1 Strained Channel on Insul ator Device TECHNI CAL FI ELD [ 0001] The present
invention relates generally to integrated circuits, and nore particularly
to a strained channel on insulator device and nethod for form ng the same.
BACKGROUND [ 0002] . Typical comrercial sem conductor devices are forned
fromsilicon.. In these devices, regilons of the silicon are doped with
inpurities to vary the conductivity and form junctions, which can be used
to form for exanple, transistors. In nost conmercially available devices,

these transistor devicesSer&int@TRtrid of 524 r substrate. For
exanple, the devices may be fornmed within glﬁqleggjtél%&doped well within a

nonocrystalline silicon substrate. In other devices, known as

sili con-oﬁ@%@%ﬂELDSO ), a silicon layer is fornmed over an insul ating
| ayer, which is formed on the substrate. Transistor devices can then be

f or med inogﬂf upegr sil.icon layer. [0003] Enhanced electron nobility in
silicon undetl tendiPecRHaYREPn rfafesigancasiy te mbegrateictithaitspandmmdde bartidtldry to
silicon-ger manci1 m (Si Ge) under conpressive channel strain have been

repor t ed. 2 $gme gl}a@ge} Op B¥elptor devicaland mefEbefok fopmideltiaiaRer t properties of
Si/Si Ge heterostructures: Measurenents and device inplications,” Applied
Physics Letters Vol. 63, No. 5, 2 August 1993, pp. 660-662; and

BACKGROUND

[0002] - Typical commercial semiconductor devices are formed from silicon. In these

devices, regions of the silicon are doped with impurities to vary the conductivity and form
Junctions, which can be used to form, for example, transistors. In most commercially available
devices, these transistor devices are formed in a semiconductor substrate. For example, the
devices may be formed within a lightly doped well within a monocrystalline silicon substrate. In
other devices, known as silicon-on-insulator (SOI), a silicon layef is formed over an insulating

layer, which is formed on the substrate. Transistor devices can then be formed in the upper

silicon layer.

[0003] Enhanced electron mobility in silicon under tensile channel strain and enhanced hole

mobility in silicon-germanium (SiGe) under compressive channel strain have been reported. See
e.g., Ismail et al., "Electron transport properties of Si/SiGe hcteroétructures: Measurements énd |
device implications," Applied Physics Letters Vol. 63, No. 5,2 August 1993, pp. 660-662; and
Nayak et al., "Enhancement-Mode Quéntum—Well Ge,Sizx PMOS," IEEE Electron Device

Letters, Vol. 12, No. 4, April 1991, PP- 154-156. Both of these papers are incorporated herein by

reference.



Nayak et al., "Enhancenent-Mde Quantum Well Ce,,Si j_x PMOS," |EEE

El ectron Device Letters, Vol. 12, No. 4, April 1991, pp. 154-156. Both of

t hese papers are incorporated herein by reference. 2 [0004] Recent studies
have shown the feasibility of strained Si/Si Ge-on-1lnsulator (SiGe- 01)
structure. For exanple, Gamz et al. Rave shown by Monte Carlo sinulation
that electron nobility is greater when strained-silicon inversion |ayers
are grown on Si Ge-on-insulator substrates than when

unt r ai nediosdal | CONRQA L ator, devices are enployed. Gamin et al.,

"Strai ned- Si } Si Ge- %ﬁ?‘%Sﬁ‘?%f §%V8Fh‘?“m/ f aﬁh‘hfyaﬁfg&ﬁﬂedﬁ@l@mrelnaﬂatsﬂ(S'a}ened- Si
| ayer thi n. electron nobility," Applied Physics Letters, vol. 80,
no. 22, 36§ Eﬁ‘g":@go’%’? empﬁa%emﬂ&ﬁ al. Bavs shoveuby Mamtt Card simblation trht@REH@N
Transport iﬁ]l.strai ned Si inversion |layers grown on Si Ge-on-insul ator
subst r at 8Ny GUETRAST When sl eticRhinsérsion layers are QownR: Side-otkinitdbd; 2002, PP.
288-295.. Both of these papers are incorporated herein by reference.

[ 0005] M hsitstes thag wherhenseaisddusli B8-oR-EAMR Alyi MOSEETs usi ng
double Si Ge heterostructures fabricated ‘byVlt ﬁé‘%%ﬁ‘ﬁg‘.yﬁc"g?%WZS*rJ& MOX and

o e St eSS SR SRR IS i el Mot

hi gher strain in the silicon channe

MOSFETs Wddioihg ' Lhsd n. S Channel Using Doubl e SiGe

Het er ost r uct ur es?lﬁ{yl’ %@M%hﬁgléﬁig{“?%ﬁ% V‘gnéoép%@l?r%hmwm%ns 4160562; skjsono. 1,
January 2802, PR v

E7lectron Transport in strained Si inversion layers grown on SiGe-on-insulator

substrates," Journal of Applied Physics, vol. 92, no. 1, 1 July 2002, pp. 288-295. Both of these

papers are incorporated herein by reference.

[0005] Mizuno et al. have studied p-channel advanced SOl MOSFETs using double SiGe

heterostructures fabricated by the combination of SIMOX and high-quality strained-Si/SiGe
regrowth technologies, in order to introduce higher strain in the silicon channel. Mizuno et al,,

“Novel SOI p-Channel MOSFETs With Higher Strain in Si Channel Using Double SiGe

Heterostructures," IEEE Transactions on Electron Devices, vol. 49, no. 1, J anuary 2002, pp. 7-

14 see also Tezuka et al., "High-performance Strained Si-on-Insulator MOSFETS by Novel

Fabrication Processes Utilizing Ge-Condensation Technique," 2002 Symposium on VLSI

Technology Digest of Technical Papers, pp. 97-97. Both of these papers are incorporated herein

by reference.



14; see al so Tezuka et al., "Hi gh-performance Strained Si-on-Insulator
MOSFETs by Novel Fabrication Processes Utilizing Ge-Condensation

Techni que, " 2002 Synposium on VLSI Technol ogy Di gest of Technical Papers,
pp. 97-97. Both of these papers are incorporated herein by reference. 3
SUMMARY OF THE | NVENTI ON [ 0006] The pBesent invention includes enbodi nents
of sem conductor devices that have enhanced el ectron and hole nobility,
for exanple in CMOS devices. Wth certain enbodi nents, both the NMOS and
the PMOS devices . can be formed in a single |ayer and both can experience

t he speed BGESTIE INVIBYBIPRY |y stressed material. [0007] In one

enbodi nent, for exanple, a sem conductor device includes a substrate (e.g.,

a silico bstr ith an insyl ating |ayer (e.g., an oxide such as
silicon dlmgi.?lde) T&E §‘)6%é§%1&ve %‘ﬁ’éi‘@f&‘ﬁ?s Wng’in?P%é%WéQﬁﬁdwridnﬁcmhaehival | ayer

(e.qg., SiQ?% iéﬁgis os&ﬂ on the insulating layer and a second
sem condu®tYHG fattEtaas helg nepilits fog exangily inj GMAE dposedWath chien éhbaliments,

sem conducting material |layer. The first and second sem conducti ng

material PHYBENNPS et thbPYI Oferderice dah 86 Ribed inalstipkQa@PREL AL Sn iefbef‘i&ﬁ: rel axed
state such that, when adjacent, the first sem conducting materia Fayer i's

conpr essi thespmdlad\/faatag@@@mgm?@;[gjgg@ﬁg@ﬁ;ﬂeﬁg. material |layer is tensile. [0008]
A et hod of naki ng an enbodi nent device of the present invention includes

[0007] In one embodiment, for example, a semiconductor device includes a substrate (e.g.,a

silicon substrate) with an insulating layer (e.g., an oxide such as silicon dioxide) disposed
thereon. A first semiconducting material layer (e.g., SiGe) is disposed on the insulating layer
and a second semiconducting material layer (e.g., Si) is disposed on the first semiconducting
ma.terial layer. The first and second semiconducting material layers preferably have different
lattice constants in the relaxed state such that, when adjacent, the first semiconducting material

layer is compressive and the second semiconducting material layer is tensile.

