H:Q8Rd Ss‘ﬂ?édnolﬁ?& S ?Ygrl%g%ﬂhﬁgw gn of a 15

sem conduct or substrate after gat e

di el ectric, and gate el ectrode of NNCS and PNCS

devi ces. [0010] Figure 2 shows a sem conduct or
substrate after formng straining |ayers on the NMOS
and PMOS devlces Fi gure 3 shows a snal

lattice spackREEGRESCRE ORTHEDRA 8§ 20
| ayer. [0012] Figure 4 shows a strained small lattice

OPRAC 0 SRt RERPES Bopecth it e Pl kg g

o e b O SR8 B kbl A B Mt
arfd@Temfnyingdiawinga if Wdvcidi agr am of a process for

formng a CMXS structure having a device with a

U%al nin Ia er deposited over the electrode. DETAILED
[ CRI PTI 1 is a schematic cross-sectional view of a portion of a

semiconductor substrate after formmg 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 elecirode.

10613} Figure 5 shows a large lattice spacing gate electrode and a stréining .
layer

- [0014] Figure 6 shows a strained large lattice spacing gate electrode.
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; 5 [00161 Figure 1 is a cross-sectional view of a
portion of a sem conductor substrate after formng a
wel dops/gateg dielectric, and gate el ectrode of apcNMVER4/020201
devi ce and a PMOS devi ce. Apparatus 100 (e.g., such as
one or nore CMOS structures) includes sem conductor’ -
ghst r.at ep; =i ﬁgggh {Jmir%J hejee,
[(%rg:pitaxila Fa'?lylg?%g)f%g em c%gﬁ 5?%%%%%%5“ ggMé{S [
sthastinghavihp\cedevieawithra dthisielellayagiepasite@ b aetheectrode.
i sol ation areas such as shal low trench isol ation : '
structures 110 formed in substrate or epitaxial layer
102. For exanple, substrate 102 may be fornmed or ,
grown fromsingle crystal silicon, and shallow trench -

isolation (STlI) st ;@m&a ormed by -
defining regions (tm 3 ) and grow ng . -

or depositing silicon dioxide (SiQ2) dielectric in the"

OGP CSRESR s ot Dt ST bt

sullstriaed aft@fohitinglefidlb gartdivlecRIcoasd BatC@bdrd ROILOASNINIOS

i ndi'vidual transistor devices (e.g., such as NMOS and

- devissantbe PAMOSeleviceoMgepantuscidiney., sddDagdndonmore CMOS'

i ncl udes P-type well 105 and N-type well 115 forned. in
Sq%urqshﬂicﬁl%aﬁena@m%f%&%ﬁ)s‘é“atecﬁﬁt iy eng erbadirnaeie silicon

10. | e, 0. P- well,. 105 .
ol LR A iR By SR
oSS0y GRS, o R

110rformed sugbsirate parpitasidblayas 120 R ekBInp8 dubktrhRdi02hay be
In), into an area of substrate 102 designated for an-

| formed 98 saevndEomsinglp sryesil silicps, ard shalhed trancbrisolation (§TT)

TN
L S PR R T
such ikt éspeatioeipht HELT a@(HhK)v\frlJi&CFi'Fgge %@M &ﬁBb%ﬁnent, _

and PMOS device, respectively, o circuit. 4
STherrgoues THh defiremtiys004s 02020t gidradb8ndiviinad thnsistor

illustrates s te 2 after the formng a gate
ddficeh Bt 1D 25y OB AR ANO el wias e CHLS Smvettirene
surface 136 of substrate 102, and subsequent
terni SIRY, rtions. o ate.
[0_ ielectr ?% :eaiyer ac?lé&/l% r %ég‘pgﬂ]gﬁ%%ﬁ& & P%Veeﬁl. 1L1E§P9me§ in the-
indlivedied) Getive ar& oMl 1@gich GhRleA0bY 5P 420t 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~typé 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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shown in Figure 2)

., 5 be grown or deposited. An exanple of a suitable gate
dielectric material that is typically grown by thernal

WRFRDI/AYes over substrate 102 is Si02. It is te-P6s2004020201

appreciated that, in addition to Si02, other gate
dielectrics, such as silicon nitride (SiaN4), or

BT 5L A0 PR 1350 B ANL lic

| ' i st Shisdtdie 404 Qind
1%%@%%&%%@%@5 0@@1 de-s}iﬁ?zieet‘ale,gﬂgf6 girf glé%gfn'pl e, to
sutieqeafedteniegRr¢binavglofainwhttedgfirdond 60he]gafe didestric
shows a structure which includes gate el ectrodes 130
lagarand A% gate elettredslaybncBoninstabeasshewr) gatesdiglectis 1P may

deposition onto gate dielectric 20. N\ ate .. .
be gerwi 98 8epeviedn AprrEnpia & assuiabiogae ﬁe@gﬁv rpafgHalhat is.

Rl LS e o 060
- aéﬁé):‘i)ated“ﬁﬁ%gg'aﬁgh’%orb%dz,héﬁ@g&% cﬂfﬂg% QRhQs silicon nitride

ctrode e 132 are each

n gate erectro

(S) A Auaidumrskide( AsDahed befusefl os A thdrageiize the CMOS

integration issues related to device performance. NMOS |

trgnsistoe devicendior ebx@tnie,gade dinléctfio matenals bevingp bigh diglectric

to the work function of .an N-type device. 20 P at

cnsitrage be ysed Akdepiigdy f@rf%ﬁgtn%%ﬁoea?rﬁ@%epféﬁdﬁangc B GE the
rk function of a P-type device. In another

g%V\{l%f;bodi ment, NMOS gate el ectrode 130 and PMOS gate

el ectrode 132 may be silicon deposited. by chem cal

[00appPr  deppgiuké PRh6HYRstriRbereliRihdabiaded fateqlentibdey 080 and

and P-type materials, respectively, such"as by doping

133 0daghe ishefdcationbsivte 1 02espdcds by déposition onbegMNe tdyglectric

d _P-t 25 materjal of Nt |1 115 _and P-t
131 NM@S gareealparadaidlynchBMGngtis lestzocinies rgay gach be

SR R Tt dng ap o] gt fims (eg

15986 n38oNMEPs (APt iﬁ&@of(ﬁﬂggf} $hBdckn&h BN BERctrode 130
2), and PMOS gat€é el ectro 132 may be doped at the

afd MObte tleetrGMIB]) areciachscdlgigiecnsl raap bd splediefarghopsen
such as PMOS junction regions 204, 30 shown in Figure

bagecsoimtegedionissrey régrdisabyiopaiomaricgo 21N gaie legtrode
R R TR L DT S
PRIGS tgraPed&eétggd@fﬁ K83k Function corresponding to the work function

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-typé
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,

Ed
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el ectrode 132, such as by patterning a mask over a

defined area for NMOS gate electrode 130 and PMOS

9&) Mogh el ode 132 and etching away the undesi pegu82004/020201
exposed portions not covered by the nmask. For exanpl e,
undesired portions. of gate dielectric 120 and one or

