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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 Met hods of Manufacture,” and Serial No. 10/379, 033 ]
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Bot h applications are hereby inc ein 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

strai ne@RmérﬂiﬁTEP&NﬁﬂEﬁémlaﬁ'EEI}MPm@ﬁT@NS transi stors and net hods 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 ciréﬁits over
the past few decades. To enhance transistor performance further, strain may be introduced in the
transistor channel for improving cam'\er mobilities. Therefore, strain-induced mobility |
.enhancement is another way to improve transistor performance m 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. Welser et al., published at the Decenber 1992
I nternational Electron Devices Meeting held in San Francisco, CA pp.
1000- 10@6 tflﬂd i ncorporated herein by reference, a relaxed silicon gernmani um
(Si Ge) ler Ip aYtonventignad gpriesrhbasieacrived irea pipaninel. Webgt anl,, fiktishied | a
shows such an approach. Referring to Figure 1 a, a sem conductor device
100 i nc tedaecamber 1992 bnernationa diedirap ElevictOMeetingedidiv San Bradcis@bCAL ppg a

rel axed Si Ge |ayer 112, which is formed over and abutting a graded SiGe
buf f er 1040dP02 andincarpasatgd beieid bgrcBereherf, b exladed yiticorl gedmbmiuhSimRY begr and
abutting a silicon substrate 116. [0005] The relaxed SiGe layer 112 has a
| ar ger leyeris mevidohrneath thechpacladgivn. FighrX@dhdis suleh afph@ck Nkéfekayges Of
epitaxial Si 110 grown on the relaxed SiGe 112 wll have its lattice

st r et cH8gure da, atsemidoadietaldedid HStih@idesia sained §ilidnllayRe 1 NEBRedd XA tensile
strain. This result is illustrated in Figures |b and Ic. Therefore, a

transi sbotting 28elbadSiCe byertINE, v BfbrtedDivERind 8Gutihd 4 £ABed BBE bufidQay! |
have a channel region 120 that is under biaxial tensile strain. In thi

appr oadhd. ThegmetdSicd biiféayeb {4 @ Forhd SVerkhd aﬁ&ﬂn@@siﬁ%‘zkg%a%}elﬁs a

stressor that introduces strain in the channel region stressor,
in thi e, | | ac ﬂﬁ@ﬁ' ow, t he transistor channel region 120. [0006]
Si gni fii?:ﬁadnﬁ rmg_ﬁ? F“l‘"ﬁ‘e‘g ‘ %Yéﬁéiﬁ hasadangerdattice prmstantrompares & felaxp@ 8i, pohs and
hol es in bull K tgansi S ﬁtrs using a silicon channel under biaxial tensile
st rai n 0 Hnyiaver ofepyax 518 gexy onghe shaed Sieel I2pvill dmyeaits letics stetchediyrer . i s
strai n%gl be;a?re the formation of the transistor. But there
e lateral direction, i.e., it'will be under biaxial tensile strain. This result is illustrated in Figures

1band 1c. 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 channel region 120.

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

{6006} 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 concerns 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

~ arerelated 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 conl009Ayer Ingnothgr anprapch,straingn Btohannel isiinttodhied lafierheranstiemss foymedThus,
this approach has limtations that are related to cost and fundanent al

mat er i din this aprspach.echigh srep0107] 32/ in faamed bear aappplerd icansittoraimetie 18Be channel

is introduced after the transistor is formed. 1In this approach, a high

st r ess foithed in32ilicen fubstratel 36y & shawo dmPigetedd) The hiphisats filimtor sedssord 3230  f or ned
in a silicon substrate 136, as shown in Figure 2. The high stress filmor
st r essoxeft8denificant influsgicgon thie chained 184] medifin®ihe ilieorclanion slacihg4n theodi f yi ng
the silicon lattice spacing in the, channel region, and thus introducing
strai n dhandchegibhamdatustisgidacing kthaik i the ElRBRe] rédich. Th HES&RE, tH3srebsor 130 @ced
above the conpleted transistor structure. This schenme is described in

det ai | placed apepelic doshplefed t@hsiftbZatreturd ! Thiefthbhd RUeschifstin BARRRpERL byt I ess
control (LMJ): a new technique for CMOS perfornmance enhancenent,” )

publ i shedHimizRRt 214 S3itdS Lkl hbahlca188EssLbntfd CNNCS:3 neRARG MR Forl dd0s2001

I nt ernational El ectron Device Meeting, which'is incorporated herein by

r ef er engeforh 00 8lhaldmeil FiblstHeR Tt Hp. 293.296 BYiht Dsekt @ edih

. " " A Pa C}S S
believed to be uniaxial i'n nature with a direction paratlﬁfelpfto the

sour ce-2001 Sath i ITAGkoR DeviEONRY GG, WA inBbrpb GRg hbiRinhy/ @l 0T ades the
hol e mobility while uniaxial conpressive st rlgl n degrades the el ectron

mobi | it on Lnplantation

[XOOSI] 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. Ion implantation
of germanium can be used to selectively relax the strain so that the hole ﬁr electron mobility i§

not degraded, but this is difficult to implement due; to the close proxiniity of the n and p-channel

transistors.



of germani um can be used to selectively relax the strain so that the hole
or electron nobility is not degraded, but this is difficult to inplenent
due to the close proximty of the n and p-channel transistors. -3 SUMVARY

