Strai ned Channel Conplenentary Field-Effect Transistors and Methods of
Manuf act ur e CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application
rel ates to co-pending and commonly assi gned patent applications Serial No.
10/ 423,513 (TSMD3-0173), filed April 25, 2003, entitled " Strained Channel
Transi stor and Methods of Manufacture,” and Serial No. 10/379, 033

(TSMD3-0 . [ _ i A 3 j Qﬂﬂﬂ%
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Both applications are hereby incotHb} ®herein by reference. TECHN CAL
FI ELD [0002] The present invention relates generally to sem conductor
devices, and nore particularly, the preferred enbodi nent relates to

st r ai ne@ROSSRENEREDIGH EOBELATEDIARILICATIAENS transi stors and net hods of
manuf act ure. BACKGROUND [0003] ' Size reduction of
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Source/Drain Regions.” Both applications are hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to semiconductor devices, and more
particularly, 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 performance 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 channel region.



There are several existing approaches of introducing strain in the

transi stor channel region. -1 ]0004] In one conventional approach, as
described in a paper by J. Wiser et al., published at the Decenber 1992

I nternational Electron Devices Meeting held in San Franci sco, CA pp.

1000- 1002 and incorporated herein by reference, a relaxed.silicon gernmani um
(Si Ge) fouddier 1 &é%n%%ﬁ@fa%ﬁpﬂ%ﬂh,ﬁ?ﬂ@&ﬁﬁéd‘ith@pé?aﬂﬁmﬁ WelRgétn, publighee | a
shows such an approach. Referring to Figure a, a sem conductor device
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rel axed Si Ge |ayer 112, which is fornmed over and abutting a graded Si Ge

buf fer {mpane2 dnkincoleate RHGH by teFRen2b! fal1BlhxddaifRbn gerthahiSml(Siq¥ dusitser and
abutting a silicon substrate 116. [0005] The rel axed Si | ayer 112 has a
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in this case, is placed below the transistor channel region 120. [0006]
Si gni fi P808) noliht rdaxed fitrrigenbt ha adarpre datticcepustint corfimreddo rdiavel 8¢ tandns and
holes in bulk transistors using a silicon channel under biaxial tensile
st r ai n. the thit hageralf epiaxiabBit 1i10 gerdvn aths ek SiGhad | 2pill lsave @b lagick sieaichelldyer i s
strained before the formation of the transistor. But there

the lateral direction, i.e., it Will be under biaxial tensile strain. This result is illustrated in Figures

1band lc. Therefore, a transistor 118 formed on the epitaxial strained silicon layer 110 will

have a channel region 120 that is under biaxial tensile strain. In this approach, the relaxed SiGe

buffer layer 112 can be thought of as a stressor that introduces strain in the cha.nne_l region 120.

The stressor, in this case, is placed below the transistor channel region 120.

{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 concems about the strain relaxation upon subsequent CMOS processing where high
temperatures are used. In addition, this approach is very expensive since a SiGe buffer layer
with thickness in the order of micrometers has to be grown. 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 Si Ge buffer layer wth thickness in the order of

m cronmeters has to be grown. Nunerous dislocations in the relaxed SiCGe
buffer [ayer exist and sone of these dislocations propagate to the strained
Si |'i conoodAyer In dnethet dppro@ch, Btran Bithesdhaadebiswattddutrdgiftertbé eartsisthe sdfbtmed. Thus,
this approach has limtations that are related to cost and fundanental

mat er i an tik ach, @high-s@edsGDA 1B2 Isformizdohera cappleedtiansissrsaiictuie1 36 he channel

is introduced after the transistor is formed. 1In this approach, a high
stress foirhdilin 38ilibén JubstirRA 3648 shawrCia Fidued B dTHehaghSstadsfilmk steeston182 130  f or med
in a silicon substrate 136, as shown In Figure 2. The high stress filmor
St I eSS Ofyehdonifioad! thuehbOst thé kel il 1, nibRITFiAs B stliién RRRBHRking Sfthe modi fyi ng
the silicon ?gttice spacing in the channe% regi on, and thus introducing

strain iindelRofod 2R tlus 1RGER Mg dRintlil e BASEl redibe Mlthi6 546/ theldrsdob 13Pksaced
above the conpleted transistor structure. This schene is described in
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control a new technique for CMOXS performance enhancenent,”
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mobility. lon inplantation _ )
[0008] The strain contributed by the high stress film is believed to be uniaxial in nature with

a direction parallel to the source-to-drain direction. However, uniaxial tensile strain degrades the
hole mobility while uniaxial compressive strain degrades the electron mobility. lon implantation
of germanium can be used to selectively relax the strain so that the hole or electron mobility is
not degraded, but this is difficult to implement due to the close proximity of the n and p-channel

transistors.



of germanium 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-channel transistors. SUMVARY OF
THE I NVENTION [0009] In prior art schemes of inducing strain in
transistors, the introduction of a strain by a stressor may benefit
transistors of the first conduction type while degrading transistors of the
second SIBVMNURY OF THEIMIVENTIGNand ot her probl ens are general |y sol ved or
circunvented, and technical advantages are generally achieved, by

preferr nbogli i i 15161, the idrb@ttip 6f4 steindbyreet hod of
manuf acltﬁgorgﬁng gﬁ?ﬁé&‘%ﬁi@%ﬁgﬁ%m‘wﬁgﬁieﬁn eld effect transistors

wi th separat el v, optin z i 1A dédridile eabiedisaaie provi des a
transi S%SFSOE??%%EII}E@&%%%&&gg@égfﬁ%gtﬁﬂghe fce}i.léltl1 ofgra gstressor on the

h I i . th I L LrSei edl ghdt h
Channel 5ol il O Filob b p e e dsiestuleal e caoe

t hé stressor. The 1 nvention al so

provi dlegi,kggqa{)%gggg%% i3 gg,ﬁsagg%ﬁyﬁa&g{bg}?b&e {dnfodidn B pRlsEidVehtior, he

channe anne transistors. 100111 In .

accordance with a preferred enbodi nent, o r -E‘dﬁ:ﬁ;ﬁ | ERM&eRLion, a

transi sl"’gﬁchplic’ﬁ@f"ﬁggg‘ogo ﬂ@%ﬁ“ﬁé&raﬁ?egno%ler gi"ﬁi a channel region. A source
i cat ed on opposi ng sides of the channel

region and, a drain retg on.are, I&)
regi on. UAEORRHSParpEY OBIIZEC PEIHEYFr om a first seni conductor materi al

and the source and drain regions are fornmed froma second
[0010] A first embodiment provides a transistor structure for decoupling the effect of a
stressor on the channel region of the transistor. Such a structure is useful in the case where
carrier mobility may be degraded by the stressor. The invention also provides an integration

scheme for the optimization of strain in the channel regions of n-channel and p-channel

transistors.

[o011} In accordance with a preferred embodiment of the present invention, a transistor
includes a gate dielectric overlying a channel region. A source region and a drain region are
located on opposing szldes of the channel region. The channel region is formed from a first
semiconductor material and the source and drain regions are formed from a second
seniiconduct;)r 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.

