1 Strained Channel on Insulator Device TECHNI CAL FIELD [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 sane.
BACKGROUND [0002] Typical commrercial sem conductor devices are fornmed from
“silicon. _ In these devices, regionsiof 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,

t hese transi stor devices red in a.senm conductor substrate. For
exanpl e, the devices na§a%§n%§§ﬂﬁﬁuﬁﬁpﬁi Sﬁh&?ﬁ Vitedoped well within a
nonocrystalline silicon substrate. In other devices, known as

si | i con- orEaMeElstigr 6SO ). a silicon layer is formed over an insulating

| ayer, which is forned on the substrate. Transistor devices can then be
formed in the upper silicon layer. [0003] Enhanced electron nobility in

silicon UM#&r t efis frescatinventbn &latd@ictnadd & i1pale LLdcG
si |l i con-germani um (Si Ge) under congressﬁbe ?%%ﬁﬁg?ggkf%Fﬁaﬂ%@%&%ggﬂm

report ed.asheBed éashel od $5Bhtbr &v;ica! " tron.transport properties of
Si/Si Ge heterostructures: N@asﬁ}gﬁ%ﬁfé%gﬁﬁﬁmag@ﬂ%@ l'i cations," Applied

Physics Letters Vol. 63, No. 5, 2 August 1993, pp. 660-662; and Nayak et
al ., "Enhancenent - Mode Quantum Well GeSij X PMOS," | EEE El ectron Device
Letters, Vol. 12, No. 4, April 1991, pp. 154-156. Both of these papers are

incorpprq;ggKgﬁbﬁN% by reference. 2
[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
Jjunctions, 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 (SO, 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 channe] strain have been reported. See
“e.g., Ismail et al., "Electron transport properties of Si/SiGe heteroétmctures: Measurements énd |
device implications," Applied Physics Letters Vol. 63, No. 5, 2 August 1993, pp. 660-662; and

Nayak et al., "Enhancement-Mode Quéntum—Wcll Ge,Siz, PMOS," IEEE Electron Device

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

reference.



[ 0004] Recent studies have shown the feasibility of strained

Si/Si Ge-on-lInsulator (SiGe- 01) structure. For exanple, Gamz et al. have
shown by Monte Carlo sinulation that electron nobility is greater when
~strained-silicon inversion | ayers are grown on Si Ge-on-insul ator

substrates than when untrained-silicomon-insulator. devices are enpl oyed.
Gamz et al., "Strained-Si/Si Ge-on-insulator inversion |ayers: The role of
strained-Si |ayer thickness on electron nobility," Applied Physics
Letters, pedyg 80, pDO. %@f g\]une 2002, pp. 4160-62; see also Gamz et al.,
"Electron Tr Lnspor% Psudiss baveahown therkasibditpef straiet $/SyGowm stlator (SiGe-

Si Ge-on-igéué ator _substrates," Journal of Applied Physics, vol. 92, no. 1,
1 July 2002 *Tpire o8 exgmple, Bantiz etfal. hivesshow BPRloSte @ao Eiﬁﬁl%i&?fh@tte?ét%er ein by
reference. [0005] Mzuno et al. have studi ed p-channel advance 80 MOSFETs

usi ng douBPligjiCEeatirathen il E Sk ARR T i£bi:nat ) on of Sl MOX
and high-quality strained-Si/Si Ge regromfyg&?%cﬁ%%rfgélgg,on? U {'OBer to

i nt r oduc esuhstgptes thag iwhad fnstrBnt € SiHL 1 con channel . M zuno et al., "Novel SO
p- Channel MOSFETs Wt h Iflirgﬁ%&:ﬁl o ar R oSy areeAminIaye o Ol Si G

Het er ost rgghidb£8y/S;GL EEE nsactions on_FEl ectron Devices, vol. 49, no. 1,
January 2002, pp. 81(7?!_: %E%Slég)élné'F‘;ss’(?an{kaheefPICé?lf$t¥amelilisghypéhibhtessmnce St r ai ned

Si -on-1ns FEETs by Novel Fabrication Processes Utilizing
Ge- mndenégécgﬁ’gﬁlo%h ﬁ?‘%‘é‘?{ Physise eigysmyols By mo 22, YRk 20005 phR0beay s gest  of