OF THE I NVENTION [0009] In prior art schenes of inducing strain in
transistors, the introduction of a strain by a stressor may benefit

transisto i ion type while degrading transistors of the
second co%mgﬁi%@%@% ot her problens are generally solved or
circunvented, and . techni call advantages are generally achieved, by
preferred08djodi mepha agfscliches pfiedenty stalndn triuaistors, wh iatloduetoti 6fa stratitiyhod of
manuf acturing strai ned n-channel and p-channel field effect transistors

Wi t h sepast@sset yiaphdniefil tEmeissof Qe MR eonduifidRfe WhilOMGrafReahsisthbROT el S
provided a nethod of formng a transistor device, the nethod conprising:

provi di ngsecond tbsducAdiety s THiJ Mid deheBpioblefis afeQiFh&OMPalor BeduiveAtd, Fn@r M ng a
gate dielectric on the substrate; formng a gate electrode on the gate

di el ect r itechnicar Avadaded a6 QESr Ay aShiSRWaby SreRfred BRLERLEEIAEL ?19,5&%; ilvBRioppacer s
each having a void, wherein said void exposes a portion of said spacer at

a | over Guhiel pro@aRs mehBl 8PhanutfcRirify REaifeERN08el 88 b 2RaRPhAd Eigak N T egi on
within the first sem conductor material adjacent opposite ends of the gate

el ect r od@rangisthd vWitiiepRatklP Bp@i-a ok fidhdie! €91 ON

{009a] In one aspect, there is provided a method of forming a transistor device, the method

comprising: providing a substrate comprising a first semiconductor material;
forming a gate dielectric on the substrate; ’
forming a gate electrode on the gate dielectric; -
forming spacers on sidewalls of the gate electrode, the spacers each having a void,
wherein said void exposes a portion of said spacer at a lower outer corner thereof;
forming a source region and a drain region within the first semiconductor material
adjacent opposite ends of the gate electrode, said source region and drain region
comprising a second semiconductor material; and
forming a high-stress film over the gate electrode, the spacers, the source region

and the drain region.
[0010] A first embodiment provides a transistor structure for decoupling the effect of a

- steessor on ‘the channel region of the transistor. Such a structure is useful in the case where

carrier mobility may be degraded by the stressor. Disclosed herein is an integration scheme for the

optimization of strain in the channel regions of n-channel and p-channel transistors.



~conprising a second sem conductor material; and formng a high-stress film
over the gate electrode, the spacers, the source region and the drain
region. [0010] A first enbodi nent 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 nobility
may be degraded by the stressor. Disclosed herein is an integration schene
for the optimzation of strain in the channel regions of n-channel and

p- channel trangi St OfSicea 00111 I p _accordance with a preferred enbodi nent
di scl osed herei ]n atr céorrlés%néet ‘gr}h? rgféﬁraiggmééﬁdﬁ?édls‘a?séql BE$IR ciragsigten ipsludgs a gate

channel regidqy[bctﬁe(gg%- ‘E i d,a drain.region are | ocated on opposing
si des of the channel rlggg? oﬁgh#ﬁ%énsﬁélfcef%%?no djagdrprg rogion 4r¢ daepigd pp oRRosing

sem conduct @ided @R chaineARol HE: SQ nd drain regi ons are formed froma
second seni conduct or mat%?i al’ Amggﬁggléllsetg eggrgmc?\gflgftl ies the gate

dielectric. shnRaMducBf m3RATELS f.Ssoul.O" n;ggiaon sidewal I s of the gate

el ectrode. Each of the spacers el oddoFnxssansys st fomea seepnthnel

region. A hi duE fil.mcan overlie the gate el ectrode and spacers.
[00121 In a‘c%‘?r“g‘[éﬁﬁg%’s %a{“ﬁ@a%b%%%?l%ﬂ?aﬁf #F BB fislestricd iAspdivefcadeeyiei n, a

transistor geyice Ls . horppd on a substrate of a first sem conductor
mat eri al . Aﬂ)gegf'éezg%%lg “éaélg i “i%tefgﬁcﬁ%%' dirch pEths sipnsers apdudea adroid agiscent the

el ectrode i rmed on t.h ate dielectric. Spacers are forned -4a
&aﬂt?el PEptorC A mgg—sgcss Eflilm can overlie the gatg'é ectrode and spacers.

[0012] In accordance with another preferred embodiment disclosed herein, 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

Ada-



on sidewalls of the gate electrode. 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 electrode. A high-stress film
can 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 et ¢n sidseils bEe pitd eRétrddB e TRE §REGS cdcANEBH 4 Wi, RShrdeHEriAHHRAN AUQS
thereof, reference Is now nmade to the follow ng descriptions taken in

CONj UNCiefxidR aid fbfinddRGithiR e Fid SehicHigiueio A fHal o céﬂ%ﬁ:f&%ite[eggsléf]thfézﬂé" el a

shows a conventional strained silicon transisFBr wth a relaxed Si Ge | ayer

as a st&esdas. ARidnideshidt R bd fd idcad ' [dei con layer;
100151 Figures | L illgstfdfg'ftﬁeg‘feﬁg oa%léﬁ&géég’??’%%c%sﬁ%ﬁg?#?%i/Si Ge

heterosﬁ%ﬁmkﬂggéﬂnm£&@$g] Figure 2 illustrates another way of introducing
strain 1n the channel ©I's by using a high stress filmas a stressor; [0017]
Fi gures 3a43g show a first enbodi nent process flow, and [0018] Figures

