Strained Channel Complementary Field-Effect Transistors and Methods of
Manufacture CROSS-REFERENCE TO RELATED APPLICATIONS
[00011 This application relates to co-pending and commonly assigned
patent applications Serial No. 10/423,513 (TSM03-0173), filed April 25,
2003, entitled " Strained Channel Transistor and Methods of
Striviaedf{chamsteh fitb Syplaniata oy B E {30000 i end-Methogds of
28, 2003, entitled "Strained-CNemmfalransistor With a Lattice-Mismatched |
Zone in the Source/Drain Regions." Both applications are hereby
incorporated herein by reference. TECHNICAL FIELD [0002] The present
CROSDBRREGRF ates gevdralEn sePhicontiiats devices, and more
particularly, the preferred embodiment relates to strained channel

[0001 Omplﬂm%aaryaﬁ&k%?ﬁa% UrApsisiors, AncoMahads QfMansastuslications

ACKGROUND [0003] Size reduction of metal-oxide-semiconductor
serafliQid-aifess vensisian MRS EEDA pRCcluding sedustian eiihe-gaiedesoth -

and gate oxide thickness, has enabled the continued improvement in
Tran$Sf6esh P efaipda e & Manstye Anddcostigeiounil/ATegtion TS inegeied filed
circuits over the past few decades. To enhance transistor performance
Febrifamti2&r 2603iennitioy B8timitratiCibehéh ThansisanmsistbradeinereMoriatphesviioge in the
carrier mobilities. Therefore, strain-induced mobility enhancement is

Souregforpie Reaipnd Infiotb vertianisstcr peehrarR@ IrEEdditisH toy defvreace-

scaling. There are several existing approaches of introducing strain in the
transistor channel region.
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 farther, 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 infroducing strain in the transistor channel region.
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-1 [0004] In one conventional approach, as described in a paper by J.
Welser et al., published at the December 1992 International Electron
Devices Meeting held in San Francisco, CA, pp. 1000-1002 and

incorporated herein by reference, a relaxed silicon germanium (SiGe)

ff db th th | 1
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a silicon substrate 116. [0005] The relaxed SiGe layer 112 has a larger

layer 1afisGEQNSiARICRBRiadIRFR)AX St Gk aNchdhe iR RYShRTeRItR¥RHS; (0o

110 grown on the relaxed SiGe 112 will have its lattice stretched in the
Figurdaterakelitectiontbedeiovildodnindes biaximktesitidenstagdn 1 Thisriesttivisr and

illustrated in Figures Ib and Ic. Therefore, a transistor 118 formed on the -
abuttiep iaxial st AibeRilico?, layeh Elomwih heveuadchatingl 2ggided 520« bafis layer .

under biaxial tensile strain. In this approach, the relaxed SiGe buffer layer

114. ThoesagrdSithobrfiridtis H $icosoedritcimpddbsdn st granhés-

region 120. The stressor, in this case, is placed below the transistor
[a005thanreleregios K20. [@0Q4) Signifitaptmatdity erbancemanidiasdieed Si, and
reported for both electrons and holes in bulk transistors using a silicon
the thohlaperaiigpdexibliSxibl tensite strdimrdaxhibSiGovémelitoreds spprosictiched in
the epitaxial silicon layer is strained before the formation of the transistor.

the lapigl thessdionré o Saliy apduthirsistiennretiritiohiiosrkub dbytiatst! in Figures

CMOS processing where hl%q temperatures are used. In addition, this

ib angiéﬁ_rég@ﬁefgrgewr%%g%ﬁ}é FB& f%f&eee%%? |§%pcd 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 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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~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 materjal properties. -2 [0007] In.

10007 e PR AROFO e, AT 1 i L O R L et
. farmed, In this reac high stress film 132 is for

Inthis ggpsieh, AhiEl R AR 0 AR U o R NI BB 130

formeSONRILFIGUIE 4 The Digh streseifiln. or SHesser 432s BXarts slgnificant

influence on the channel 134, modifying the silicon lattice spacing in the
exerts SHANNEH egiam N thesHreducing strgiRdnib slchannel-cagiomdmthis
case, the stressor 132 is placed above the completed transistor structure.
channd higisahemenis describeg indetaitlio dupaperehipnA IStimizeepthalsirentt e is
"Local mechanical stress control (LMC): a new technique for CMOS .
placedorformhancmgaled neoswnt strpctbiis Hekl s nchpmd 3844861 bfd redigbst paper by
Technical Papers of the 2001 International Electron Device Meeting,
A. Shiparialstislinvitror Skedahmeshrppaletersroat o] Tha airalscapiatdaiddMyS
the high stress film is believed to be uniaxial in nature with a direction

perforapaREPTETRRESBLr ARRBRTAM BireCHot R EVEE TR Garaisel e arginl the
degrades the hole mability while unigxial compressive strain degrades the

2001 R TSI AEAEr B B T A L e
selectively relax the strain so that the hole or electron mobility is not S

[0008Hegradedtmintapiyiauifiouhed imFEciimird i e doxevpissithimpapigevith

_ nand p-channel transistors, . . L. i .
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 {o the close proximity of the n and p-channet

transistors.