[0008] A method of making an embodiment device of the present invention includes

forming a first epitaxial Si;,Ge, layer over the SOI substrate. The Si;.xGe, layer is oxidized so
that Ge atoms are driven from an upper surface of the Si;.,Ge, layer into the remaining portion of -
the Si;.Ge; layer and the silicon layer of the SOI substrate. This process forms a relaxed

S1;,Ge, layer (préferably ¥ 1s greater than x). The oxide layer that was formed during oxidation
1s removed and a second silicon layer is formed over the Si;. Ge, layer. Preferably, the second

silicon layer induces a compressive stress in-the relaxed Si 15Ge, layer.

[0009] In preferred embodiments,_the present invention provides simple structures for

adjusting the channel strain of an electronic device. As an example, embodiments of the present

invention provide techniques that allow design engineers to use stress engineering to optimize

NMOS/PMOS ration to optimize device performance.




formng a first epitaxial Sil_,,Ge,, layer over the SO substrate. The

Sil XGe,, layer is oxidized so that Ge atons are driven from an upper
surface of the Sil xGex layer into the remaining portion of the Sil_1Cee

| ayer and the silicon |layer of the SO substrate. This process forns a
relaxed Sij_yGey layer (preferably y4is greater than x). The oxide |ayer
that was fornmed during oxidation is renoved and a second silicon |ayer is
formed over the Sil yGey layer. Preferably, the second silicon |ayer

i nduces a_conpressive stress in the relaxed Sii_yGey layer. [0009] In
preferredE@ﬂ%ﬁ@ﬁﬁ@ﬁﬂ§l®NNﬁ*ﬁﬂé@ﬁmﬂvmmﬂention provi des sinple structures for
adj usting the channel strain of an electronic device. As an exanpl e,
enbodinen&&”ﬂf thﬁrpresent i nventjon provide techniques that allow design
engi neers't o use ‘Str&sBEntATIRLT i TRtowing ofpseriptions taiMDSH PMDBICtEN ovitht the
optim ze devi ce performance. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] For
a nore co ‘iog’ﬁ’@nﬁ%ﬁ fravimayy e adichiuptdérsmulingaidothe presed hjvertivh] oM M bivahfdes
acconpanyi hg drawi ngs, in which understandi ng of the present invention, and
t he advantheges refetsacedofiqw medesto éizce i s now nade to the: [0011] Figure 1 is a
cross-sectional view of a first enbodi nent of the present invention;

[ 0012] Fiﬁmqﬁ 2 i? a gtoss-sectionaj view of a first enbodi nent of the
present inventi on: SYF o&rsFOsESEftipRal Biepopf g figst ombodiment pbtha bresdneinvertion fir st
enbodi mrent of the present invention; and

[0012] Figure 2 is a cross-sectional view of a first embodiment of the present invention;
[0013] Figure 3 is a cross-sectional view of a first embodiment of the present invention; and
[0014]

Figures 4a-4d are cross-sectional views during fabrication of an embodiment of the

present invention.




[ 0014] Figures 4a-4d are cross-sectional views during fabrication of an
enbodi nent of the present invention. 5 DETAILED DESCRI PTI ON OF

| LLUSTRATI VE EMBCDI MENTS [ 0015] The maki ng and using of the presently
preferred enbodi nents are discussed in detail 'below It should be

appreci at ed, however, that the present invention provides many applicable

i nventive concepts that can be enbodied in a wide variety of specific
contexts. The specific enbodinments discussed are nerely illustrative of
specific S.to nmake and use the invention, and do not limt the scope of
the i nventFoAILFHBHESFRRHONAF BADSTRARIVE BMBOMMEESEENt i nvention will be
described with respect to Figure 1, which shows a sem conductor device 10.

The sem ¢ ctor vice 10 is preferably formed on a
seni condugagéj- on-lihgglﬁ}“&g 8?(9‘(85@ the pirsenlyipesferred emthodimeats ere distesse8@h detaibst r at e

i ncl udes .gl%uﬁs}t‘rumee 12 and an insulating layer 14 disposed on the
substrat e 127 I'AIquiEPespReaipted owevendit frempresertt evestidagir6védes mbay dpplichble
nonocrystal line silicon substrate. This substrate can be lightly doped,

al t hough HYBRYE Consepivthatren bs embodied @ heideNai@Y bAdpSciRYEAE, GEE %@&hé‘m
quartz, sapphire, and glass could alternatively be used as the substrate

mat er i al . eOGHWntd discubied peafoily ﬁ%t&ﬂ@@&‘%ﬁ%‘ﬁi Vgﬁ %o Mﬂ”ﬁ%@%@ﬁ%@e‘éﬁ@,“ is an

oxi de such as silicon dioxide (Si02). er can a
t hi ckness aqf ddet WaR AR lor 420, /IRAN about 200

[0016] A first embodiment of the present invention will be described with respect to Figure

1, which shows a semiconductor device 10. The semicoqductor device 10 is preferably formed
on a semiconductor-on-insulator (SOI) substrate. In this case, the SOI substrate includes a
substrate 12 and an insulating layer 14 disposed on the substrate 12. In the preferred
embodiment, the substrate 12 is a monocrystalline silicon substrate. This substrate can be lightly
doped, although doping is not necessary. Other materials such as germanium, quartz, sapphire,

and glass could alternatively be used as the substrate material.

[0017] In the preferred embodiment, the insulating layer 14 is an oxide such as silicon

dioxide (SiO,). This layer can be formed to a thickness of between about 100 nm and about 200
nm. The present invention does not limit the method in which the insulating layer is formed.
For example, an oxide layer 14 can be deposited or thermally grown on the substrate 12.
Alternatively,

the oxide layer 14 can be formed by implanting an oxygen bearing species into the

substrate, e.g., using a SIMOX process. Alternatively, other insulators such as nitrides or an air

gap (e.g., SON or silicon on nothing) can be used.

