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Sourcp/@lraiy Regiofsin Bothapplisktionstaredresabe tnceippraifidtheredn It referdmee.
past few decades. To enhance transistor performance
further, strain may be introduced in the transistor

TECHNY@anstiefor inproving carrier nobilities. Therefore,
strain-induced nmobility enhancenent is another way to

i mprove transistor performance in addition to device
(0002} o 5 'il"}pﬁda_resent invention relates generally to semiconductor devices, and more

, pa;vticularly, the preferred embodiment relates to strained channel complementary field-effect

transistors and methods of manufacture.

BACKGROUND

[0003] ~ Size reduction of metal-oxide-semiconductor field-effect transistors (MOSFET),

. including reduction of the gate length and gate oxide thickness, has enabled the continued
improvement in speed performance, density, and cost pér unit function of integrated circuits over
the past few decades, To enhance transistor perfoﬁmce further, strain may be introduced in the
transistor channel for improving carrier mobilities. Therefore, strain-induced mobility

.enhancement is another way to improve transistor performance in addition to device scaling.

There are several existing approaches of introducing strain in the transistor channe! region.
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There are several existing approaches of introducing
strain in the transistor channel region. 1 10004] In
one conventional approach, as described in a paper by
J. Welser et al., published at the Decenber 1992

I nternational Electron Devices Meeting held in San
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Figure Ia sh oms such an approac erring to  F gure
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tensile strain. This result is illustrated in Figures
-[6605] b aTitk rdlaed SiGE[2:9£:0e hada lafp@NEitist OdnsthiBcondaitdto RMxbAS], and -
epi taxial strained silicon layer 110 will have a
the thiahayenefl epli@@il 80 1 lPQobh 8k the Selatd SIGD]1 1@akilll hal BSlattige stretched in
strain. In this approach, the relaxed SiGe buffer

the latbi@difectldhy i.€ A0 wAEbd HAGHIAxif endife rafi 'E@SSresulilifAtustrated in Figures
i ntroduces strain in the channel region 120. The
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- channel region 120. [0006] Significant nobi
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holes in bulk transistors using a silicon channel
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approach, the epitaxial silicon layer is strained
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{0006} Significant mobility enhancement has been reported for both electrons and holes in
bulk transistors using a silicon channel under biaxial tensile strain. In the above-mentioned
approach, the epitaxial silicon layer is strained before the formation of the transistor. But there
are concemns about the strain relaxation upon subsequent CMOS processing where high
temperatures are used. In addition, this approach is very expensive since a 8iGe buffer layer
with thickness in the ofder of micrometers has to be growu.. Numerous dislocations in the
‘relaxed SiGe buffer layer exist and some of these dislocations propagate to the strained silicon
.. layer, resulting in a substrate with high defect density. Thus, this approach has limitations that

- are related to cost and fundamental material properties.
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‘are concerns about the strain relaxation upon
subsequent CMOS processi ng where high tenperatures

~are used. In addition, this approach is very expensive
since a SiGe buffer layer wth thickness in the order
of mcroneters has to be grown. Nunerous dislocations
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these di sl ocations propagate to the strained silicon
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[ 00081 The strain contributed by the high stress film

~ hole moBiliBEkhiRMBehx1a0 cdieprbtidiva ¥tk ddghadefihld ERcivbr Mobilityd IdrAipl@fition

parallel to the source-to-drain direction. However,

of geritindX 8] beh 8RB0l sBle@iveRirflatRe kAHR So thhtthe RQE 6r d1BIOh kdoYitity is
whi | e uni axi al conpressive strain degrades the

not de@h®a! 510 thid'B Ritfitldto ihPBmbFIALARIEAS $164 proximity of the n and p-channel

transistors.



of germani um can be used to selectively relax the
strain so that the hole or electron nmobility is not
degraded, but this is difficult to inplenent due to
the close proximty of the n and p-channe
transi stors. -3 SUMVARY OF THE | NVENTI ON [ 0009] In
prior art schenmes of inducing strain in transistors,
SUMMARYi Ot THEGNVENTIQN a strain by a stressor may
benefit transistors of the first conduction type while

1000987 SR GHEF 25 FBs AR P R B R ol R by a
[ t ed, d. techni cal. ad I
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I nvention, which_ provi a met hod,,of nuf act uri.n
second g e c AR AB] SN BRI Rl Y vt e, and

transistors with separately gptim ée perf? mence. . i
technipd) @d Gntagestare generaliperdicvech oY pie ef gmbadyments o @ng;esen invention,

structure for decoupling the effect of a s sQr..on
whichtpevidsrametbod ofeepnuiactyfing fained arviagelzod Ps@ewegﬁ*‘g? Pkt ur e

is useful in the case where carrier nmobility may be
transisierg wéth ecpatajely ordingradesyemandghe i nvention al so provi des

an integration schene for the optim zation of strain
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ransi s n accordance with a preferred

stressét TR el Rbich38ime "u%&s%% K RMEN i hsBfre 18 ubdhid $ihe b where

incl'udes a gdte dielectric overlying a channel region.

cérriefAmol%H{yCrgaf h%%iggrg%e?ri}? g Akabh FRIRRGM Aso proGiadsed iRegration

S
opposIng -si he channel region. The channel

'schemreq'gri 2 o;i)tﬁni];a(ziro%fist;afnqmﬂ?e chhdret regions of n-channel and p-channel

transistors.

[0011} In accordance with a preferred embodiment of the present invention, a transistor
includes a gate dielectric overlying a channel region. A source region énd a drain region are
located on opposing s’ides of the channel region. The channel region is formed from a first
semiconductor ma';erial and the source and drain regions are formed from a second
seniiconductﬁr material. A gate electrode overlies the gate dielectric. A pair of spacers is

_ formed on sidewalls of the gate electrode. Each of the spacers includes a void adjacent the

channel region.- A high-stress film can overlie the gate electrode and spacers.

[0012] In accordance with another preferred embodiment of the present invention, a
transistor device is formed on a substrate of a first semiconductor material. A gate dielectric is

formed on the substrate and a gate electrode is formed on the gate dielectric. Spacers are formed
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sem conductor material and the source and drain
‘regions are formed froma second sem conduct or
material. A gate electrode overlies the gate
dielectric. A pair of spacers is formed on sidewalls
of the gate el ectrode. Each of the spacers includes a

on sid¥RAE ReleqaRRfeckdliR. THE é}%ﬁ@fﬁ% edch BhRk voltt, U, &Jﬁfc%tr{%%iaf}i ialldmin

can overlie the gate el ectrode and spacers.

n
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present 1nvention, a transistor evic orne

e 0Pl g AL AT COTIEEURE hscr ii

: r is formed on the gate dielectric. Spacers
“%ngkgﬁ%ggﬁgggimbn sidewal | s of the gate el ectrode. The

spacers each have a void. A source region and a drain
region are formed within the first sem conductor

mat eri al adj acent opposite ends of the gate

el ectrode. A high-stress filmcan be forned over the
gate el ectrode, the spacers, the source region and
the drain region. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0013] For a nore conpl ete understandi ng of the
present invention, and the advantages thereof;
reference is now made to the follow ng descriptions
taken in conjunction with the acconpanying draw ng,
in which: [0014] Figure | a shows a conventiona
strained silicon transistor with a relaxed Si Ge | ayer
as a stressor to induce strain in the top epitaxia
strained silicon |ayer;