[8012] 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. A gate electrode overlies the gate dielectric. A
pair of spacers is fornmed on sidewalls of the gate el ectrode. Each of the
spacers includes a void adjacent the channel region. A high-stress film
can overlie the gate el ectrode and spacers. ]0012] In accordance with

anot her preferred enbodi nent of the present invention, a transistor device
i s for n@sidvvalls sithsgaked &tofle. aTHeispatrs slihaaichtid, oA somieatgiod andh dysihe
dielectric is formed on the substrate and a gate electrode is formed on

t he gategidh led6riel SvithPRACHSseRi@ndiRtorREteridl adfkcsit Oppisitd mdobf thdygatgat e

el ectrode. The spacers each have a void. A source region and a drain

regi on @éfrofr ABBhbrdsh filfin toiehel foinfdd ov@ThCRRICHBde, ﬂﬁtsgﬂcieﬁ,' theshugeent opposite
ends of the gate  electrode. A high-stress filmcan be forned over the gate
el ectrog onhﬂfm§9ﬁﬁﬁé§?nthe source region and the drain region. -5 BRIEF
DESCRI PTTON OF THE W NGS 100131 For a nore conpl ete understanding of the’
present invention, and the advantages thereof, reference is now made to
the foll ow ng descriptions taken in conjunction with the acconpanying
drawi ng, in which: [0014] Figure |la shows a conventional strained silicon
transistor with a relaxed SiGe layer as a stressor to induce strain in the
top epitaxial strained silicon |ayer; 10015] Figures Ib and Ic illustrate
the origin of strain in the Si/Site heterostructures;



[00161 Figure 2 illustrates another way of introducing strain in the
channel is by using a high stress filmas a stressor; [00171 Figures 3a=3g
show a first enbodi ment process flow, and [0018) Figures 4a-4d show a
second enbodi nent process flow. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE

EMBODI MENTS [ 0019] The naki ng and using of the presently preferred

enbodi nents are discussed in detail below It should be appreciated,

howev e rBRIER TWESOREP TIOVSEINTHE MREOWINGS pr ovi des many applicable inventive
concepts that can be enbodied in a wide variety of specific contexts. The
speci fic enbodi nents di scussed are rely illustrative of specific ways to
make ad@0idke R amare izl wnderstandige gg'lhelp eI VRO %’th%?d"i“%%gef nventi on.

[ 0020] The preferred enbodi nent of the present invention relates to the
field dhereafdgicrearis 8o madeipitheioliowing desgpptians taken megpiupetiopvitdle nanuf act ur e
of strained n-channel and p- channel field effect transistors with

separ atastgnrgptingfpwimepamhishhmnce. [0021] Wth the preferred enbodi nent it
is possible to separately optim ze the performance of n- channel and

P- channghy 4 F angigsfeQh ShdWé 2BENRABET Rehidel SiliBa tirBisRRHitHB el 8GAbyd-he strain
in the. channel “region of the transistors. For exanple, it is desirable to

| nduce @ 5aashiahdeMdn il 15 A Beknef sild8 1z hannel transistor in the
source-to-drain direction. It |£ al so desirable™to induce a conpressive
strain in the channel - of the p-channel transistor in the source-to-drain
di r ect i (8815 [ 00Biz}res hb andd cdlinstate therpriginpf sirgp insthe S¥SiGRbERIORTIHISES; t ensi | e
stress nmay be enployed to

[0016] Figure 2 illustrates another way of introducing strain in the channel is by using a

C

high stress film as a stressor;
[0017] Figures 3a:3g show a first embodiment process flow; and

[0G18] Figures 4a-4d show a second embodiment process flow.



i nduce tensile strain in the channel region of transistors. Tensile strain
in the source-to-drain direction, however, degrades the nobility of

p- channel transistors while inproving the nobility | of n-channel

transi stors. According to the preferred enbodi nent of this invention, a
stress decoupling region, e.g. a void, can be enployed to decouple the
effect -of a high-stress filmon the channel region if the effect of the
hi gh- stPEBAILED IESCRIPBIQNOF IdeUS TRA RS EVMBQ Briers in the channel
region. -7 [0023] For exanple, a high-stress filmwth a tensile stress

exerts @nf nsi Igﬁanne &diueing Bthe ggwnﬁggﬁe%n@a @hﬂocﬁinﬁlﬁ&éﬂe BfcusshAgh adiing hol e

nmobi |it trans st or formed I n the spacer

regi on of h?s uﬁ%%ggﬁlmité@ﬂ@»éﬁemhat Beb %@ﬁ?ﬁv&ﬁ% [ 86t m grli gﬁcamegh stress

film Free surtaces presén A gt ral R free bound ry con n and

t her ef of G ée (Ei)ggc%gs}}hatc bod Em e@ée gl\rﬁeﬁ' P&?ﬁc coﬁte¥@' % @9&@9 I's defined

by or SO ree sur ace ress in the rcrnity of the

void is ect very, . aci

i h- st s e Eeh e ‘é‘ BUAHIIE AR PRGNS e
negative i the tensile stress on the p- channel transistor can be
reducedmmfngPéF5$§wSWWS°§£?§§?18? the high-stress filmcan be decoupl ed
from sel ected channel regions by placing voids in the vicinity of the

sel ect e@izi)ann&he pletegd agbodatiein ofithe prsenhidvaition erlgesab thedieklodfed transi stors.
A larger void would result in nore decoupling and therefore | ower stress
| evel s. selmidon@uctridbces) 4@ modé shetificdllpeto Stpanantictte diaiped n-channel and p-

channel field effect transistors with separately optimized performance.

[0021] With the preferred embodiment it is possible to separately optimize the performance
of n- channel and p-channel transistors by engineering the nature and magnitude of the strain in

the channel region of the transistors. For example, it is desirable to induce 2 tensile strain in the
charmel 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.

[6022) In one embodiment, a high-stress film with a tensile stress may be employed to
induce tensile strain in the channel region of transistors. Tensile strain in the source-to-drain
direction, however, degfades the mobility of p-channe} transistors while improving the mobility
oi{ n-channel transistors. According to the preferred embodiment of this invention, a stress-
decoupling regioﬁ, e.g. a void, can be emplgyed to decouple the effect of a high-stress film on
the channel region if the effect of the high-stress film is to degrade the mobility of carriers in the

channe] region.



channel transistor can be larger than the void in the spacers of the
n-channel transistor. [0024] Figures 3a-3g illustrate a first enbodi nent
nmet hod for separately optimzing the strain in the channel region for
transistors in a sem conductor chip. In the preferred enbodi nent, the
starting material is a silicon substrate, but it is understood that other
subst r af@823]jc ONMFok Slafle, £ RiFReLE ilhe Witk 0 RAsikl spesseubrtta terstls strain .the gal | i um
arsenide, or alloy sem conductor, e.g., silicon- germanium mnay be used.
The st akdurdtQoBRdieditedtiodBdpraliftholanebilie i S-eelhel hansiass] Asvldaharbe substrate,
such as a silicon-on-insulator substrate. The starting material may al so

i ncl ude f@hed RRhd %%ée@ kdp¥on@t Q16 -cheHeLeRgiGt Bredudy the effod bOthe highaped flgi on
within a sem conductor layer, e.g., .a triple well structure. [0025]

Figure Za.shiewss kheseRl £faly Rd 18iiaad aENREonMIE tiRerd B réfréseht riontBlitivedy 1S a
bulk silicon substrate 202. Isolation regions 204a, 204b and 204c

D04 ar o o R bl B e’ Wt - beed | nthe
e ., oD RS ShRA SRR Gh7 iy |0 P Aot VS bEeen SR A%S538) 7 gure
204 andrd B bRl 8 AIEARN iafiop 1 RR5 A BOR: IRl d ol of

ar cas. o i BB ARBP ARk aLEI T Mt be AEHERSFRIMACA® Dtive aren.
e channre g A SRRALa bR BB S B RS B it o BBl NG OB o o

the s Ub%égric‘;’lnts,esughoé 11t1 %tszlch% loy sde?escteﬁ rﬁ%nsistors. A larger void would result in more

decoupling and therefore lower stress levels. For example, the void in the spacers of the p-

channel transistor can be larger than the void in the spacers of the n-channel transistor.