TEOF o 25l 334t SRLFOHE TR T Lo pdied
pBHESHS Std@itd dRIQWEE 10041 mmscgeatelél%etr@&@13maﬂcppm1®s'gﬁte |
dielectric 120 and PMOS el ectrode 132 over PMOS

eldetrode 13D4uch us by gatieynipgta @ask ogerusdetiheciaree i Nms gate
t echni gues such as plasna 10 etchant, sputter

elecieRdn 30 and PAOS getd dectred bi¥bandeichingtrovass theyunqlfrslred
anot 1 enbodi ne te. el ectrode 130
99%&08? Bet ?@&éﬁib@ Nn%ylaag le*%f-wwlﬁc wﬁgﬁ)@r@@m of

R TR ey

PAgeea e il g Mt Al e gl okdimncs

- deticail 03, agd teyferm2hte dietbcBMORGanAPMOS eleaitotic 132 otzhﬂPMO_S

may be fornmed, of a suitable material having a lattice-

d%‘ﬁa%il% suplfl ﬁé bﬁ matﬁemmgmm C@me@ﬂeneldtclmdqumsauah @s plasma
o str ai

r.es, t he
etFﬁmﬁ« %fb%’l ER AL ?tché erpea( In frother

I
eﬂlﬁgﬁﬁhé‘tﬁwg%ﬁéﬁegﬁé%%ﬁ?ﬁ% MR R PR AREE be
pelatiiceh el Nogbs)ﬁéﬂﬁ BOVD AndfRer ARRREMBAY er@Rid axi al |y,

ere N straining layer 213 has a lattice spacing
[Breater t han NMOS gate el ectrode 130. NMOS straining

0pZer 213F1@ye Behous teelsdipiqoatinetonisnisteatd oéﬁ*‘mgunegl afier
1cformed or ited. nmaterial, [O 221 Slmlarl
R ] ﬁ?ﬁﬁ'% P fraytiss B! r%MQS geyices.
FERE s Rw RNy ek am%?%%%%&ozé?v%‘%ﬁ% Jpojex 74 that may

be2ibAntedls ofia katkibleenspasl Revih 8%Saktian E&{ﬁg dfbfent than NMOS
el ectrode 132. PMOS strai n| ng ayeF may be forne

gy e}mhpée ABAgndMeSqtitaglechede dBﬁadspmrcnvdl@,pm birath the
gag is contenplated that NMOS straining |ayer
ingivi H'aﬁd%@f%d%cﬁrﬁ/aréhﬂnmkr@gicaw qfrﬁlamtramogtd@awnéor

R b IR R AL PETTUROB G20201, (00201,

NFMOS ghteabétpdiie 130, in one embod1ment 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.

- foo2z2] 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 bea

. different material than PMOS straining layer 214

6
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, regions 204 (e.g., also referred to as "source-drain
regions" or "diffusion regions”) that may be forned
{6 Fhobupgki on inplant (e.g., such as inplantingcbdhosnzozor
arseni c, phosphorous; and/or antinony for Ntype '
junction regions 203 and boron 5 and/or indiumfor

P- t ' ti ' ..and o] RV . .
106 T on4F59re DBFERaBNE I PRt Fpio A Gl UM jpgetion

I

thhtBG} 1R Borhed ibg ;&ﬁun&ﬁb@ﬁﬁ%ﬁﬁf (TRR’h IR Rinpl with arsenic,

junction regio 203 may be forned, in accordance
phdsbhotdie, shdf aciihehy éor NitypajudiSndegione 20bgnd borery

the material of'' 10 P-type well 105, to fo_rnmgee
artd/toy i ineen Fomi Bxty perjuNsibon pegions ¥4) pagdipsssibbome additionally

cRppRRA P i oD by Jh ot PoR B AR A O regons 203
comEpgRdngaP? S0 BIPAE, fo ok glons 203
gy RGN oy oo OB RSB S - 8 Pon

 relp B! 9 i} odh R UNESS juiiad kemdhs 200ty Gedonthed, in

R-type we S may be doped to formthe P-type 15 _ '
acdBiRincabwitiithiRMBSridingdticsnf nadiM@s @odce, iby durog dbepaterial of

W th the characteristics of a PMJS device, by dopi
P-éwpateel dDhda farmtihe g materisd gt hGIOS jraetian wwﬁt'@%eas

A4EGriGeh Pl Y RHRRESE P OB 0 ORA AT RLOaI ST M-
Wit A58, Bl 5p6din A PRI, B SEEIoRR 0B R b formed, by
P e o o s, 203
erahddi2teht, pEOREE of IN-fymt el 18bibaadi beedoped o fram G hiype
B! SRl SR s r 204 g R U B kst of o
PR A00ef Y B R Lol S5k o REBIBP BER e P-oype

. n{ap&ig%gprtggeq\egpﬁ;g,_[oozﬁ] Figure 2 illustrates NMOS

channel 494, and PMOS channel 492. In one enbodi nent,

NMOS channel's 494 performance is increased by placing
[ORBLS chanuektidl Joimatiemn & gemesalhyakmowhnn alm)mﬁe¥n one

enbodi nent, PMOS channel's 4@32 pe{af rmange .i s .\ ¢
ke sneEd usgtiph aegings ERERnd RAfh Ry Boborme tadsrpsition o

st%etli%%{gnl'aymla% 2&3\/;}1(1)@2&9‘4/I%%%%ﬂger%g’c/)o%ﬁ%%%%/ s%aqgl%% layers 213 and 214

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

| [0025] " In another 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

10026} 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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, one enbodi ment, straining |ayer 213 places NMOS gate
el ectrode 130 and NMOS channel 494 in tensile strain.
Iwioasatihar7 enbodi ment, straining | ayer 214 pl a®&x/us2004/020201
PMOS el ectrode 132 and PMOS channel 492 in conpressive
strain. [00271 Figure 3 illustrates straining |ayer

0fd 3mbodirgatiesehehg REer 38DplabesNMDS kag dlayaide3Ed HasNMOS
a lattice spacing d2 208, V\,hl | e gate el ectrode 330 has

channieh#94 treteppibe $tmgindiln aﬁatheAgmbokiurntemmteahmmg layien Qh@places
er 313 has lattice spac gZ 208 that is_larger
bﬁ%e@aﬁ@dﬁﬂ%w@é’&l@%ﬁm%% 3 CoTaptesEvesading -
d1206. [00281 Referring now to Figure 4, straining
313.h b ht t t ith {
RIET  aorigipe STimrRtttnkh Byer 8l G gl ehalBof 200
Séﬁxﬁgﬁay%f?’?f@h&?&?a ife %ﬁh‘% aﬁa&J 20 wifile! Vt@é b’ESdl:—, QYFhasa

ustrate t1ce spaci stral ni ng-

latteedpaditiy hz06d ov Basadia, bighinhnye Ia?eﬂ@lgzﬁ&’s Tektidess ggaihg do 208
el ectrode 330 has had its latti ce spaci ng di

tha &y lezgardha g tesrledtad dg 330wz hdes lattine spaniug th ﬂ%t
| attice spacing d2 208 will increase, and that lattice

PR Ve ofeemnbacustodfichin & it Gote 330 banireen brought into
TP et o %%ﬂ‘f;a%??% PAgrReitedtdolioome

| ma&@.edtta he ih%u&@&f Sedihirhar géxysﬂe A SASRteddthe 1awel s.?a@ing of

will increase subst antially Al'ternafively,
stsammgﬂlaygr Idyieas BkBeasedrstiphtly vely ZGSNNhﬁe igaty eleeigsde 330 has
ve than gate_ el ectrode 330, then d| 206 wi | |

hﬁﬁ%l%ﬁ%maﬁ dpP0Giricreasad substanially 1o dxRidk éié‘seeamount that
AR 80 ERREL 5 bl RSB A nense i
dﬂ%rﬁi’en‘f\'ﬁhltﬁe I-éigué@mlg]&gegg %9% bRl gat gg(géﬁg%a&&g%}er

as increased from ur e

31B. dhisteaiding I&g}aﬂﬁlﬂ'ﬁa‘eﬁdﬂv@ﬂ)ﬂﬂ‘ﬁ&meﬂ nretrhgssivd €Ha@era0é electrode
at e eI ectrode 204 equals: E=9111" X100% 8 WD
3%@ d0208 dledrepgn2(0il, v{flmlys:]l] 206rwihigcrease substantially.