[0015] Figures Ib and 1c illustrate the origin of
strain in the Si/SiGe heterostructures; [0016] Figure
2 illustrates another way of introducing strain in the
channel is by using a high stress filmas a stressor;
[0017] Figures 3a-3g show a first enbodi nent process
flow, and [0018] Figures 4a-4d show a second
EEPRSCRIFTON RFORaS BrivANGS -6 DETAI LED DESCRI PTI ON OF
| LLUSTRATT VE EMBODI MENTS [ 0019] The maki ng and usi ng
of the presently preferred enbodi nents are discussed
[0013];  dier ajmore domplsic unperstgnding of thepragept ivventipadnd fs\ndvastages
that the present invention provides many applicable
thereof, paferandevencaomadsie thetfollowinpdestriptiontlolkindd conjunstion wigh the
variety of specific contexts. The specific
accomparlyogidmving idwhicussed are nerely illustrative of
specific mays to nake and use the invention, and do

{0014]”0t 7 éélﬂé nﬁs z I&erlgn Pr%medr' l?c%% nsnst&r ﬁ'xoz] reig:}ee SiGe layer

resent |nven I'on re ates
o9 p d. of em ¢ 41 m‘d and nore
asassﬁ%%ﬁﬁmLm ﬁ“mufﬂw ﬁ%qﬂ%x' rﬁ?glo ralned n- channe

and p- channel field effect tranS|stors Wi th
[0015]s ep &igtrexl 1P anpid itfustet theodgin ofutai in (RCR/BjGd/ldtdrodtinetures;
preferred enbodinent it is possible to separately

o16]°P! '@u%ezl B8 &fle’%%v & il biifbing Cha Il‘elghﬁgcﬂnmcligpﬂgge‘m%?

or s by eng neering
t he channel region of the transistors.
mghm%%?ﬁﬁﬁasaékﬁﬂ“ is desirable to induce a tensile
strain in the channel of the n-channel transistor in
[0017]t he FspursSe-3g char afirst dnbo@un«tmprocd:st; flow; &ldso desirable to
i nduce

[0018] Figures 4a-4d show a second embodiment process_ flow.



a conpressive strain in the channel of the p-channe

transistor in the source-to-drain direction. [0022]

In one enbodi nent, a .high-stress filmwith a tensile

stress may be enployed to induce tensile strain in

the channel region of transistors. Tensile strain in

the source-to-drain direction, however, degrades the
DETANGED DESCRHETIONODRHARISTRAIIYE SMBODIMENES | npr ovi ng t he

mobi ity of n-channel transistors. According to the
0019, 1 RO P AL Gy 85

decpu the effect of i gh-stress.film.on the .
below, RERNEH Sodppfserrioprierur b PE AR P oL el Bppipole
inventi,vgé%)%ﬁ;%g%ta gag _b; ?r?lb(%gll_iln IFt Q’%{aﬁ% rro% !ég%rg :cgnttt:)gs? Th%lggerc]u 1c|

vigh-stress filmwth a tepsile stress exerts a . .
embodafls FirsSe afe/paay P ot FEeie B (e Y the inventior,

degr.adi ng hole npbility in p-channel transistors. A
and d g[imﬁél}e spepe of HiedBEniigi t he spacer region of the

p- channel transistor to reduce the effect of the

- [0020]hi 9hFHS DEc@Sfed binb8dimeMof the st GRENTBREIBS SR SHEE hRIT N
free boundary condition and therefore represent

semicdn@Gdt@ R vidks! ShduRdrY spek:i%éélg‘, ERRSmarthf¥Rirél of £8in8dn cBannel and p-
defined by or surrounded by a free surface, and the

channé} FieR%Sredt Frabdiors With sdpata¥el Pptitifed RiGhnlfcLxpect ed to be
very |low. By placing the void béetween the high-stress

film _ and the channel region of the p-channe

[0021}; | 5 W¥iththe preferisd cpbestieprtdt 15 possible to perpmisht eptigizeche parfoggance
on the p-channel transistor can be reduced. o

of n- chaqaplang phanngldragsiptars by sneingeeing thg matyterand gagpifude efihe plezin in
decoupl ed from sel ectted channel regions by placing

- the chapgel gegipnofithedrapsistorsi £9r eRmpiselt sledrmbledo EaeRfgpnsile strain in the

channel of the n-channel transistor in the source-to-drain direction. It is also desirable to induce

a compressive strain in the channel of the p-channel transistor in the source-to-drain direction.

[0022] In one embodiment, a high-stress film with a tensile stress may be employed to
induce tensile strain in the charinel region of transistors. Tensile strain in the source-to-drain
direction, however, degfades &13 mobility of p-channel transistors while improving the mobility
0; n~-channel transistors. According to the preferred embodiment of this invention, a stress-
-decoupling regioﬁ, e.g. a void, can be emplayed to decouple the effect of a hjghfstrcssl film on

the channel region if the effect of the high-stress film is to degrade the mobility of carriers in the

channel region.
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regi ons, such as in the spacers of selected
transistors. A larger void would result in nore
decoupling and therefore | ower stress |evels. For
exanple, the void in the spacers of the p- channe
transi stor can be larger than the void in the spacers

[0023pf tHRe gadéﬁ - & IS a teh S0 gﬁgss Bk 5 8hsiBBstrath in the

Il lustr a first enbodi nent net for separately

sourcc.ofzyt drih %lir%oﬁ,hﬁgraﬁﬁmé 10 o 111% P Jgrﬁlﬁl{&? bradsREHOTA (& ma be

transistors 1Tn"a s mcon UCtO I'n the prere

forme§ ﬂgﬁ? %%Fée}trc%ori m?gé Lliah n aﬂgt?sft éll.) felﬁu esth?ﬁfiféc b@@?xgh—gtress film.
Free s&%q%g l'e:ﬁ#ers1 ta$ ge ougrf s & H}%tax% té%r% rrg {:e%l;ees‘g'ﬁt re%ro%s with very

arsen em con

low sy & PG b E%ﬁ‘ﬂ"ﬁ qua{ferflﬁr#%ﬁgrﬁ i zﬁf’éﬂ B Eﬁls%’?%f? i e
vxclm‘ﬂzé)? BF‘ vg}dalﬁ,%pe gw Q%REWIYBS 2 g {ag g{l?est,w g]%i'}l&—stressgﬁlm .

nduct o Iayer nd/or a do ed regi on
and ﬂ@éﬁ%ﬂ&%ﬁaﬁm ned ga@ﬂstora the PY%H“%’%fW‘eé’i"PﬂEfTﬁS%‘m the
025] Flgure 3a shows the preferred enbodi ngnt where
-charrﬁlatrerlarof Pardpererugsd: Siherctore, th ss oG legihs i eapde
I sol ati gn reglons 204x, 204b, and .20
decoue'e% frmselesred Shaptyd yeeigng by Blasiag vaids infke weerﬁss plthg sloptyd channel
The isal ation reglons 204 are preferably shal |l ow
oI pelestediimngirtenin Adargerdv ol wepl Fesplf ir mmere
i s understood that other isolation structures, such
decoua'@la‘ﬁné (hereee dnwer stregs levels. oforgmpmge. threvaididhe sprreanef tnp-
of srllconL may be used. [0026] Figure 3a illustrates
channel frgngigter apb by Jasges than the voidgn thersgacetse fieanchianes] fenséior.
regi on 204a and 204b and a second between 204b and
[0024P 04 CFiglred 3aP1Y iNOSH@E: st elrﬂbH&Heﬂlt thé&tHod R se[baﬁw&]ﬁimmng the

transi st or

strain in the channe! region for transistors in a semiconductor chip. In the preferred embodiment,

the starting material is a silicon substrate, but it is understood that other substrates comprising
compound semiconductor substrates, e.g., gallium arsenide, or alloy semiconductor, e.g., silicon-
ge_rmanium, may be used. The starting material may also be a semiconductor-on-insulator
substrate, such as a silicon-on-insulator substrate. The starting material may also include an

epitaxially grown semiconductor layer and/or a doped region within a semiconductor layer, e.g.,

-a triple well structure.