[0024] Figures 3a-3g illustrate a first embodiment method for separately optimizing the
strain in the channel 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-
germanium, 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 a bulk
silicon substrate 202, Isolation regions 204a, 204b and 204c (collectively 204) are formed in the

substrate 202. The isolation regions 204 are preferably shallow trench isolation regions known

-8-



p- channel transistor will be doped with n-type dopants. These doped
portions can be acconplished with the use of one or nore wells, as know in
the art. [0027] A gate dielectric layer 206 is forned on a top surface of
sem conductor region 202. The gate dielectric 206 may conprise silicon
oxide, silicon oxynitride, and silicon nitride, or any conbination of

t hese and @ed il the ardl It Brunddritvel thiat otheeisgation seuaes sudhas H6l8 ogdn (de, f ormed from
a material having a relative permttivity greater than about 5. Exanples

of suclforiet By ihall®al oxdatisieof sitlcominmybeaxddde, | ant hanum oxi de, haf ni um oxi de,
zi rconi um oxi de, hafniumoxynitride, or conbinations thereof. [0028] A

gate el ode..material 208 is then deposited, The te ele ode materi al
ref er MG corfiPie SHUESEBR AR STVE i Er 1 e A RGO SIar 208 S

t ant al titaniu nol en tungsten, atinum .al ymi num .hafni um
it hon iy i Shepaberyfo AR i HotPRipas bR PE A B RSP | of de,

ni ckel sjilicide, tantalumsilici dg), ﬁ metal .nitrj }e ée.g‘, titanium

ni tri davill be fommed inonelths 3riye argrs Rt 2 pEhiwel §ratisiey Willebe £pmed i the pther
poly-crystalline_silicongermni um , or:an ot htﬁr _’g(ﬁndu tive materials.
Conbi natiERLao s iskagwun ipihe ail.despastgn %é“hﬁ%@ﬁ?‘g% ¢ ippludepthe @-chamiigliuct or's can
be used along with any of the gate dielectrics |isted _above. In one
exanpl| &ansigeryvif he deped With @ompg depaipeditherprigipltheshdepis 207 tatinglydes theat e
poly-crystallin€ silicon. -9 [0029] A |ithography step is_then perforned
f ol | owdckhpgnebiransisionivillpesiopes with #-biperdepaglst hese dened PaBIoBHHMACi n Fi gure 3a.

The gate stack includes fgate el ectrode 208 and underlying gate dielectric
accomplished with the use of one or more wells, as know in the art.

[0027] A gate dielectric layer 206 is formed on a top surface of semiconductor region 202.
The gate dielectric 206 may comprise silicon oxide, silicon oxynitride, and silicon nitride, or any
combination of these materials. Alternatively, the gate dielectric 206 can be foﬁned froma
material having arelative permittivity greater than about 5. Examples of such rpaterials include
aluminum oxide, lanthanum oxide, hafnium oxide, zirconium oxide, hafnium oxynitride, or

combinattons 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., titanium
silicide, cobalt silicide, nickel silicide, tantalum silicide), a metal nitride (e.g., titanium nitride,
tantalum nitride), doped poly-crystalline silicon or poly-crystalline silicon:germanium, cor: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 silicon is deposited and recrystallized to create poly-crystalline silicon.

-




206. In the preferred enbodi nent, the gate electrode material 208 is
poly-crystalline silicon (poly-Si) and the gate dielectric material 206 is
silicon oxynitride. The thickness of gate electrode 208 will typically
range between about 500 A and about 2000 A, preferably | ess than about
1500 A. The equival ent silicon oxide thickness of gate dielectric 206 will
typi 08%00291 an g@thoPRpestd idien berforfle@RUoRODbI anbhihg sith@d R hlpytelsesk t han

about [ 0030] Source and drai n extension regions 210 and 212 are

f or med 20 ¥hdwaiNn FigRleaa! Thd Qe stdck indd¥Rs PiEEISdios2(3 0 dhdWeiping ghieidldeaitsi st or s
200 and 201 with channel "regions of different conductivity types are

for med.o0601n tﬁéﬁ@ﬁh@d erhtRRinknE RG] el Rb&RAGR am; 981 oAb kilidd?) can be

formed by inplanting a dopant such as boron whil e n-channel devices are
masked. o1 'Sﬁp € gatk Hi%le@&x% hapaal 20%>i£ SRRy Kig Rk 0"P§e t%ﬂef%ne(s%f % #0) can be
f or med antlng dopant such as arsenic and/or phosphorus while the

p-chan %‘ﬁelcugcfe 0§ %ﬁll Eﬁrg}f%qjgg{éegg %ﬂtluhﬁﬁf £55d AJut¥P80 Kopnge%[ﬁeétﬁn spacers

214/ 216 are orne e gate el ectrodé 208. “I'n one exanpl e,

the SPASBIqsiR. B ch EARA ol BRI Bk XEBOLBHOSHL SRRyl Sl 1

mat e on OXI or sili1con I’l tri y an

ani sot rb%R;re%n ou@ R%“&)f@t‘)‘pfq‘ﬁ flggag%lésgmta%&% Ato form sinple spacers. In

t he exarplé I gure rs-are conposSite spacers. A conposite
spacer nay conprise a dielectric liner 214 and a spacer body 216. The
di el ect[f#39] | i nBour@ldd dmin dxeention regebnby1 0 dnd 282 pie Sortried by &h implinetierctIni ¢ | i ner
material, e.g., silicon oxide, and the spacer body material 216, e.qg.
si | i conhspreferretbembodintentyido trynszstoraditsiod 2@lpwith clenud regsginm of different ve i on
etching. In another enbodinent, the liner 214 may be an oxide and the
conductivity types are formed. For example, the p-channel extension regions 210 {or 212) can
be formed by implanting a dopant such as boron while the n-channel devices are masked.
Likewise, the n-channel extension rcgioné 212 (or 210) can be formed by implanting a dopant

such as arsenic and/or phosphorus while the p-channel devices are masked.

[0031} Referring now to Figure 3b, spacers 214/216 are formed on the sides of the gate
electrode 20#. 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 nitride.