L O LN —
{
B3SO SAPAATON 1 1938 o R e

st fttiallie [0032] In one enbodi nent, gate el ectrode
330 is silicon, and straining |ayer

10029] 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:
-d

d;~d,
E= X 100%
d,
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. PCT/[ US2004/ 020201 _spacin

, 5313 is a material having lattice spacing d2 208
bet ween about 0.5% and about 10% | arger than silicon.
Wo apg1eppodi ment, if lattice spacing d2 208 i pcBER04/020201
than about 10% Il arger than |attice spaci ng d1206,
~ then gate el ectrode 330 nay experience significant

.[0@332' ocat [QRse WHEhGRALAL, %@%éﬁqg %é’s§@hdr§al5&1@t!9%t. TnHrther

tact wth straining layer 313 as illustrated in
enfib@lifrend . thd 6rhR0B Idss tha@ABORET % £ Mp adbtientmbgdingent, the strain
el ectrode 330 as shown in Figure 3 has a lattice :
is igsa thargalsettwée nlrabmiheOerBbaduneriptte siragn isless thad about 1%.
straining layer 313 has a |larger lattice spacing than
e el ectrode 330,_.of about 0.51 to about 0.61 run, ,
[06%334] | A SRE canpsimenhigate elesirade i34 wydiconjand glyamng layer

it Is‘:l?lléllﬂ%g’_gg ﬂ%ﬁﬁ%ﬁiﬁ“ﬁ’ﬁiﬁ?d@ﬁﬁ%ﬁ‘%@ Baw fitnd qhaput 10%
TafgR ¥ BRchl il 6% SRBGAASeA! VEcS bhAGAE 4] S04 BGHEASRan

ul t abl.e dopants 1 nclu one of nor um num (Al ),

abgat 109 14xge) thaeld dparcireed; 208 Bemi eaté ferrodnBdlim
(In), flfg? (sn), ant%lﬂmngny (ISb), tha%:ai um (TCI)), I eao?y

expprgncesignibicani dislochtiomsi Whemige texetoctnede 33¥is bheughiiata eontact

y. be . adj ust in_order to conpensate for the
Wﬂﬁﬁg@%iﬁ)@ggi% as Q&S @6‘?&3{ e# to the various

dopants. In one enbodi nent, silicon has a 20 coval ent .

ius o : - Of:
0GB amn aber BB ke 200 BN ol AW inffygure 3 has
a 15&&@%;)5&1@?%%&@@ hb&@d). 81 an@fabdlit0lb ) drdl stelisidpVIeh¥r 313 has a
close to the coval ent radius of silicon, adding 1" % of :
largen hthiomspading tiom gwe eleatroldande of fibeutt 0. Sintot fheult Ht6li ros.
spacing of the silicon. In contrast, adding 1% of

inmony to silicop will have a larger effect than,_,
W‘i’-ﬂ“&i ng 11908 carRpdimeRt siraamngilayesis manbemagte of silicon

r adi . i Tony. i | arger t:h

G RR e A R AR Ok o o 5D AR Ml woute

calid¢ @R 1aARERbabingAlf YHE SliEbH S0 HRSEAH. BRiHBIREIoPahtLRRIude one or
conpared to a .very snmall amount of antinmony’in order

more clelhivevmeuinh@l} @abutrefGd)c germSadin?2(BPd)/ 4@ 14 {As), indium (In),

n_anot her enbodi ment

i oy TG A AL A6 bt s ey Timpgmonnts

ofHEHRerTe T Broibtoriy GRn Do ARt ek B raR B aive of

sil?ﬂo%%gj%gg?tg rth&‘@%i@u§58ﬁ&?ﬂs. (2 8he SHRMDMBRY s TSR WA a

strai ned :
covalent radijus 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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, 5 straining layer 313. In one enbodi nent, channel (not
shown) defines an interior of the apparatus, gate
sVeedmee4B830 is exterior to channel, and str aip@irnG2004/020201
| ayer 313 is exterior to gate el ectrode 330 and
channel. [0037] Referring nowto Figure 5, there is
jokdngst ;i ' | 1 Rl dcb G $REC kAmony

i B T F S e

(SUP aB8fBor bismukA (BY. shown in Figure 5, lattice spacing
di 306 of gate electrode 532 is larger than lattice

~spacing d2 308 of straining |ayer 514. [0038] . -

[08&6ler r i ndnrowthe embpdimes, chenael{nayshewrymay berprovided

acﬁﬁé?mlt A AlackRgegp ;&h&‘%ﬁé%%o%@% o5 rgfetsg Phobained by
sefiins oo 3¢ S0 Sberde rb Y 9 R 28 e
off) the ggﬁég%gsﬁ gatd dedr iy (gig eg{@do% tb3hkhd, éﬂﬁﬁ&%ﬁ%ﬁ?@r 313

trode 532 een greatly reduced

is @iteB06 td Bateiefettiode 130 i dk@nkh Figure 6. Similar to

t he di scussi on above regarding Figure 4, the relative
amount that dl 306 will be decreased and that d2 308
[00371 be iRefersingorpw ép Figteredn thave is Blugtiaias gaje glectrode 532

N L

i B @l ©F ' ' -
Aok ) Hehe ST Rec thac, AP St (Pl BHERSREE than
laftte sga@Ak & 3080Nraihhat 1§e38fw | | decrease. [0039]
In onhe enbodi nent, gate électrode 532 is silicon, and

straining layer 514 s a. material hav nn a lattice .
[083ci nQ [Rederrintgamow itd Figure 6F atreirdng tyied iShé has been brought into

A e

s BitE oL gt U et L4 TS {3 8500 bt ever 314 s
1i5htly GRGeMdd frbeINEk PeQ%G!Fi?g&@ 6, RehileahitieSpaSPRCA M6 gate

S%ihl f|ycon.e The smal fggr t he coval ent radius gfa t%gjh _ &

elaftenieri32des teap grediyt mdiided fiin 20006 i Piglite 5 to ds 310 in Figure
PCT/ US2004/ 020201 silicon, the larger the effect that

6. sitewlen to i fisaespiorvrbavraregatding Figpeecd the stlatine amount that di

oG e s SR ik ol i BB BB GBI in Rt
siFAANBY 0P MRS & SV Bleeodedab U d¥rainBgAay AN Ik arger 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 Tattice spacing less than silicon. In one emhodiment,
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 Q_f the element as compared to

10
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. boron to silicon will nmake the lattice spacing smaller
than adding 1 % of 5 phosphorous to silicon, since