-3 SUMMARY OF THE INVENTION 100091 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 conduction type. This and other problems are generally
solved or circumvented, and technical advantages are generally

SUMMKRI® i9ThY, REFERretbRmbodiments of the present invention, which

provide a method of manufacturing strained n-channel and p-channel field

[enog]gieb%agﬁ&mgoiwﬂﬂe lgtr%%im %E%‘@%r{}o E‘i’ik%ﬁﬁ%d&@&l? 1A fksth by &

Shei&Srstricture Tor écoupling the effect of a

stressor on the channel regi ] iStQf.: GRS 418
stressof may, bene t\,%ﬁfésrwé oﬁsa?er%itegrgr%%&%t%@n%&%ﬁe%%%m stressor. The

second 158 &%ﬁgﬁgep YIS ahiniGesatianeGhamaiiosdhedptiniaiiented, and

strain in t hannel regions of n-channel and p-channel transistors.
technil QP4 1IN RCGA daneIyV ihaRie By indfenb ediaiihefithel frepantnt invention,

invention, a transistor includes a gate dielectric overlying a channel
which89iake AsaHseeTegiarandisdrainaegicmenel dodatebiaoncbppldsiigsides

of the channel region. The channel region is formed from a first
rransiSemicminchpataeinaptinabahpethersawrce and drain regions are formed from

a second semiconductor material. A gate electrode overlies the gate

rozofieleciric A palinhangeeiis femmatosusisentis dlthelaehelebtrodta
ach of the spacers includes a void adjacent the channel region. A

stresshiGh- G epmiilngamieniartheigate Bidttarecandispagiutdn 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 charinel regions of n-channel and p-channel

transistors.

[0611} In accordance with a preferred embodiment of the present invention, & transistor
includes a gate dielectric overlying a channel region. A source region énd a drain region are
Iocated on opposing s'ides 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
semiconductor material. A gate electrode overlies the gate dielectric. A pair of spacers is
formed on sidewalls of the gate electrode. Bach of the spacers includes a void adjacent the

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

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

formed on the substrate and a gate electrode is formed on the gate dielectric. Spacers are formed
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[00121 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 4 on
on side%‘iﬁ%?'lﬁeo‘;}@ ‘31&%%8:1%!9‘?{{9 9 Sai er gasgicgg% %%1 . as\é%r%evrglq' 1'1A ad la'alrdcrgin
region andea arain region GrB Y STmed Within the Tirst Semicomducior

region @QE%%M&%?&E?{%P@EL%‘&E&J %tgﬁéﬁa&'&%i{%?oé@%s%f%égﬁ@

can be forme e gate electrode, the spacers,the source region

electroBBdA H@&miﬁ@aﬁ%gﬁlﬁa%dfa@%dg%@a%@ﬁe?ﬁ% EYRRM MNGSurce
[0013] For a more complete understanding of the present invention, and

region ! ad\aRaipggrnthereof, reference is now made to the following
descriptions taken in conjunction with the accompanying drawing, in
which: [0014] Figure | a shows a conventional strained silicon transistor
with a relaxed SiGe layer as a stressor to induce strain in the top epitaxial
strained silicon layer; [0015] Figures Ib and Ic illustrate the origin of strain
in the Si/SiGe heterostructures; [0016] Figure 2 illustrates another way of
introducing strain in the channel is by using a high stress film as a
stressor; [0017] Figures 3a-3g show a first embodiment process flow; and
[0018] Figures 4a-4d show a second embodiment process flow.



-6 DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
100191 The making and using of the presently preferred embodiments are
discussed in detail below. It should be appreciated, however, that the
present invention provides many applicable inventive concepts that can
be embodied in a wide variety of specific contexts. The specific
embodiments discussed ar ly illustrative of specific ways to make
BRIE%P&% %Wr?é%@ﬁu&ﬁﬁ %ﬁé‘m%%limit the scope of the invention. 100201
The preferred embodiment of the present invention relates to the field of
[0013kemiEonductercduylcesiatstandiegspdbifiaisniinvsatiomnnfdoardvattages
strained n-channel and p- channel field effect transistors with separately
thereof seifergnss isemymasisce todaiqwintfitreipions faler HSouReiRnath the
possible to separately optimize the performance of n- channel and
acconfpanyine (IPWIRESIRBRCRY engineering the nature and magnitude of the
strain in the channel region of the transistors. For example, it is desirable.
[0014}0 indiigeraltesiite straitvéntibre! shiainae Gt anslstmvalivarsdistsy Sithayer
" source-to-drain direction. It is also desirable to induce a compressive
as a SERFEA hinduce KEriA AT Siakrp SRifaitheraRisidieP IS source-to-drain
direction. -[0022] In one embodiment, a high-stress film with a tensile
[0015ptresFimays he e pidyiesttoc ihdvdeitarfsitaistiaithérs tiGEhnaebragiorsyf
transistors. Tensile strain in the source-to-drain direction, however,
[0016f€973965I% MEAID-QL R hANNE i HARRISIRY SWhle: mPERyinel 106, Mahiity
of n-channel transistors. According to the preferred embodiment of this
high stAMEMIONksA S@SS, decoupling region, e.g. a void, can be employed to
decouple the effect of a high-stress film on

{0017} Figures 3a-3g show a first embodiment process flow; and

[6018] Figures 4a-4d show a second embodiment process flow.