4a- 4d show a second enbodi nent process flow. -6 DETAILED DESCRI PTI ON OF

| LLUSTRATI VE EMBODI MENTS [ 0019] The naki ng and using of the presently
preferred enbodi nents are discussed in detail : ‘



bel ow. It should be appreciated, however, that the present invention

provi des many applicable inventive concepts that can be enbodied in a w de
variety of specific contexts. The specific enbodi nents discussed are
merely illustrative of specific ways to nake and use the invention, and do
not limt the scope of the invention. [0020] The preferred enbodi nent of
the present invention relates to the field of sem conductor devices, and
nor e sBRIEF DESICRYPTION OhFHREDRBRAINGSE of strained n-channel and p- channel
field effect transistors with separately optim zed performance. [0021] Wth

the pr ed gnbodiment it ig . possible to separately qptinize the

per f or i@‘ﬁé L of “I 0P 3ﬂﬂ%lf’teé'ﬁaeé5@% ¢ P”F%ﬁ‘l&“é’?r&}og’ "d\a%"%@e? ng the
nat ur e .and .nmagni t ude of the trq’n_in t he, channel region of the .

t r ansi SI5d TelEERRCes Do made fq 3%0 h)é'gjl daserptiops taken ARCOWBREWIB S rain in the
channel of the n-channel .transistor in the source-to-drain direction. It is
al so d@SSompBnHng rayipg ieavhich: conpr essive strain in the channel of the

p- channel transistor in the source-to-drain direction. [0022] In one

enbodi w014] a PipGi-18 bERESa donb@AtthAIRuAind ERRon traflisSSwith R Vel BRd §ITR 1_55?&?d to
i nduce tensile strain in the channel region of transistors. Tensile strain
I Nt he 2§ 9 sk t@MBARIsBainGh ARGbH OftaxiAPUBHRE si Q&Pr es the mobility" of |
p- channel transistorg ﬁﬁile i&%ggving tﬁgaﬁ%bl F?%’ of n-channel
transistors. According to the preferred enbodi ment of this invention, a
st r ess {088k ouplipwgs Hegpddss illestrgte the quigin of strbn ib dhecHHSigy beterogrugtesupl e . t he
effect of a high-stress-filmon the channel region if the effect of the
hi gh- s{6asp fiFigk$ ilekudRY bR WS oFRiboliadig Hairithd Gfadindl I tyhing GhaNNel
region.

high stress film as a stressor;

[0017] Figures 3a:3g show a first embodiment process flow; and

[0018]  Figures 4a-4d show a second embodimeni process flow.



-7 [00231 For exanple, a high-stress filmwth a tensile stress exerts a
tensile strain in the source-to-drain direction, degrading hole nobility
in p-channel transistors. A void nmay be forned in the spacer region of the
p- channel transistor to reduce the effect of the high-stress film. Free
surfaces represent a strain free boundary condition and therefore represent
regions wwth very low stress. A void region is defined by or surrounded by
a free BETAHJED DERGRINEON OB ICLUSTRAEIVAEMBODIVMENTS he void is expected to
be very Iow By placing the void between the high-stress film and the
channel |on f hanne transi,stor, the negative ac he

tensi | el® es s @n "Ez}g'%g g chanh etpe sy feséfne(d; & H‘bB‘g‘g’P'étﬂ e éllfnps’f‘ﬁfelp g?%‘{l

stress stress fl}gm can be decoqued from.sel ected ch nnel

r egi onsg%?/w hﬁg%q b APPERE TG hovee i, Eiahihe pregant inyantionpEidey ‘i‘ﬁi’é‘f’a % egi ons,
such as,in the s rs-of select nsi stors. Alar erV|d uld resul t
in nore Vﬁ@@%ﬁ?ﬂ"? ﬁ'ﬁh‘ba“tt}“fgfr@f’g‘re‘gml"o F"%‘fﬁ%@é‘spf" e’qﬁo eXsHre, the
void in the.s rs of the p- channel transistor can be larger than the

voi d i ne‘f“PfEh‘E%é%‘S?%’sﬁ‘}fl af"rfécfﬁb’d upARYe of sprrdicsyays to makzmyl v theingantics- 39
illustrate, a f| rst enbodi ment nmethod for separately optimzing the strain
in the ¥RH9mel imE dhesronent the mptistors in a seni conductor chip. In the
preferred enbodinent, the starting material is a silicon substrate, but it

i s undepgtagod mebr@é&wen%hﬁﬁe&lasﬁﬁe ﬁ:@iéﬁf in$én'ﬁgn réE 8519 WGieRfgr conduct or
substrates, e.g., galliumarsenide, or alloy sem conductor, e.g., silicon-

ger mani. %cdﬁﬁﬂct&@ie%@ﬁan&r Jﬂ@rcssbéﬁﬁdaﬂ? tm%dnﬂfacmoﬁﬁiﬁemcﬁmel and p-
seni conduct or-on-i nsulator substra such as a silicon-on-insul ator

subst r a¢iainnel BEId%ERE alEstBRNAE RbarkBly oa{i;ﬁ&ea p&tdtfignan

[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 isl desirable to induce a tensile strain in the
:channel of the p-channel transistor in the source-to-drain direction. It is aﬂso desirable to induce

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

[0622} In one embodiment, a high-stress film with a tensile stress may be employed to
induce tensile strain in the channel region of 'qfansistors. Tensile strain in the source-to-drain
direction, however, c_lcgr.ades tﬁe mobility of p-channel transistors while improvihg the mobility
01‘{ n-channe! transistors. According to the preferred embodiment of this invention, a stress-
decoupling regioﬁ, e.g. a void, can be employed to dgcoqple 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

channel region.