Techni cal , Pa erin p. 97-97. Both of these papers are incorporated herein
by ref er efgiRZ el &l VraQFp oTHIE st AADAANST it s [0 Q6 i R B8EE0 -irisﬁl\(ftgpti on
i ncl udes enbodi nents of sem conductor devices that have enhanced el ectron

‘and hol e WOBRISH{ Jouniabof Apyiied Prysics, vOMOB IEY) Oy 208 1. S81431 Bo&MRadi Ment s,

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.



both the NMOS and the PMOS devices can be formed in a single |ayer and both
‘can experience the speed advantages of a properly stressed material.

[ 0007] In one enbodi nent, for exanple, a sem conductor device includes a
_substrate (e.g., a silicon substrate) with an insulating |layer (e.g., an
oxi de such as silicon dioxide) disposegl thereon. A first sem conducting
material |ayer (e.g., SiGe) is disposed on the insulating |layer and a
second sem conducting material layer (e.g., Si) is disposed on the first
sem conducting mnaterial |layer. The first and second sem conducti ng

mat eri al ISAMEYIARYr@F EHBWNYERavendi fferent  lattice constants in the rel axed
state such that, when adjacent, the first sem conducting material |ayer is
conpressii%oﬁgd the second sem conducting material layer is tensile. [0008]
A et hod &FMaki nca¥esenivisnimsrincludes pnbodhetthe spnRE@Rbof MRS ihghaidIC! udes
formng a first epitaxial Sil_,,Gee |l ayer over the SO substrate. The Si

XGex | ayetnliseedeladioreatiole it Gor AR iRCACY YRR, ARAMARIARSTSH! f ace

of the Sit XGeX layer into the remaining portion o sf’ayer

and the sbbthdlmrNMagend ed PNAGS 8% rate...Thi.s ocess_ fornms a rel axed
Sij _yGey layer (preferably y i slcé??g%lts%r%gﬁn %H}glgh@er&iﬁh%tg@é‘fé?meﬁc&t was

formed dutiiengec@iHats i.s renoved .and a second silicon |layer is forned
over the Sil 9yGey I a gs;b.fa ?@feg?{ﬁtﬁs%mfat@akecond silicon layer induces a
conpressive stress in the relaxed Sii_yGey |layer. [0009] In preferred

enbodi meni®971t he Ippeseanbodimse Toi &BmBleOVdH ' ialidetyures for
adj usting the channel strain of an gll’ecter %%P@Cg;g\l;?vé%.m%&eéﬁS@%ﬁ%feeg;’a

enbodi nenkﬁic@fsubé%ﬁte@%ﬁ%ﬂimulkmeg?%% @{%,p%%%%ﬁyéggwgs 5 Isu;:il]té b %%O\tNOdeSi gn

engi neers to use stress engi ne

optim ze o6 € f. .4 BRI EF SCRI PTI ON OF THE DRAW NGS
ptim ze dRrof CARRY S%H&Qﬁ&mg matenall Eyer[eeE.g., 1Ge) s disposed on the insulating layer

and a second semiconducting material layer (e.g., Si) is disposed on the first semiconducting
maﬁenal 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;.,Ge;, 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

S175Ge, layer (préferably ¥ 1s greater than x). The oxide layer that was formed during oxidation
is removed and a second silicon layer is formed over the Si 15Gey layer. Preferably, the second

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

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

adjusting the channel strain of an electronic device. Asan 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.