[0025} Figure 3a shows the preferred embodiment where the starting material is & bulk

silicon substrate 202. Isolation regions 204a, 204b and 204c¢ (collectively 204) are formed in the

substrate 202. The isolation regions 204 are prefertibly shallow trench isolation regions known
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will be fornmed in one of the active areas and a

p- channel transistor will be fornmed in the other
active area. As is known in the art, the portion of
substrate 202 that includes the n-channel transistor
will be doped with p-type dopants and the portion of

and usédflﬁﬂéléﬂsiﬁ@ﬁﬁ %&@dhg;gsmé &Jlédﬂﬁ%ﬁéﬂﬁes 'cﬁﬁéﬁéi%xriﬁe e

transi st or n-type’ dopants

forme Qﬁﬂo&ﬁﬁhhﬁﬁﬁo?%ﬁmgﬁnﬁﬁﬁg&ﬁﬁ|'Shed with the use of

e or nore wel owin the art. [0027] A gate
dielectrlc | ayer 206 is forned on a top surface of
[0026} s e nFiguredia diuwstratesigioontivOeeas, iEh e figh begwdérdbdationiregi@0®4arand
conprise silicon oxide, silicon oxynitride, and
204b amd 4 secand batween 2@4b apd 28dvy Forpumpospsfiilbustratfion; res-ehannel transistor
materials. Alternatively, the gate dielectric 206 can
will belfemied imed of the aviive anmt exd a-claand! rgnsistaretithbe foemed in the other
permttivity greater than about 5. Exanples of such -
active @€ eXsiigksowrie Keder, tha lpoktib of Bubstiache2,02 tiaun tnbiRdes T tidanel
haf ni um oxi de, zirconi um oxi de, hafnium oxynitride, or
transistGOWl be Aopednsith P eHe bpants ARPHE pértigRbEhe sudekAOPR thRLRNIA the
' 208 is then deposited. The gate el ectrode nmateri al
p-chamipl @R Is0 Wil BOMGPell SRR ndyFopued. l’l‘h@sd‘&?z&f podions Satle as a -
metal (e.g., tantalum titanium nol ybdenum

accompllighbdSHiRithe e RF bt maR WHllDA RnoWah Mewr) ruthenium, a
nmetal silicide (e g., titanium silicide, cobalt

silicide, nic¢ ilicide, tantalumsilicide), a netal
[0027] n| té.ga@d%w&w a)fﬁir %153 i’lP’i‘PEPé’S‘“L%%Cﬁﬁf aqﬂmﬁnﬁmt%rﬁﬁéqn 202.

d paly-crystallipe silicaon or paoly-crystallinge
The gatg defecists é%ﬁ?ramseéﬂwwl cotihenn eppilide: a9 etlicen @mdaeany
nblnatlons of these materials can be used. AmX
- combinafipncof thesemalerialy r Alternalively, he gale dielsefgc aPt oo da formed frpm 2

ate dlelectrlcs l.isted above. I n_one exanple

materia Rogkative neppiglivily greates dap gt sinkranglsypd sush majesighs dnslude

. create pol y-crystal line silicon,
aluminum oxide, lanthanum oxide, hatnium oxide, zirconium oxide, hafnium oxynitride, or

" combinations thereof,

[0028] A gate electrode material 208 is then deposited. The gate electrode material
preferably comprises a conductive material, such as a metal (e.g., tantalum, titanium,

* molybdenum, tungsten, platinum, aluminum, hafnium, ruthenium), a metal silicide (e.g., titanivm
siiicide, cobalt silicide, nickel silicide, tantalum silicide), a metal nitride (e.g., titanium nitride,

. tantalum nitride), doped poly-crystalline silicon or poly-crystalline silicon-germaniurn,-or:any

* other conductive materials. Combinations of these materials can be used. Any of these
conductors can be used along with any of the gate dielectrics listed above. In one example,
amorphous sificon is deposited and recrystallized to create poly-crystalline silicon.

9.



-9 [0029] A lithography step is then perforned

foll owed by an etching step to forma gate stack as
shown in Figure 3a. The gate stack includes gate :
el ectrode 208 and underlying gate di-electric 206. In
t he preferred enbodinent the gate el ectrode naterim

| 208 ||
o U @r«r@e@mrrn% hof e sk

e R ﬁ%%ﬁ%gmerﬁrése -

206, 1y F et ol ?8#@@%? A brearor Hlicse

en a out 50 A . pref hly | ess than
(Poly-sg)&& A Tﬁfcam%e@i 3508 s et e A %ﬁsm §Mens
Q0 and 212 are forned by ion |nplanta i O t he
cectrods B B CapBaE bR PR AP RS SO0 ArRIn Bl K then
channel regions of different conductivity types are -
about 1864 fro e FasivalsibiRon oxich dhigknesiant Rele dislecisDoml Bpicasrange
210 (or, 212) can_ be fornmed by inplanting a dopant
betwees gayt 24 296 poyt fhA preferrbhinlcesithandputddA.ces are nasked.
Li kewi se, the n-channel extension regions 212 (or 210)

[0030] CaNSQRed Ak ARSh O¥erdsiZR Irét‘fﬂrﬂs AY) Bnd AR fonﬁé&cﬁ} ifPi lzﬁﬁaﬁﬂoﬁ. In

and/ or phosphorus wni I'e t he p-channel deV|ces

the preﬁﬁ‘éri(@rﬁ*o al03 o Bed ?é'td'rg g‘ﬂgi Qith] ch'J 1 %«ms%? & “fﬁfe?lt

214/216 are forne on the sides o ectrode

conducgggr ty;Le@ aREmEN2 B} Smm%rﬁeﬂé g%%gr{n‘%l I g?JngE?O @Y 2 2) can

cheéni‘cal vapor deposi I on r|c na

be fornfed § 1m;§1£ﬂtihg %g;%& dn Qg b(f?[th tvﬁgé‘t&@ hrﬂ{ér aey ls.J: eﬁ}g’ﬁﬂfﬂﬁ an

ani OtI‘OpI I‘ICﬂHeI‘I

Likewide ﬁmghsch%lzleex%ﬁ&? Feglong 914 g&?zﬁ?%ﬁg‘:eefo%cf ﬂnglrpﬁm Cgea ar#gm

pacers are oslI't e'spa

such as aRBRE b?cﬁor%hgs!pﬁ!)ﬁg Whli€ak prkﬁﬁnn%ﬂ'élevﬁggar@ sRAger body

[0031] Referring now to Figure 3b, spacers 214/216 are formed on the sides of the gate

electrode 202‘3. In one example, the spacers may be formed by chemical vapor deposition of a
dielectric material, e.g., silicon oxide or silicon nitride, followed by an anisotropic etching of the .
dielectric material to form simple spacers. In the example of Figure 3b, the spacers are

composite spacers. A composite spacer may comprise a dielectric liner 214 and a spacer body