epitaxially grown sem conductor |ayer and/or a doped region within a

sem conductor |ayer, e.g., .a.triple well structure. [00251 Figure 3a
shows the preferred enbodi mrent where the starting material is a bulk
silicon substrate 202. Isolation regions 204x, 204b and 204c (collectively
204) are formed in the substrate 202. The isolation regions 204 are

pr ef er afl0g3k hal Fanexamplacthigisatesd filanwitle @ tedfife $30VMkes a teidild sii§ifsh i the art.
It is understood that other isolation structures, such as field oxide

(e.g., shoecerwdirkiy dirb@iohadgladiaghoRimobitPfn SthdnGANansBYrsDA wiElay b0026)
Figure 3a illustrates two active areas, i.e., a first between i solation

regi on 2dihad Aindle s;%@&be@ﬂﬂoﬁh@ﬁ-@%ﬂelhﬁh%ﬁo%@tﬁ@c aRErRA%E the E@’h—ﬁ&%ﬁgﬁg s of

illustration, an n-channel transistor w be forned in one of ctive

5 Sk Supec a E Bh ) BN B

As is known in the art, the portion of substrate

N- chann@w stekANG h&ldPEcidf 1s e BB Sk -1 n e portion of
t he substrate 202 thagtl i rslcleu e;%?tgﬁe p_{kﬁlﬁ)ﬁ%ﬁ?&%ﬁﬁ%ﬁ% s%o@%e%{luﬁlge doped

v I e oo T SRS iy BOSOPOL AL e,

of one or nore wells, ow i n-t gate di ayer
206 i's HOf B RRelFed; K f_sem canductor .region, 202... The e
di el ectric 206 rr%?/c lgrpn%fftyésé@ga?‘f]%iggﬁs 1%?% g ,negﬁ‘qvfé%ﬁ%f)?({}ﬁ? %P?‘{?é,t“’%fr?%%"r licon
nitride,. Ny |Lnation of..t hese teri . ternatively, the gate
di el ect Ficg&?glG aélglﬁﬂge *rb%r“lr:réé1 ec? gL, ?W%\%ltﬁ%b‘éhﬁnﬁs %L'T‘ 54 %ee
permtt Hé@oﬁﬁiecﬂﬁ&ﬁ%@l‘éet&&&r}nﬁq9eljg1ion§ by Efé@fﬁg lvglsds 9nf thg ldﬁ:pmt% I;elscallecste c %Lll{e ©

‘ regions, such as in the spacers éf selected transistors. 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 cmbodiment method for separately optimizing the

. strain in the channel region for transistors iﬁ a semiconductor chip. In tﬁe 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
s‘ubstrate, such as a silicon-qn—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



al um num oxi de, | ant hanum oxi de, hafni um oxi de, zirconi um oxi de, hafnium
oxynitride, or conbinations thereof. [0028] A gate electrode material 208
is then deposited. The gate el ectrode material preferably conprises a
conductive material, such as a netal (e.g., tantalum titanium,

nmol ybdenum tungsten, platinum alum num hafnium rutheniun), a netal
si|ici dmrd¢sed in the tut.t By widers®bd theat other issdiRintstrédnhres bdh as fitld loride ¢é.g.1 Ci de,
tantalumsilicide), a nmetal nitride (e.g., titaniumnitride, tantalum

ni tri déjrmedopdd lqpal yxidatips bbdilicddd ndiy bk agd. or pol y-crystal l i ne
silicongermani um ' onany other conductive materials. Conbinations of these

teri f .onduct b d i th
of  t hoTWR6E" 0 BBt BFfluslilia s olisers o it CEREOPUSOnTROPB AR || con |

deposi and recrystalljzed reate poly-crystalline silicon.. 9 [00291 A
lit hog%ﬁ%ﬁ?‘g&%‘ﬁ?‘lﬁj etf‘"ﬁ%‘hﬁ%@raf‘égﬂé’d bPYEoRes ol usiRuQn, anpghanseldrnsigior or m a
gate stakgtI as shown in Figure 3a. The gate stack .includes_gate el ectrode
208 an¥itRetornsd eng gt the artive @raas aud 2 polanngl yrapsigoryrill be formed inbedtheent , ¢ he
gate electrode material 208 is poly-crystalline silicon (poly-Si) and the
gate dPeVEareRi dsiglnerndr theay. the pertion ebpbesajnidR thay incluipsethe hichkmeks™ of ‘gat e
el ectrode 208 will typically range between about 500 A and about 2000 A,
pr ef er HBESsteradl be Hefred vliautypa damnys and Hhs petjigh phihe subsiite 2ebthabintludestths ckness
of gate dielectric 206 wil| tytgi cally range between about 3 A and about 50
A, pr ePehameltransistor withe dopodiwith 0-tppe dopase 1Tigsedaped portiondreai he ext ensi on
regions 210 and 212 are forned by ion inplantation. In

accomplished with the use of one or more wells, as know in the art.-

[0627] A gate dielectric layer 206 is formed on a top surface of semiconductor region 202.
’I'_hc gate dielectric 206 may comprise silicon oxide, silicon oxynitride, and silicon nitride, or any
- combination of these materials. Altematively, the gate dielectric 206 can be for;ned from a
material having a relétiva permittivity greater than about 5. Examples of such materials include
aluminum oxide, lanthamim oxide, hafnium 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., titanium

- siticide, cobalt silicide, nickel silicide, tantalum silicide), a metal nitride (e.g., titanium nitride,
hntalum nitride), doped poly-crystalline silicon or poly-crystalline silicon: germanium,orsany