[0018] A first semiconducting material layer 16 is disposed on the insulating layer. The first

semiconducting material is characterized as having a compressive stress. A second

semiconducting material layer 18 is disposed on the first semiconducting material layer 16. The



nm The present invention does not |imt the nmethod in which the insulating
| ayer is formed. For exanple, an oxide |ayer 14 can be deposited or
thermally grown on the substrate 12. Alternatively, the oxide |ayer 14 can
be formed by inplanting an oxygen bearing species into the substrate,

e.g., using a SIMOX process. Alternatibvely, other insulators such as
nitrides or an air gap (e.g., SON or silicon on nothing) can be used.
[0018] A first sem conducting material |ayer 16 is disposed on the
insulating layer. The first sem conducting material is characterized as

having a EWAPE @oitonducting mstsrial AS SebonGteriAaR BATMUGL M TRl 3 I@hreb B! 18 1
di sposed on the first senmiconducting material layer 16. The second

sem conduetbodjmeths it@bsed §e bBakhBLAS HRTLEG 8 ?e%ﬁ&ﬁ&%ﬂg%}@at%%ﬂﬁq%% Stress. In
e

the preferred enbodinent, the stresses are crea et that

sem condutdyeRdes a@t & : .orm |layers 1 d 18 have different lattice
constants iyﬁ t he rgﬂg)%gffg{égti%&fwgﬁa]ﬁ%@éie ?&%%rwnéh“‘éw@ nyenedd, the

|attice ¢ . the interface will be forced to be the sane, which
causes t hgﬁaél?r é;!itégshgtéasttl(ier‘f O‘Eslt?@??té%ép@#ac[%}i OF forerd t ba the saaneciwhiels caneks the

sem condu%tt'i %nﬁt E&i al layers 16 and 18 can conprises any of a large
nunber of *SERPEOHEIFEESr s, such as al | oy seniconductors, el enental
sem conductors, or compound sem conductors. In the preferred enbodi nent,

the first ggsy congei.d rial 16 is silicon germanium (SiGe) and the
second seni g%pnduglsll gitéét%%?c}nglse?’go? clngateripl faxgry 16 adr&\can comprises any of

a large number of semiconductors, such as alloy semiconductors, elemental semiconductors, or
compound semiconductors. In the preferred embbdiment, the first semiconducting material 16 is
silicon germanium (SiGe) and the second semiconducting material 18 is silicon (S1). Other

combinations of materials are also envisioned.

[0020] In the preferred embodiment, the first and second semiconducting material layers 16

and 18 have a combined thickness of less than about 40 nm (400 A). For example, the first layer
16 maybe a Si_Ge layer with a thickness less than about 400 A and the second layer 18 may be a
Si layer with a thickness less than about 400 A. This example is useful for semiconductor
devices built with 90 nm minimum design features. The thicknesses can vary (e.g., get smaller)

- as the design features vary (e.g., get smaller). In the preferred embodiment, the ratio of the
thickness of the second semiconducting material layer 18 to the thickness of the first

semiconducting material is greater than about 0.3,

[o021) The thickness of second layer 18 preferably has a thickness that is less than the

critical thickness. The critical thickness is the thickness at which it becomes energetically

favorable for misfit dislocations to be made.

[0022] In the embodiment illustrated in Figure 1, a CMOS (complementary metal oxide

semiconductor) pair of transistors has been formed in the semiconducting material layers 16 and



conbi nations of materials are also envisioned. [0020] In the preferred
enbodi nent, the first and second sem conducting material |ayers 16 and 18
have a conbi ned thickness of |ess than about 40 nm (400 A). For exanple,
the first layer 16 may be a SiGe layer with a thickness | ess than about
400 A and the second layer 18 nmay be @ Si layer with a thickness |ess than
about 4001. This exanple is useful for sem conductor devices built with 90
nm m ni mum desi gn features. The thicknesses can vary (e.g., get smaller)

as the design features vary (e.g., get smaller). In the preferred

enbodi ment8. TheE€MQGS pair iaéluddQ firlt MaekRG 8 e cti
material |ayer 18 to the thi cllznegs of tﬁgé%%e?@d%ﬁgg%&c%h?&gﬁgﬁgaw{ggri al is

Pas . {hi ckness trar st et S kSRR B Here e el car

has a thickness that is |ess than ¢ Ighapd cal

t hi cknessgdogndtBSichid ess_ at . whi it becones energeticall favorabl e for

misfit di Sslcocast@‘:ﬁ‘é’h@“gé&o@gt%?&&yﬂf gg?‘ﬁ 18 17 he AR inaRBoRP s Spackd s theaowee |

Figure 1, _a. onpl ementary netal oxide sem conductor) pair  of

transi st o¥e§‘°ﬂ2§ EB%@W@%FW 3%%1*1%‘31@@% efomddotging 24ret 2ris ik shuayeens 16 and 7

18. The CMOS pair includes a first transistor 20 and a second transistor

22. The fFPishisthedign ixabitrag@nd the labele soiid borv &AL YDA RAGk @ndlsal N T €gi on

26, both of which extend within the first and second sem conducting

mat eri al feaylelath théscund a2 drafh@n 8¢ Bifdiretl 8As U bomBe/HSinTPAGHY A gra%tﬁhéuh]a?ing ource
layer 32 (e.g., an oxide and/or nitride) overlies the channel region 30 and a conductive gate 34

(e.g., polysilicon and/or silicide) overlies the gate-insulating layer 32.

[0023] Similarly, the second transistor 22 includes a source region 36 and a drain region 38,

both of which extend within the first and second semiconducting material layers 16 and 18.. The
drain region 38 is spaced from the source region 36 by a channel region 40. As before, the
selection of which region 36 or 38 is the source and which is the drain is arbitrary and the labels
could be reversed in a particular circuit. A gate-insulating layer 42 (e.g., an oxide and/or nitride)
overlies the channel region 40 and a conductive gate 43 (e.g., polysilicon and/or silicide) overlies

the gate-insulating layer 42,

[0024] In this example, the first transistor 20 is a p-channel transistor and the second

transistor 22 is an n-channel transistor. In this case, the source/drain regions 24 and 26 are
preferably heavily doped with a p-type dopant such as boron and the channel 30 is more lightly
doped with an n-type dopant such as arsenic or phosphorus. The source/drain regions 36 and 38
are preferably heavily doped with an n-type dopant such as arsenic or phosphorus and the

channel 40 is more lightly doped with a p-type dopant such as boron.

[0025] An isolation region 28 can isolate the p-channel transistor 20 and the n-channel

transistor 22. In the preferred embodiment, the isolation region 28 is formed from a dielectric




region 24 by a channel region 30. The selection of which region 24 or 26 is
the source and which is the drain is arbitrary and the | abels could be
reversed in a particular circuit (and as a result both the source and
drain can be referred to as a source/drain region). A gate-insulating

| ayer 32 (e.g., an oxide and/or nitride) overlies the channel region 30 and
a conductive gate 34 (e.g., polysilicon and/or silicide) overlies the
gate-insulating layer 32. [0023] Simlarly, the second transistor 22

i ncludes a source region 36 and a drain region 38, both of which extend

wi t hin t hechps sllicondibxsle (H0g. FerixaMPRUCELAYS %ﬁﬂé@?e@@{a@%&aﬁsﬁﬁd 18. The

drain region 38 is spaced fromthe source region annet 'f egi on 40.