- 216. The dielectric liner 214 may be formed by the deposition of a dielectric liner material, e.g.,

silicon oxide, .and the spacer.body material 216, e.g. silicon nitride, followed by .an anisotropic
etch using reactive ion etching. In another embodiment, the liner 214 may be an oxide and the

spacer body 216 may be a nifride.
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216. The dielectric liner 214 may be forned by the
deposition of a dielectric liner material, e.g.,
silicon oxide, and the spacer body material 216, e.g.
silicon nitride, followed by an anisotropic etch
using reactive ion etching. In another enbodi nent, the

020" R GE M BT BSaBfREt MngRE ST A e e ove
ina ﬁr?{/%:ggé rigglgrté (t?%oé{icﬁpgfl sgﬁlf%ncﬁlg%r geg%ci%ﬁéﬁ é%t%v{:eﬁlglgoq%{ﬁ)ﬁllré@ién\é 204a

actrve regio

ant 215, R S QR UER  BRbGh HES
Referiggt K Soriip oot ok o P ag s SEfFal e HB oter e socond

. pecfarned b ornming a dielectric mask 218 over_the
sctive Siag e PEUPT O£ TR O P EHEO A Bt o Lo e A Rod
regi on 202 between. isol ation regions. 204b. and 204c), -
204C)=wﬁ19°@ﬁmilwgﬁ bpsssiar 8 hsThetrnsistgn 2007 dhefirst qenductiyity Sy 1 pxposed.

the first conductivity type is exposed. [0033] As

[0033]s hoviy showlrindig e 3€ a récebLR05SeteA it tRsElehnld [¥Gn fe@Rns of the
source and drain regions of the transistor of the

 transistdr b5the GRPEIAtAIMLY YrkY DRe etdiify S t64icBEs 250 hiehd &%ﬁ&dﬁ:@@i dry
n

may be perforned by a dry .plasna etching process.

plasmd Qéhikl BHQEJ. 96 tIRHRGHIRMbodRE!, YHR8hSHBS L1082 i¥Pdlidon

silicon substrate, the plasm etching process nay

substr@ReQYasih ¢RAIND SrdeBe M-S letpblo ;%uoﬁﬁﬂéﬂeggi%?. Aeh&fd bdAdted Bat in

the etching of the recess , the dielectric Iiner

ekl be S80S Riog 1 0L e il kg

etched b BlH 6n 3Fder&Ehect i ve epitaxy is performed to form
source and drain regions.224 for the transistor of

the first conductivity type. The epitaxially grown
[0034]hnt Kefemingnpy to Figure 3d, selective epitaxy is performed to form source and drain

regions 224 for the transistor of the first conductivity type. The epitaxially grown material 224 is
preferably a semiconductor material having a diffefent lattice constant from that of the substrate
202 material. In the case where the first conductivity type is p-type, the lattice-mismatched
material 224 is preferably silicon germanium. In the case where the first conductivity type is n-
type, the lattice-mismatched material 224 is preferably silicon carbon or silicon-germanium-
carbon (Si).x.yGexCy) where the mole fraction of carbon y is greater than a tenth of the mole
fraction of germanium x. The height of the source and drain region 224 in the fransistor of the

first conductivity type may be higher than that in the transistor of the second conductivity type.
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preferably a sem conductor material having a different

| attice constant fromthat of the substrate 202

material. In the case where the first conductivity

type is p-type, the lattice-m smatched material 224

is preferably silicon germanium In the case where the
[00351f | 1 $ttis RAtAIhe/prbdksd &R of forRingltidBasktiNe, etching recess 220, and

| atti ce-m snat ched materi al 254 is preferably silicon
epitaxinagﬁ"cWHH% Ritic8nliérkRsted YaRAl Watcak BE P& prior 10/6€ Bhhation of

where the nole fraction of carbon y is greater than a
spacerd BIRFA6 Bf the DR (Be gd A&do@26% ger mani um x. The hei ght

of the source and drain region 224 in the transistor

of the first conductivity type nay be higher than
[0036]¢ hawhsiskpvinia Figugnie Sediclestricimask & saemesadlicthe gase yhere the

type. -i1 [00351 It is noted that the process steps of
dielectfipmpsk?d 8 issdlicon okide, 1'8s may bhagsgmplithed by @peich wrdifute hydrofluoric

epitaxial growing lattice-m smatched material 224 can
acid. The rgpeaviloof tedngsk 208 map rashieinf apruxderca 226 in the digleetris liner 214 of

214/ 216 on the sides of the gate el ectrode 208. [00361
the trandsstos BolrThe mndiérgu 222 Sey b¢ hegedibet éetundacur@@& b@idseiitunderwent

renoved. In the case where the dielectric mask 218 is -
two such dt¢hoperesses.de, this may be acconplished by an-etch in’

di lute hydrofluoric acid. The renoval of the mask 218

may.-fesult in.an undercu in t helectri LRer. .
10037157 ThF ik shd o4 HABE 5Lk KRS Bedeler B0 PRESHN e BF g

e undercu

. . larag h 22 [
o i ASh SR8 SR BB B oS e
sopunERRRS bR NP 7% 0% A AR BETBA: 25 o

ho tr nsingrs 202. In the preferred enbodi nent, the
SIOWLELPENE “I's arsenic or phosphorus or a conbination of

bot h. The source and drain regions 225 are
[0038] As also shown in Figure 31, a high-stress film 228 is formed over the transistors 200

and 201. Thel high-stress film 228 may be silicon nitride or aﬁy other high-stress material. The
stress may be compressive or tensile in nature and may have a magnitude in the range 0of 0.1 to 4
giga-pascals (GPa). The high-stress film 228 is preferably formed by a chemical vapor
deposition (CVD) process. The CVD process can be a low-pressure CVD (LPCVD) process or a

plasma-enhanced CVD (PECVD) process, as commonly known and used in the art.

[0439] As a result of the undercuts 222 and 226 in the spacers of the 'U*ansistors, voids 230
and 232 may be formed in the spacers. This is intentional and may bring additional benefits to
be described. It is noted that during the formation of the high stress film 228, it is possible to
completely fill the undercuts so that no voids will be formed in the final structure. One éspect of

this invention teaches the intentional creation of voids in a strained channel transistor £o
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shown in Figure 3f. [0038) As also shown in Figure 3f, .
a high-stress film228 is forned over the transistors
200 and 201. The high-stress film 228 may be silicon
nitride or any other high-stress material. The stress
may be conpressive or tensile in nature and may have a

. nitude in the_ran f.0.1to 4 i ga- pascal s ..
specificafiecouplruncapi Gt dng gk sseflimon FORSPIF gn Spdissvity
by a chem cal vapor deposition (CVD) process. The CVD
WP process can be a | ow pressure CVD (LPCVD) process or a
pl asma- enhanced CVD (PECVD) process, as commonly known
[0040pNd [WSiRChréMrréd @ntRbiment, BRI chsduativigIidis Phypead the second
undercuts 222 and 226 in the spacers of the

condubtiv@R T RPH-BrpeV RS oRIFB0 2ANIE2A3E 2 IRtalRRtchtOhATREL b idédiified as
spacers. This is intentional and may bring additiona

the le 4l dr thelvBid. B8r AESGEd B8 Bustrhdion], lﬁlﬁ1 '1‘%%@@3& teﬁihe Jdeia et de

ormation of the high stress fi it is possible”
0 . o - o I .
s SR B L SRS DS FOTH e 9 88 o

the voldth Shei JPE L kO | RAC DERrsl thﬁ? i %g&ttﬁaﬁré%coﬁﬁ Cak WRn e area of
vol ds a st tran 2

In a strai ned channe sistor to -1

the ﬁr§t%ﬁ4 LB ngl%}sg-yecgﬁ}%f%%% l?%gr% Vifie Sfeg &S se%ndt\t%ﬁi igitl%h'same

stress mon transist6rs of one conducti vi ty type.