[ 0010] For a nore conplete foll ow ng descriptions taken in conjunction with
the acconpanying draw ngs, in which understandi ng of the present

i nvention, and the advantages thereof, reference is now nmade to the:
[0011] Figure 1 is a cross-sectional view of a first enbodi ment of the
‘present invention; [0012] Figure 2 isga cross-sectional view of a first
enbodi nent of the present invention; [0013] Figure 3 is a cross-sectional
view of a first enbodi ment of the present invention; and [0014] Figures
4a-4d are cross-sectional views during fabrication of an enbodi nent of the
present i rRRIRFIDHSCRIPTIONTAY AP DIEORRIGI! ON OF | LLUSTRATI VE EMBCDI MENTS

[ 0015] The maki ng and using of the presently preferred enbodi nents are

di scussed in detail below It should be appreciated, however, that the
present i @Ak i onF@r vindes complgteafploivabldescriptime rthltere iC @BGERLISN tWigt ggan be
enbodied in a wide variety of specific contexts. The specific enbodi nents

di scussed aat@enmmyieg rawidey S ettt end@ il : t he
i nvention, and do not Igig’m't t he scf)sf)azﬂ% Ozfﬁfeé W@ﬁt%&%?ﬁ%%]aﬂi Prst
enbodi nentth@éof! BRIAEES 80 nlAYEHd.0n Wi Il be described with respect to
Figure 1, which shows a sem conductor device 10. The sem conductor device
10 is preferably formed on a sem conductor-on-insulator (SO) substrate.
In this cd8¥1] t heFigOe ISuiebssaseetionalclieiesa frst ibBideal & 2 ra8f ifnddasul ating.
| ayer 14 di sposed on the substrate 12. In the preferred” enbodi nent, the
substrate &%z's a nnnggrgstalline silicon substrate. This substrate can be
lightly dopél, afBRGddh? eepsaeiianal view ofeisiesdogimett didie presewinahtionsuch as
germani um quartz, sapphire, and glass could alternatively be used as the

su bSt rate @Beri aFigure 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.



[0017] In the preferred enbodiment, the insulating layer 14 is an oxide
such as silicon dioxide (SiQ). This |layer can be fornmed to a thickness of
bet ween about 100 nm and about 200 rim The present invention does not
limt the method in which the insulating layer is forned. For exanple, an
" oxide layer 14 can be deposited or thérmally grown on the substrate 12.
Alternatively, the oxide | ayer 14 can be forned by inplanting an oxygen
beari ng species into the substrate, e.g., using a SI MOX process.
Alternatively, other insulators such as nitrides or an air gap (e.g., SON

or sili coREdAIIKRD DERQRIPTRONITEF WsedTRAGB EMBIDMEENZEN conducting materi al
| ayer 16 is disposed on the insulating |ayer. The first sem conducting
material |s, characterjzed as_having a conpressive stress. A second

sem conduli¥hg ndtte making prd esingid thepreterglygsefdratenttodinfents ste dsewsselandesit i ng
material |ayer 16. The 6 second sem conducting nmaterial 18 is

char act er bded. Hshdwd/bermgpmcineddiolveves [ thaSife présdntli@nira&Vides than £ARAGLIENL , the
stresses are created due to the fact that sem conducting materials that

form | ay@ventive caeeptd Battay 8 Shbd@iagat y)i&kiahi&? Pﬁ%@ﬁg?@&ﬁexksn Th@%gé\iﬁl axed

state. Wien these two materials are joine tirce cons “at the

i nt erfaceemhdd: . the same, whi.ch causes the tresses in the
| ayers. [ Sx‘g’ri%d]m?_ﬁse&%ﬁ;%g a%%lcf ?(g%%@ﬁt&a%g%ﬂﬁ s@Sﬂéﬁgﬁsﬁ%mﬁ%‘t @B R tﬁ? BY@He16 and
18 can cogﬁf&§e§gﬁg ofgrﬁglange nunber of sem conductors, such as all oy

o

sem conductors, rf gﬁﬂﬁﬁﬂﬂﬁhtors, or conpound sem conductors. In

the preferred enbodi nent, the first sem conducting material 16 is silicon

Ghor . combinati one ol i ot s BEAERRL L IELEEhE) yfpienbplgR (=)
F]).[’Sef erred | eRROMERAL serhifShdbdibSdev2D ?O.Sﬁ%osgx%ic%gﬂc o HéjvlilccetliO ?sgprg%rta 1ryifc?r|me!i ayers
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 2 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.
Altematively, 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 or the first semiconducting material layer 16. The