* other conductive materials. Combinations of these materials can be used. Any of these
conductors can be used along with any of the gaté dielectrics listed abov;:. In one example,
amorphous silicon is deposited and recrystallized to create poly-cryétalline silicon.
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the preferred enbodi nent, two transistors 200 and 201 with channel regions
of different conductivity types are forned. For exanple, the p-channel
extension regions 210 (or 212) can be formed by inplanting a dopant such
as boron while the n-channel devices are masked. Likew se, the n-channel
extension regions 212 (or 210) can be fornmed by inplanting a dopant such

as ar spoRe] andy lithopapinphieys i Shenlpetfemicl Golrwizd BN AL bicRiaY keet fomea pRekaek [ 00311
Referring now to Figure 3b, spacers 214/216 are forned on the sides of the

gate & showh @rtigR@B8a. The LNestERTlLds ghtB RlSRGRODE afiPhdeByih@EBdieRYricheni cal
vapor deposition of a dielectric material, e.g., silicon oxide or silicon

ni tri dgos. M8 He@ersbrienitbdaiing Ghé LA Qe@lof hidrial 208 RepolflEbahihd Lifcawmt erial to
form sinpl e spacers. In the exanple of Figure 3b, the Spacers are

CONPOS {gofy-SIP AFEHS parddRRRIRR Thdiriab PRES kil fid. Stthe nicl Lc liner 214
and a g%gge? bodyg3216. The dieIect?%bl iﬁéﬁﬁgl4sﬁgylggﬁ%§fgé% by the

and a 5 216, The it sy "be Torfed by the
pacentiod a0 Til FhER iefer SAEp AT SOl aboy 20 AT IMARS LBR. £ 0pi

teh . L : : . 7 : _ i 214
be. an' e QLI0RTC! TGl QMR SchSvich B AE B TR A0S vit Gy fiBhee ' ™
Accor di gL auhile, RLES AduPsh K ROHIIR ks el B8NS O 200 of a first

In a st*acti ? € ‘portion of sem conductor

conductivity type T e regron (t >
region 202 between isolation regions 204a and 204b) is to be formed with a
| at t i cHOA0)s matSoherd apddmin extansion sagions 81 Gad D2 aravformgi tyrian impReftationi by t o
Figure 3c, this can be perfornmed by formng a dielectric nask 218 over the
secondthe preferred embodiment, two transistors 200 and 201 with channel regions of different

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 regiong 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 20é. 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

- comyposite 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.
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active region (the portion of sem conductor region 202 between isolation
regi ons 204b and 204c), which includes transistor 201. The transi stor 200
of the first conductivity type is exposed. [00331 As shown in Figure 3c, a
recess 220 is etched into the source and drain regions of the transistor
of the first conductivity type. The etching of the recess 220 may be

per f or [eeBAPy aAdtording kRS Pre@iredl iehBodiREE 8 Transistor 206 ofd BsCdon@bioiP e TENt |
where the substrate 202 is a silicon substrate, the plasria etchi'ng process

nay  enfih @Yirdt hetbieir@orC MR Posfidyof sérhicShtRidlod rd2fnP0h BehwhkdBkolhtibn rtd16nsSloqRi ng of

the recess 220, the dielectric liner 214 of the conposite spacer m ght be

S| T Ot 1 26419 R be Gorel Wik INIURHEHatcREP2ork B0 TR Sl Ao 1 0 i gUr e

3d, selective epitaxy is performed to form source and drain~ regi ons 224

for therefsanstoHigire 8¢, thileard e &Hoﬁﬂé&gﬂgghégﬁg% ¥ die)eBic EQlﬁz APdVePRE gﬁléﬁ{% gr own

material 224 is " preferably a semc mat er1al having a rent

lat ti ceeaaNgLiBRht ?ﬂl[}bﬁ Qpéem@éona&?oﬁ%qg% %(%L%Met%ﬁ E\SOF‘Q{)? fciéf%hs 2043 a%lcrlle case

where the fifst co ctivity type i e-msnat ched

teri 2804 6 ; i B | ln th wh t he, first
Conauc ity ey RRUAL S ARlskr 301, AR BRI e el Rl P Saptpe

preferabI% silicon carbon or silicon-germanium carbon (Sij... Q¢ Cy) where
t he noll@033] act Agshwyim inFidyon3y airecesp2Batiestcliet mo thetsewtdharmifdraih eeginmk ef tHer act i on
of _germani um x. The hei ght of the source and drain region 224 in the
t r ansi $repsistof ofttheefirst donductivisy pet The dtghitgy@fahamyesh22(hinghbe parfoaned tied diyn t he
transi stor of the second conductivity type. -11 100351 It is noted that the
pr oces lasmaghing piavessi iy thelpecferslenibd8iment, ehighd @bsiase A2Qs a sitichn

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 forrn an undercut 222.

[0034] | Referring now to Figure 3d, éeléctive epitaxy is performed to form source and drain
regions 224 for the transistor of the first conductivity type. The epitaxially grown material 224 is
éreferably 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 (8i; 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 transistor of the

first conductivity type may be higher than that in the transistor of the second conductivity type.
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epitaxial growing lattice-msmatched material 224 can be perfornmed prior to
the formati on of spacers 214/216 on the sides of the gate el ectrode 208.