_ 404 . . f [ he fi . T
cos KRSAELD, By DHEHSL Ak SIRRRL T Mg s Lo o e a i
' d Vi [ Aach yoid 230 d 232 h
‘h“m§££%¥%%g%%%%fgﬁfﬁ?héP%§%%g%@iFgén f%%% as atnhe Ieng?ﬁ

234 of the void. For purposes of illustration, the

© [0041) endinithexBeferméd ¢nhimdinging ti23Zciofiveibe?30 agp Adbeandf ntehwured relative

n-channel transistor 201 is indicated in Figure 3f.
to the Wirkh of thesmber214/B1@ Hos examplatleaonf232 may have a length 234 larger than

5% of the spacer width. In another embodiment, the void 232 has a length that is at least 10% of

the width of spacer 214/216.

[0042] If a single high tensile stress film 228 is used to cover both n-channel and p-channel
transistors 201 and 200, the channel regions 236 of the transistors will experience a tensile strain.
The n-channel transistor 201 will have benefits of mobility enhancement, while the p—channel
transistor 200 will have degraded mobility. According to the preferred embodiment, voids 2‘30
may be introduced in the vicinity of the channel region 236 of the p-channel transistor 200 to |
reducethe negative effects of the tensile stress film 228. According to-anotherembodimentsof
this invention, the channel region 236 of the p-channel! transistor 200 may-have a larger void 230

than the void 232 adjacent the channel region 236 of the n~channel transistor 201.
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the void in the cross-sectional view A first void is
| arger than a second void, when the area of the first
void in a cross-sectional viewis larger than the area
of the second void in the same cross-sectional view
A void that has a larger length or a |arger size is

expected to have a higher  decqupl,] etfect,.t,han o
[0043]; hin aethes cxsbaments (oM reasisRA0D 2ray e bighsgitey tifp 238

the preferred enbodi nent, the size of voi 2

30 a
that is 3 @pressive benatn aus thein-changel; trasistp? A HRaY it g Sggratim 228

spacer 214/216. For exanple, the void 232 may have a

that is kepsitgtih n@8u, dsshear intfiguse 3506 6PmPRBIVS FHES8 Fhaw"'ﬂ%i‘i‘i In pqinpressive
anot her enbodi nent, the void 232 has a Iengthc%hat s .

strain mtthd dhasiel ©Bkm 36 of thep-whanngl tespsigpuidfiin the spwdcsto-chengigbfirection
If a single high tensile stress film228 is used to

will erhaive theioldmobilitsaArelsilasteespthetraswian tengilegtraindn the shappal region

and 200, the channel regions 236 of the transistors -
236 ofthd A-clexpd ragsite 281 ireths sduecestbchimmel dirfetéonnwill salimneq the electron
transistor 201 will have benefits of nobility
mobil®nhancenment, while the p-channel transistor 200 wll
have degraded nobility. According to the preferred

mbagli , .d 30 be ,i ed i .
a3y B Y PR o o

[ 200 d - ) f
o5 2D 0 S I SR 5y 5 5 e sk
mbodi ment. .of is | : o .
v G Pt A S DR 80 R

. 230 than the void 232 .adj.acent e
in acoggRan kel SPRREY et e 908 5 o BbRap of RUanpTed e
mbodi ment, _the p-chanpel t i st 0.1
channpgRoSPT RS PP RIS e € BRI ALY R T ceNar gy en

and the n-channel transistor 201 nmay have a

etched-fp dhe dopired gty m 228

[0045] Another method embodiment of the present invention is illustrated in Figures 4a-44d.

 Items previously discussed with respect to Figures 3a-3g will not be repeated here. Transistors

200 and 201 of two different conductivity types are formed in two different active regions, and

the source and drain regions of each of the transistors are recessed using an etch. The etch may

employ a dry plasma etch, for example. The resulting structure is shown in Figure 4a, which

shows recesses 220 and 240 in transistors 200 and 201, respectively.

[0046] Referring now to Figure 4b,'ilattice=mismatched regions 242 and 244 are epitaxially

.growia in the recesses 220 and 240 of the source and drain regions. Different lattice-mismatched
materials may be used for fne p-channél and the n-channel transistors 200 and 201. This may be
accomplished, for example, by forming a first mask (nat shown) to cover the n-channel transistor
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that is tensile in nature, as shown in Figure 3g. A
conpressive stress that results in conpressive strain
in the channel region 236 of the p-channel transi stor
200 in the source-to-channel direction wll enhance
the hole nobility. Atensile stress that result in
tensile strain in the channel region 236 of t

201 andpegRERing fits ep@ry tosrleaiyely) grow réird srpuend Pt}%‘ﬂ%tﬁ??i P42 in the
direction will enhance the electron nobility. [0044]

source apg elrain yegiop of e pfchmngl wansisigr My be forned by first
formng the structure of Figure 3f and form ng a mask

[0047] ( NOk S ROVt thk GOERovdd)E sdoBiRBhhg 65&%5@1) 5SS 8ndd d BrchdBnask

ver -t he n-channel” transistor 201. The hi gh-stress

to coveff &h@%ﬁ%@el%ﬁ&st%% D &Q@&f&%htt&)ﬁ/%‘ﬁh? Eé?fon%&pto%él@cﬂvgl‘?rgr@ﬁ a

I N accordance e nmas conpressi ve

second nggon%flgt atdrkal ?Aﬁgt‘ﬁilbegs%ﬂ:ﬁg DG ¢ {;gg eot?’ afanﬁtﬁ ?raﬁ’sxstor

anne nS| stor or exa m can
er t he ce and then etched to the
201. Tl&f“e%? %“& rgﬁsnShg%b'g@]ggﬂ\r%t her nethod enbodi nent of
t he present invention is illustrated in Figures 4a-4d.

[0048] | t elvehqprefeiralishlyodithent bt sninidondusty ewteril24Rivyrbe silicon-
3a-3g will not be repeated here. Transistors 200 and
germanRiilardfthe sscondisthiznadictoe ontitialtd4¢ inay bt yiliesn-carlmnfop sitieeh-i n
two different active regions, and the source and
germantlhiigéazbong 81 Q0GeOF) »ﬁ&ndtheﬁmtctfezctﬁmmfsmsbbmp & geater tieoegedidof
using an etch. The etch may enploy a dry plasma etch,
the molfe Gactyf pérmanibinex. rSisdalthd MbstterA0C ateeial 1§ peifivully silicon, the
- Figure 4a, which shows recesses 220 and 240 in

presenck b8 SissicaiiconditforaiderZ0iuch besient destednjum (B4 6drger lattice
Referring now to Figure 4b, lattice=m smatched regi ons

constan® ¢l @it iR ddmpregiveptrhiaxh tk byanng repish 236 of e p-domss esnsBRO
and 240 of the source and drain regions. Different

200. Sindlatly,GRe pre@hARi dflAGecond semiconductor material such as silicon-carbon with a

smaller lattice constant than the channel material will results in tensile strain in the channel

region 236 of the n-channel transistor 201.

[0049] The spacers 214/216 of the transistors 200 and 201 may be composite spacers, and
the dielectric liner 214 of the spacers may be intentionally tndercut by exposing the dielectric
liner 214 to an etck process. If the dielectric liner 214 is silicon oxide, the etch can be a

hydrofluoric acid etch. The resulting structure is shown in Figure 4c.