the channel region if the effect of the high-stress film is to degrade the
mobility of carriers in the channel region. -7 [00231 For example, a
high-stress film with a tensile stress exerts a tensile strain in the
source-to-drain direction, degrading hole mobility in p-channel transistors.
A void may be formed in the spacer region of the p-channel transistor to
DETARHSDHERIiSG0N BehidhssressriEnBeDIMiReEs represent a strain
free boundary condition and therefore represent regions with very low

e I L G D e

beiow? gﬁ%‘&? gévgﬁ)en th(

fecla g%hi%t&gég?ﬁﬁg{l{ye argsdettc]enggr?tponeglr()%eosn II?JI{[{] %plicable
p-channel tramnsistor, the negative impact ot the tensile stress on th

inventﬁig Q&EH%EQ@R%@% Qﬂm&ﬁeﬁeﬂlﬁc\%ﬁeﬁgﬁé? %'iespgaﬁﬁtggfﬁéﬂ ..thﬁe specific

Igh-stress film can be decoupled from selected channel regions by

embodIBEHRINRIAS N MRenkicinit i thesslesiad chapne) egians usuER aRdadhe
spacers of selected transistors. A larger void would result in more

and délesoplingecanshthangtoiedaier stress levels. For example, the void in the
spacers of the p- channel transistor can be larger than the void in the

[0(}ZGzpace[?e%fréﬁ?réﬁ%%B@ﬂéﬁ@Q?@E%Ete@ggﬁ%ﬁ%f{?&a@ﬁqﬂglf@i'@ig? a first
mbodiment met

hod for separately optimizing the strain in the channel

semichRdIRB{fUiBRSISIRRIR Sreamisondyatenehipabbeniefpues. channel and p-
embodiment, the starting material is a silicon substrate, but it is

channuNfleliséfoct thateihe methbsirated copiptisidgecbmpannd semiconductor
substrates, e.g., gallium arsenide, or alloy semiconductor, e.g., silicon-

(00219 MR PRYRESRIRE SIAIIRG MRS MAKBISBRGAR the performance
Semiconductor-on-insulator

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 a tensile strain in the

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

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

[0022] In one embodiment, a high-stress film with a tensile stress may be employed to
induce tensile strain in the channe! region of transistors. Tensile strain in the source-to-drain
direction, however, degrades the mobility of p-channel transistors while improving the mobility
0; n-channel transistors. According to the preferred embodiment of this invention, a stress-
decoupling regioh, e.g. a void,.can be employed 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

channel region.



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

terial is a bulk sjli trate 202. Isolati [ 204a, 204b and
TR B s e e

i 04 ferably shallow h isolati i - d
e

forme?qwgggc&? rggiof%mﬁ by ERRAQeal XAl A QfeSHIC O ANEAMIRE Y3 ress film.

00261 Figure 3a illustrates two active areas, i.e., a first between isolation

Free $8E8101R 0faA0d 204 -ansha.aacanmhebyesn Bedandp204at fe@lons with very

purposes of illustration, an n-channel transistor will be formed in one of

low stiassactivei Breasnandaip-dbasnaltrandistoy wiftde fiokre dnit dhesothein the
active area. As is known in the art, the portion of substrate 202 that .

vicinitpcfithe s thiinespansichb transistornwllyldadoygetionvitid rtiprs it dnd-simebs film |
the portion of the substrate 202 that includes the p-channel transistor will

and thseclpmpeldrepitm nitiseabpmstdranpisos dsgrgabrionrre] Be tensile stress on the

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

p-obaeg Srrasit ate dieretiieday Brrotes oA O RigRstipaR Blay oan be
decou%%rgl 1831'?% %&ég;ﬁlﬁ?)%: %%cé%?&%%{%%%ﬁﬁgg %1936\’@1%}/ .Cg%nsséim? r!.:lg gﬂannei

€, Or any compination o hese
| regionrg,astt(lagl&azg irﬁ%@%@%&'@\é

el 6,088, el 100,600 DRGSO doce
material having a relative permittivity greater than about 5. Examples of
decouthiol} MAIGUARIDRMALstress 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] Figurss 3a-3g illustrate a first embodiment method for separately optimizing the
strain in the channsl region for transistors iﬁ a semiconductor chip. In thé 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-
ggrmanium, 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.

f0625] 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 prefe:ré,bly shallow trench isolation regions known
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aluminum oxide, lanthanum oxide, hafnium oxide, zirconium oxide,
hafnium oxynitride, or combinations thereof. [00281 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,

ot meaﬁa'.ya% g Aot LT AR e Pl SR LA e

a,me nltrl ( tltanlum Hltl’lde tantalum nitride), doped
ipn of s1lico } ?f uﬁ
Iy crys?zl;lﬁlne silicon or poly-crystalline silicon germanium;,orray other
conductlve materials. Combinations of these materials can be used. Any
[0026] of thBigarcHnidueicies ah MiYsEEIbfig %fﬁtéﬁ%?rth@'@a?é treipstifiéa and
ted above. In one exam%e amorphous sil c%n IS deposited an

204b a?gé‘r?/%?%‘?ﬁz%ea“fﬁe&?eo“ﬁ%“&% ary EATIEPSARSSH LS098 7R 1 gﬁwmf

h df I b
will o R e e DR R
active MQQeKX'ﬂ%&% ﬂl‘ﬁl@%ﬁ'&' th S’m‘&;%}es\ﬂfﬂ%@%gz%?’%iﬂ?ﬂ%ﬂh&h@aﬂé&ﬁel

electrode material 208 is poly-crystalline silicon (poly-Si) and the gate
transisIBAHCIRRIRHANZ0E 2 8Hj%aR epyRibidR:dher m%ﬂ!ﬁﬁﬁgﬁmt includes the

electrode 208 will typically range between about 500 A and about 2000 A,
p-chanfibfiekablyleas Haalapabokth ho§PeAlofiitse Qubseldsyicgihoaraxide tbickness

of gate dielectric 206 will typically range between about 3 A and about 50
accomplispedfeitithe lesotham aboote20:ls, [BOEOY Bohecetand drain extension

regions 210 and 212 are formed by ion implantation. In the preferred

10027)embadigeni buaidnans Sty $s 20ehanenDbyithrehamekiegionsohdiffarent.

forme

The gate dielectric 206 may comprise silicon oxide, silicon oxynitride, and silicon nitride, or any
- combination of these materials. Altemnatively, the gate dielectric 206 can be foﬁned from a
material having a relative permittivity greater than about 5. Examples of such materials include
aluminum oxide, lanthanum 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, bafnium, ruthenivm), 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,-or:any

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

9.