[ 00361 As shown in Figure 3e, the dielectric mask 218 is renoved. In the
case where the dielectric mask 218 is silicon oxide, this may be
accorrpl@%gd bé,an efch in dilute hydrofluoric acid. The renpval of the
mask 214Prbhy r BdtRated thatthe RipRrsT ReRS oF fming themagk 2i8eeithingrepasnatl, 2nd of t he
transistor. 201. -The undercut 222 nmy be l|arger than the undercut 226
becaus EPHE W%ﬁf““ﬁﬁn@%ﬁﬂ@ff@ﬁ?/ Poea bs eerformed ariar trts fermatier ofind drai n
regions for the NMOS transistor 201 are now fornmed by using ion

i npl anfRAFER1HR16 an the vides ofghe gnte edaatede 2Osi stors 202. In the preferred
enbodi ment, the dopant is arsenic or phosphorus or a conbination of both.
The soyggzg) and AdL@jvih ih EHuR R - . k L QLA al so
shown :K?\ F! gure %iﬁ%alﬁhi gh-sfg‘églse%i[cﬁcn@%g?f;gﬂfgpﬁée@ad?%@%?ﬁfg@%%ﬁgﬁii stors
200 a : b QR | . LI - Nt rid any ot her
. AftiBie mdR9 18 Fsgblﬂllgﬁg E)ﬁg?, i lgﬁké% g%ééﬁ‘%;h%d% ah &1 id liuéenhgf?fogflﬁo

hi gh- stress nateril a LeS : onpr essi ve oOr | chat Urﬁ
: ' ' L1 4 [ - . T
o0, 5 ARl 5k 1 OO Bl P BRI GE RAER) o1
CvD - ! ' | D CV]
(VD) Bt T SYBRRES37od T B e SR BB BbaBl P5°55,

art. [ , [ |t of the undercuts 222 and 226 in the spacers of the
transi g?%%?%cg%rsg%gﬁ and 232 may be formed in the spacers. This is
I ntentional and may -bring additional benefits to

10037] 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,

[ﬁﬂ38] As also shown in Figure 3f, a high-stress film 228 is formed over the transistors 200
and 201, 'I-'he- 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 commonty known and used in the art.

[0039] As aresult 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 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 to
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be described. It is noted that during the formation of the high stress film
228, it is possible to conpletely fill the undercuts so that no voids wll
be formed in the final structure. One aspect of this invention teaches the
i ntentional creation of voids in a strained channel transistor to -12
specifically decouple negative effects of the high stress filmon

transi sipetificlly RBSupfARgMFe leBEdtYof thy Righ sikQO AR of RadsRRrPSRhE bRl GRRodi ment

the first conduct|V|ty type is p-type and the second conductivity type is
n-type. tyF@ch void 230 and 232 has a lateral extent that can be identified
as the length 234 of the void. For purposes of illustration, the length
234 of the void 232 in the spacer of the n-channel transistor 201 is
i ndi cat 9849 Fi ﬁﬁwd’f‘iffmdﬁ*?@o@ﬁ%@@?e firstognductivityt tipe igpetperind thermscandi d i n t he
cross-sectional view A first void is larger than a second void, when the
ar ea of condpgtivity fype ismtyge.i Rach veidgS8-and a3l basallateralewtens thatnag be idehtifiedtdse ar ea
of the second void in the sanme cross-sectional view. A void that has a
| ar ger thelrgeth 234 ohtheapige Fospurposesofcipemtiey thedengitv234afitieglot 232de @rupl | ng
effect than one that has a smaller length or a smaller size. [0041] In the
pr ef er r spdcewbddinnbatne] trévsiser 2@ Bindicitaisn FRfiredfd TRSAzccaf Vol weasidast
relative to the width of the spacer 214/216. For exanple, the void 232 may
have a thengidhn 8@4rdsasagtonaf hiaw. ASsOfoid 3darggrabara setohid Woid| wheie ek of
enbodi ment, the void 232 has a length that is at |east 10% of the w dth of
spacer W&t v6id if HEHB}settional evn g lerghi i the Ak beths bdcBRSvdil Inthe@ddnd S used to
cover both n-channel and p-channel

cross-sectlonal view. A void that has a larger length or a larger size is expectcd to havc 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 spacér 214/216.

[0042) If a single high tensile stress film 228 is used to cover both n—_charmel and p-channél
' 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 cnhancemcnt, while the ﬁ—channel
 transistor 200 will have degraded mobility. According to the preferred embodiment, voids £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-anotherembodiment:of
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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transi stors 201 and 200, the channel regions 236 of the transistors wll
experience a tensile strain. The n-channel ‘transistor 201 will have
benefits of mobility enhancenent, while the p-channel transistor 200 wl|
have degraded nobility. According to the preferred enbodi nent, voids 230
may be introduced in the vicinity of the channel region 236 of the

p- chanfél43) r anki ibher shbdient,tRepeRanhfl@ranggat 200ensf K€ b highfsubhidiihengi | e
stress film228. According to=anot her*enbodi nent,of this invention, the

channelthat @iofipreisiGe Binatuieand-thd RORRheltFafiStbS200 mA0KkvE R Yighawessdilnanger Vvoi d
230 .than the void 232 adjacent the channel region 236 of the n-channel

transi shadis télle i daduré, 39 4kwnl il FRRRL BieT A HRALLIRMressthR r@ukd@ROBbreksi@NSi st or