-10-



spacer body 216 may be a nitride. -10 [00321. According to the preferred
enbodi nent, a transistor 200 of a first conductivity type in a first -
active region (the portion of sem conductor region 202 between isol ation
regions 204a and 204b) is to be formed with a lattice-m smatched zone in
the source and drain regions. Referring to Figure 3c, this can be perforned

by fornoogela diagtedihg toQhdEistrred EnibdBiient, AGrafGRGNA0 ofl fitsv@nd@Givitpypkhe
portion of sem conductor region 202 between isol ation regi ons 204b and

204c), nRifed abtive kdpil@thepoARDL OF sehﬁeo@auct&h@gééﬂm%&te_@ﬁ isdiR@onatgibie20lhr St _
conductivity type 1s exposed. [0033] As shown in Figure 3c, a recess 220 is

et ched Jn@b04t)ero 30 Wirmed MIH a il MniRAERA Sofin tRGourks s Rigions. the first
conductivity 'type. The etching of the recess 220 nmay be performed by a dry

pl asma @GR D e MERE §S this ¢ bh ?ﬁgd}%lleé 6% feding TRRM R Hhask Es®R: iHaGepHlSt rat e

202 is a silicon substrate, asma et ching process may enploy fluorine

chem Stive {egioﬁ pﬂgfi%ﬁgfoqaﬁgﬁgn&% repfdn zbfﬁet@&éammogfmgﬁc{}gzgﬁ@as 220, the

dielectric ne conposi te spacer mght be slig etched to

form a“zddﬁ)gghtﬁg‘ir}cﬁﬁ@s b0 901 R8hE (b DOYb £ 1Re Eéﬁg%bﬁlﬁ%cr?ﬁi%%ﬁé E%&é&é@g.e.pi taxy

I's perfor orm source and drain regions transistor of
the first conductivity type. The epitaxially grown material 224 is

pref er al§f38la séwishoyrmda Eigure Jeat weesaP2hiseichefl intodhe soarce and drainregienseb et ant
fromthat of the substrate 202 material. In the case where the first
conduct transistpr ofthefiisscopdudyipigy; typh eTHeatchingof theserasscRe ahay iyapesfarmbd bpa diys
preferably silicon germanium In the case where the first conductivity type
i s n- plasma etching process. In the preferred embodiment, where the substrate 202 is a silicon

substrate, the plasma etching process may employ fluorine chemistry. It should be noted that in

the etching of the recess 220, the dielectric liner 214 of the composite spacer might be slightly

etched to form an undercut 222.

[0034] Referring now 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 different 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 tSil.x,yGexC,) 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 transistor of the

first conductivity type may be higher than that in the transistor of the second conductivity type.
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type, the lattice-msmatched material 224 is preferably silicon carbon or
silicon-germanium carbon (Sii_, Ge,Cy) where the nole fraction of carbon y
is greater than a tenth of the nole fraction of germanium x. The hei ght of
the source and drain region 224 in the transistor of the first
conductivity type may be higher than that in the transistor of the second
conduct{f3s} y t} pewoted that e pHitess stepsofifortrdng thh atask P8, gielonerecess 22 andf f or mi ng
the mask 218, etching recess 220, and epitaxial growing lattice-m smatched
mat er i apit@dd goamgatigpemfsmatcbell pateral 224cantbe phifemmet pror tothe fepwtion of 214/ 216 on
the sides of the gate el ectrode 208. [00361 As shown in Figure 3e, the

di el ectspacersta4/Rl1 Xk 3he ddaselfitiegate elentrdde@08.ase where the dielectric nmask 218
is silicon oxide, this may be acconplished by an etch in dilute

hydr of | pari c ci.d. The renoval ,.of the .218 result i.n under cut
256 1 n Wl G REkrp i FiehBre st Srorhy Rt R (SRR TR SR e Bl it 202
may be larger t 1 he undercut 226 because, it, underwent t uch etch

pr ocessdéezqc%ﬁl;?&rﬁé&m ’g‘?fdnﬂ(r i#© lzsgﬁgsbyf%rc?*ﬁ%d‘m\ﬁ?@ﬂgfzst or 201
are now forped by usin [ i mpl ant.ati on, whi .cavering.the _
transi $f rﬂ%ﬁ?‘."xﬁﬁﬁhﬁgmaﬂf g&é??r‘g)e"ﬁs‘@%%%ﬁct“,t %%‘f@ eo‘%ed%f?ffc limgr g@ni c or
phosphoyus or a_conbination_of baoth. The sourcge an rain regjons 225 are
shown ithe TAPgSIPR20t | fm%@rt%@%ays%qgﬁﬂm e d%wg% ecaysqit 5&65‘1%35 film
228 is formed over the transistors 200 and 201. The high-stress film 228
may be 9P FYRSIENRIAESS#fe or any ot her high-stress material. The

[0037] The source and drain regions for the NMOS transistor 201 are now formed by using
ion implantation while covering the PMOS transistors 202. In the preferred embodiment, the
dopant is arsenic or phosphorus or a combination of both. The source and drain regions 225 are

shown in Figure 3f.

[0038] As also shown in Figure 31, a high-stress film 228 is formed 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 compressive or tensile in nature and may have a magnitude in the range of 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.

[0039] As a result of the undercuts 222 and 226 in the spacers of the transistors, 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 strcss 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 to
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stress may be conpressive or tensile in nature and may have a magnitude in
the range of 0.1 to 4 giga-pascals (GPa). The high-stress film228 is
preferably fornmed by a chem cal vapor deposition (CVD) process. The CVD
process can be a | ow pressure CVD (LPCVD) process or a plasna-enhanced CVD
(PECVD) process, as commonly known and used in the art. [00391 As a result
of the YRAREMY EcoARid ndfatlveedfocts Of &BRigh BRGEifin 8 trdddRtohd GTRAE S&dn@ldivity Ol ds 230
and 232 ‘may bé forrm([j1 In the spacers. This is intentional and may bring
additio%_ benefits to be described. It is noted that during the formation
of the high stress film228, it is possible to conpletely fill the '
undercuts so that no voids will be forned in the final structure. One
aspect 90401t hi dn thapesfaried ambedimensghe fist qopdusHYitOIES is Priveeand thegecopdi ds in a
strained channel transistor to -12 specifically decouple negative effects
of the ¢rndbrtiyity &P isitypa. diach V<2i¢133052tnér2§2b¢5adﬁéragftﬂﬂ%@*ﬁ‘iWb?identif}ﬁé.35100401 I n
the preferred enbodinent, the first conductivity type is p-type and the
second the tagh@B# of thy vaig.pEoriparpases phidiustEtion thedeapttpZ @ adithg veR23Bastha | at er al
extent that can be identified as the length 234 of the void. For purposes
of il | ustacebvf the p-chixmel tengjsthr 284s inflicatédin\Fagude 33 The size ¢ife, voidsip feereanff t he
n-channel transistor 201 is indicated in Figure 3f. The size of a void is

t he ar ethe @bid it the crosd-detiohal iew.CA diss veid i lnpaathand seondAofd, when theoarta 0§ | ar ger
than a second void, when the area of the first void in a cross-sectional

Vi ew i Sthk ditgesidtihatrodshectnslaiend is tdnger thea arrdreaei theistcohdigoid &mthe same
cross-sectional view. A void that has a |arger length or a lLarger size is
expect echosasetrivel view)i 4)R6IM that has a larger length or a larger size is expected to have a higher

decoupling effect than one that has a smaller length or a smaller size.