As bef or etrerichésolagied @Thi f i ' r 38 is the source and which
o B D P oo o IR OF D rfsiss A Bt e 11 oul ar

is the drain is arbitrary and t

circuit. A bHewd j | aver 4 .g9.., an oxide and/or nitride
overlies t ﬁ%ﬁgﬁgﬂﬂcz"g f?%}ée:ag;ﬁonﬁéﬁgﬁ%ﬁ?(%éﬂ%ﬂi\?@ yde (e, S(11:1‘.I4Q1<.Jr,noph'grlgg/si li con

and/ or si}jici v i e he gate-insulating |ayer 42. [0024] In this
exanpl e, @k%éggﬁgﬁ-?&§H§§§@Bwn260h§muw@nnmahmmgammamb&snnnoammdmhmmsecond
transistor 22 is an n-channel transistor. In this cas€e, the source/drain

regi ons Zﬁplﬁ%tyﬁisahéonrﬁgleﬂ%r ably heavily doped with a p-type dopant such
as boron and the channel 30 is nore lightly doped with an n-type dopant

such as afgsfi ¢ §f g horus. .The source/drain regions 36 and 38 are

pr ef er abl [;/ 2r?tlj;avi I ythg %ge%ewe?‘ﬁo%ﬂe%ﬁf’?ﬁ@awaﬁ?ﬂ %&J‘égpr@sd adisnenti the fist and

phosphoru&mgp t he dchannel,40 is nore lightly doped with a p-type dopant

such as borgy. semiconducting material layer 16 and 18 so as to induce a compressive strain on the first
semiconducting material layer 16 and/or a tensile strain on the second semiconducting material

layer 18.

[0027] The isolation region 28 can induce strain in at Jeast three ways. For example, when

an isolation trench is used, a trench liner (not shown) can be formed in a manner than induces

stress. As another example, when the trench is filled a stress is intrinsically induced. Likewise,
in the case of thermal oxidation, a stress can be induced in the Jayer during the LOCOS process.
As a final example, the volume of the trénch filling material can be decreased (or increased) by

thermal (or other) treatment.

[0028] In addition, source/drain regions 24, 26, 36 and 38 are preferably strained

source/drain regions. A strained source/drain is a doped region formed adjacent to the gatein a
strained region. The strained source/drain regions induce more tensile strain on the second
semiconducting material layer 18 or more compressive strain on the first semiconducting
material layer 16. The source/drain regions 24, 26, 36 and 38 can induce more stress due to the
larger or smaller atom sizes of different implantations species. In addition, a silicide layer (not

shown) can be formed over the source/drain regions. This silicide layer can induce additional

stress.



[ 0025] An isolation region 28 can isolate the p-channel transistor 20 and
the n-channel transistor 22. In the preferred enbodi nent, the isolation
region 28 is forned froma dielectric such as silicon dioxide (SiQ2). For
exanpl e, region 28 could be formed by standard shallow trench isolation
(STI) or local oxidation of silicon (BQOCOS) processes. Alternatively,
isolation region 28 could be formed fromother materials such as silicon
nitride (e.g., Si3N4) or nothing (nesa nethod). Although only one
isolation region is shown, a typical device 10 would include a plurality

of isol at [%#]r egifigne.2 {1092 6] altomatdwenbodiefeer the dureibReihaR Althin e 1dys0lsat i on
region 28 is forned adjacent the first and second sem conducting materi al

layer 16 disgbsdBoveothasoutdd/driifl ERn2 4 90 6ES SV, Sf#sre e‘?{érp?l%] iteHn E%r%rsl{sd‘ecé%n q

sem conducting material |ayer 16 and/or a tensi arn on

R N e e e

i nduce strain in at ree way ftiopobn

trench is L rench. liner (not. shown) can be formed in a manner than
haucos  HEdn Bl GRORION OE i te 1ifsein Anpother airrihat xdnges Sleads eoubt r ess i s
intrinsicaﬁ%%fiaduce . Likewise, in the case of thermal oxidation, a
stress ca Uy QE adfitionalin be pspde in theprieferred ErebddBRAE tinr lagee 44 is fordsedao £ i nal
exanpl e, the volunme of the trench filling material can be decreased (or

i ncr eas edhigkyess phketweeh abort 200 Aend atoneggorent . [ 0028] | n additi on,
source/drain regions 24, 26, 36 and 38 are preferably strained

[0030] In one embodiment, the thin film layer 44 has a tensile stress that induces tensile
strain on the second semiconducting material layer 18. In this embodiment, the preferred
material is an insulator, such as one of the insulators discussed above. To understand properties
of the materials that cause the inducement of a stress, reference can be made to the papers by
Tiwari et al., International Electron Device Meeting 1997, pp. 939-941 and Ootsuka, et al.,

International Electron Device Meeting 2000, pp. 575-578.

[0031) In an alternate embodiment, the thin film layer 44 has a compressive stress and
induces a compressive strain on the first semiconducting material layer 16. In this embodiment,
the preferred material is an insulator, such as one of the insulators discussed above. The same

film can be used for inducing a compressive stress as a tensile stress, e.g., with an additional

process step such as a germanium implantation.

[0032] Figure 3 shows-alternate embodiment. In this embodiment, the first semiconducting
material layer 16 is isolated from the substrate 12 by an air tunnel 46. As shown in the figure,
the portion of the layer 16 that includes a transistor, e.g., the active area is the portion that
overlies the air tunnel 46. Further information on device that includes an air tunnel can be found
in Jurczak et al., “Silicon-on-Nothing (SON) ~ an Innovative Process for Advanced CMOS,"

IEEE Transactions on Electron Devices, Vol. 47, No. 11, Nov. 2000, pp. 2179-2187, which



source/drain regions. A strained source/drain is a doped region forned

adj acent to the gate in a strained region. The strained source/drain
regions induce nore tensile strain on the second sem conducting materi al

| ayer 18 or nore conpressive strain on the first sem conducting nmateri al

| ayer 16. The source/drain regions 241026, 36 and 38 can induce nore stress
due to the larger or smaller atomsizes of different inplantations
species. In addition, a silicide |layer (not shown) can be forned over the
source/drain regions. This silicide |ayer can induce additional stress. 9

5 s et e A O

filmlayer 44 disposed over the sourc [ or 38.

As exampl lick (e F .fored o n.oxide (e.qg.,. silicon
di oxi dre? , ;Qgp n it{b? iPEE““’?%é.’S?"? 2 |O§7§§b9h?‘§ﬂe‘§e1§},§°eﬁsrf{’%a %%ﬁ%étfﬁg%?f thenj tri de

and oxi deg e or..a co site |ayer). Any other layer that induces
stress co&lécgn%gll?sglra%r?gﬂi}léﬁoﬁ}',on'wg&ﬁ@quaﬁ Hsuljng gryicgSed. In the preferred
enbodi ment, the layer 44 is formed to a thickness of between about 200 A

and about[o@3D A Al{R&38dd th i in.filmlayer. 44 has a
tensile stress thé? induaggﬂ?ggsil E%??%P%&%ﬁm%ﬂéggég%gbegéﬁ?%%ﬁﬂ cting

terial : ' di t.. th fi d terial i
sl ator et ot e KRR O R el B Bt ot inoeonlr ot and

propertie the materials at cause the inducenment of a stress,
ref er enc eﬁlé)%tﬁieﬁéalﬁ%a & sfl&ontalp.p@r rfltsovg,ryes an insulating layer 114. The insulating layer

114 is disposed on a substrate 112. As labeled on the figure, the layer 150 is preferably silicon,
the layer 114 is preferably silicon dioxide, and the layer 112 is preferably silicon. These labels |
are provided solely to help the reader understand the preferred embodiment. It is understood that

other materials could be used in addition to or in replacement of the materials shown.