10050] A high-stress film 228 (or 238) is then formed over the transistors™200 and 201, as
shown in Figure 4d. Although not shown, different films can be formed over the n-channel and

the p-channel transistors as discussed previously with respect to Figure 3g. In another
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materials may be used for the p-channel and the
n-channel transistors 200 and 201. This may be
acconpl i shed, for exanple, by formng a first mask
(not shown) to cover the n-channel transistor -14 201
and performng a first epitaxy to selectively grow a

embodirhdn® la HERHE QTGS RAmEPVRF brdlof B¢ Arahdistbd 200 @00 Dutd the
drain region of the p-channel transistor 200. [0047]

other t2hdi&6: J01QorJobpt mask is renoved, a second mask (not
shown) is forned a second mask to cover the p-channe
transistor 200, A second epitaxy |s theq. erforn%d.to

[0051]s o] S¥hilevii jnvgntinn has besa devabed avihaaieries 16 ILYptYE cpPod A nts,
in the source and drain region of the n-channel. .

this desaripfier istotintended 1o berypastrusd il 2 Hpilng 655 t Yarous §‘°§‘ﬁ6%’“? fpd
Figure 4b. [0048] In the preferred enbodi nent, the .

combifatioss of Skenilesnathvecdnaodimentsy dsavell2a othapgmbedingnts of die-mnvention,
germani um and the second seniconductor material 244

will bevpyarbe tspdrsone slibalrib ¢re agrupsi tefasege tahe deserintionc Yripberefore
(Sii_x-yGexCy) where the nole fraction of carbon y is

intendg¥ thattier apbbimliad elainsrehtongfass dnp eudmhalificatiostsiop pmbdiments.

“germanium x. Since the substrate 202 material is

preferably silicon, the presence of a first
sem conductor material such as silicon-germani umwth
a larger lattice constant will result in conpressive
strain in the channel region 236 of the p-channe
transistor 200. Simlarly, the presence of a second
sem conductor material such as silicon-carbon with a
smal ler lattice constant than the channel materi al
wWill results in tensile strain in the channel region
236 of the n-channel transistor 201. [0049] The
spacers 214/216 of the transistors 200 and 201 may be
conposi te spacers, and



the dielectric liner 214 of the spacers may be
intentionally undercut by exposing the dielectric
liner 214 to an etch process. If the dielectric liner
214 is silicon oxide, the etch can be a hydrofluoric
acid etch. The resulting structure is shown in Figure
4c. [0050] A high-stress film 228 (or 238) is then
wHATAE M A 0ey (st he transi stors-200 and 201, as shown in
Figure 4d. Although not shown, different filns can be
fornmed over the n-channel and the p-channe
Lt AdrAnpisionfosnpaising) scussed previously with respect to
"Figure 3g. In another -15 enbodi nent, a high-stress
f igateidiclecaicowerlyongs chapeel BEBIQhe transi stors 200 (or
201) but not the other transistor 201 (or 20Q)
1066ute wgiph end drainiregiemen ennosingsidrs ohtbg éh%iﬁ?la%&ath‘r‘hmel
reference to illustrative enbodinments, this
regiomlesyrispigiadmstisgnigotdupit waded andthis gouresrand drpipregignycomprising a
limting sense. Various nodifications and
* second eerhicoatuttonsatefialf he il 1 ustrati ve enbodi nents, as wel |
as ot her enbodinents of the invention, wll be .
appate efetirdde opatydanthe gite tickdricrentihe art upon reference
to the description. It is therefore intended that the
apipg adegcldapiersanmedpa skleasfithsgrdelentwild, iegdhtof tespasers
enbodi nents. -16 WHAT IS CLAIMED I S: 1. A transistor
includiFP(6i8 bdj@enth@etizendirgfi@ct ri c overlying a channel
_region; a source region and a drain region on opposing
sides of the channel region, the channe

2 The transistor of claim 1 and further comprising a high-stress film overlying the gate

electrode and spacers.

3. The transistor of claim | wherein the high-stress film comprises a material selected from
the group consisting of silicon nitride, silicon oxynitride, and silicon oxide, and combinations

theréof.

4. | The transistor of claim 1 wherein the void reduces the effect of the high-stress film on the

cha.nnel‘ region.

5. The fransistor of claim 1 wherein the high-stress film has a stress with a2 magnitude in the

range of about 0.5 to about 4 GPa.

6. The transistor of claim 1 wherein each spacer includes a liner oxide and a spacer body.
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region conprising a first sem conductor material and
the source and drain regions conprising a- - second

sem conductor nmaterial; a gate el ectrode overlying the
gate dielectric; and first and second spacers forned
on sides of the gate el ectrode, each of the spacers

7. TRELMRSRS o?cl?(iﬂi @wﬁéilblﬁl%%lé iB ﬁxsE&b@ﬂ‘ fehe liggogide ofthe Jaeer.

transistor of claiml and further conprising a
hi gh-stress filmoverlying the gate el ectrode and

spacers. 3, The transistor of.

. fhgesiessheInm hEanp HiedBer St LePR G e spacer
the group consisting of silicon nitride, SI|ICOH‘

body coyrises ¥liee PitHER si | i con oxide, and conbi nations
thereof. 4. The transistor of claim1 wherein the void
reduces the effect of the high-stress filmon the

9.  GinaaBRkistdreotiai | Wherdighd wasisios isarp-dined tansisorwher ei n
the high-stress filmhas a stress with a magnitude in
the range of about 0.5 to about 4 GPa. 6. The

' ansi st or wher ei.
10. L[[hﬁ gpnsbgiar&g fﬁblgl% [ com 8 ngflﬂg@ @&gﬁ.ﬁ% ow'ie?g r?g ?lgetsggfe
cl aim6 mh rejn, the void | the |iner
d“mm&%?ﬂéaﬁwmﬁﬁé“’ Fatahe hig 'm¥ﬁ%ﬁb?g%§§§%§§93%pcla m 1
wherein the Ilner oxi de conprises silicon oxide and

t he spacer body conprises silicon nitride.
11.  The transistor of claim 1 wherein the tranmstor is an n~channel transistor.

12.  The transistor of claim 11 and further comprising high-stress film overlying the gate

electrode and the spacers, wherein the high-stress film has a compressive stress.
13.  The transistor of claim 1 wherein the first semiconductor material comprises silicon.

14.  The transistor of claim 13 wherein the second semiconductor material comprises silicon

and germanium.

15.  The transistor of claim 1 wherein the second semiconductor material comprises silicon

_ and cﬁrbon.

16.  The transistor of claim 1 wherein the gate dielectric comprises a material selected from
the group consisting of silicon oxide, silicon oxynitride, silicon nitride, and combinations

thereof.
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9. The transistor of claim1l wherein the transistor is
a p-channel transistor. 10. The transistor of claim9
and further conprising high-stress filmoverlying the
gate electrode and the spacers, wherein the

hi gh-stress filmhas a tensile stress. 11. The

17. Tl{e%&ﬁ'&i&&%fc&im@!“%m:ﬂwgﬁé §ibRcthib Sorhprisesd Gibledtrit %itBA relative |
n-channel transistor. 12. The transistor of claim11l

s r prising high-stress filmoverlying the.
pmnnmg@f%££§F%%€P§ggpand the spacers, wherein the :
hi gh-stress filmhas a conpressive stress. 13. The
transi stor_ of claim 1l wherein the first sem¢ n%yctfﬁ
18.  hsttepsispr of shan il 4 adessin thegate dlalaqmq*r‘%nﬂf}sw&%ﬁ? sgpcted trom
claim 13 wherein the second sem conductor naterial,
the groupsansistios ef dumingewxids antrmetidsnhatninm opide, Zitcopumdxige, and
of claim1l wherein the second sem conductor nmateri al
hafniumcayypitidseandsombisetions dreeeofar bon. 16. The transi stor of
- claim1l wherein the gate dielectric. conprises a
material selected from the group consisting of
19,  Bhe ttRQ8o0 cHfim 15HekSOMe XY Bledtiddd Bompridet £othdiktive infheerial
and conbi nations” thereof. -18 17. The transistor of