© [0041] In the preferred embodiment, the size of voids 230 and 232 can be measured relative
to the width of the spacer 214/216. For example, the void 232 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-channe! 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
reduce the negative effects of the tensile stress film 228. According to-anotherembodimentof
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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decoupling effect than one that has a smaller length "or a smaller size.
[0041] In the preferred enbodi nent, the size of voids 230 and 232 can be
nmeasured relative to the width of the spacer 214/216. For exanple, the
void 232 may have a length 234 larger than 5% of the spacer width. In

anot her enbodi nent, the void 232 has a length that is at |east 10% of the
wi dt h ofpsmpacern &gd,égehﬁ,odmgﬂ e é)l-dhaﬁ'leﬁﬁ'ﬂ@is‘@r bomhay leivs b highstremddmf288m 228 is

used to cover both n-channel p- channel transistors 201 and 200, the

channel tﬁﬁt‘?&éo Asesd binQhtutd Mad &trea}pc&ﬂaﬁﬂe%&mmdr bo EXREkdve AbihasteRTRin228 St r ai n.
The n-channel “transistor 201 wll|l have benefits of nobility enhancenent,

while the; eﬁﬂ@(‘fjﬂ‘&h%e (t?E ndh Pleuld 3. W doknpRadiee SR BateeuliDRIchinbiessive cor di ng

to the pre erre I ment, voids 230 nmay be introduced in the vicinity

of the %Q%p?ﬁ'{e chéfh %1(}9%81?@36%}11& g’est g “s%kortzt)@m&héso@fcez&aaatnﬁel direghene the

negati v ects o e tens | m 228. According to

- anot el hads g sieﬁ%aﬁmt IR s QR résm@mqa@n@@&mﬁ RAhOdharRBregfont he

p- channw1 an3|s ave a larger void 230 than the void 232

adj aceng, t nne 2 o) Db k 13 (0043]
I n anot #«gr qg}%‘o ?an%g 09901— g%éen r?mItCQ?Or J531hns | stH g%lg%mgg{}}%cg\%&gécﬁ?g h-stress
film238 I is conpreSS|ve In nature and the n-channel transistor 201
may hav® Q- rgh stress film228 that is tensile in nature, as shown in
Figure 3g. A conpressive stress that results in conpressive strain in the
channel [00¢4]i on TA86nefurd bicFigure Bamag be formetiysirstrforgog ha strirturs ofFigure 86- channel
direction wll enhance the hole nobility. A tensile stress that result in
t ensi | easitfoming & maskeotchammed covegthe fensile high-stress film 228 over the n-channel

transistor 201. The high-stress film 228 over the p-channel fransistor 200 can then be removed
_in accordance with the mask. A compressive high-stress film 238 can then be formed over the p-
channel transistor 200. For example, the film can be formed over the entire device and then

etched to the desired pattern.

{6045] Another method embodiment of the present invention is illustfated in Figures 4a-4d.
Ttems 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 F igure 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

grown in the recesses 220 and 240 of the source and drain regions. Different lattice-mismatched
materials may be used for ﬁne p-channél and the n-channel transistors 200 and 201. This may be
accomplished, for example, by forming a first mask (not shown) to cover the n-channel transistor
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236 of the n-channel transistor 201 in the source-to-channel direction wll
enhance the electron nobility. [0044] The structure of Figure 3g may be
formed by first formng the structure of Figure 3f and form ng a mask (not
shown) to cover the tensile high-stress film228 over the n-channel

transi stor 201. The high-stress film 228 over the p-channel transistor 200

can th ' ' 1 ; i gh- st
& @g ﬁéﬁﬂe}%&gaefﬁ%}:ﬁn%@% CAREGel Yol £ 16 sERREndutof BARFAIAR WEhAI gh- stress

film2 over the p- channel transistor 200. For

exanpl il Il “ﬁ“s% t entire device and then etched to
t he degquf‘%gﬁ%g{%%&pf%&éﬂﬁﬁ%t er oég?ﬁ'od enbodi nent of the present
invention is illustrated in Figures 4a-4d. |Itens previously djscussed with
respec{008d Fi gifies theSast Bysinisk¢maved, asecond pask @at hewa) is Tormadp seppdmaskoo and
201 of two different conductivity types are forned in two different active
r egi ongg coaerdhe p-hignsd transister280.0A stcond emjieninis teph peefermed o wehstitelbgeMet ors are
recessed using an etch. The etch may enploy a dry plasma etch, for

exanpl eecoilhemiendictirmgutesinl 24dtinthe sowcesind virnin regioh glithe nahanngkiranbistos hows
recesses 220 and 240 in transistors 200 and 201, respectively. (0046]
Ref er r 0p TiewesubinEisguatee dishdw inilpmrdts mat ched regi ons 242 and 244 are
epitaxially grown in the recesses 220 and 240 of the source and drain

[ j ff t lattice-m ; ' < - th
O B i i 0 S
accompl i shed, 1.gr, exampl e, by, or 1% 34f LEShe SR LAGh oSN to cover the

germanium-carbon (Sij..yGexCy) where the mole f:_:action of carbon y is greater than a tenth of
the mole fraction of germanium x. Since the substrate 202 material is preferably silicon, the
presence of a first semiconductor material such as silicon-germanium with a larger lattice
constant will result in compressive strain in the channel region 236 of the p-channel transistor
200. Similarly, the presence of a second 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-channe! 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 undercut by exposing the dielectric
liner 214 to an etch process. If the dielectric liner 214 is silicon oxide, the etch can be a

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

[0050] 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-charmel and

the p-channel transistors as discussed previously with respect to Figure 3g. In another
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201 and performng a first epitaxy to selectively grow a first

sem conductor material 242 in the source and drain region of the p-channel
transi stor 200. [00471 After the first mask is renmoved, a second nask (not
shown) is forned a second nmask to cover the p- channel transi stor 200. A
second epitaxy is then perfornmed to sel ectivel row a cond

seni corfmpediseniahighisiess film is fprmed ovaroue elthe epsis Or(%‘gzoéib‘ﬁf‘oith% n- channel
transistor. 201. The resulting structure is shown in Figure 4b. 100481 In
the pr edtbarimaesistorB8H(@00, the first semconductor material 242 may be
silicon germanium and the second sem conductor material 244 may be

silicon 9‘.’3’1"] bon Vﬁ'ﬁle #id inGHhon HEHIB UL HREALAR Fefdrdtide to ﬂluk’tﬁﬁve EMdodgite the nole
r

fractio of ca Is greater than a tenth of the nole fraction of

ger mani gn scn Jﬁqgn&h{ﬁe{ﬁlgﬁ)ﬁ) o Abstralitin TR lﬁgaéenées %ﬁ@&ﬁﬁ@&?ﬁéﬁt@ﬁsl agon, the

presence O I'rst sem conductor material such as silicon-germaniumw th a

| ar ger J'é%gﬁ a ﬁgﬂgﬁzl@:l%ﬁlatw\é‘ehloocﬁgl%ﬁ% s Wl gsgéﬁ?ér%ﬁlﬁb?iﬁleﬁé Bﬁh@ ivBntlae channel

regi on annel” transi st or arl'y, the presence of a

second &/Eflrge%{%gag %%erso?%s%]leﬁ énnt%xg ﬁJP n@t}% rgﬁcie tlﬁa é}ié& ﬁ% tl'f'ls@heréfgﬁl ler,

| atti ce cons erla ts In tensile straln

Cpacer sTORIE T BRI SARSFRPHPLS SRR s Sl @iodbenid o cpacers.

and the dielectric liner 214 of the spacers nmay be i ntentionally 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.



[ 00501 A high-stress film228 (or 238) is then fornmed over the

transi stors-200 and 201, as shown in Figure 4d. Al though not shown,
different filnms can be formed over the n-channel and the p-channel

transi stors as discussed previously with respect to Figure 3g. In another
-1s enbodi nent, a high-stress filmis forned over one of the transistors
200 (or 201£ but not the other transistor 201 (or 200). 100511 Wile this

i nvent i SYHARE BeAPMB LY i bed with reference to illustrative enbodi ments,
this description is not intended to be construed in a limting sense.