[0034] In the preferred embodiment, the silicon layer 150 is a monocrystalline silicon layer,

preferably having a thickness less than about 400 A. This layer is preferably doped for the n-
well (e.g., arsenic or phosphorus) and the p-well (e.g., boron). The silicon layer 150 may be
epitaxially deposited on insulator 114. Alternatively, the insulator 114 could have been formed

by implantation into the substrate 112 with the top layer 150 having been recrystallized.

[0035] Referring now to Figure 4b, a Si;,Ge, layer 152 is formed over the SOI substrate
150/114/112. Preferably, the Si;Ge, layer 152 is epitaxially grown as a substantially
monocrystaﬁine layer. For example, the epitaxial layer can be grown by ultra high vacuum
chemical vapor deposition (UHVCVD) or molecular beam epitaxy (MBE). Polycrystalline and
amorphous layers are also possible. This layer 152 is preferably grown to a thickness less than

about 400 A. The variable x is 2 number between 0 and 1 and is typically between about 0.05

and about 0.2.



Tiwari et al., International Electron Device Meeting 1997, pp. 939-941 and
Qotsuka, et al., International Electron Device Meeting 2000, pp. 575-578.
[0031] In an alternate enbodinent, the thin filmlayer 44 has a conpressive
stress and induces a conpressive strain on the first sem conducting
material layer 16. In this enbodinent]l the preferred material is an

i nsul ator, such as one of the insulators discussed above. The sane film
can be used for inducing a conpressive stress as a tensile stress, e.g.,
with an additional process step such as a germani uminplantation. [0032]

Fi gure 3 §R¥is- alRefiming to Fenhod) et ,Gd, My his SxBIRO B Mormihb &n bifisthyer

sem conducting material layer 16 is isolated fromthe subStrate 12 by an

ai 1t unnell34GlheAsids by sk bl 884 by HERARKILAR t%%#?%%ﬂca%é{)xi&fs t hat

includes a transistor, e.g., the active area is verlies

the air t ind Gt i tion on devjce that includes an air
tunn e: c a%]b?gzglng Etr%a:ayé ?\1&%} E&@éﬁ%@&%ﬁsﬁs' B§PP%/ @8 ﬁ§‘8ﬁ1°R|(?|f9?F§§ 3} ctsOpare | an

| nnovative. for Advanced . 1 EEE Transactions on Electron
Devi ces, @Sfern }ﬁﬁ‘f, ﬁ‘l\n%’?”f&f a f/t%e 51%% Iyt 132inty-thepgmaining petion of thaiexGe, s

incorpora%fd ggreén b¥ reference. Also incorporated herein by reference is
U.S. Paterf™ Rpph¢ Caeien sl §0: dbisoreaiio 2 rd@Ga (00, G898, strevs) $it JGagllayey ocess
for fabricating a substrate of the silicon-on-insulator or

si | i con- oNNAGHHS 3vegrmbepbetaeel Orand U Tni thgprdRyke &nﬁo&rﬁ&fﬁ,ﬁ:]is SreREAHENN. €8t hod of
formng a sem conductor device will now be described wth

variable y is typically between about 0.1 and about 0.3, preferably about 0.2.

[0037] As shown in Figure 44, the oxide layer 154 that was formed during the oxidizing

step is removed. This removal can be done by standard wet or dry etching, e.g., with an HF etch.
A second silicon layer 118 is then formed over the Si 15Gey layer. Preferably, the second silicon
layer 118 induces a compressive stress in the relaxed Si 15Gey layer 116. For example, the silicon
layer 118 can have a thickness that is less than the critical thickness but still thick enéugh to
induce a compressive stress in the Si 15Gey layer 116. In typical embodiments, the silicon layer

118 is typically less than about 400 A thick.

[0038] In the preferred embodiment, the second silicon layer 118 and the Si 15Ge, layer 116

have a combined thickness of less than about 40 nm. In addition, the second silicon layer
preferably has a thickness tg; and the Si 15Gey layer has a thickness tgg., where the ratio of tg; to

tsice 1S greater than about 0.3 (e.g., tsi/tsice > 0.3).

[0039] While not shown in these figures, the transistors 22 and 22 (see e.g., Figure 1) can be

formed using standard processing. For example, a gate oxide layer can be formed followed bya
gate layer. Either of these layers can be composite layers. These are then etched to form the
gate regions. The source/drain regions can then be doped (using appropriate masking for a

CMOS process). As shown in Figure 1, sidewall spacers can be included on the gates. Contacts



reference to Figures 4a-4d. Referring first to Figure 4a, a

sem conduct or-on-insulator (SO) substrate includes a silicon |ayer 150
that overlies an insulating |ayer 114. The insulating layer 114 is

di sposed on a substrate 112. As | abeled on the figure, the layer 150 is
preferably silicon, the layer 114 islreferably silicon dioxide, and the
| ayer 112 is preferably silicon. These |abels are provided solely to help
t he reader understand the preferred enbodinent. It is understood that
other materials could be used in addition to or in replacenent of the

mat eri al s : / referr nbodi nent, the silicon |ayer 150
is a mon o?:@?%ﬁz?ti[oﬁg%gﬁ H% o h&g%\&ém anyg fg‘fi gﬁ‘é{ﬁ" FahleH begised togprnertdlss I>les s

t han about., 4! .. This layer .is preferably doped for the n- well (e.g.,
ar seni c o?m%%%§§W8ﬁﬁ§?Pﬁﬂ%M?ﬁgmﬁ&me|| (e.g., boron). The silicon |ayer 150
may be epitaxially deposited on insulator 114. Alternatively, the

i nsul at or [08404 coughe Sda’ﬁé'&fgfg@ﬁgs&.ﬁ%gﬁ&im% nio{ggéea&;e]td?(% {'%eggr} i.% e%(g @%?g rﬁéﬂ bstrate

112 with the top | ayer een recrys Erring now

to Figure : i .ayer 152 js fornmed over the SO substrate
150/ 114/ ﬁﬁz%dgﬁe e edrfgki%{)ly&?&‘?ﬁreo"ﬁ’lr{%?@?’,mﬁn& fure; mansgnethds and wigps desgribadn as a

subst anti th ngqﬁprzitalline_layer_ For exanple, the epitaxial |ayer can
be grown by UPEPHCHPYROS2ReGh mdinaryeskilcia the eappwill reidiip aripraciae fddMETBlogire

nmol ecul ar gﬁanlephtaxy (MBE). Polycrystalline and anorphous |ayers are

al so possPPPePreSERi BVanggm cirqls, compareats pyradesyes, gliakines; Masuficiire kitess | ess than
about 400 A, The variable x is a number between 0 and 1 and is typically
bet ween aBelpdsOoE:ps, anderaly@uistif) 62 later to be developed, that perform substantially the same

function or achieve substantiaily the same result as the corresponding embodiments described
herein may be utilized according to the present invention. Accordingly, the appended claims are

intended to include within their scope such circuits, components, processes, machines,

manufacture, means, methods, or steps.