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 nay be a Si layer with a thickness
_less than about 400 A This exanple is useful for semni conductor devices
built with 90 nm m ni num desi gn featurgs. The thicknesses can vary (e.g.,
get smaller) as the design features vary (e.g., get smaller). In the
preferred enbodi nent, the ratio of the thickness of the second
sem conducting material layer 18 to the thickness of the first

sem condusdcond)sefdofthicalo § ~ han_about .0. 3. [0021] The thickness of
second | ayer 18 prefgrdﬁ?émﬂgg%gggﬁ#%%ﬂg% s ﬁggaﬂgmh%§§$%ﬁﬁﬁwmﬁ@ﬁméritica

t hi ckness enFHBm&:idd thickness is the thickness at which it becones
energetically f a’vt%ér sg%%sgs 8 Freﬁﬁeé ﬁvet todhesipeidhat pesmiepndustibematadas thatB22] | n t he
enbodi nment_ il lustrated in Figure 1, a CMOS (conpl enentary netal oxide

sem condu?:aly or )l%lﬁ%ﬁr ‘% hgye @I‘Ffswgﬁgﬁﬂm epnhiasts bethorefaedeedk. i WhdnhBess 66 Gaasict i ng
material |ayers 16 and 7 18. The CMOS pair includes a first transistor 20

and a secB8d*p3daths latticocompnt Ftike thickfte WilldB $reddas be R0sdfiC Qurce
region 24 and a drain region 26, both of mhfch eiienﬁb@%#ﬂﬁﬁaPﬁﬁ Srst and

second seftresemdutbe lapgs.material |ayers 16 and 18. The drain region 26 is
spaced fromthe source region 24 by a channel region 30. The sel ection of
whi ch regg@§ﬂ24 g%FZG is the source and which is the drain is arbitrary

and the | s cotf frhandsseandsenichmluatimanitertalllagérs €6 a@Uistead SIMbriRS afly of €SUl
both the source and drain can be referred to as a source/drain rngon). A

gat e- i nsuf EEETRYmbEraf eemis@ndietos, sucks Ay @&ni@&f(a{l&&s,r}ietrﬂe}xg?gepﬁ%ﬁﬁ&c%o%ss  he
e.g., po

channel region 30 and a conductive gate 34 ysi 1 con andor

3111 ci de) coumtd emidhexgat el oy St b RKRL: 3.6l 0073 LT 2 Ly e

second transistor 22 includes a source regio
silicon germanium (SiGe) and the second semiconducting material 18 s silicon (Si). 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 maybea SiGe layer with a thickness less than about 400 A and the second layer 18 may be a
Silayer 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,

[0021) 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 formied in the semiconducting material layers 16 and



both of which extend within the first and second sem conducting materi al

| ayers 16 and 18. The drain region 38 is spaced fromthe 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 | abels could be
‘reversed in a particular circuit. A gate-insulating |ayer 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 |ayer
42. [0024] In this exanple, the first transistor 20 is a p-channel .

transi stofg ond. transistor 22 is an n-channel transistor. In
this case, ?ﬂ% dé“?ﬁ? @%f { %fl‘?f iU oRestou band aserond wansistor? e r BisIfipst hrasisiory  doped

with a p-?‘(yﬁﬁl ﬁopant such as boron and the channel 30 is nore lightly
doped wi t UASSIEAPRUCHE SRR R4 st hdiain regisedf, bothiof whiols pltaidwsthinhefisoanace/ dr ai n
regions 36 and 38 are preferably heavily doped with an n-type dopant such

as ar seni &cond smisophistingmatadal fidyers 16hannel Tt QrdiSreBBh 86 sl sPhed ¥odpRad, i th a
p-type dopant such as boron. [0025] An isolation region 28 can |soPa e the

p- channel rdgoaridibg b oiangé) régish 31ersQbaRR 8 @2 e D ke Pref erred
enbodi ment, the isolation region 28 1s ?g?%%%ﬁ%?%zé§“§ﬁ%?§é???%m€- such as
sil'icon diggxh&ahd $hiB29 arbi l,e, region 28 could be fornmed by standard
shal low trench isol at %rolﬁrg{yé ? ?r@ga}be}soc(gglﬁ b5 15VEsR 1B A Pticwin cirewh(apd @E0s)
processes ivel isolatio region 28 could be forned from ot her
materi al s reé@%(’%é@gé? fCe 28 Oy v b r%@?f’gl. 0 asp HMEPF/desin 1agiomi Aggate-mesatinget hod) .
Al t hough %nl3 Rne is%g$tion region is shown, a typical device 10 woul d