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 regions 212 (or 210) can be formed by implanting a dopant
such as arsenic and/or phosphorus while the p-channel devices are

00291 mashdthqersaits stearisriinpg RRSRFTBeAilinved by saciring siep g KRB gack
t id th te el 208. | le, th .
S T S G R e
e v o Ao e o
o R e e R Sy

(poly-STPAREER 3% AOMRASHS.RRALSSS i EROIPOS/ IR SRACELMRMGRIRIEGR A

ielectric’liner 214 and a spacer body 216. The dielectric liner 214 may
electro@E2 i mRd RN HNe dapesitiorafadicteoticlinansmaeraliepgfesiligaBss than
oxide, and the spacerbody material 216, e.g. silicon nitride, followed by an
about 1E0BAIrQRicepichlbigislicanciide ibirietahiofgdte dirbdtte ettbeilinyentieange
liner 214 may be an oxide and the spacer body 216 may be a nitride. -10
betweef0£8243 ActuraingttiithepeéfriydeenbodimentGiransistor 200 of a first
conductivity type in a first active region (the portion of semiconductor

[0030] regiaR202.hetwas R iaRlalio Repeaions0204a 1ang. 30 d S §ahe dRIRedi Within

a lattice-mismatched zone in the source and drain regions. Referring to
the prefeged erdsydinisaarvb erpetitsmeobbnd Goninilaciieedtrégimasi &tlrewer the

second active region (the portion of semiconductor region 202 between
condudgolatippesegidnsR04 b arda@pic fhounidruinel witeo tiemsigtors20 0 (Thdl 2) can

transistor 200 of the first conductivity type is exposed.
be formed by implanting a dopant such as boron while the n-channel devices are masked.

Likewise, the n~ch:annel extension regioné 212 {or 210) can be formed by implanting a dopant

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

{6031] Referring now to Figure 3b, spacers 214/216 are formed on the sides of the gate
electrede 205'3. In one example, the spacers may be formed by chemical vapor deposition of a
dielectric material, e.g., silicon oxide or silicon nitride, followed by an anisotropic etching of the
dielectric material to form simple spacers. In the example of Figure 3b, the spacers are
composite spacers. A composite spacer may comprise a dielectric liner 214 and a spacer body
216. The dielectric liner 214 may be formed by the deposition of a dielectric liner material, e.g.,
silicon oxide, and the spacer body material 216, e.g. silicon nitride, followed by an anisotropic
etch using reactive ion etching. In another embodiment, the liner 214 may be an oxide and the

spacer body 216 may be a nitride.



[0033] 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 performed by a dry plasma etching process. In the
preferred embodiment, where the substrate 202 is a silicon substrate, the

lasma etching process may employ fluorine chemistry. It should be noted
0032} o iﬁ"?ﬂ&’%‘ﬁ:%ﬂﬁ%ﬁéﬁf?é‘?gé@g o RIS A ther 1At GPrRctvity type

. composite spacer might be slightly etched to n undercut 222.
S R TS PP AT SR R PRrRR B R0
and 2RYTE % BEHAN WRRI0NS: G2 L DR IDRISIORRT D raﬂd%@ﬁ%%ﬁ%‘ﬁlé.

type. The epitaxially grown material 224 is preferably a semiconductor

Refenmé@rﬁ%ﬁé\émgh?s differepliritics: sonstant drodbatiotihe Supeyae20ond

material. In the case where the first conductivity type is p-type, the
active Bitica-{ispoaiehed senatenidlctdddsipi ol ablysiGan geframiuanodn, they
case where the first conductivity type is 11- type, the lattice-mismatched .
204c) méaichalcRRigsiscpraterably siliconacsithor2of sfitbebgecmenitimityagpbdnexposed. .
(Sii,_yGe.Cy) where the mole fraction of carbon y is greater than a tenth

[0033Pf thesmngle.Araction.ehaelmanium s Lieleigbtl IBESOMER:EATMAIR of the

region 224 in the transistor of the first conductivity type may be higher
transidhapfthatintbeniiamsisios gf. thasacung GOndueidly 1ypey-8d pk03RddIbys: dry
noted that the process steps of forming the mask 218, etching recess 220,
plasmapghepitaxiatyrowtegplafticedmismditober whate sl 2B4ueir2b2 iperdfdivmed
prior to the formation of spacers 214/216 on the sides of the gate
substralip dhrorlasPRgt{uOB ey s s s PRy lre8e thenditecttitoibskeapgkthat in

removed. In the case where the . ] )
the etching of the recess 220, the diclectric 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 1s n-
type, the lattice-mismatched material 224 is preferably silicon carbon or silicon-germanium-
carban '(Sim-yGeny) 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.