@ f04/as7a smal | er c"c__)._val ent radius. [0040] I npaqQishrlbez0201

enbodi ment, suitable dopants to add to silicon include
one or nore of boron (B), carbon (C), nitrogen (N,

 sildiodl! Gl 1Rfes gklaoéf@é& thdDelerASnt HilPRAPSSH tRbRVEe SRR 6idhe

Ilgure 3%¥and Figure 4, in order to obtain a given
silic@h iFoeexaRpR] gian Isdsradovabentragies d141A, gdwspbomms has a
woul-d be needed, as a dopant for 10 silicon than . o
cophienpresiwuet 1.90Acand heton has acovatentgediusrat 0%2d).j Adding 1%

RS BRI R e R B S
P D LR T M o

sizing. In another enbodinent, suitabl e materials for .
[osdojai ni ngn hay@ler 2hfbddidlend suaabRl danes tsddd eosiliatdinclude

~ boron (B). 15 [0041] In one enbodiment, the strain

oreqrambed doray (Batarbend€)r nitwgss IN) farslyicEirgwspheraus (P). As
. Figure 6 is defjned_as: E=d,-d3 x100% [0042].1n one . ..
diserserr] shaite regerding Figurectand Kigirgdolh Oy fo PRtain gigheen lattice

 renpRaiorane e e . PSR d o R ple sl R R or

'?e&t BhoR! o Lip ré186}€8SvAIBN a0 Winck Phosphorous
. 004@%‘?& neﬁéﬁl’g %F%E%ﬁiréﬁgtrai nis gr eater t aonSp oren
haabauivalkdradihe midierleserrimysidecosilimons ltaeilit ndtaifect Bilicon's
di sl ocations in gate electrode 532 when brought into
lagisasizetas wadh a3 betiom, Herpfoyermenphosphwaus would baaeeded to
nbodi ment , .gate. el ectro 532, has a  lat.ii,ce_spacin
OHfIA o B iR S iR PGS Th e AR R R P
dBi 83nAudBBhlBloy! Glsilih artPRGIAYBYT bet ween
st 194 S8 Inct AR oy o R BBy o 119247
PCT/ US2004/ 020201 [ 0045] In another enbodi nent, .
[0848nnel ([noheehdvayinramy, the shataegebricaadpd bgrgate electrode 532
el ectrode 532. Channel (not shown) may al so be

fremEigneed fyFigurabas Agfingdpsr 514, I n one enbodi nent,

channel (not shown) defines an interior of the
apparatus, gate el ectrodey532;yis exterior to channel,
and straining |ayer 5]Eﬂ,=ig%—déx){qn'0%r to gate

el ectrode 532 and channel . dl

[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 abeut 0.59 nm.

11




4 10

15

| ey U [omasebormestmpensel

odi 1t,. P . i ni 214 is _

| -_aﬁgg%%ﬁfi%%s&c%ﬁﬁ%ééﬁ‘é ’F;S%E%%P@dlbag?ﬁ@ggwagé?}; lais
e%%él?ﬁ%%aqgﬁfg%ﬁggggé%c?%%@%BZ and/ or channel i 492

. [0046] In one enbodi nent, gate el ectrodes 330 and/ or

532, have a thickness substantially |ess than

svoasmiing4t ayers 313 and/or 514. In another PCT/US2004/020201
enbodi nment, straining |ayers 313 and/or 514 have a

t hi ckness of about ten times greater than gate

[0BASICt r 05 2BBEh@RAAIBiARAt, dHANRAQAL] sIRREARY ﬁi’a@%e‘l@s\ééttéegs

Figure 2, in one enbodinment, N straining "l ayer
adjocent iselscisodle b3th Ghammeli(not 518G m4§ alsodxamplired Bpetthining
20%t o about - 60% ger rranin;g? and NMOS el ectrode 130
(et shoomn) dedines aminterdoragithe

conprise silicon (Si). [0048] In another enbodinent,

[OBRE]S st r dhRirR@rhisydEmedt 3o A0 RE688s 33( Ak lor 592, BhV&h

having a first |lattice spacing, and NMOS el ectrode 130
thigkanesr subistemviiallly legthensprisiag fyees 3tdlandf @r5l. Inawiotlger
spaci. lattice

| d lattj , the first o "
B S AIAP AR RN e SES ke et EH BN REPRGHL (A fimes

enhodi to b flr st ttice spacing is
g%gt%\ﬂeﬁg%g%g% c&o&l%)g.g%@aggééw Yo | arger than the second

| atti ce spacing. [0049] In another enbodi nent, PMOS

10047131 ni nReh@¥ T R 16 TR OB nd biiHodisBENEIODAKfihg

i rst lattice spacing, and PMOS el ectrodé 132 and/ or
lageratidelompréses sdirpni geemensandBiGa)ydfardxampigwibogt 20% to about

o3 G g NBTOB Ridtaee 98abidor shannsd 48 smpgice pilicon
(0 FRRS s DB bt Ru T g corbor doped

sili@irl, g ENGrbdd e&%ﬁ%&%&%ﬁgéﬁdﬁﬁg Q%g@?&lﬁ%}gm’c 99%

. [0050] In ot her enmbodi ment, suit material s

silieop, bed PHEQSfebactr oeleckS0r atthsor LROn®e doQ ok GRiseaiiarmneiss).

494 and/ or 492, and/or straining layers 213 and/or

. incl yde one or nore of the follow ng: silicon i
'[0%%) . Si ILLFéé‘ﬁf ﬁ%bﬁf[}merﬁéiq&% sERiiRg fRyEs2bs gamprises a first

ey e L) AL 2R R e

4H Q0B qReR MMcbn@ MeatefiaRAFingTa 4 : ihddj ;
exanpl e, el ecltlr ode 11%O a,nd%cahagﬂﬁlﬁg%%%ﬁmﬁng&etﬁQEISt

 laftiee epachg ihkvgergthan the second lattice spacing. In one embodiment, the

20

25

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.

12
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. lattice spacing that are different than the lattice
spacing of the straining layer 213. Mre
woeshH6AL! Y, in operation, PMOS straining | ayger@dsosmozes
has, 1 n one enbodinent, a smaller lattice spacing
than PMOS gate el ectrode 132 and/or channel 492 and 10
008B) CAUSE #hdtRBPESBSINSerit Sitldblé 1h9854s 8 geuldPfor
[ an}é/or channeﬁ 492.6%%&’ strai nﬂ}agéréaﬁseagq%{ifPl\/BS o
elegabtdee! 3cirndyde 133 ctandeBMI% 2ebidoneh? 498 /baviraihiag layers 213
| attice spacing that is a larger lattice spacing than
ang her Pk incldesyyecimyorsf of ool eswire): miliegn (S sili@idgermanium

038k R0 S B M S O o
siElde RSt s s bRy B8 BoBa Rk opf of BBt bkl B/ o
indilifE Fortdra lEHRARSIZ0 A 0l cl"ﬂi?ih@l @@&El}l‘%%emé—%gials%ﬁng a

~gate el ectrode 130 and straining |ayer
lattepasicingithat asnd dfeesrdtinan tienetial spaeingf sffthexaamiirg layer 213.
about 500C to about 700C, there is no strain. :

Masgmpeeificalls iy aperatione PMSo® stratning thyst 234 hasdn oag embriment,
20..cool .. gate, el ectr 30 Wil tr o] rink no

= sRUEE Gtter sty o905 Bas Rlsstigde 45> 8ndlor Gaesdo? and

. 3 . n .