selectedgﬂ'cﬁ‘xil MprbupBshSistheldre rrlﬁ%ﬁ,_% Rt lsBieldl | Ln&@IAREiHE Q8d Bombinations

leleCtric wtha relative permttivity greater than

thereof. 200Ut 5. 18. The transistor of claim 17 wherein the
gate dielectric conprises a material selected from
the group consisting of alum num oxi de, |anthanum

oxi de,. hafnium oxi d zirconi u X1 de nd .
20.  The transistor of claim 1 whe're(leﬁ the gate elre]:cu-o e (1)ncllu%es’ a 3oped poly-crystalline

silicon material.
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haf ni um oxynitri de, and conbi nations thereof. 19. The
transistor of claim1l wherein the gate el ectrode
conprises a conductive material selected froma group
conprising of  a netal, a netal silicide, a netal
nitride, and conbi nations thereof. 20. The transistor

o afsegh L&}&S Lk he gate el ectrode includes a doped
21 pocyf%rygtgpFﬁﬁgh&gl Icon material. -19 21. A

. §§%ﬁ§&ﬁﬂﬁ%¥&% ip conprising: a sem conductor
subs

rate; a first transistor forned in the

?I%Irr'rs]é frgrpsgsﬁ)? Qe 8 HARL ge%&ndﬁ& spi:srn%{e ﬁ'l% Ifi?sz %rﬁﬁs%'for EN ALY

annel regron forne rom a
em conduct or terial d.havi J
chaneeigioy Foriged frgih o Jiy St pdir Ml dnd hiideX T Al K i
. _adjacent,.the first channel.reqion e fir S C
diain vy B 1 S Uiy SRR BT St 1 Bnlel oBlont B P source
em conductor material that,is, lattice-n suatched. )
and the JF{t AU ST CURPHSSTE LSFRIGCEBIoNP QF maeralliv] FeGeE ippatched
. transi stor forned,in he sem conductor substrate and
with the, it segiconductor magrip 399‘st ype different than a
conductivity type.of the first transistor, the second
# perARS GansistoR fpmpdyinghe @é&?ﬂ&#ﬂf&%&ﬁ‘ﬁg@w@&é gfb‘ﬂ“& %?%é&ﬁ“%fvﬂmpe
. the first sem conductor material, th& second 4
different thep aicerdyetivifydypar i e fistdrangigitto Hig Senf EansiiRf Davisga sregn
drain region formed in the substrate oppositel \
channelyggige &med Femdkecfrpiemiqenspsir magsginl e seqad Sarsa 2lsp brtine o
and second drain regions conprising a materi al
second goureecand prseqopd drain region formed in the substrate oppositely adjacent the second
cﬁannel region, the second source and second drain regions comprising a material different than

the second semiconductor material.

22.  The semiconductor chip of claim 21 and further comprising a high-stress film overlying

both the first transistor and the second transistor.

23.  The semiconductor chip of claim 21 wherein the first transistor further comprises a first
spacer adjacent a first gate electrode that overlies the first channel region, the first spacer
including a first void formed therein, and wherein the second transistor further comprises a
second spacer adjacent a second gate _elecﬁode that overlies the second channel region, the

second spacer including a second void formed therein,
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t he second sem conductor material. 22. The
sem conductor chip of claim2l1 and further conpri-sing
a high-stress filmoverlying both the first
transi stor and the second transistor. 23. The
sem conductor chip of claim21 wherein the first
ransi : : ' ' afidP e Sécondifacs Rich
. t@???gg&%é?éaéég@??@%gﬂ?ﬁgﬁﬁ%eg%*ﬁggxthe first éﬁannel ‘
lon, the fir id al | el 1SdateQh the dielectric
havea dﬁegt%ggzging %‘r%e‘l’dﬁ?raé H% H%% S’?lg i a%&] ?Jﬁggdg gg gﬁg fa{er gin si st or
further conprises a .second spacer adjacent a second
gate el ectrode that overlies the second channe
region, the second spacer including a second void
- formed therein. -20 24. The. sem conductor chip of
25.. Themiemicafdunteclep nf clhign 33 wherein e Sa5t vl ag hlength Hbtﬁa range of
spacer each have a dielectric liner, and wherein the
about 20 torabbut\200 shgamaing. he second void are located in the )
dielectric liner. 25. The sem conductor chip of claim
: 23 wherein the first void has a length in the range of
Oddni ih ¥Becor® void Mes SleAdh ecihiad sout
26. ?% %L%%R%'{Caf%hg%?&%%%ﬁ%%g second void hagg a length
e&gsthan about 100 angstrons. 27. The sem conduct or
ip of claim23 wherein the first void and the second
void have different sizes. 28. The sem conductor chip

of claim 27 wherein the first void is | rger thag t he
27.  Thessmicopdicepr chip of claim 23 wherein the first void and theSsécond void have

{iner.

100 angs

different sizes.

v

28.  The semiconductor chip of claim 27 wherein the first void is larger than the second void.

29.  The semiconductor chip of claim 21 wherein the first semiconductor material has a first’
natural lattice constant, and the second semiconductor material has a second natural lattice
. constant, and wherein the second natural lattice constant is larger than the first natural lattice

constant.

30.  The semiconductor chip of claim 29 wherein at least a portion of the first channel region

is under compressive strain in the source-to-drain direction.

31.  The semiconductor chip of claim 21 wiierein the second semiconductor material extends
above the height of the first channel region by an amount in the range of about 10 to about 500
angstroms.
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29. The sem conductor chip of claim 21 wherein the
first sem conductor material has a first natural
lattice constant, and the second seni conduct or
material has a second natural lattice constant, and
wherein the second natural lattice constant is |arger
32t e storicondisetert chipanfislaim 21 atheieireat leagtraqroztion, of 4. secpng channel
sem conductor chip of claim?29 wherein at |east a
regiop onindatensile i ihithesouchémdein dimgicon i s under
conpressive strain in-the source-to-drain direction.
31. The sem conductor chip of claim21l wherein the

33, ﬁg@g ﬁ(gnigcﬁmt]ﬁmgﬁ%&iaiﬁ% %{1 AlrthEXdo8ipHSing #RRK&ERSilm formed

e fi'rst channel region by an anount in the

f 00 t -
over EA0REorR AP Bt o sk tRlleort Ve ARGE WM sl i it
‘ tion of .t.he se N=Ts) is under tensile
sues i ool GRS pEED IR P DR, ° 53707
sem conductor chip of claim21 and further conprising
a high-stress filmforned over at |east one of the
34. £ jThe sensipendyeterorhib eficdaini2d rapd Surtboyrreppriping p bighrsipssdinderged
filmhas a tensile stress with a magnitude in the
over atdergieono of tb fivet 2l steond teapsistors wigereiPthe igh-strppeefilm has a
sem conductor chip of claim2l1 and further conprising
compgeskivg$rest wilssmagiimmdé mrthedngosfdr] @tl.9 €8st one of the
‘first and second transistors, wherein the high-stress
filmhas a conpressive stress with a magnitude in the

35. gqfﬂxg Serfiborfdudiod Qip Jf TifE22 -anSRerth N @mPBEhS @ Bickld ioALstr6dAiin

f claim21 and further conprising a first high-stress
formdd dva? the first transistor and a second high-stress film formed over the second transistor,

wherein the first high-stress film has a stress that is different from than the second high-stress

film.