-11-



dielectric mask 218 is silicon oxide, this. may be accomplished by an etch
in dilute hydrofluoric acid. The removal of the mask 218 may result in an
undercut 226 in the dielectric liner 214 of the transistor 201. The undercut
222 may be larger than the undercut 226 because it underwent two such

[0035] etChIP{spgt%sgﬁ%t ngggejﬁégpﬁ%g%r%%gg%%i_%ﬁg.@H?S IRLhe MOS0, and

transistor 201 are n ormed by using “ion’implantafion while covering

epitaxi i ErEMR RN A0 nintdha Prglened porRedinenb - Handenantih of

arsenic or phosphorus or a combination of both. The source and drain

spacerd QYNNG 23 hakpdcshmvme inkigeeaodk $0938] As also shown in Figure 3f, a
high-stress film 228 is formed over the transistors 200 and 201. The

[0036]NGNBUESS Tk, 228 may be SICOR NIEHES 08 A QUK NERSEESSuhere the
The'"strg d

materlai. SS méy € compressive or tensile in nature an may

dieleclIAYHA 11390IMdS D 1he 1BRgE.0%0 .14 1igarBRssale{ GRAd Bdrofluoric

high-stress film 228 is preferably formed by a chemical vapor deposition *

acid. TRMEMVAGESS: hh& CMI-RI0cassihan briarow:prassheaiMitiREMD) of
process or a plasma-enhanced CVD (PECVD) process, as commonly

the traliQv2@N dTUs @dderde2 ARt n{DO0BOrAs ehiashit widhrew ABe hevis@2iadetwent
226 in the spacers of the transistors, voids 230 and 232 may be formed in

two suthheespaosrsssdEhis is intentional and may bring additional benefits to be
described. It is noted that during the formation of the high stress film 228,

[0037]it IS POSSIBIRLQBQIRIatehs fil ithent POA TR tS56iaL0 0 Meigiswedbed by using
formed in the final structure. One aspect of this invention teaches the

ion implientionalidreaiien of theitsid Sarsirsined Ziannahtrandistod tmbb@iment, the

dopant is arsenic or phosphorus or a combination of both. The source and drain regions 225 are

shown in Figure 3f.

[6038] As also shown in Figure 3£, a high-stress film 228 is formed over the transistors 200
and 201. The high-stress film 228 may be silicon nitride or aﬁy other high-stress material. The
stress may be compressive or tensile in nature and may have a magnitude in the range 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.

[0639] 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 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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specifically decouple negative effects of the high stress film on transistors
of one conductivity type. 100401 In the preferred embodiment, the first
conductivity type is p-type and the second conductivity type is n-type.
Each 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
specifigally somwrlerneapcelicsrinbiic gty aleietiross s AbrasERrctivity
Figure 3f. The size of a void is the area of the void in the cross-sectional
WPe- yview. A first void is larger than a second void, when the area of the first
void in a cross-sectional view is larger than the area of the second void in
[0040the sémike pdss:destivridineisiha\iygidordac ity dyipe dep-feng thdbtha seroet
size is expected to have a higher decoupling effect than one that has a
condusfivifitety Reityerioica BipaNeidsi3 8 asiPE) s iseraretiay St suuhnidsntified as
size of voids 230 and 232 can be measured relative _to the width of th

the Ic%aeéﬁ SN UP MBI FOPTRERRETR 0?HEU@B?&%§%‘§9%%%“&?&%¥H*ééﬁ% é?dB?

5% oft s acer th. I .ano emb tthe 0id.232 has a
Spaceﬁg AL o0 o1 IR SIGEa b TEALA gD, et of

the vm %'&eh&hsstes& lﬂgn%meﬁ% fmgs%%%d ?ﬁggfﬁ@ &%%fsgggnam&ﬁa&ﬂ&l aﬁdma of

annel transistors 201 and 200, t annel regions 236 of the

the ﬁrgﬂb%@ﬁ%%@é@ SXRRHENGEAi LGNSR RIRIR: S NiEhaRbet VaDSiStey 8k

will have benefits of mobility enhancement, while the p-channel transistor

cross-28Bywil bave degradrd m@bﬂh&gd\l@ﬁ@ﬂddﬂ@ lartbesprefesrpdcanh hogineer tigher
voids 230 may be introduced in the vicinity of the channel region 236 of

decoufimpethanhet trandistbas200rtdlerdeytk the megtisezeffects of the tensile
stress film 228. According toranothenembodiment of

© [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.

[6042) If a single high tensile stress film 228 is used to cover both n-channel and p-channel
transistors 201 and 200, the channel regions 236 of the transistors will experience a tensile strain.
The n-channel transistor 201 will have benefits of mobility enhancement, while the g—channel
transistor 200 will have degraded mobility. According to the preferred embodiment, voids 230
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-anotherembodimentsof
this invention, the channel region 236 of the p-channel transistor 200 may-have a larger void 230

than the void 232 adjacent the channel region 236 of the n-channel transistor 201.
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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. -13 [00431 In another embodiment,
the p-channel transistor 200 may have a high-stress film 238 that is
compressive in nature and the n-channel transistor 201 may have a
[0043}high-BtresthfitrnR8irtst, theerdifeunl transisona 08y Fadigh-seesafilm 238
compressive stress that results in compressive strain in the channel
that isieamipresb6: f tRRIS KRR &t thansb isien T4 Mhaas free Adighatrs film 228
_direction will enhance the hole mobility. A tensile stresns that result in .
that istiesiie BRAS AR QHANEENG B 258 a1 SRR A FanSs R BT iR e
. the source-to-channel direction will enhance electron ility, .
sain S S BB h B A DI By Rt o reoag ot i gdion
will e??r%%:ez goi§§?d foe r%?_%g 9 200 é( Jt%ys ?Eh‘?%@ﬁﬁ%&ﬁ?i‘ié@&a‘iﬁ%Qﬁe%ﬁ?ég?on

hannel transistor 201. The high-stress film 228 over .