Var i ous jnodi A inabd@REmpiehg: COMbi nations of the illustrative embodinents, as
wel | as other enbodinents of the invention, wll be apparent to persons

skilled in the:akilledRONAFhe s SRaReltrgrddie description. It is therefore
i ntended t hat the appended ¢l ai ns enconpass any such nodifications or

embodi ment s. , SRL rg%n%é\lﬁ'}m +=:§bn bn o@orsihéﬁﬁés%tfﬁfe AP ESbh G AaiRl € |
dielectric overlying a channel “region; a source region and a drain region
on oppo G : rjsing a
ot o B o i e e g o
second g&gh&%&g&ﬁ&q Bl irai,al; a gate el ectrode overlying the gate
dielectric; an st “and gecond spacers forned on sides of the gate

el ectrode, ea ga}%e QlekoB$ oveHPHhE the gate dielectric; and

first and second spacers formed on sides of the gate electrode, each of the spacers

including a void adjacent the channel region.

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

meréof.

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

channel region.

5. The transistor of claim 1 wherein the high-stress film has a stress with a 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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i ncluding a void adjacent the channel region. 2. The transistor of claiml
and further conprising a high-stress filmoverlying the gate el ectrode and
spacers. 3. The transistor of claiml| wherein the high-stress film
conprises a material selected from the group consisting of silicon
nitride, silicon oxynitride, and silicon oxide, and conbi nations thereof.
4_ The %r an3heteowistor oflzing whergie theivaidindispasedin teedineeexidenf s parer. of t he

hi gh-stress filmon the channel region. 5. The transistor of claim1l
wherein the high-stress filmhas a stress with a magnitude in the range of
about G 5 t?h@QQHfstof‘oﬁ?ﬁm lawhe}-é'iﬂﬂfe'llﬁ&%xﬁc(lbmgﬁse@ kifiboh dxidehad GleRp@REh Spacer
includes a |liner oxide and a spacer body .

wher ei n,Lig, Iﬁ}isgséllﬁzogh ed in the liner oxide of the spacer. 8. The

transi stor of ‘clarm]l erein the liner oxide conprises silicon oxide and
the spacer body conprises silicon nitride. 9. The transistor of claiml
wherein the_transjstof is a nnel transis 10., The transistor of

cl ai m - and Thefreastsior g FH%W&@“H [LaRgiStRs 3 Py ﬂ?ﬁb¥ﬁ$§@ﬁg the gate

el ectrode and the spacers, wherein the high-stress filmhas a tensile
stress. 11. The transistor of claim1l wherein the transistor is an
n-channg, t maeahsistr of claim 9 and further comprising high-stress film overlying the gate

electrode and the spacers, wherein the high-stress film has a tensile stress.
11.  The transistor of claim 1 wherein the transistor 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 ssmiconductor material comprises silicon.

14,  The transistor of claim 13 wherein the second semiconducior material comprises silicon

and germanium.

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

“and carbon.

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.

The transistor of claim®6



12. The transistor of claim11l and further conprising high-stress film
overlying the gate electrode and the spacers, wherein the high-stress film
has a conpressive stress. 13. The transistor of claim1 wherein the first
sem conductor material conprises silicon. 14. The transistor of claim13
wherein the second sem conductor material conprises silicon and germani um
15. Th¥/-t r diksitransistorof claimnl whdreinttieer gaterdigléntriccmomprisksealinlestricdvitt aorelatine er i al
conprises silicon and carbon. 16. The transistor of claim1l wherein the
gat e dpeinitivityi greagotipnebegS5a materi al sel ected from the group consisting of
silicon oxide, silicon oxynitride, silicon nitride, and combi nations
thereof. -18 17. The transistor of claiml| wherein the gate dielectric
conpri §es ] ri 1 : tJ . (VA about 5.
BTt e e e B R N e

mat er i A ISl TagEailaHobd nt hanum
oxide,éﬁgﬁﬁ%gﬁ%ggﬁ%%, Z|&@gﬁgﬁﬁggyﬁﬁgﬁbgﬁ%mgﬁg%%?ﬁnfoxynﬁ@%#gg?m%ﬁd

combi n &&ﬂ%%%BEQSQ&dc&ﬁm Jﬂﬁsﬁé@@éiStor of claim1l wherein the gate

el ectrode conprises a conducttve material selected froma group conpri sing
of a netal, a netal silicide, a netal nitride, and conbinations thereof

19.  The transistor of claim 1 wherein the gate electrode comprises a conductive material
selected from a group comprising of a metal, a metal silicide, a metal nitride, and combinations

thereof,

20.  The transistor of claim 1 wherein the gate electrode includes a doped poly-crystalline

silicon material.
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20. The transistor of claim1l wherein the gate el ectrode includes a doped
poly-crystalline silicon material. 21. A sem conductor chip conprising: a
sem conductor substrate; a first transistor formed in the sem conduct or
substrate, the first transistor having a first channel region forned from
a first sem conductor material and having a first source and a first drain
r egi on2t.or nkeenicondhdorshipsomatiingpposi t el y adj acent the first channel

region, the first source and the first drain region conprising a second
sem conductasempmnducionbuttstiate; i s lattice-msmatched with the first

sem conductor material; and a second transistor fornmed in the sem conductor
substrat e anfirsttembistor farmoairiol thetsemiconydutippaibsteitd, therfirstitransisier haviopadiostt i vi ty
type of the first transistor, the second transistor having a second

c hannekhaned irepionf fornmad droht Dfitst demidondigtor amtericiand ieving a frest srurcgland & st second
transi stor also having a second source and a second drain region formed in
t he sulbsin'agien fippedinttiel yibadjeuppoiitelyadjasacia dirst clanedetgion giedinst sothes second
source and second drain regions conprising a naterial different than the

second afEifit G80aERires o @indiikial a setdnd Ehtcohéittar aiditial that ic hitjee ofismdtetieth 21 and
further conprising a high-stress filmoverlying both the first transistor

and t heuifh @& sbhRbsdusloPhateda; anihe sem conductor chip of claim 21 wherein
the first transistor further conprises a first spacer adjacent a first
gate el ect r pggoddnahsiQYfoh&Sn iRQehichilucteNabiedte 4rAHaGRg 2 bhRuttviytyepacer

different than a conductivity type of the first transistor, the second transistor having a second

channel region formed from the first semiconductor material, the second transistor also having a

second source and a second drain region formed in the substrate oppositely adjacent the second

channel 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 regiop, the first spacer
including a first void formed therein, and wherein the second transistor further comprises a
second spacer adjacent a second gate electrode that overlies the second channel region, the

second spacer including a second void formed therein.
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including a first void formed therein, and wherein the second transistor
further conprises a second spacer adjacent a second gate el ectrode that
overlies the second channel region, the second spacer including a second
void fornmed therein. -20 24. The sem conductor chip of claim23 wherein the
first spacer and the second spacer each have a dielectric liner, and

wher ei 24.t h&he ersicondostor chipcbfickum 23 wberdinyls fitstspecer andkihesornd sprer ek ectri c
l'iner. 25. The sem conductor chip of claim23 wherein the first void has a
| engt hhdva a tifetectiatiger, afd velieoain the Girst woid bt the fEondveidare dneted ighe diglgctric

sem conductor chip of claim25 wherein the second void has a length |ess

t han alwgit 100 angstrons. 27. The sem conductor chip of claim 23 wherein
the first void and the second void have different sizes. 28. The

sem conductor chip of claim27 wherein the first void is larger than the
second,y0i dr LT '&ng G ' : @i (7=Y first
senico%%uc?%%ség?g}lgPPﬁgi a @Eésﬁm%gvg?g%tf%f??%ﬁéggﬁgﬁgkﬁ¥k§ﬁd t he
second ,sem condu ial has a second natural lattice constant, and
mhereiﬂxpﬂgﬁg %%é&%%%%%hs'lattice constant is larger than the first,
natural lattice constant. 30. The sem conductor chip of claim29 wherein

at least a portion of the first channel region
26.  The semiconductor chip of claim 25 wherein the second void has a length less than about

100 angstroms.