R AR H8] Ly LS L B (ARAOSAY i

straiodb Cagded BySPMOS geReR todeel3idrtl BYITE ¢harfheD89Ehaving a
el ectrode "and a conpressive strain in straining

lattieg spracinghihat & aldrger lattivespscing thhe the bitireegwicirg efiMOS
tensik&rsé&fins wi || depend upon the relative '

SUEMRg 8 ed-and/ or 25 nasses of gate el ectrode 130 and
straining layer 213. If straining |ayer 213 is nuch

08k} S b hber Sbabhéy, woiining Ferd B8 pR @) Wa of
thdrars inhiergtdhai Forakagail€ sela@th 2&%@@ by hat€a coefficient of

_relatively large. Channel 4 y al so be strained.
lingay thermpehaiprrsirrthris/les2ben foe oo ficiehpobiziearthermal

B e .

o e o B o R LR s e B o BF 0 P b

700°11p ek iexPanair0Hewvevahasbakd d&dfod 190 anth@haifirlg %9& 213

oxi de straining layer 213 I's deposited on silicon

cogjagateailentradedd018ill @y tashuhlenatredhtm spyeining layer 218, since gate

exanpl aboyt 800C,_there js no strain between the .
deFﬁ&?EE 450 hen Janger eqnifigigntiet Lingagjthergal expapsipnihan giraining

Iay%ir bi1§9%his 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

P NP,

E N0 DS B s e T e S Y o h Ay 177 T T
Slueacy Wadl aie ereciioue 1oy, el Sthail o6 Sl Iayer <10 Wil De Irelanuvely

small, while tensile strain on gate electrode 130 will be relatively large. Channel
494 may also be strained. |
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., gate el ectrode 130 are cooled to roomtenperature (of
about 25C), silicon oxide straining |ayer 213 wll
wamtool@184 i nk [ ess than silicon gate el ectrodectiRzo04/020201
due to silicon oxide' s |ower coefficient of |inear
thermal expansion. This will cause a 10 tensile strain

o [0652] sili Cﬁf‘oeglaﬁoﬁ,l %“té ERAB-0AS D3RRI ShaHBAVihS A cotfllcient

a conpressi strain in silicon Oxide straining |ayer

. of RAér theAahdl] expansivatdiebortrR6XIIEHC, agdisaanling lapae@133Ray be

may -have a | ower -~ coefficient of thermal expansion

fomneshofsa silicem nxideahaving pdesssr corffisient eblineasdhetmal expansion of

abpet LR G Eaien SGcpaionidi s nedpu 94 degpalgd phsiicon

AR S P R SRR €9 e

_ : ear expansi

no%t@l Bétvieendhd 18fdral Wiiteh RN 0:ddé sHBhiRelayekr @13 and silicon
exanpl e, alum nudm havi ng a hi gher coefficiént of

gatd dlearode ek couledrtsiroomotempebatutre PEELOU625'(), silihen oxide
-alum num strai ning |layer 214 is deposited aon silicgon

| -'Strz'miwiaéfeéE&Wiﬂngghrinhﬁe@@a@" on gatserlagtupde 13Gdue to

SR S bW e
teit%g@gﬁhﬁ'l ' a:lkiﬁégn %%Qﬁiecﬁdde.cl% a88Y 6y Bh &Gl 298 eﬁi\ﬁﬂ%ﬁ?%’i"e

rink 1ess than aluminum straining | ay

straih if siledod dMde BlrafiBAE IhyeeI®en the coefficients of

I'i near thermal expansSion causes a conpressive strain
in gate electrode 132 and/or 25 channel 492, and a
[0858hsi | e In pagther amblodirnaningsterdeditode 1may heve 10p%s]

In anot her enbodi nent, .the tensile strain in gate .
cofPf biteran! papAiu Gl oo 87k 70 s Aichmressive
494 | LR Al drddiftin
st el SReL8e 19580 OF Ol R% RPN P s B cifing

layehampel 492. 14 WO 2004/112147 PCT/ US2004/ 020201
[ 0056] In another enbodi ment, strain nay be caused by
a straining layer having an intrinsic_stress. For

_ [OQg'ig]mp! e, In ppatqﬂO@g gai@)ﬁéefctga_@g myng)gbﬁ@ﬂwgg l'gaw.i]gg a coefficient
o B e AT DT SR By e

fo%%% eNAuhB%Em RdvinbS HORESEIREcilR: Aot tREth@dSmahbion of

ause a é conmpr eg5| vgﬂst rain 1n gate el ectrode

abdBOR3NI0-ENCL Wehere ahedini@ biradin@layen 314 &yddpostbd dmeilicon
be a material having an intrinsic conpressive stress,

gatarledxedpl 2 &l 411 eownated 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.

14
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. oxi de, which when straining layer 214 is deposited on
gate electrode 132 nay cause a tensile strain within
owh enogh enlr ode 132. Exanpl es of material s havi pgrus2004/020201
intrinsic stress include nitrides and oxi des, which
may cause a strain in gate 10 el ectrodes 130 and/ or

'[0058p and/ hir aredibanehnbodi@deranstian MbPbe dyusedddyl ¥ straining layer

“nitrides may have an intrinsic tensile strain, and

hawinigesintmnsin avessaFor axamphd, sraging byst ¢&3 magrlg formed of a

however, a nitrjde coy]Jd have .a.c ressive.strain, or..
‘malerighhaydng ayy Wwaveten%iet%P vithig ?%n?matﬁﬁv%ﬂriwﬁe a silicon

: a . [ . Y n er,
oty TR B Pl P s 3ot e el AR Ty capep =
cox%?)ré%}’vebeﬁrdilﬁ Be Eétteee@ec%%derl@»ﬁ?' HBnOHMeE bhoditnBeR straining layer

straining layer 213 nmay be doped wth a material to
214 austbesd tradtetial haviyedn rorinbicoageedsivestzess, forrexample silicon.
exanpl e, straining layer 213 and gate el ectrode 130

oxigy Wihichebes stretniag layier 236 i deprsied onegaie Algchragler132 may

*cofh B HRE A OR B8, P SR A i

intHisf sHBA {}&h?dléjm?ﬁaés%}s& LG RURSHANERLy DA A AR Yhte

annealing treatment may cause tt ttrce size of
elestroded1 3Warl i1 32 LAY r chASH@asH, an) 190! My pi@lBe nitrides
tensile strain in gate el ectrode 130 and/ or “channel ,
mayodave[Q0BSTinsin tensile kerire ahddixidastmay hawe ehdotrimmiecdrBpressive
and, straining |ayer 4 may be deposited as the, sa
strpigy Bpyayer, ﬁdﬁtréc%wlé ,}wgﬁ PiCOBIPTeSSURR 58N OT 91 Oxile could have
-ail_ni llay _ e . i th.one or nore of
at%ﬁagr oﬁ?ﬂa@g{r onﬂﬁior##%a%fl% an(gylgg?%%eo%ﬁhor ous. This
dopi ng and optional heat and/or annealing treatnent

- [0057] | cauBeatdtBet ainbbeBneRREhRRGI&r cile BOHMDsthAneig Bdr 213

to decrease, which will cause a conpressive strainin
mayalveedepasiter @d ¢hd 32me mifteriak; Haamaitaindg, laysr YO may be doped