236 oF 5 R:CHANREL ARSIt 1 200 R HhenhaerapyrcHihactosstance wittdheon

mask. A compressive high-stress film 238 can then be formed over the p-
mobilggannel transistor 200. For example, the film can be formed over the
entire device and then etched to the desired pattern. [0045] Another

poad]"Sthqd emogdiment, of EZ%%E% %Q%&%Hﬂ?%ﬁt‘#&{ﬁﬂﬁé‘?ﬂeiMWeeélfFigure 3f

a-4d. liems prewou%‘llfl cussed with respect to Figures 3a-3g will not

and FREFSPERIES ARt TADRISirs: 20Q-Aad RAL ofbuddifferent comductivitel

types are formed in two different active regions, and the source and drain
transiEQRIO0E ofRagkatihe tiansistersrare pesasser usiganisicin Fhetetetmoved

may
_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.

[0045] 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 rgpeated 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, datticesmismatched 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 fhe p—channéi 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-channe] transistor
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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. [00461 Referring now to Figure 4b lattice 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
201 andoeerienuifgrtiestemba te benetively srohanfiest semisicndvstPUDagAFE T ke
may be accomplished, for example, by forming a first mask (not shown)
source %%@&Wﬁ%&&ﬁﬁ&%@?&?‘ﬁﬂz 84 and performing a first epitaxy to
selectively grow a first semiconductor material 242 in the source and
[0047] drain fegibe fattheq-channebiansistod 206k [004RpAHes foerfadt reskdisiask
removed, a second mask (not shown) is formed a second mask to cover
to covethibep-chaméirasagistddR00 s sbemtbapitdkyrisaiennpé Horestvaly grow a
selectively grow a second semiconductor material 244 in the source and
second gealisoadiionrontainl-2Hhinar sansrstat Lot rrHeeSitiRg krast i sstor
shown in Figure 4h. [0048) In the preferred embodiment, the first
201. The b i trate i ous HayHavsilicon- germanium and the second

semiconductor material 244 may be silicon-carbon or silicon-
[0048] gerniattic pretarbd anfBidixmepG iChnihrend dtred netlerfetis 267 wapdorsiipon-
greater than a tenth of the mole fraction of germanium x. Since the
germandyibgmdibopponhieniiondsriTernimyidiRtomande slieuntatop ritticon-
semiconductor material such as silicon-germ niLhm with a larger lattice

germanigAReR i resGife SRRSFRS RIS AR MEHRAMRAT REHIISH BB IFiHLC!

the mof)e-%g%ri]c?nd % rae?z%'%? ! %{0 ir% 'Qlﬁ%@?{bg‘@%ﬁ&é %rl]a gr%{ f?;‘ g‘s%?e(:)rggy silicon, the
semicon U&OI’ ma}fle[rha1 such as silicon-carpon with a

presence of a first semiconductor matetial 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-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
liner 214 to an efch 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.

[6050] 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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smaller lattice constant than the channel material will results in tensile
strain in the channel region 236 of the n-channel transistor 201. [00491
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
embod ndrﬁr%lﬂtigy-s 081G 06 AIQIGeLHG, e He 1AIGIA5-£560 oA Dutidbane
dieleetric finer 214 Is silicon oxide, the etch can be a hydrofluoric acid

other EHE0s1 IR [Q8HIRG. Structure is shown in Figure 4c. [00501 A high-stress
film 228 (or 238) is then formed over the transistors 200 and 201, as

showq. in Figute 4d. Although not shown, different film f
19051 or T S R G S eaen Lo, e
. with respect to Fi . ther -1 dime TolaR m
i 4 At s et R
combitQioh0b 20D h00R1L MVbie thisdnyentipashasbesBsdasenined mithvention,
reference to illustrative embodiments, this description is not intended to -
will bOSERRATRIGHEIRR HANUAGHSRE SR uWeH RIS Maditi tatinsramdn conbinatibns
of the illustrative embodiments, as well as other embodiments of the
intendiM@atitn apyilhide appasentdopessapswhibectifittess tupohodferatace to
the description. It is therefore intended that the appended claims
encompass any such modifications or embodiments. 16 WHAT IS
CLAIMED IS: 1. A transistor comprising:
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a gate dielectric overlying a channel region; a source region and a drain
region on opposing sides of the channel region, the channel region
comprising a first semiconductor material and the source and drain
regions comprising a second semiconductor material; a gate electrode
overlying the gate dielectric; and first and second spacers formed on sides

wHaAPIdhe gaigmgiaeirode, each of the spacers including a void adjacent the
channel region. 2. The transistor of claim | and further comprising a

hig -strlgt%§ film %\S/%rl ing the gate electrode and spacers. 3. The
tARSSSof i IWherein the high-stress film comprises a material

seleaggggef 2. the e %mgtllg@&{.silicon nitride, silicon oxynitride, and
kit s

on oxide, and ¢ inations thereof. 4. The transistor of claim |

whergin § afpégcfﬁmﬁéegleﬂq;gp@fsmgsm@pmmﬂegm, shanaele]

region. 5. The transistor of claim | wherein the high-stress film has a
regionTHRTIWHE Lamagnitdeeiinitiendergend alouut:baiel dbon i aompTikizg a
transistor of claim | wherein each spacer includes a liner oxide and a
" secondpackebihdior hidtzidlhe transistor of claim 6 wherein the void is disposed
in the liner oxide of the spacer. 8. The transistor of claim | wherein the
lingrioxlictwomprisbingifcogrdiicatnigthrdspacer '

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 2 high-stress film oycrlying the pate

electrode and spacers.