200 may have a high-stress film 238 that is conpressive in nature and the

N- chanighintif AR Th&hOl e R0 256t ey EhAnkli tERsiStb BRn bl Bk R-cilaRAll dirscelornS1 |
In nature, as shown in Figure 3g. A conpressive stress that results in

conpr esgi WO 3 ' . o si stor
2001 o erpnts bRy KRR e b AR (R i AR IEBR 7
tensil h{: 1 ' tral {0 & i 236 of
tho - CRaSeaT iy paie! EESHL p0 Mol B Rk (S eb P Aol ARARE B0y °
enhancg%otblglft electron nobility. 100441. The structure of Figure 3g nay be

f ormed by {rst fornmi ng the structure of Figure 3f and form ng a mask (not
shown) to cover the tensile high-stress film 228 over the n-channel

t r ansi 400d4] 20 1 The$tmcturagdf-Rigure3g mky befi@ed by Brst fomaing-thhstmonire efifigise 3f or 200
can then be renoved in accordance wth the mask. A conpressive hi gh-stress
film 228d Gamirgronashdndt shoved) tovever thaeengsile high-stress film 228 over the n-channel

transistor 201. The high-stress film 228 over the p-channel transistor 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] Anqthcr method embodiment of the present inventioh is illusﬁated in Figures 4a-4d.
Items previously discussed with respect to Figures 3a-3g will not be ;cpeated 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,ilafﬁce=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 ﬂle p-channé[ and the n-channel trapsistors 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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channel transistor 200. For exanple, the filmcan be forned over the entire
device and then etched to the desired pattern. [0045] Another nethod
enbodi ment of the present invention is illustrated in Figures 4a-4d. Itens
previously discussed with respect to Figures 3a-3g will not be repeated
here. Transistors 200 and 201 of two different conductivity types are

forme d’1gpa pﬁ'g&nfrir%q&s @gﬁc R y t\ﬂ%elé&ﬂ’izl?rségoav 2tk sdRorRbioERaiid 28 i the ' €01 ONS

of eac are reces using an etch. The etch may enpl oy
a dry : ting structure is showmn in Figure
4a, wﬁ%&ﬁgg@%%%é“?%é@éé@éggg%ﬁgugmgﬁgﬁﬁﬁitransistors 200 and 201
respectively. [0046] Referring now to Figure 4b, 4l attice-m snatched regi ons
242 an@0944: arsdiee pictfastinadsk js rempoving §epordaaskduetsbewn)ippraein gaondgpaskhe
source and drain regions. Different lattice-msmatched naterials may be
used fiorcovdréhep-clivane étansistor 200e Arseodnd epigdxytis thas perfomsd ROlestiugly20ewW aThi s nmay
be acconplished, for exanple, by formng a first mask (not shown) to cover
t he n- ebeminemidondursirsihizaerial 244din Fixlsoarae apbdrhinrreging ofthé nichinnepiapsistyr t o
selectively grow a first sem conductor material 242 in the source and

drai n pEQiThe raliltinherpctel ayvhen if Bipat 8b.or 200. [0047] After the first ‘mask

I s renoved, a second nmask (not shown) is fornmed a second nask to cover the

O o SUOA8C o 0B L SRR R R S or R A £ IRV ReR T agi on of

the n-channel transistqr. . 201. The nﬁiﬂhtin structure is..shown in Figure
4b. germanium and the second semiconductor materi may ve silicon-carbon or silicon-

germanium-carbon (Si;.x.yGeny) where the mole fraction of carbon y is greater than a tenth of
the mole fraction of germanium x. Since the substrate 202 material is preferably siiicbn, 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 tensi}e 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 undercut by exposing the dielectric
Yiner 214 to an etch process. If the dielectric liner 214 is silicon oxide, the etch can be a

hycrofluoric 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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[0048] In the preferred enbodi ment, the first sem conductor material 242
may be silicon- germani um and the second sem conductor material 244 may be
silicon-carbon or silicon- germanium carbon (Sii.x _yGeXCy) where the nole
fraction of carbon y is greater than a tenth of the .nole fraction of
germani um x. Since the substrate 202 material is preferabli silicon, the
pr esencEbgfimgent, ahigh-siesss Hmyis femed ovaicas phthe tanskstars 209 (or 200 bytarotvthei um with a
~larger lattice constant will result in conpressive strain in the channel

r egi on 15 tapsister20h (er?ffhel transistor 200. Similarly, the presence of a
second sem conductor material such as silicon-carbon with a smaller
lattic St aRiny; : : e | i 1 LlLe.strain
o he Pl e RSk gfich RATRRD ARHRLL Rl Merbade i ity chBRBlnsfiar
spacer S; i .20 C site spacers,
and 1 R Bl ab{ichde b M o B R S SREC e e

b [ . iLel. . L, 14 h, pt. £ the diel i

D P, R o 3. B R BB £
[ ti i N Fi . 100501, A hi.gh- film 228

G A RN R B T A

~Figure .4d. f hgugh nat, shown, different fil can be forped over the
- ohandtrod ot EHBpR ke A SO A oo GRS S TRRR R | y wi t b
respect to Figure 3g. In another -15 enbodinment, a high-stress filmis

formed over one of the transistors 200 (or 201) but not the other
transi stor 201 (or 200).



[OOS1] While this invention has been described with reference to
illustrative enbodinents, this description is not intended to be construed
inalimting sense. Various nodificatAmwis and conbinations of the
illustrative enbodi nents, as well as other enbodinents of the invention,

wi || be apparent to persons skilled in the art upon reference to the
description.- It is therefore intended that the appended cl ai ns enconpass

any such madi fi caki-0na @4 diaRat -16 CLA| A et hod of forming a
transi stor device, .the et hogé corrp%]%tz)lr%%v:me’ %ﬁ%%ﬁ’“g’@ﬂlﬁst rate conprising

a first sem condiRRtYPe ravkstiatd comprovimi o frsasgabendiic@t apidHag on t he

substrate; formggig. 985 t.rode on the gate dielectric; formng spacers
on sidewal |'s of the gate éi?(l’el%{}?%ag?hfiwgs%&cers each having a void,