i ncl ude yﬁ%& &F1 1x4te andiar mitridshovedigs thesharinel026ipn 30t heoptuefier gagd4

embodi ment, the isolation region 28 is formed adjacent the first and
second selfidebisdiconagdionsiliside) overdiysethe gae-amndath IsRr a5 to induce a
conpressive strain on the first

{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 nitridé)
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 dopz;nt 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-channe] transistor 20 and the n-channel

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



sem conducting material layer 16 and/or a tensile strain on the second
- sem conducting material layer 18. [0027] The isolation region 28 can
i nduce strain in at |east three ways. For exanple, when an isolation
trench is used, a trench liner (not shown) can be fornmed in a manner than
“induces stress. As another exanple, when the trench is filled a stress is

intrinsically induced. Likewise, in the case of thermal oxidation, a
stress can be induced in the layer during the LOCOS process. As a final
exanple, the volunme of the trench filling material can be decreased (or

i ncreased s | other) treatnent. 028] In additiaon,

sour ce/ dr %';icg Xsr %ﬁé‘:{ag E{s&gigﬁéé : IF%C%%H&EY%@%?P gg ﬁ?"é&éﬁf%‘?eﬁ by stapdasdghallow
source/drr&g reg}oqu A g}rained source/drain is a doped region forned

adj acent t8PHa B%P[ Prer lpcalopdgtionef silisgn §OCOR@rosesses ddidretvaly; sbidtiai n
regions induce nore tensile strain on the second sem conducting materi al

| ayer 18 BEIRBE eoukbbrfpmmsdi fam stheranaterints dubieasksilicsd nigRBEONSINGY bivdthisgt er i al

| ayer 16. The source/drain regions 24, 26, 36 and 38 can I nduce nore stress

due to t heneskmethod). aith lonBrond oS iff i ml i
thed) SuphlonBrond iseMmkish Z@Hn & shg\!;n]é], g&%&%cﬁﬁ%&@?&oﬁfdl dzﬂgi\e/ er the

species. In addition, a silicide |layer (not or e

sour ce/ dr @pRrali fgﬁgﬁmJREQ silicide layer can induce additional stress. 9
[ 0029] Figure shows an aPternate enbodi ment that further includes a thin
filmlayer 44 disposed over the source/drain regions 24, 26, 36 and/or 38.

As exanpl B826]t he In e prefanpd embddimant, thb &sofaBbRE RS RAorR%l B8 adeBt e firsShnlii CON
dioxide), a nitride (e.g., silicon nitride), or a conbination of nitride

and oxi desecendgpemicShdtingd maekQMROSId £4!18¥8459to ifdRY a%ﬂlgfcs%i s‘%{%intolﬂ%e d-qduces
stress could alternatively, or additionally, be used. In the preferred

embodi menfemiéda@udtiay BhteAd 1hyer | @5IBRY atiGsfe strain on the second semiconducting material

layer 18.

[0027] The 1solation region 28 can induce strain in at least 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 layer during the LOCOS process.

As a final example, the volume of the trench 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 gate in 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.



t hi ckness of between about 200 A and about 800 A. [0030] In one enbodinent,
‘the thin filmlayer 44 has a tensile stress that induces tensile strain on
t he second sem conducting material layer 18. In this enbodi nent, the
preferred nmaterial is an insulator, such as one of the insulators