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

thereof.

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 bas 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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body comprises silicon nitride. 9. The transistor of claim 1 wherein the
transistor is a p-channel transistor. 10. The transistor 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

7, ﬁﬁ%&%&fo?'am%wm@fam&%raa,s'tﬁggam S aanalidesrisiapada,
- Thetransistor of claim | 1 and further comprising high-stress film overlying
the gate electrode and the spacers, wherein the high-stress film has a

8 'Pt?amtpa%?sjé\{e £ (Ha%%'lsl %e;re}ﬂ? tﬁ%? Ml&g &Jﬁ'{ﬁhké’g Qﬁf&jﬁ dRrdisal the spacer
‘ semiconductor material comprises silicon. 14. The transistor of claim 13

body colMl ggggq‘sm%égﬁ%g semiconductor material comprises silicon and
germanium. 15. The transistor of claim 1 wherein the second

semiconductor material comprises silicon and carbon. 16. The transistor

9. &L&%?A@i Yhpein.he gals digleclic.camliseaAdpptarialiselected from
€ group consisting of silicon oxide, silicon oxynitride, silicon nitride, and
combinations thereof. 17. The transistor of claim | wherein the gate

0. fielecic compriseos disleqtric with a relaive Remitybvateaiandian

ransistor of clai erein the gate dielectric

electrode il ﬂlxseess &é&?@ﬁ@é%e(ﬁecﬁ?ﬁ\g&égs mﬁx%ﬁg%&ﬁﬁ§ 'ﬁ@&g of alu min}J m
oxide, an?hanum oxide, hafnium oxide, zirconium oxide, and hafnium
oxynitride, and combinations thereof.

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

12.  The transistor of claim 1! and further comprising high-stress film overlying the gate

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

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

and germanium.

15.  The tansistor of claim ! wherein the second semiconductor material comprises silicon

‘ and carbon.

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

thereof.
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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

ilicon material..-19 21. A semic tar.chip co résagbg e with a relati
17. ee ran 1rs1t81£J %f 8a§r&bs¥¥§%rem I? &a%" Qiléfe%nc c@m%gﬁ%% ecttic with & relative

or e a transistor form the semiconductor

permiti vzg,sb?g@égmtg%&g%g ansistor having a first channel region formed from a

semiconductor material and having a first source and a first drain
region formed in the substrate oppositely adjacent the first channel region,
he first source and.the first drain region.comprising a, S8CORH cqlected from
18. 5%?88%% 08 cﬁarhﬁé?eﬁi‘g at %ﬁﬁ%ﬁ%&maﬁ:%e% 1ws|%ﬁ the first
the grouéggﬂ!s(%ﬁﬂx WAL Bl AN G ASERANGIRNEIRRICEHE] MdBBum oxide, and
emiconductor substrate and having a conductivity type different than a
hafnium mgﬁg@&gim&mﬁ%@ggyg&@ﬂsismr, 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

19, TIBsdinihg subsyaisLnnosiel: adiarsnt dbrpsecendoshannel resion,

the second source and second drain regions comprising a material

selected HHHSIe g&ﬁp&mﬁﬁg@ag Sericonecialcmate a2 Aitking asvicobiductas
chip of claim 21 and further comprising a high-stress film overlying
thereof.

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

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

21 AsrrlsndrsieE RS he second channel region, the second
spacer igclgdin&?]gh% cond void formed therein. -20 24. The.
C

a Sermicondaucior 5 . . X
LEmiconductor Ip of claim 23 wherein the first spacer and the second

SBACSLEAGH: Rave A Blegiiclnglandiihateimtherdirehvih ARAEs first

second void are located in the dielectric liner. 25. The semiconductor chip

channe QSR 2RewheHe indRe dirsicypid Masiadeng ibiniennn gesnio@bobi PO fiest
about 200 angstroms: 26. The semiconductor chip of claim 25 wherein the:

drain regREOREMICh iassayangehvppssithaadient tOSranistrmhegRia, Thedirst source
semiconductor chip of claim 23 wherein the first void and the second void-

and the faveairdifferdon sitesrid8y Thesehsiognoubieor rpioafaditishi Plitrenimmgiehed
first void is larger than the second void. 29. The semiconductor chip of

with the fishseriopindvetar tmettiriel; $@hiconductor material has a first natural lattice

constant, and the second semiconductor material has a second natyral
EAFERRACEASENT, TSR I SR PR R SBR SR T Pe

diﬁ"ere;{p A tg?:gxlmrcﬁ}crgi%w; %lrylagtgfc&e first transistor, the second transistor having a second

channe] 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 transistar.