11 [0036] Referring to Figure 4c, the Sii_XGex layer is oxidized thereby
formng an oxide |ayer 154. The oxide layer 154 is preferably fornmed by
thermal oxidation to forma silicon dioxide |ayer using standard thernal
oxi dation processes. During the oxidation process Ge atons are driven from
an upper surface of the Sil_xGex |ayer3 152 into the remaining portion of
the Sii_xGex layer 152 and the silicon layer 150. This creates a rel axed
(i.e., without stress) Sil _yCee layer, where y is a nunber between 0 and
1. In the preferred enbodinent, y is greater than x. The variable y is
typically between about 0.1 and about 0.3, preferably about 0.2. [0037] As
shown in Figure 4d, the oxide |layer 154 that was formed during the

oxi di zi ngvHAT€PCLAINVERYGYed. This renoval can be done by standard wet or dry
etching, e.g., with an HF etch. A second silicon layer 118 is then forned
over the Sil_yGey layer. Preferably, the second silicon |ayer 118 induces
a conpressive stress in the relaxed Sil_yGey |layer 116. For exanple, the
silicon Iayq& 118 can have a thickness that is less than the critical

t hi ckness* but * SEUFPRIRFPTIEvich eumMiSNg: | nduce a conpressive stress in the Sij
yGey layer 116. In typical enbodinents, the silicon layer 118 is typically
| ess than aboutub#Bes; A thick. [0038] In the preferred enbodi nent, the
second silicon layer 118 and the Sil_yGey |layer 116 have a conbi ned

t hi ckness of drdssildting eyadiypbsed @n HOsusar@ddi tion, the second silicon |ayer
preferably has a thickness tsi and the Sil_yGey |ayer has a thickness

tsiGe, where 4@t defidofdRing Shtedif layer disposed on the insulating layer, the first
semiconducting material having a compressive stress; and
a second semiconducting material layer disposed on the first semiconducting material
layer, the second semiconducting material having a tensile stress;
wherein the first and second semiconducting materials have different lattice constants in a

relaxed state such that, when the second semiconducting material layer is disposed on the first

semiconducting material layer, the first semiconducting material layer is compressive and the

second semiconducting material layer is tensile.

2. The device of claim 1 wherein the substrate comprises a semiconductor substrate.

LI

The device of claim 1 wherein the insulating layer comprises an oxide layer.

4. The device of claim 1 wherein the insulating layer comprises a buried oxide layer.

5. The device of claim 1 wherein at least one of the first and second semiconducting

material layers comprises an alloy semiconductor.



tsiGe is greater than about 0.3 (e.g., tsi/tsiGe > 0.3). [0039] While not
shown in these figures, the transistors 22 and 22 (see e.g., Figure 1) can
be formed using standard processing. For exanple, a gate oxide |ayer can
be fornmed followed by a gate layer. Either of these |ayers can be
conposite layers. These are then etchedd to formthe gate regions. The
source/drain regions can then be doped (using appropriate masking for a
CMOS process). As shown in Figure 1, sidewall spacers can be included on
the gates. Contacts 12 and netalization (which are not shown in any of the
figures) can then be used to connect the transistors into the appropriate
circuits. [0040] The scope of the present application is not intended to be
limted 6o tHeepaideiof dami | wheibindi IERM b 6Tfthd et Al E&eWhd semoRGRESs MaChi ne,
manuf act ure, nmeans, nethods and steps described in the specification. As
one of omdieAdlages Kbrhpriskdar dhndid sobibdnatig@di | y appreci ate from the

di scl osure of the present invention, circuits, conponents, processes,
machi nes, manufacture, nmeans, nethods, or steps, presently existing or

| ater to be devel oped, that perform substantially the same function or
achi eve Zubsé&g%ially %he s%ne_result as_the correspondi ng enbodi nents
descri bett h gy clgln | whereingd least eps fithryfisiond sesopd ssmdgondictivent i on.
Accordingly“ t he appended clains are intended to include within their
scope subBRcEsl layais cemprisospemepousd semimods®es, machi nes, manufacture, nmeans,
nmet hods, or steps.

8. The device of claim 1 and further comprising a plurality of isolation regions formed

adjacent the first semiconducting material layer so as to induce compressive strain on the first

semiconducting material layer.

9. The device of claim 1 and further comprising a plurality of isolation regions formed

adjacent the second semiconducting material layer so as to induce tensile strain on the second

semiconducting material layer.

10.  The device of claim 1 and a strained source/drain region extending between the first and

second semiconducting material layers.

11. The device of claim 10 wherein the strained source/drain region induces tensile strain on

the second semiconducting material layer or more compressive strain on the first semiconducting

material layer.



13 WHAT IS CLAIMED 1S: 1. A sem conductor device conprising: a substrate;
an insulating | ayer disposed on the substrate; a first sem conducting
material | ayer disposed on the insulating |layer, the first sem conducting
mat eri al having a conpressive stress; and a second seni conducting materi al

| ayer disposed on the first sem condutiing nmaterial |ayer, the second

sem conducting material having a tensile stress; wherein the first and
second sem conducting materials have different lattice constants in a

rel axed ﬁ%ate such that, when the second sem conducting material |ayer is
di sposed l6n t he devipe el claimni0eph fibericagprisings thin filmdgyer dispdsed dvier the

sem conducting material layer is conpressive and the second sem conducting
mat er i al SPESEpalpsegtomnsi le. 2. The device of claim|l wherein the substrate
conprises a sem conductor substrate. 3. The device of claim1l wherein the
insulating | ayer conprises an oxide |layer. 4. The device of claim1l wherein
the insulating |layer conprises a buried oxide layer. 5. The device of

claim1 vwheret Rtict ; -1 i£st, and second sem candycting
material |ayers colfrp?’?%%@qgﬁvhgﬁno@ggﬁenn@%lﬂgﬂ gigriensile stress Which induices

tensile strain on the second semiconducting material layer.

14, The device of claim 10 and further comprising a thin film layer with compressive stress

over the source/drain region, the thin film layer inducing a compressive strain on the first

semiconducting material layer.

15. The device of claim 1 wherein the first and second semiconducting material layers have a

combined thickness of less than about 40 nm.

16.  The device of claim 1 wherein the first semiconducting material layer and the second
semiconducting material layer each have a thickness and wherein the ratio of the thickness of the

second semiconducting material layer to the thickness of the first semiconducting material layer

is greater than about 0.3.

17. The device of claim 16 wherein the first-and second semiconducting material layers have

a combined thickness of less than about 40 nm.

18.  The device of claim 1 wherein the first semiconducting material layer comprises a silicon

germanium layer.