.éﬁgM 112147 PCT/ US20114/ 020201 [0059] .1 n _anot her ..
WiHhH BRI TO CHUPRSEUBES 58T F1RIGassiinSEsn Fog sefample, straining

oy 288 B NGHo R0 S TRBI0REH: SH D Mo ffetver

213 Fayandd Spdcivithnehd eabredfalaifa, BalidnUgadditin, arsenic,

_ increasi ng percentage of carbon, to0 ease the growh

indifimy, e, end ponantipedy s Thicdopingrodsiptioatly sibgeqeent heat
l,ectrode 132. [00601 I n angther  enbodi pent,

and{gE EITRANGAN BIaY 109858 ey l6fticssizg o sipining layer 213 to

increase, which will cause a tensile sirain in gate electrode 130 and/ or channel
494

- [0058] In another embodiment, gate electrode 132 and straining layer 214

25

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,

15
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- layers 213 and/or 214 may be formed or deposited by

sel ective deposition, CVD deposition, and/or
apOnamiati4deposi tion. For exanple, an epitaxi alpdray2nos/n20201
of single crystal sem conductor film may be forned
upon a single crystal substrate, where 10 the

[GaBD} axi al Il ay@hehambbABn&RNBate el haldk 482 &Pdili€on, and strammg
characteristics as the substrate nmaterial, but:

legiet 24 & dambarydeped sdionoewithat tramsivdn hkypa(nqt showen) dteheeen

embodi nent el-ectrodes 130 an [or 132 and/
gé%ereamqs’@ 133@@%@11@4@7% haﬁytgovegﬂfa&w@a inggpasing

* PRl R RS RT Rl bf Reo RO o R ok ed Bhron optg stcon

etéTectt'Rﬁiesﬁﬂ? cryst al structure as that of the
material onto 15 which the structure is deposited
(e g., a simlar or the same crystal orientation,

/ [0950]‘! as 1RDandthér embodimentDOledttod s ﬂﬂ@&ﬂ@’rorqm@ﬁdﬁaﬁbtramg

I er of Sii- Gea may be grown on top of a
#Bearal /ot 284 naaje he fqrmed oredepidsited vy gelestine dephsision, CVD.

constant_, that i,s |ar

_ bulkrelax lattic
a8t 7 A st oL draoa ot P! Gamulnan engmcTladet of single

xﬁrzis{ajfl g&ﬂléotnd E %fl r% b%rf E& u@%ﬁ%l sﬁ{\gl% dr %t'éi &ﬂjs&ate,-where

ts at- ere

tHpespiRRial A the éxh@ Itdl R@tcRistics hE Bhdsubsiat
ot t??erﬁ WOr C?h,@ a st r?:ll n, C?Schﬁ%ggﬁlg}égonpr esic,l \?e Str allh suate

“myabsrial daat] differsom tylpe os lcbnmmrdhamtofck)pant ebrcueothen exﬁubbdlment

RS g B e o

5
FRE O B tior SRl SR B Uil PRl RS o ngi
%«7 RE kiSicoh aﬁb%r iGiE {1 é%ﬁﬁ@@ﬂy@gﬂ sé%gﬁuﬁé asph, of e n$atéhal onto -
D process that is applicable to VPE of silicon

Wihmi‘l ﬁhde‘e‘ruc(dlr)a i$ dapegitect (erzy arstmdihaot she mohd erysisirieatt#tion,

rfacg reactants absorbed on the substrate
S Fcf)hem cal reaction on the surface | eadi ng
to formation of a filmand reaction products; (4)

LB, or et i She A T e PR G el e BB top of 2

suEbdEtObf 3iRAcH ERLH theRilidhofmaniiAMak R AR ER&Rd 15806 3dnstant
In addition, suitable form ng of silicon and silicon

that fsdgrger (@ngw piedsas behboti U8 tegbtubd pércdnf)dhat Itlmmslllcon it is

formatiQ rowt h known in the art as Type 1 5
be aptl e datiige pusiieis e blork gr Ppakemvhere the silicon

g&%?os' ! '1:90nridsst'ol t'h% %ﬁm%hlnqé{y gr%ggesz—li gtre%n In other words, a strain, such

as a compressive strain, may result from the SlllCOIl lattice stretched to fit into the

lattice of the silicon-germanium.

[0062] Suitable processes for forming or growing of silicon and silicon alloy

- materiais 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

0 the surface leadmg to formation of a film and reaction products (4) reaction .
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-woul d be occurring only on gate material (s) within the
openi ngs of the oxide film and mnimal, if any,
woawkdnienrt he. oxide. [0064] Suitable selectiverr/us2004/020201
epitaxial formation al'so includes Type 2 selective
~epi taxi al deposition where selectivity of deposition

produdi9teaisotbebiront engryend (51RA§RA%tdiP8way of the reaction
formation or gromh of the silicon alloy occurs on
progduat froanéhé slufade, ‘as wel | as on the oxide film and
thus when this type of deposition is nade, an
~Jinjerface between the epitaxial |ayer of silicon alloy,
[Odﬁgi med off* fR@HGRY @llﬁag’(l%?(?fgll{‘g)of sijigen anﬁ@ﬂwn comprises

+ selb U et SR Bnlol P Bt iR B Hit e e

Tottive Gpietidl oSO USRPEYIS 101 iohsili deposition
SEcr yst%lsll oér aphic orient agi gﬁ of Phgﬁgﬁb?thfg?g.ﬂo OgggTI on
wduld beatcherrirgnbaei oregdte niatpdalls) seitigietthy @ pepirigdfahe oxide film,
~.deposition using a silicon source including one or

- anggpiaigal, it growilh an the pxideon, silicon ger mani um
. (Site), silicon carbide (SiC), nickel silicide (N Si),

fodet] ? 1 eoRuaEPHBs Skt 19Pnben Blsogfel Sy e selipive

epfiixidl ag%@éﬁé %&@gms&wi{y_ &[ycgggg)gggpﬁg B4Rl Uking Type 2

chl ori Cl2) 1I's presen ure IS a

degogigoanfoemationo@ geswih of tHedilldonthiRy(@debrs 64 lgdfd tbferial(s), as
aving a PMOS and/or an NMOS devicé with a straining
wallascon theepade fibu, ard thud when this ypratfelepicsitionitensde fan

train to at | east

i b BT LS o B RS

2- e uct.ur e..ar '
oS R EVGR MRSl Ry UG A e
angRgifahis ingatre dilatios td Hestilndgicv @l GoédtRACSep@HE on the
strainin | ayer., At 820, a Straining material is
Cr}tﬁé@lbﬁrﬂpgicwé&nﬁaionefdi’nesuhm@tate el ectrode. 17 WO
2004/ 112147 PCT/ US2004/ 020201 10067] Suitabl e

i ni terials i.nclude, f le, silicon,. .
1O} Tcon T BPHier Cpodpetl S7PF A A arRaRImve drpigen using

i s el it ‘
2 PR RSl kg Bk B8 Bno e PO LROARE, sy Mgt ghrmanium
(SiGa), sicordepbilet(SIC)DHicREl ARAHA{NGR), ¥thiane BRicRIe (THHiS), Bdbalt
.CVWD, epitaxial deposition, 5 and/or selective
siligigroTaSigmt stitalde téroperaturvOB st GildsCl Hiklimaanbagsed as a
ilmslteri al . F@éi ng a_lattice spacing |arger than that of
silionn sQESS iE hEdregsaeieride HGDpepriag (Clo) 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

25

~ 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.