wherei n sai d voifeminpogats ckeepod¢ bothfatsdekesRacer at a | ower outer comer
thereof; formpg g source region and a drain region within the first
semi conduct or nat er rarr *CaLaSEIvaYs gbthereateslensrode, thiwpagers ead levingategidsai d

source region amdeaindaid t@idicRRoscs APRLkdH cond. sem conductor material ;
and formng a high-stress fi I?noove?%t he %%F@Sg%eeg {rjao[séﬁfer?ﬂtgr%(ﬂgﬁretpgfeofhe
source region 5%8“‘1%3% §eroadgindra drain r¢gien nethivotie Girst Gbaidonducden glefialt he

transistor is a ith ¢ j My .
adjactheBpsitt LARSHEHR gate electrode, said source region and drain region

comprising a second semiconductor material; and

forming a high-stress film over the gate electrode, the spacers, the source region

and the drain region.

The method of claim 1 wherein the transistor is a p-channel transistor.

3. The method of claim 2 further comprising forming a recess within the first

semiconductor material adjacent opposite ends of the gate electrode prior o

forming the source and drain regions.

4. 'The method of claim 3 further comprising growing a second semiconductor

material in the recess.

-The method of claim 4 wherein the second semiconductor material includes

silicon and germanium.

6. The method of claim 4 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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3. The method of claim2 further conprising formng a recess within the
first sem conductor material adjacent opposite. ends of the gate el ectrode
prior to formng the source and drain regions. 4. 'The nethod of claim3
further conprising growing a second sem conductor material in the recess.
5 The rret7hod ﬂﬁad aim4 wherein the second sem conductor material includes
silicon and gerNeRFEDeA ofGlaitThendvistth doafrisalopd i dhe aiglof titifiehe £ANPr I Si Ng,
after thepestenr 1%Ln-forscr)n' n% tdhe .source and drain regions, formng a first
conduct i ve mat eri are W THEISBRR cxtensipnicaions m pogigino nbthe Tst Temidheluaet hod of
claiml further..c risjng, after the step of form ng the gate

el ect rod%%%ﬂoaﬁkﬁﬁ%gw‘gho gg%teﬁlr?ﬂtf%i n extension regions in portions of the
first sem conductor region aligned with the gate el ectrode. 8. The net hod
of claim] wherein the transistor is a p-channel transistor and wherein the
hi gh-stre8s fThemethed ofclaionpweasin e tabsieads a Bchahbe vamin@dndéhadiaig) | wher ei n
the high-stress filmhas a tensile stress. 10. The nethod of claim9 and

f ur t her legapir¢ss film hasydoaiirésaGeis@as, i Nt o the high-stress film 11. The

met hod of claim 1 wherein the transistor is an n-channel transistor.

9. _ The method of claim 1 wherein the high—str_ess film has a tensile stress.
10. | The method of claim 9 and further comprising implanting ions into the high-stress film.
11. The method of claim 1 wherein the transistor is an n-channel transistor.
12. The method of claim 11 wherein the high-stress film has a compressive stress.
¢ 13 The method of claim 12 further comprising implanting ions into the high-stress film.
14, - The method of claim L1 wherein the high-stress film has a tensile stress.
15,

Th 1 i ; istor i
e method of claim 1 wherein the transistor is an n-channel transistor, the method

Further c . it .
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

16. The method of claim 15 further comprising growing a second semiconductor material in

the recess. : b
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12. The method of claim 11 wherein the high-stress filmhas a conpressive
stress. t 13. The nethod of claim 12 further conprising inplanting ions
into the high-stress film 14. The nethod of claim 11l wherein the

hi gh-stress filmhas a tensile stress. 15. The nethod of claim| wherein
the transistor is an n-channel transistor, the nethod further conprising
formi ngla r ecBsgneiot laf ¢laitohid vhiereint thg snvcicadisetdoctonadteial akivdajsdicersndopposi t e
ends of the gate electrode prior to form ng the source and drain regions.
16. The $E¥Rod of claim 15 further conprising grow ng a second

sem conductor material in the recess. 18 17. The nethod of claim 16
wherein the second sem conductor material includes silicon and carbon. 18.
The met hidd of Thelngithod bf elkier lewlrerdil the tramivsir &t anm-dhannalntransig@ e elethbd ansi st or,
the nethod further conprising, after form ng the source and drain regions,
f or m ng fartlee eOmpkiERN AfG i B ! . . in.regions. 19
Strai ned Channeﬁﬁclggnrrpl err%ﬁrr]itﬁ?agr ﬂgalgz(?g‘lﬁ%n%fg %é%%%ﬁg?lga)’ﬁé@?%? %&gr?]%of\lfélﬁ%g%s of

Manuf acwt@almxg&%gad&ﬁr@toﬁg;LOSURE A transistor includes a gat.e
dielectric overlying a channel” region. A source region and a

19




drain region are | ocated on opposing sides of the channel region. The
channel region is formed froma first sem conductor material and the
source and drain regions are forned froma second sem conductor nateri al

A gate el ectrode overlies the gate dielectric. A pair of spacers is forned
on side Ih§"g£ he %?te el ectrode. Each of the spacers includes a void

adj acent Cagnplementary Kigld-&&fedti Transistoxsvand Methos syaf e

el ectrode and spacers. (FIG 3a) Manufacture

ABSTRACT OF THE DISCLOSURE

A transistor includes a pate diélectric overlying a chanpel region. A source regionand a
drain region are located on opposing sides 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
semicynductor material. A gate electrode overlies th;e gate dielectric. A pair of spabers 1s
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 spacérs.

(FIG. 3a)
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