27.  The semiconductor chip of claim 23 wherein the first void and the second void have

different sizes.
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.



is under conpre'sive strain in the source-to-drain direction. 31. The
sem conduct or chip of claim21 wherein the second sem conductor nateri al
extends above the height of the first channel region by an anobunt in the
range of about 10 to about 500 angstrons. -21 32. The sem conductor chip

nder "t Bei 1 nEispindlop: R beBREE! VBN b i PEGFTY UM pkRet o ' ©
sem conductor chip Q l.aim 21 and further .conprising a high-stress film
f or med rgg}%l}lsg?éjefge%{e%%“bn&mf?%cef 40 A% cond transistors, wherein the

hi gh-stress filmhas a tensile stress with a nagnitude in the range of
about 0.1 to about 1.9 GPa. 34. The sem conductor chip of claim2l1 and

f urt her 33onpilhssemgeoadusiog lohip of elgisn 11 dndhffirthenewhprising e high-dtresSiimdimmedf t he

first and second transistors, wherein the high-stress filmhas a -

conpr es Sivereat Bt @ssofithd firseantaepond tralwisions, wheremalngleglo$teds filnt kash.téhsiPa. 35. The
sem conductor chip of claim?21 and further conprising a first high-stress
film fotresdibaataghinelefin ths tankpe afubost(0r toabeitd. 99@R0nd hi gh-stress film forned
over the second transistor, wherein the first high-stress filmhas a
stress that is different fromthan the second high-stress film 36.- The

sem con C&Hpt Ofné l‘n?coﬂ{iuc ch %iug:og %Igir{wglrnzgéd%ﬁﬂlgc%ﬁggq hg%lﬁsé[fe%sriﬁﬁl ﬁ) sistor

COI’TpI’! Ses a p-channe ran S ereln e-se ransi st or
COMPrI SEReti 1t %H@Sﬂﬁé ﬁrIstra%H %éc%}u? {ransistors, wherein the high-stress film has a

compressive stress with a magnitude in the range of 0.1 to 1.9 GPa.

35.  The semiconductor chip of claim 21 and further comprising a first high-stress film
formed over 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

fiim,

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

p-channel 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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37. The sem conductor chip of claim36 and further conprising a high-stress
filmoverlying the first transistor, the high-stress filmhaving a
conpressive stress. 38. The sem conductor chip of claim 37 and further
conprising a second high-stress filmoverlying the second transistor, the
second high-stress filmhaving a tensile stress. -22 39. The sem conduct or
chi p of 3 ai The&micvadictrichigrof clainpit anid grthar ¢impmisiog p bigh-streds filmweedyngg t he
second transistor, the high-stress filmhaving a tensile stress. 40. The
sem condbeseoondatangstaf the highrsirSs filvh bavange tehsdle firasst source region and the
first drainregion each include a silicided portion. 41. The sem conduct or
chip of claim40 wherein the silicided portion includes germanium 42. The
sem condct o j ' L j and the
second M o o€ SteRluiethif kLS Fhidh IR ERSRRtS SaMk G he RO NaA

sem condyg i & |.al wherein the first source region and the
first dﬁg§%9é$gg#§ﬁ9é§§lﬂ%ﬁ%ﬁ%ﬁé a silicided portion, and wherein the
silicided portion of the first source and drain regions conprises a
different silicide than the si]icided portion of the second source and

drai n r i ondhe smicoprecteschiped glgine tbwheein ghegilickded pertion inghydesgiernanisnsecond
source region and the second drain region are forned fromthe first

sem conductor material. 45. The sem conductor chip of claim?21 wherein the

second SAUr CEht eghi€iRdadet chiperf SRES Bhwherein the second source region and the second

~ drain region each include a silicided portion.

43.  The semiconductor chip of claim 36 wherein the first source region and the first drain
region each include a silicided portion, and wherein the silicided portion of the 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 region are formed froma third sem conductor material, 46. The

sem conduct or chip of claim45 wherein the third sem conductor materi al
regions includes a lattice-m smatched zone. -23 47. The sem conductor chip
of claim 45 wherein the first sem conductor material has a first natural

| attice constant, and the third sem conductor material has a third natural

| at t i ce4748. THdyemkemdueR thif bdlaishspviRteitiha s femivdtdt®@brmdidiRl hddialgnat ur al
|attice constant is smaller . than the first natural l|attice constant. 49.

A seni candiaCltice BRIaRCarHARDhIrS sdhbicondactSi thatGMD haURkd Mndal 1&g Channel
transistor formed within and above the silicon substrate, the p-channel
transistor conprising: a first channel region |ocated within the silicon
substrat,g; first source.regian and a.first drain. region formed in the
subst r a#g' op ssie’E‘E’Pﬂ}&c{%lfﬁﬁP; Bﬁ‘ila‘f"h@ Wieredn the Wﬁ@@ﬁ?&%ﬁ?nﬁ%mﬁmﬁgﬁ sour ce
regi on %pd tQ§ first drain region being formed froma second sem conduct or
mat er i -alP2P fgispanual e poRstaph t j ce constant that is different than a
natural lattice constant of silicon; a first gate electrode insulatively

overlying the first channel region; a first spacer region forned adjacent a
sidewal | of the first gate, the first spacer
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region including a void adjacent the first channel; an n-channel transistor
formed wthin and above the silicon substrate, the second transistor
conprising: a second channel 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
drai n A®gi ofserhieomigetorf devicecbréprisimga materi al different than the second

sem conductor nmaterial; a high-stress filmoverlying at | east one of the
first transisltionsatdatt;he second transi stor. 50. The device of claim49
wherein the second source region and the second drain region are forned

W thi n t he sp-thand sanshsdrfarired within add abolb ehediiicbs aubsttates; kiRiprohdéheivher ei n t he
second source region and the second drain region are formed froma third
sem conahsstd cotiprisgiiet al that has a natural lattice constant that is
different than the natural lattice constant of Silicon and the natural

lattice constanta it chddBelSOSSNWcat&IBMIGOME Hilitd subBiaes | 2l . 52. The devi ce of
cl aim51 wherein the second sem conductor material conprises silicon

germani um and t RgirdtRburek SE0H SNkSL Rdin PRRloR Thrdled GNP kibs@ae Spdokitdyy car bi de.
53. The device of claim49 wherein the silicon substrate conprises a
si || copdjh@N@he Rfst hanr! tebRANNOHrsl btk dlefin 88 BRI &1n region being formed
from a second semiconductor material that has a natural lattice constant that is different than a
natural lattice constant of silicon;
a first gate electrode insulatively overlying the first channel region;
a first spacer region formed adjacent a sidewall of the first gate, the first spacer
region including a void adjacent the first channel;
an n-channel transistor formed within and above the silicon substrate, the second
transistor comprising:
| a second channel 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 region.are

formed within the silicon substrate.
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54. The device of claim49 wherein the high stress filmoverlies both the
n-channel transistor and the p-channel transistor. 55. A nethod of form ng
a transistor device, the nethod conprising: providing a substrate
conprising a first sem conductor material; formng a gate dielectric on
the substrate; formng a gate electrode on the gate dielectric; formng
spacerd. onThké dharwabf daiof 49twierdgathe sebad {outdfegidd SRALEInS mmgdaﬁweng a void;
form ng a source region and a drain region within the first sem conductor