14 6. The device of claim1l wherein at |east one of the first and second
sem conducting material |ayers conprises an elenental sem conductor. 7.
The device of claim1l wherein at |east one of the first and second

sem conducting material |ayers conprises a conmpound sem conductor. 8. The
device of claim1l and further conprisiéng a plurality of isolation regions
formed adjacent the first sem conducting material |ayer so as to induce
conpressive strain on the first sem conducting material layer. 9. The
device of claim1l and further conprising a plurality of isolation regions
formed adjacent the second sem conducting material |ayer so as to induce
tensile strain on the second sem conducting material l|ayer. 10. The device
of clai m1® andhedesicr of ol Iswherdiefidsedond segontucEE SALTNTaRELMRRRsLhe first
and second semi conducting material |ayers. 11. The device of claim10
wher ei n tsiigoslayed) ned source/drain region induces tensile strain on the
second sem conducting nmaterial |ayer or nore conpressive strain on the
first sem conducting material layer. 15 12. The device of claim 10 and
further conprising a thin filmlayer disposed over the




source/drain region. 13. The device of claim12 wherein the thin filmlayer
has a tensile stress which induces tensile strain on the second

sem conducting material layer. 14. The device of claim 10 and further
conprising a thin filmlayer with conpressive stress over the source/drain
region, the thin filmlayer inducing H conpressive strain on the first

sem conducting material layer. 15. The device of claim1l wherein the first
and second sem conducting material |ayers have a conbined thickness of

| ess than _about 40 nm 16. The device of claim1l wherein the first

sem conduét i né seaicerduglior dexicecompribiighe second semi conducting material |ayer
each have a thickness and wherein the ratio of the thickness of the second
sem conduct i ngsuatge;i al | ayer to the thickness of the first sem conducting
material layer is greater than about 0.3. 17. The device of claim 16

wherein the fhfsd se%ﬁ&n%‘ﬁﬁ@ t%ﬁgﬂl p?@%&r%s@%%%@ﬁ%vea@ég@zﬁgg tlgq fgf,tm 1

conbi ned thi ckness of | ess

wher ein tq t|n ria ayer conprises a silicon
gernanlun1 g@%ﬁéﬁ%%gggl Qﬂ% gﬁggﬂ “@1t?ﬁ%%ﬁWﬁéﬁﬁﬁﬁtWﬁ@Lsecond

sen1conduct|ng rial Yer conprises a
secon semlconduc Ing material layer with tensile stress abutting the first

semiconducting material layer;
wherein the first and second semiconducting materials have different lattice constants in a
relaxed state such that when the second semiconducting material layer abuts the first

semiconducting material layer, the first semiconducting material layer is compressive and the

second semiconducting material layer is tensile.

21. The device of claim 20 wherein the substrate comprises a semiconductor substrate.

22. The device of claim 20 wherein at least one of the first and second semiconducting

material layers comprises an alloy semiconductor.

23. The device of claim 20 wherein at least one of the first and second semiconducting

material layers comprises an elemental semiconductor.

24.  The device of claim 20 wherein at least one of the first and second semiconducting

material layers comprises a compound semiconductor.



silicon layer. 17 20. A sem conductor device conprising: a substrate; a
first sem conducting material |ayer with conpressive stress over the
substrate, the first sem conducting material |ayer being isolated fromthe
substrate by an air tunnel; a second sem conducting material |ayer with
tensile stress abutting the first sepgconducting nmaterial |ayer; wherein
the first and second sem conducting materials have different lattice
constants in a relaxed state such that when the second sem conducting

mat eri al | ayer abuts the first sem conducting material |ayer, the first
seni conddet i ngheisyies ofslaith 30 end fustherwoppesisd ¥gluRhg of RElatiSeeeBsl SgEiconduct i ng
mat eri al ll'ayeéﬁni:fsi tensile. 21. The device of claim20 wherein the substrate
conpr i segdjacesttht Sormibaductubgbead] : | i m20.wherein at
| east one of the first and lt;ge)l?ond gagfri coaﬁgﬁgglgggbrﬁ%%&rei%%%nP%é@ﬁ%s conpri ses
an al | oy sasiobrdonmy &Rl 143y, The device of claim 20 wherein at |east one of
the first and second sem’'conducting material |ayers conprises an el enental
sem conductor. 24. The device of claim?20 wherein at |east one of the first
and second sem conducti ng

26.  The device of claim 20 and further comprising a plurality of isolation regions formed

adjacent the second semiconducting material layer so as to induce tensile strain on the second

semiconducting material layer.

27.  The device of claim 20 and a strained source/drain region extending between the first

and second semiconducting material layers.

28.  The device of claim 27 wherein the strained source/drain region induces tensile strain on

the second semiconducting material layer or more compressive strain on the first semiconducting

material layer,

29.  The device of claim 27 and further comprising a thin film layer disposed over the

source/drain region.

30.  The device of claim 29 wherein the thin film layer has a tensile stress which induces

tensile strain on the second semiconducting material layer.




material |ayers conprises a conmpound sem conductor. 18 25. The device of
claim20 and further conprising a plurality of isolation regions forned
adj acent the first sem conducting naterial |ayer so as to induce
conpressive strain on the first sem conducting material |ayer. 26. The
device of claim20 and further conprigdng a plurality of isolation regions
formed adjacent the second sem conducting material |ayer so as to induce
tensile strain on the second sem conducting material |ayer. 27. The device
of claim_20 and a strained source/drain region extendi ng between the first
and seconrd- sekhcdshisaet day 2aoehithtr dompsisisg a & filkHeydaih 6&n@bssit ard® 27
wherein the strained source/drain region induces tensile str ain on the
second sentrdhnduct/dng regibg theahin aY yeOih iR, &’@ERES%%%& 6 ol on the
first sem conducting material |ayer. 29. e device of claim27 and
further cemobidabdm@ rhtdhiBydi! m|ayer disposed over the source/drain
region. 30. The device of” claim?29 wherein the thin filmlayer has a
tensile stress which induces tensile strain on the second sem conducting
material |ayer. 19

32.  The device of claim 20 wherein the first and second semiconducting material layers have

a combined thickness of less than about 40 nm.

33.  The device of claim 20 wherein the first semiconducting material layer and the second
semiconducting material layer each have a thickness and wherein the ratio of the thickness of the

second semiconducting material layer to the thickness of the first semiconducting material layer

s greater than about 0.3.

34. The device of claim 33 wherein the first and second semiconducting material layers have

a combined thickness of less than about 40 nm.