"di scussed above. To understand propert4es of the materials that cause the
i nducenent of a stress, reference can be made to the papers by Tiwari et
al., International Electron Device Meeting 1997, pp. 939-941 and Oot suka,
et al., International Electron Device Meeting 2000, pp. 575-578. [0031] In
an al t er ngfygy enbag] he thin film|ayer 44 has a conpressive stress
and i ndug*er I cgqn%%géqo\?}é agfxlltleé?aﬁe %b({dﬁée’%ﬁ}a%@r@eé#ﬁc@émmifﬁ@ langt &4 i al

| ayer 16. dlsno'g IS %ﬁnbodi nt, .the preferred material is an insulator, such
as one of “FAE"T NSNS/ Gra sepians d4 ol deanditnds s Asexamples, ithecthin yer ebad f or

i nduci ng g onpressive stress as a tensile stress, e.g., with an additional
process st "eén@‘éﬂ:q’f aa9xide (peg. rilivion ok ip), amitridd @R, sifiOA3AYidd @& BmBination of
shows-al ternate enmbodiment. In this enbodinent, the first sem conducting
mat er i al “hifyderand 6xids (cigs, & ON@E 2 E6BF0sibRySYDELS &l - i npgl 46. As
shown in the figure, the porti orglﬁaof t%e}ll ayfar eﬂajyigrﬁgéthlﬁiﬁ% S%%Stgg%qu

transi st ohlier@iti@ely, drA&diAGHI1Y Be ALHA 1 rtion t overl.ies the air
tunnel 46. Further inflorma%/’i SngegihH(Ijgl\?&)geger%ﬁﬁfr’lb?cﬁ%‘?qggé%laﬁﬂ4éilsrf%f1ﬁ‘ﬁjﬁéla can be
found inglyrc I "ol i con- on- hing (SOFT) - an Innovative
Process for A vggl():%}j'ee ,t'Z%A@E%%‘?"‘éﬁ@g%ti ons on El ectron Devices, Vol.
47, No. 11, Nov. 2000, pp. 2179-2187, which 10 paper is incorporated

herei n byoosfler erlaene hts@irhdde HeRBhARayREELER 2 Pt L8 L&s Hrmye Pat ent
Application Publication No. 2002/ 00768338 ent ia??{%lgfeahﬁ’{sg}%ggngu?egrenfsléebri cating
?ezﬂlbtsit ngtgaélgf)% ﬂg??ecoﬁ;d Aehﬁ"&ﬂd&ﬁhé Hlﬁééhgltlger . el gr%%ﬁ%‘ehe%ehﬂrgfgnéy pe and

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 embodimcnt, the thin film layer 44 has a compr'essive stress and
induces a compressive strain on the first semiconductihg 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



[0033] A preferred nmethod of formng a sem conductor device will now be

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

sem conductor-on-insulator (SO) substrate includes a silicon |ayer 150

that overlies an insulating |layer 114. The insulating layer 114 is

“di sposed on a substrate 112. As IabeI?§ on the figure, the layer 150 is
preferably silicon, the layer 114 is preferably silicon dioxide, and the

| ayer 112 is preferably silicon. These | abels are provided solely to help

the reader understand the preferred enbodinent. It is understood that

other materials could be used in addition to or in replacenment of the

mat eri al sPaQF{dMFOfP%E?ﬁ?ﬂFW by miefersnest dvsogdcaapripet] veait by tefeeensd sk Pakyer 150
is a nmonocrystalline silicon |ayer, preferably having a thickness |ess

t han aboutPRiseion Prhlicatipmler2000QH689%E eadilcy "Bopadf abriéAigg R subdeit oftfe 9.

arsenic O(thosphorus) and the p-well (e.g., boron). Thé silicon layer 150
may be eplidoaxondhdujatcdepsiBidnes i - t«ernatively, the

i nsul ator 114 coul d have been fgwﬁgzﬂéﬁgqgﬁgﬁgﬁ?g%ion into the substrate
112 with the top | ayer 150 having been recrystallized. [0035] Referring now

to Figure'®5] a &inrefexmd methed affortibey 4 enfiamimtbr dvese Wit oSGk dsieRBddAlLe