36.  The semiconductor chip of claim 21 wherein the wherein the first transistor comprises a

p-channe] transistor and wherein the second transistor comprises an n-channel transistor.

37.  The semiconductor chip of claim 36 and further comprising a high-stress film overlying

the first transistor, the high-stress film having a compressive stress.

38.  The semiconductor chip of claim 37 and further comprising a second high-stress film

overlying the second transistor, the second high-stress film having a tensile stress.
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formed over the first transistor and a second

hi gh-stress filmfornmed over the second transistor,
wherein the first high-stress filmhas a stress t hat
is different fromthan the second high-stress film
36. The sem conductor chip of claim21 wherein the

39. ARE SlRicdddBcthd dfh%i] of A3k %@ﬁrﬁ&%kﬁ%ﬁu RstedIdfMiReoverlying

tranS|stor an erein the second ranS|s or conprises
]p?ﬁ conductor chip of
the S& PR m gtggﬁ% }15% é?ﬁlg%h%gﬂggltﬁgﬁa&%{ggh stress film
overlylng the first transistor, the high-stress film
having a conpressive stress. 38. The semi cond t%r
40. cHihg sepnicendartas hip efrrdpim 36 thereindm et SOvFeg replanaRd fitg Tirst drain
high-stress film .overlying the second transistor, the
feglosemn%tlwﬂeghﬂ@tdeésg’hfmI m having a tensile stress. -22
39. The sem conductor chip of claim 36 and further:
conprising a high-stress filmoverlying the second
41. 1 r’ﬁ’x@%érﬁﬁ:&fdud%ﬁ&xﬁb%ﬁ% &freld theil@¥ddi@rifontifdhedel ermanium.
stress. he 'sem conductor chip of claim 36 wherein
t he flrst source region and the first drain region
each include a siljcid ortion. 41 The .,
2. iF omauEise din § ORISR TR B Eemerd g
portion includes mani um 42. The sem conduct or
"mnWﬁﬁQP%W HFQpﬁ?§@maﬁ£W%?%‘the second source region and
the second drain region each include a silicided
portion. 43. The sem conductor chip of claim 36
43, WHHieabmicbitiRcthi iip oSdaimcé whegirohe firstisculve régiorsand dlrecfirgt drain
region each include a silicided portion, and wherein
regioh RechShdhidziadilitided pbition, aaf whéreinfthe slcided poction afithe first source and

 drain regions comprises a different silicide than the silicided portion of the second source and

drain regions.

44.  The semiconductor chip of claim 21 wherein the second source region and the second

drain region are formed from the first semiconductor material.

45.  The semiconductor chip of claim 21 wherein the second source region and the second

drain region are formed from a third semiconductor material,

46.  The semiconductor chip of claim 45 wherein the third semiconductor material regions

includes a lattice-mismatched zone.



drain regions conprises a different silicide than the
silicided portion of the second source and drain
regions. 44. The sem conductor chip of claim 21
wherein the second source region and the second drain
region are forned fromthe first sem conductor
materi al . 45. The_sem conduct hi | ai m
47. mﬂéerssanmm@tog eup pfclag e ‘ghqr%@ (F)ftsﬁﬁcfﬁﬁgmt%“ﬁ“ﬁfe&%‘ﬁ rial hpsp frst
g(ﬂ1arefornedfron1atrurd seni.con terial,
naturalgilcq pRasighintadd bt STIEPRdyClgr malpEA ey é"r‘ Ao
third sem conductor material regions includes a
| atti ce-m snmat ched zone. _ -23 47. The sem conductor
48. ChhdleRicofidwiockip onIIed Mwlidi€in thierthitd Satmadamictimhstint is smaller
material has a tfirst natural lattice constant, and
) ﬁmnﬂkhﬁghﬁh&mk@ﬁgb&gﬁﬂuctOr material has a third natura
| attice. 48. The sem conductor chip of claim47
wherein the third natural lattice constant i's smaller
than the first natural lattice constant. -24 49. A
sem conductor device conprising: a silicon substrate;
a p-channel transistor formed within and above the
silicon substrate, the p-channel transistor

conprising: a first channel region |l ocated within the
silicon substrate;
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a first source region and a first drain region forned
in the substrate oppositely adj acent the first
channel region, the first source region and the first
drain region being formed froma second sem conduct or
material that has a natural lattice constant that is
di fferent than a natural lattice constant of silicon;
49. 4 seicepdugfar device SePPEIE i nsul at i vel y overlying the
first channel region; a first spacer region forned
yelfiepssbsiacs| dewal | of the first gate, the first
spacer region including a void adjacent th st
erahamesltrapistor fornad vafhin 4nd 3beverth sTHCORTRRFIRIEL R Pﬁ c
~ above the silicon substrate, the second transistor
transislgg ¢aPPiERdig: a second channel region fornmed within the
silicon substrate; a second source region and a second
dr ai re firstghamclrogine eited witkin Supsdlicoasestigpposi t el y
adj acent the second channel region, the second source -
and sefpersdurde miion red Hrssdrhigiregion foomerbid ter sobstraterpppositela|
different than the second sem conductor naterial; a
adjacenhthe) firss thaess rdeidnmhbe et bouraegegion dreidbe fisndsaipfregidnebefrigrfgnmed
transi stor and the second transistor. 50. The device
from 2 eéondlsanizvrtRiciohmneiil thdn Bassamanad It westang ¢habis deffedent Hen a
second drain reagion are fornmed within the silicon
natural Bttes témtaat of sidbn;51. The device of claim49 wherein the
second source region and the second drain region are
f or medirkt gam efectrideithututint1¢ ondlyiiigahe filmt eiatuedl refploaf has a
natural lattice constant that is different
a first spacer region formed adjacent a sidewall of the first gate, the first spacer

region including a void adjacent the first channel;
aﬁ n-channel transistor formed within and above the silicon substrate, the second
transistor comprising:
| a second chérmel region formed within the silicon substrate;
a second source region and a second drain region formed in the substrate
oppositely adjacent the second channel region, the second source and second drain regions being
formed from a material different than the second semiconductor material;

a high-stress film overlying at least one of the first transistor and the second transistor.

50.  The device of claim 49 wherein the second source region and the second.drain.regionsare

formed within the silicon substrate. )
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than the natural lattice constant of silicon and the
natural lattice constant of the second -sem conduct or
material. 52. The device of claimb51 wherein the
second sem conductor material conprises silicon
germani um and the third sem conductor nateri al
,ﬁﬁnprlses silicon carbide. 53. The device of claim49
dpdrspiciiim 49 phersin the sedspwee gioniaag the secend draiggesion are
yer .of a  silicon-qgn-insulator substrate. 54. The
formed fm p dirdsemicprgugtonmatgrid tat hastanatyrpldattien qoasiant that igdifferent

overljes both the n-channel transistor and the
than the patarablatiies canstapiaif sifigen and fig: natural lattice constant of the second

51,

semiconductor material.

52.  Thedevice of claim 51 wherein the second semiconductor material comprises silicon

germanium and the third semiconductor material comprises silicon carbide.

53.  The device of claim 49 wherein the silicon substrate comprises a silicon layer of a

silicon-on-insulator substrate.

54.  The device of claim 49 wherein the high stress film overlies both the n-channel transistor

and the p-channel transistor.
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