31. The device of claim27 and further conprising a thin filmlayer with
conpressive stress over the source/drain region, the thin filmlayer

i nduci ng a conpressive strain on the first sem conducting material |ayer.
32. The device of claim20 wherein the first and second sem conducti ng
material |ayers have a conbined thicgmess of |ess than about 40 rim 33.
The device of claim20 wherein the first sem conducting material |ayer and
the second sem conducting material |ayer each have a thickness and wherein
the ratig of the thickness of the second sem conducting naterial |ayer to
t he thic@ﬁessAéﬂnFﬁ@hwmr@wksemmmah@ucting material |layer 1is greater than
about 0.3. 34. The device of claim33 wherein the first and second

sem conduct i ngsubattas;i al | ayers have a conbi ned thickness of |ess than
about 40 nm 20 35. A sem conductor device conprising: a substrate; an

insul ating | axehsfl@mPedeo¥eledld tﬁyﬁﬁ&ﬁﬁ§e; a conpressive strained silicon
germani um | ayer over "the insulating l'ayer; and a tensile strained silicon

| ayer over th ressive . strained silicon germaniumlayer. 36. The device
of claim35 V\E%I‘ e §tfﬁ5r§fif‘§:f{’(§‘ @BH?}}“?‘%L@{C%P@T the beatingtiesier; ané .

a tensile strained silicon layer over the compressive strained silicon germanium layer.
36.  The device of claim 35 where the substrate comprises a silicon substrate.

37.  The device of claim 35 and further comprising a field effect transistor, the field effect
_ transistor comprising:
a source region extending within the silicon germanium layer and the silicon layer;
a drain region extending within the sﬂicon germanium layer and the silicon layer, the
drain region spaced from the source region by a channel region;
a gate insulating layer overlying the chénnel region; and

a conductive gate overlying the gate insulating layer.

38.  The device of claim 37 and further comprising a second field effect transistor formed
within the silicon germanium layer and the silicon layer and spaced from the first field effect
transistor, wherein the first field effect transistor comprises an n-channel transistor and the

second field effect transistor comprises a p-channel transistor.

39.  The device of claim 35 wherein the insulating layer comprises a silicon dioxide layer.



37. The device of claim35 and further conprising a field effect

transistor, the field effect transistor conprising: a source region
extending within the silicon germanium | ayer and the silicon layer; a drain
region extending within the silicon germanium | ayer and the silicon |ayer,
the drain region spaced fromthe sourice region by a channel region; a gate
i nsul ating | ayer overlying the channel region; and a conductive gate
overlying the gate insulating layer. 38. The device of claim 37 and further
conprising a second field effect transistor formed wthin the silicon

ger mani udV| ay€re danide ofivdairailb mberainl thy st @i de®Ra S coni@ihg AeefidlNsfkrs.@l d

effect transistor, wherein the first field effect transistor “conprises an
n- channek combined thicRiesAdTdest fiin aiRREANG, 1 €l d effect transistor conprises a

p- channel transistor. 39. The device of claim 35 wherein the insulating

| ayer conprises a silicon dioxide |layer. 21 40. The device of claim 35
wherein the first and second sem conducting material |ayers have a

conbi ned hicfnqﬁs.oégﬁes§ t han about 40 nm 41. The device of claim 35
wherein the stiqEgse YiamAp whetein e silicns gemeanin layes and thg shicaadasier edchve a

t hi ckness and_wherein the ratio of the thickness of the silicon layer to
the thi ckiesshighnessrad whereinghrrateofthaihitimésaytthe siliconlet ©thd thiakneabshdke 0. 3.

silicon germanium layer is greater than about 0.3.

42.  The device of claim 41 wherein the first and second semiconducting material layers have

a combined thickness of less than about 40 nm.




42. The device of claim4l wherein the first and second sem conducti ng
material |ayers have a conbined thickness of |ess than about 40 nm 22 43.
A nmet hod of making an el ectron device, the nethod conprising: providing a
sem conductor-on-insulator (SO) substrate having a silicon |ayer overlying
an insulating layer, the insulating |2yer disposed on a substrate; formng
a first epitaxial Sit ,,Cee |ayer over the SO substrate; oxidizing the

Sil _,,Gex layer so that Ge atons are driven from an upper surface of the
Sil_XGex |layer into a remaining portion of the Sij_ xGex |ayer and the

si licon |&yer ‘onethptofpkingsulstrrat evichaiehyhédiompagng el axed Si | yGey

| ayer, wherein y is greater than x; renoving an oxide |ayer formed during

the oxi di zi ng;providigd Rehi@n&RERME-iSkhlatos KO t.N8icS 1l .l ayer.
44. The net hod of claim43 wherein tahe@gsbe(b:%}r? astﬂ\{a?rgngﬁrlﬁlg%%a%ﬁﬁ%grgg a

conpr essi MenSlAi8S hydNih d . Si.jyCey,layer. 45. The nethod of claim
44 wherein the s%cc%nrd g? ﬁg%%lﬁ}ggl?p%ﬁ%dsé’ a%ﬁﬁft@%ness |l ess than a critical

t hi ckness. 46. Ih§ t hod of claim43 wherein the second silicon |ayer has
a thi ckness taym rﬁrﬁteepggil’j‘l?@ge#m%}%?veh% SRl swisekpiess tsi Ge and wherein
the ratio of tsj,.to tsiGe is greater than about 0. 3.

oxidizing the Si;.Ge, layer so that Ge atoms are driven from an upper surface of the
Si 1_xG¢x layer into a remaining portion of the Si,Ge, layer and the silicon layer of the SOI
substrate thereby forming a relaxed Si 1.yGey layer, wherein y is greater than x;

removing an oxide layer formed during the oxidizing;

forming a second silicon layer over the Siz,Ge, layer.

44.  The method of claim 43 wherein the second silicon layer induces a compressive stress in

the relaxed Si;,,Ge, layer.

45.  The method of claim 44 wherein the second silicon layer has a thickness less than a

critical thickness.

46.  The method of claim 43 wherein the second silicon layer has a thickness tg; and the

Si7,Ge, layer has a thickness tsige and wherein the ratio of tg; to tgige is greater than about 0.3.

47.  The method of claim 43 wherein the second silicon layer and the Si;,Ge, layer have a

combined thickness of less than about 40 nm.



47. The nethod of claim43 wherein the second silicon |ayer and the S
jyCGey | ayer have a conbined thickness of | ess than about 40 rim 23 48.
The nethod of claim47 wherein the Si j yGey layer has a thickness that is
| ess than about three tines a thickness of the second silicon |ayer. 24
49. A nmethod of formng a sem conduct@y device, the nethod conprising:
providing a substrate with an insulating |ayer disposed on a surface
thereof; formng a first sem conducting naterial |ayer on the insulating
| ayer, the first sem conducting material having a conpressive stress; and a
forning 48secbhrongldiof olanhud? hegeineites i, ab, lhyy Bis cARicklRss thitisksspRiasqpduct i ng
material |ayer, the second sem conducting material having a tensile
stress. Siftee thks ankitihest o@fhe%l:@hﬁnsiﬁ&m"}é}%f.ei n the first and second

sem conducting material layers have 'different lattice constants such that
the first sem conducting material layer is conpressive and the second

sem conducting material layer is tensile.
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49. A method of forming a semiconductor device, the method comprising:
providing a substrate with an insulating layer disposed on a surface thereof;
forming a first semiconducting material layer on the insulating layer, the first

semiconducting material having a compressive stress; and

a forming a second semiconducting material layer on the first semiconducting material

layer, the second semiconducting material having a tensile stress.

50.  The method of claim 49 wherein the first and second semiconducting material layers
have different lattice constants such that the first semiconducting material layer is compressive

and the second semiconducting material layer is tensile.