mat er iferimed &idimeecthind senfiaadicte neitetial Gt Hab @ nftadaPlafice 6dnsQAthat $Adiflers@Ur CE€ 1 egi on
and drain region conprising a second senm conductor material; and formng a

hi gh- shahelsesnahirdlfatdieRbnstdhe offlicdn ehPGE hAERI 1k cGRARKEIT he sbdHfd SOUr ce regi on
and the drain region. 56. The nmethod of claim55 wherein the transistor is
a p- chanieldutopmsikesdlor . 57. The nethod of claim56 further conprising
formng a recess within the first- sem conductor material adjacent opposite
ends of the gate el ectrode prior to fornlng t he source and drain regions.
58. T eé% Hal 57 further ngg: %Hg ow a second .
seni conduc r‘ﬂa?f’g ‘31“ L yvherrin E"é?% 8¢ or, B‘Hc%‘fpr'é?séil’r?%8 wher ei n
t he S%I%%gu%%mdﬁgn%qfton terial jncludes silicon _and

e 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,



germanium .60. The nethod of claim58 and further conprising, after the
step of formng the source and drain regions, formng a first conductive
material on the source and drain regions. -27 61. The method of claim5 5
and further conprising, after the step of form ng the gate electrode,
form ng source and drain extension regions in portions of the first

sem conflict ok methed)pbiiormaihg g trebisir devicehthe gmthod ebmprisingle. 62. The net hod of-
claim5 5 wherein the transistor is a p-channel transistor and wherein the
hi gh- st r ess protidingasubatratommupesing ¢ dirs sendesndu@®. matréalinet hod of cl ai m 55
wherein the high-stress film has a tensile stress. 64. The nethod of claim
63 and furt Nermiggapae diclagrit opthantistgej ons i nto the high-stress film  65.
The met hod of claim55 wherein the transistor “is an n-channel transistor.
66. The met heghiaf a gitatloat®le vhithe ghta diecltetriaj gh- stress fil mhas a conpressive
stress. 67. The nethod of claim®66 further conprising inplanting ions into

the hi gh-st ri@ﬁﬁin% kaBars offdewalld bEheRitdelebt@fie, theaipioetseavihlipivirign: volie hi gh- stress
filmhas a tensile stress. 69. The nethod of claimb55 wherein the

transi stor igmifg Bs@RRNBAn AddARAIS teRlon Wilke: thBfiROmicdndiidifieRat&IPr i sing
formng a recess within the first sem conductor material adjacent opposite

ends of ,§RRnRb6site 'eﬁ'd‘s?o"fﬂ{éga@ leleefrode! Qid Bt RGichRBd BRI EEoRBSnHsiigh I €gi ons.
70. The rrethod of claim69 further conprising growing a second

sem condueh OerfiRh&iciR makefial; and
foﬁning a high-stress film over the gate electrode, the spacers, the source region and the

drain region.
56.  The method of claim 55 wherein the transistor is a p-channel transistor.

57.  The method of claim 56 further comprising forming a recess within the first
semiconductor material adjacent opposite ends of the gate electrode prior to forming the source

and drain regions.

58.  The method of claim 57 further comprising growing a second semiconductor material in

the recess.

59.  The method of claim 58 wherein the second semiconductor material includes silicon and

germanitm.

60.  The method of claim 58 and further comprising, after the step of forming the source and

drain regions, forming a first conductive material on the source and drain regions.
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the recess. -28 71. The nethod of claim 70 wherein the second sem conduct or
mat eri al includes- silicon and carbon. 72. The nethod of claim55 wherein
the transistor is an n-channel transistor, the method further conprising,
after formng t.he source and drain regions, form ng a second conductive
material on the source and drain regions. 73. A nethod of formng a

sem comduct The rethadodf clairh 65 Bl foAkkr GOMPHsiE] dfikr theRfep of fhimhgaheSRM conduct.or
region of a first sem conductor material; formng a gate dielectric layer
over ackemdzphdhiag Sourdeegd Oiin d‘x&hﬂ&rﬂ@gi@nﬁﬁ%@n@hﬁ&ﬂtﬁ@ﬁi@t Je¥RhdIRMBI t he
gate-dielectric layer; patterning and etching the gate el ectrode |ayer to

f or m a rgpidnaaligheiGHithaBegate iQfiddliddg a dielectric liner over the gate el ectrode,
form ng a spacer material |ayer over the dielectric liner; etching back the
dielectric liner and the spacer material layer to forma spacer; formng a
recess nt sem conductor,region adjacent the acer, ortion of the

di el ect® ?”l c Wmﬁw@gﬁ%ﬁ ‘?éﬁﬂ%ﬁfﬁlﬁ ‘@93?%5%? AP m?‘ﬁi&“é‘é@é%“% Fiythewi ng a
second s{ggnhco%%tor material in the recess such that a void renmains within
t he Spg -rS €85 48 d Compressive stress.

63. _ The method of claim 55 wherein the high-stress film has 2 tensile stress.

64.  The method of claim 63 and further comprising implanting ions into the high-stress film.
65.  The method of claim 55 wherein the transistor is an n-channel transistor.

66.  The method of claim 65 wherein the high-stress film has a compressive stress.

67. The- ‘method of claim 66 furﬂxér comprising implanting ions into the high-stress film.

68. ~ The method of claim 65 wherein the high-stress film has a tensile stress.

69.  The method of claim 55 wherein the transistor is an n-channel transistor, the method
further comprising forming a recess within the first semiconductor material adjacent opposite

ends of the gate electrode prior to forming the source and drain regions.

70.  The method of claim 69 further comprising growing a second semiconductor material in

the recess.

28-




74. The nmethod of claim 73 wherein the second sem conductor material is
different than the first sem conductor material. 75. The nmethod of claim
73 and further conprising formng a high-stress |ayer over the second

sem conductor material and the gate electrode. 76. The nethod of claim 73
wherein the first sem conductor material is silicon and the second

senmi corbuct Bie mahadiof glaing Fihyyhereia shespeand semigenduefer material ipclutes silipap ambt hod of
claim73 wherein the first sem conductor material is silicon and the second
senmi coRdB¥:or material conprises silicon and carbon. -30

72.  The method of claim 55 wherein the transistor is an n-channel transistor, the method
further comprising, after forming the source and drain regions, forming a second conductive

material on the source and drain regions.
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73. A method of forming a semiconductor device, the method comprising:

providing a semiconductor region of a first semiconductor material;

forming a gate dielectric layer over a semiconductor region;

forming a gate electrode layer over the gate dielectric layer;

patterning and etching the gate electrode layer to form a gate electrode;

forming a dielectric liner over the gate electrode;

forming a spacer material layer over the dielectric liner;

etching back the dielectric liner and the spacer material layer to form a spacer;

forming a recess in the semiconductor region adjacent the spacer, a portion of the
dielectric liner being removing while forming the recess; and

growing a second semiconductor material in the recess such that a void remains within

the spacer.

74. The method of claim 73 wherein the second semiconductor material is different than the

first semiconductor material.

75.  The method of claim 73 and further comprising forming a high-stress layer over the

second semiconductor material and the gate electrode.

76. The method of claim 73 wherein the first semiconductor material is silicon and the

second semiconductor material comprises silicon and germanium.

77.  The method of claim 73 wherein the first semiconductor material is silicon and the

second semiconductor material comprises silicon and carbon.
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