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

second spacer including a second void formed therein,
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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 wherein
the second semiconductor material extends above the height of the first
2. TERSORELIGAION BYAD BMALT Ihthed AROG-0I 3R wAf e ot Ber cach
angstroms. - . The semiconductor chip of claim 21 wherein at least a

have a diRRESMAEING, SFRAGGRARRRSROIAA s Wbstaidtesidilestsairedithipe diclectric
source-to-drain direction. 33. The semiconductor chip of claim 21 and

lner. further comprising a high-stress film formed over at least one of the first
and second transistors, wherein the high-stress film has a tensile stress
with a magnitude in the range of about 0.1 to about 1.9 GPa. 34. The

25, TRTGRRIGLRNCRIP of Glair2 haadiiurbarconptisindmilgin Sicassgind

formed over at least one of the first and second transistors, wherein the
about 20N0R-SHEs Bipstaaa 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

2. BRcRdligesnimiormedmvaiihpesecontivsansistok nythersiththebout
first high-stress film has a stress that is different from than the second

100 anghti@Bsstress film. 36. The semiconductor chip of claim 21 wherein the
wherein the first transistor comprises a

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

different sizes.
98, 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 wherein the second semiconductor material extends
above the height of the first channel region by an amount in the range of about 10 1o about 500

angstroms.
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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

32.  amHefusiiesCRBR iR Actasont Wighesite Scafl mpanier yifgdisecond ohghnel
transistor, the second high-stress film having a tensile stress. -22 39. The

regiorsemidendnsite steldipioficl amr@starnidatndirectspmprising a high-stress film
overlying the second transistor, the high-stress film having a tensile
stress. 40. The semiconductor chip of claim 36 wherein the first source

33. repioreachildactistidpin cragion estuitteltidengpsiicgdehigiostioss. fliin haed
semiconductor chip of claim 40 wherein the silicided portion includes

over ayeasianieint thd Br hedseniod rdugterrehifiotishniGghwieseiirthese tansde
source region and the second drain region each include a silicided ‘

stressyGtienmapRitiieistinteneriobebpetig & ehaws BB Whterein 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

34. cdhpesesadifierehipsifeibiéntdrruddsilicicappusiisre dhighetcessdhioy formed
source and drain regions. 44. The semiconductor chip of claim 21

over ayirspbneres the fosiaxsbincaaddiiprisions tiesde dirduigh=aers Jibn aen

formed from the first semiconducter materjal. 45. The semiconductor chip

COMPESEIYTISE WHE ASRPERENSS BB BRFE T Edibh lah (ifie second

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 2 stress that is different from than the second high-stress

film.

36.  The semiconductor chip of claim 21 wherein the wherein the first transistor comprises 2

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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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. -23 47. The semiconductor
chip of claim 45 wherein the first semiconductor material has a first

39. ”%gﬁ&%&%@%ﬁﬂ%@&ﬂ% %Hﬁdfm%?x%fﬁiﬁé MR RaA I DiGlying

natural lattice. 48. The semiconductor chip of claim 47 wherein the third
the el datise oRTRRtissmaliarnithamnthaifimtaatural lattice constant. -24

49, A semiconductor device comprising: a silicon substrate; a p-channel
transistor formed within and above the silicon substrate, the p-channel

4. U %@9{1&%@&{&?&9@% URE G WRLEEQIRD MRGAIREV IR B SHEBRst drain
substrate; a tirst source region and a first drain region formed in the

region RS AEPRABIRlYs getaseNt the first channel region, the first source
region and the first drain region being formed from a second

semiconductor material that has a natural lattice constant that is different’

41. h3pa AAWALIAINICE COPSaR A wllicen: RluHarteSlaeH At s Watvalim.
overlying the first channel region; a first spacer region formed adjacent a
sidewall of the first gate, the first spacer

42.  The semiconductor chip of claim 36 wherein 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.



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 re

: ! gion, the second source and
4. SREREPAITSGOHE DR for MR AT e ST ARk PREPRL f 2 first
econd semiconductor.material: a high-stress. film oyerlyin st one of

et AR DO B L Bt el L.

wherein the second source region and the second drain region are

formed within the silicon substrate. -25 51. The device of, claim 49 where'p
8. RBeSEEPSRE SRR e SEa e AP FERTAH APEe ROTHIER o

thjrd semicgnductor material that has a natural lattice constant that is

' t?‘mthai#ﬁé‘ﬂ{“ﬁ%ﬁt?ﬁgcﬁgﬁtﬁ%l lattice constant of silicon and the natural lattice
constant of the second semiconductor material. 52. The device of claim *
51 wherein the second semiconductor material comprises silicon '
germanium and the third. semiconductor material comprises silicon
carbide. 53. The device of claim 49 wherein the silicon substrate
comprises a silicon layer of a silicon-on-insulator substrate. 54. The
device of claim 49 wherein the high stress film overlies both the n-channel
transistor
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and the p-channel transistor. -26 Strained Channel Complementary
Field-Effect Transistors and Methods of Manufacture ABSTRACT OF
THE DISCLOSURE A transistor includes a gate dielectric overlying a
channel region. A source region and a drain region are located on

opposing sides of the channel region. The channel region is formed from
49. A TereiceBfvRIONERIES CATHREMAS and the source and drain regions are

formed from a second semiconductor material. A gate electrode overlies
AREPREBREtric. A pair of spacers is formed on sidewalls of the gate

SEciens Rl dinerareedleliice AyeistassaLinaenngl

igh-stress film can overlie the gate electrode and spacers.

transistochlg';’n&ﬁangz

a first channel region located within the silicon substrate;

a first source region and a first drain region formed in the substrate oppositely .
adjacent the first channel region, the first source region and the first drain region being formed
from a second semiconductor material that has a natural lattice constant that is different than 2
natural lattice constant of silicon;

a first gate elecirode 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 changel 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.drainregion.are

formed within the silicon substrate.
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51.  The device of claim 49 wherein the second source region and the second drain region are
. formed from a third semiconductor material that has a natural lattice constant that is different
than the natural lattice constant of silicon and the natural lattice constant of the second

semiconductor material.

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

germaniurn and the third semiconductor material comprises silicon carbide.

53.  The device of claim 49 wherein the silicon substrate comprises a silicon layer of 2

silicon-on-insulator substrate.

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

and the p-channel transistor.
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