150/ 114/ 112. Preferably, the SIl,Ge,, layer 152 is epitaxially grown as a

subst ant i ferapce tedhiguesyiatddl Refegideditan > eRi ' ayer can
P 5yis U 8No Pzl BXATRBnd AR nﬂ%@g@t@&ﬂ ay

be grown by ultra high vacuum chem cal vapor depositio

nol ecul arsubsteurs iegides ¥ ¥ili ] an rphous .l ayers are
al so possﬁble. H%is I§VS$B1fglﬁg&§$%¥§%g%+§gg¥%‘ngﬁqg'?ﬂ7@ﬁH@§éiwgés t han

botween ana SaRsRi fabllt 113 A5 DTG, BeSeme N i sis ot plicone . t he
Si ] _xCe, (S idized thereby form ng an oxide layer 154. The oxide
| ayer 154th|e isag%r(relé? (Ilasrpargf)éﬂ?glpgﬁlﬁ@h‘gwg‘f’ i7aq thalayerdila a nreferably silisemn Bhesd labetson
di oxi de .
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 Jayer 150 is a monocrystalline silicon layer,

preferably having a thickness less than about 400 A. This layer is preferably doped for the n-
well (¢.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 1Gex layer 152 is epitaxially grown as a substantially
monocrystalline layer. For example, the epitaxial layer can be grown by ultra high vacuum
chemical vapor deposition (UHV CVD) or molecular beam epitaxy (MBE). Polycrystalline and

amorphous 1ayers are also possible. This layer 152 is preferably grown to a thickness less than

about 400 A. The variable x is a number between 0 and I and is typically between about 0.05

and about 0.2.



| ayer using standard thermal oxidation processes. During the oxidation
process Ge atons are driven froman upper surface of the Sil xGe, |ayer
152 into the remaining portion of the Sil xGe,; layer 152 and the silicon
| ayer 150. This creates a relaxed (i.e., without stress) Sil_yCey |ayer,
‘where y is a nunber between 0 and 1. In the preferred enbodinent, y is
greater than x. The variable y is tyﬂilcal |y between about 0.1 and about
0.3, preferably about 0.2. [0037] As shown in Figure 4d, the oxide |ayer
154 that was fornmed during the oxidizing step is renoved. This renoval can
be done bﬁm and wet %r. dry etching, e.g., with an HF etch. A second
silicon I hyer 118 %€ @185 relle SueFetlter §i dxidj@dthetehy forminPeebadalaly, t he
second si B CQ@1 | ayer 118 induces a conpressive stress in the relaxed Sit
yGey | ayel % 18 opide laysmldp lisprefedably Sorried by thdraylekiddddd 16 &fm RaNRoRdbRECKNess
that is Ig;s than the critical thickness but still thick enough to induce
a conpr es¥yueassgsesdard hetnhCoBidi¥EeN cbA%E Dyl lR; [ ients, the
silicon layer 118 is typically llggss&?%arll)%%g&e ogg%t?’oﬂx?@kslsg’%ﬁ?ct (fé%] In the
pr ef er r eddeveaGab®N} . skl icon.Layer, 118 and the SjjyGey | ayer
116 have a combi ned. %Iﬁpg?(cggggwg "‘?ée‘s}%%{ A%ﬁ%ﬁoggmema@ngpmtwpﬁ%@%g{?ﬁe@n, t he

second si | ~.prefer has a thickness tsi and the SllyGey | ayer
has a thic E%g? 2 L“”t?&s/iﬁéél}‘g%i%eé?ﬂnﬁbfsaff%%&fml@éqd (% WithenteiressySigyGeatager, t han

about 0.3W§e.?..§ tsi/tgi Ge > 0.3). [0039] Wiile not shown in these figures,
Yor & HBmbsrbewecndaad &, I the miefrmred empodiment yes greaemtadh usiheg

t he transi
st andard gz[%gess,i ng. For exanple, a gate oxide |layer can be forned followed
by a gat & &?é?rls. typicalfehetverfen alas@ 1 laad stiost cajpréferaplpapuso.be | ayers. These are
then etched to formthe gate regions. The source/drain regions can then be

doped (usyggappr Late ski for CMOS process). As shown in Figure
1, si dewaf et pac é“r%gyil é‘g% mb}ggalir#&cﬂ 8@@&1%2513{% byfhttes foped dising thepxidizing

step 1s 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 19Ge, layer. Preferably, the second silicon

layer 118 induces a compressive stress in the relaxed Si 1yGey layer 116. For example, the silicon

layer 118 can have a thickness that is less than the critical thickness but still thick enough to

induce a compressive stress in the SizyGey 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;,Ge, layer 116

have a combined thickness of less than about 40 nm. In addition, the second silicon layer
preferably has a thickness tsi and the Si 14Ge, layer has a thickness tgig., where the ratio of tsito

tsiGe 18 greater than about 0.3 (C.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 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