._1?




e

. to provide a tensile strain in the NMOS el ectrode

and/ or the NMOS channel. [0068] On the other hand,
fwo 2004704357 devi ce, a straining material havi ng par/u$2004/020201
lattice spacing that is snmaller than the PMOS
_electrode (e.g:, such as, for exanple, 10 boron-doped
[@067] con, SBuitsisle sttepee Siddrtaninciidd, 08EAHARR Bl SBliton
and/ or phosphor ous-doped silicon) can be deposité
geMigIPMoBed  sdironagrameniwrausgkican carbite; siiab eatididicirbon
di E’)Eéh? PMOS ei ectrode and/or in the channel of the
PRewsigen vath 1atpesmacing fifermt fogn tee electrode sehidhean be

L R TR R

ahdy edel@fveld ) Mé{mm rtion. W thout . -
th_{e ot her VPI\/%OE%%I glrlllgiﬁicl\?& evi ce.a%ﬁﬁeg%s%%m%ﬁr‘ﬁ?e@&l -

_hﬂvngmtlhﬁitespatmg%@ed elitin $ianef e N0 él@ct'?h/&@cg;ﬁ}sleﬁ% osited
Si ng_c(f NMOS_or PMOS devices coupled to forma device

opIRdide hiaqsile s it the NMES, eleaitadeared aouhe VM Ehannel.

.devi ces, or other 20 appropriate circuit devices on a

rred@st rat re.the descripti bove with respect to ._
[O? 25ﬂai ni n?ﬁgﬁﬁpm%g Hagﬁwg)g 42 SHalHEg anelerisbhaving a -

10

15

20

ta
n

esc

- 13[&%{%;&8]5% thReis sﬁ{rﬁfe} E@Ftﬂe%ﬁb@?l@c%%q‘%gg gé%ﬁ%ﬁ EB’: f?atr %gample,

Vari ous enbodi nents "are

‘baohtdopredvastiesn, cltbonedo ket ﬂié&i@&ﬁ&‘@%éggﬁtép&;%ﬂ%%%g&ég&

and_changes nmay be nmade thereto w

Phespherons-depedisiticen) cantbeataposited entf a PMOS lekickRle to cause a

bj_ect tter.. T 2cificati d d i :
< TR Gy e MR afesuiade ananor i herharibor frelMMOS

ddh@n a restrictive. sense. 18 Clainms 1. An apparatus
conprising: a substrate; 5 a first device over the
substrate including a first gate el ectrode over a

[086f]f ace ofithdwegh Bighetd BYRles@iReRRRE I8 \HI SECRIESE strlifure
a

hsubstrate i ncl uding a second gate el ectrode over :
iRg aie BIMOS devdcsund PMiDe detine thsmeinn dilde\ingeodiments include

igca oupl ed the first device; a first
fofnFh S FPE By SN obatesrarortine itheet dusrasher PMOS
ar@l/@ N8B ddvitderitdhd) Bonfaf18@d bA8alibh B independent single
NMOS or PMOS devices, single NMOS or PMOS devices coupled to form a

- device other than a CMOS structure, multiple coupled PMOS devices, or other

appropriate circuit devices on a substrate where the description above with .
respect fo straining material formed or disposed on and electrode such that the

electrode is strained are contemplated

[QO?O] Various embodiments are'described above. It will, however, be
evident that various modifications and changes may be made thereto without
Aot

R S Uy R EUPNUIL. S £ + - -
g LI e bioader spirit and scope of the claimed subject matter. The

specification and drawings are, accordingly, to be regarded in an illustrative

' _rather than a resfrictive. sense.
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10 straining material having a property capabl e of
inducing a first strain in the first device; and a
second straining material disposed over the second
gate el ectrode of the second device, the second
straining material having a property that inparts a
strain on the second device that is different than a
strain induced by the first straining material on the
first Qws ce, wherein the first straining material and
the second straining materials are different. 15 2.

The gﬁggragus of . claiml1, wherein the first gate
el ect'? FHES'S “GRYEINYa first strain caused by at |east
one @fubatralé:f ferent |attice spacing of the first

St 1 ah s @viBRERF tha@bubsiaté RELARY a R¥RARSIBIbde B BBLAe 8f the
SEQgﬂf'rSt straining material and a nmaterial of the
Frrst gate electrode; and an intrinsic strain in the

fi r s& sespnddeicagrentie extistibte inpI0dicy a Fasendgapreaientrods ayér acdugdiamof
thd substigie RhdlscebiRt delibeSdlecBRLIN cBlRGItS BdarsE@RE Ses a

ot LR e bRl RSB PREDR 1 sy e
stiajpingimateriglf@nghe Property lsapablejof ingucing adirsh trad invie dirst ddvice;2\d

4. Thecopptinhy mafial @lspdsBd dver iMB 8ERhMNgdt&1BedtiohSsr t1AeBond

def%lcg,cﬁtlg s%ggndl straitin r%gtter?‘al Egv%raesrospie\r{ye thgttirg'l aai s a s%'aiugr? 919 ts)gcoacliq gevice
I'r'st straining nmateri al “having 1°aET Pe

1

afirs e

thafisa@ifanept then Agtran igdnskd By the Brststraiping paielislgn the fieshdevise

Sec omtdrdirathé firestrsiping mB@rid bind 6 sddohBitraBily thallrigs bieQRrend

The apparatus of claim1l, wherein the second gate

el ectrode is under a tensile strain 30 caused by the
2. secoi@ 2BraraiTAf Algimrawaerpia therfissy patg elactiode istunges afijsgrain caused by
at BPSONE Gf Dfcidht BibOspEehg bfafe first StrmRChaigial; b RN egRASGH
i R i S RO e FRL SRR AT Rl
st it the firsisy@ipipg B8%erid channel region. 35 7. The

apparatus of claim6, wherein the channel region is

assaQg] i the fif eyi IS under . ,
2. 207 3k B Bah P el Ine 3R b1 e Al ¢S mirial hoving o
firg |3liiee pRycip thetremptises b §ifAgnitelticerspaging thapg sgoqriddattipg [spacing of the
firs® XtpmiR) nodter@l. Smat ch of the straining material and a

material of the gate electrode; and an intrinsic

strain in the straining material. 8. The apparatus of
4. c| aiTh? BPPaj@HscEFIAimt Theherpain Srst garypleniofissis 4adepa FepRaeRsixe stFain
calis@@ b 6 OiRtstralbing @ategig! havnith 4 frstkrttelspaidg@eml b €msilef RitiBe sp3cing

thah ¥ RBRA" cggp%ntg%h?%]gps%a}e\gpe%gg& Q1 the channel region

I'S associ at e evice and is under a

conpressi ve strain.
5 The apparatus of claim 1, wherein the second gate electrode is under a tensile strain

caused by the second straining material having a first lattice spacing being a larger lattice spacing
than a second lattice spacing of the second gate electrode material.

6. The apparatus of claim 1, wherein the substrate further comprises a channel region.

7. The apparatus of claim 6, wherein the channel region is associated with the first device
and is under a strain caused by at least one of a different lattice spacing of the straining material;
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10 10. The apparatus of claim11, wherein the substrate
further conprises a first channel region associated
with the first device, and wherein the first channel
region conprises a material having a first lattice
spacing that conprises a different lattice spacing

than a second lattice spacing of the straining

material. 15 11. The apparatus of claim1l, wherein the
a$hebed! pepssidnumisrich of Grepiraisiegmatefidl et a whteraheflther gt edevirode; and
aRPERGE flaf0h Wk biaidiRendiblaft device, and wherein the

first channel region is under a conpressive strain
caused by a first lattice spacing of the straining
8.mat efhecppdeing chins@radhkein thathbnretregipaisiapgpciried with the second
dSRE QRdlis luader b RsikRAghNY of the channel. 20 12. The
apparatus of claim1, wherein one of the first

straining material and the second straining naterial
9.conpfieseparatns efglainak mhkreindiyeshawfel rmaign ks inswpiatet! vidlythe first device
ar¥Bs GHdedd combressildradppar at us of claim 1, wherein one of
the first straining material and the second straining
mat erial conprises a material selected fromthe group

1% onsThstappratest ofstain © ehereBithe substiatedatier @B pgess @irst chrannel region

assSidted i te Pdt LbiRNaridNHBlcfand i@ét)éhangel)r‘?iﬁn%%bns%b b'nfé'te‘ﬁ@ hawng
ni um si
= el i oy WS e Bl o om P imsmage o e
strafpimg Piategel. st rai ni ng material and the second straining
mat eri al conpri ses silicon doped vvith at | east one of

gg;g’?‘é taﬁpaaﬁ'a lfS df Fialmt1r ersvh g}e sulﬁstrsﬁ éu ]er oﬁgrn%gj E glfs}gianr-ﬁal? reegion
asgeatadrviith dherfieat devical andmberlehéhesfé@@mnelswcwmturmigr aeamerassive
stréi0 ¥Rl s Bypa frkd Iétﬁiﬁ%p%‘@%@th‘éﬂs{r&im@ mét@%ﬁﬁezr@%nﬁfler@ét&b@sﬁé&ﬁg than
a&C{mdlaq{gesger gagh %nersem c, Indium tin, and .
#E8H° ‘A net hod conprising: formng a
first deV| ce on a substrate, the first device

12 nclTudpi@iata of Lisigt1, @Rdrin BhEGHARR st maﬁé&fafﬁ@?e@ec&r‘ﬂe
a . secon

a first
oS BA e ool BT b2t £ SOl e 11 ot
gat e electrode; 5 formng a second device on a
13S UbStHeapgaratld\& cBRCNNHEAR\GhE Bf thdWGhtEGhiNGy mate i Q&nﬂe by
str§ I’u ﬁi %1&896? gﬂnr@es uljﬁ%fena?se?ectedgrom%’le Cgisrgug) ctor%lstm%of s:hcon (ﬁléf silicon
Qe@lﬁwf"r(ﬁ'tr Eegdfiernaatbide K. @é@@hd S@%{‘dee(N@')e@WWd%“C&th*S'z )and
colRlitemitiad @abh)y coupled to the first device;

14. The apparatus of claim 1, wherein one of the first straining material and the second

straining material comprises silicon doped with at least one of boron, carbon, nitrogen, and

phosphorous.

15. The apparatus of claim 1, wherein one of the first straining material and the second
straining material comprises silicon doped with at least ane of aluminum, gallium, germanium,

arsenic, indium, tin, and antimony.
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depositing a first straining layer on the first gate
el ectrode, the first straining |ayer conprising a

mat eri al having a property capable of inducing a first
strain in the first device; and 10 depositing a
second straining |layer on the second gate el ectrode,
the second straining |layer conprising a materi al
different than the material of the first straining
1$.ay ep mathdd beanprisigg:a  property that inparts a strain on

the @ﬁrﬁr@b‘wﬁrg%¥V|&eon avgﬂiﬁgtr%{enthg hr@t &@i@@iﬂgudﬂgr §hr‘§i d)ciga él&%@&e ona
e second devi ce that

th
‘H{]F‘i ‘gi”i?rﬁ’bst“’ﬁ‘ﬁna Q{Sté‘i“i:‘éﬂ“ﬁeﬂi AT 8399 Fi’iﬂ‘é“"i iePQE‘ '"stE‘Pr STy
adjzppetthedinst ghte eleftrodgt devi ce; and 15 el ectrically

C 0 u pﬂoirrﬁrgg 4 $¥8orfdi deite cqieé/éuﬁﬁra?en ﬁiie %E\%n@&’&zﬁ@ thedl@md %%eco]ag gate

G PAT T 8 et e SRR e HESRI 2T AT agton fedion n the
subeirpty adirsent tiesesint! igatg elrctng kiccéietrically kburiadds the Gfst davigeiof

t he depbsiting §tfifs@étﬁinﬂ'@ Iely@%%ﬁh@ﬁ?gi gat% %{%gtﬁ;%@ ARrirsitskr@hind Bgkr
ere a

i PR Ao Rd geotsuchis 8 oEah Bundny pelans
st r alepositing a sédond strairiirarievef o tegaspndafatet dirstradebive seroad wiatning

Iaie@ﬁd?ﬁ}ﬁr&m Qmiaféﬁalﬁiﬁér%ﬁt th:ﬂﬁNé rﬁ&er@a%i‘ ik fﬁf%%gﬂ&fe@éﬁh Halin@a
e W

t
oriey R BRAR Xaoh 8 1o and hisppeaast OF SaoPhd feho RS ndutes o
stiginen diersechnp devidei tigy isalifierent tharheestfeinringucest by lierfirs gtraininadayer on the
firddvidehghgsecond 25 straining Iayer conprises a
it ffi t to f
e PRl GRS b RS, 5 e

apparatus of claim1, further conprising a first gate

17di el ﬁﬁatrﬁétiﬁbdioﬂ&iﬁﬁidbmddébsiifﬁ@% f|r§t BiehirSigS) e aroeih@nadond
Sti’alnl{l% r Scrf)rg is%se%ezjf)seitciznteqr stu crerng'ti)& ?ngtogf%taﬁra{j sttein%C aa(er aad
th@gwr:@id@rr@em Bk, eapOhavirige diftsrsar Iatt-wpermgcth@n ietlics spakier dithe

subdd@teftd ERbe g%iestrd.heai m&trchamansbiém tr@%gmemﬁ eespect to the first
diel%ctric ri ses a%

devrce( second sif. Irb n.a ﬁsﬁ?ﬁng)% adiélg rr-;ag; Iolf F‘.g Sﬁbsﬁ%}? }letrarespec 8the second
de@ﬁiicon oxrde. 35 21. The nethod of claim 16, wherein
the first straining | ayer subjects t he first channe

t o aI’he: Ffi ﬁgJ o% ﬁeé w‘rérgiln ﬁ%‘gﬂone o?Fio?rsp %traininlg IIaé(ern d the second

yer S u ] eC t S
strgqing layer comprises a chemical vapor deposition sufficient to form an epitaxial Iayer of a

straining material.

19. The apparatus of claim 1, further comprising a first gate dielectric interdisposed between
the substrate and the first gate electrode and a second gate dielectric interdisposed between the

substrate and the second gate electrode.

20. The apparatus of claim 19, wherein the first gate dielectric and the second gate dielectric

comprises at least one of an aluminum nitride, an aluminum oxide, a silicon nitride, and a silicon

oxide.

21. The method of claim 18, wherein the first straining layer subjects the first channel to a

- compressive strain and the second straining layer subjects the second channel to a tensile strain.
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