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 to the
particular enbodinents of the circuit, process, nachine, nmanufacture,
“means, nethods and steps descri bed in2the specification. As one of
ordinary skill in the art wll readil& appreciate fromthe disclosure of
the present invention, circuits, conponents, processes, nachines,
manuf acture, neans, nethods, or steps, presently existing or later to be
devel oped, that perform substantially the same function or achieve
subst ant i atdpetelivationawhichasiot stdsmtimnenyCamheSRRRTidan thes FPRIA W&hﬁec@ﬁécri bed
herein may be utilized according to the present invention. Accordingly, the
appended Ohmistoss iatoethe apptdpRgiedirtsi Ncl ude within their scope such circuits,
conponents, processes, nmachines, nmanufacture, neans, nethods, or steps. 13
WHAT IS CCAIMED IS: 1. A sem conductor device conprising: a substrate; an
i nsul at i nf%%yer Tdespps efitho preseneapplitystion ad st irdertied 18 be FRtdae BlYyaiiche: mteri al
| ayer dispo;gg on the insulating layer, the first sem conducting nmateri al
havi ng a eoslinssi ofehstirces,procdRinahsRC 5L j ial. tayer
di sposed on the first senizgnductingﬁ ﬁggériquﬁgggg%ﬁgﬁgﬂgég%ﬁ%&m%g
sem conduaith®igpetitfioh a V] : 3S1 ress; ..wherei.n the first and
Pauaty ohe he SRR S8l fe B BT Rl B e b i lofe s

second sem conducting materi a ave

rel axed sbithepRiaRinbLRbn, c\frwglﬁg, cgogl%or?e% S?Bgcessger?, I(Izlgc?l(ijnlég,tniarqgfacrtrl?rg,enrléaié, Layer 1S

methods, or steps, presently existing or later to be developed, that perform substantially the same
function or achieve substantially 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, ﬁacMnes,

manufacture, means, methods, or steps.




di sposed on the first sem conducting material |layer, the first

sem conducting material layer 1is conpressive and the second sem conducting
material layer is tensile. 2. The device of claim1l wherein the substrate
conprises a senm conductor substrate. The device of claim1 wherein the
insul ating | ayer conprises an oxide | ajér. 4. The device of claim1l wherein
the insulating |layer conprises a buried oxide |layer. 5. The device of
claiml1l wherein at |east one of the first and second sem conducti ng
material |ayers conprises an alloy sem conductor. 6. The device of claim1l
wher ei n aVHAdaEY CbAEMED the first and second seni conducting materi al

| ayers conprises an el enental sem conductor. 7. The device of claim1l
wherein at | east one of the first and second sem conducting nateri al
llayers canpri $eferdicoMIiRVHUvicebmpREHEt or. 8. The device of claim1 and
further conprising a plurality of isolation regions formed adjacent the
first sem condutbstrdfe:material | ayer so as to i nduce conpressive strain ond
the first sem tin terial layer., 14 9. The device of claim1l an
further conpr %ﬁﬁ%?%&ﬁllﬁ%ﬁﬁ?spgsegfonité%?‘gnﬂr%tﬁ’ regions forned adjacent the
second sem condist deRfcsmietinghateA¥dhy & dipdsddn tﬁauﬁalaﬁﬁ@ﬁlyk@t}ﬁetﬁ@i n on the
second sem conducting material layer. 10. The device of claim1l and further
conpri si HE§MEOBERCcAing depterial haging agompressive Airessxandndi ng bet ween the first and
second sem co NG iBa0 : ' (.M. wherein

t he strained sIa %gg(%:dgykgr al nﬂpgg%golhgtlxﬁ%ﬂ%ye%%%Sgé%%logﬁ}%sﬁ fsélggnm%!r)\@l@é%g econd

sem conduedténed layat,e¢hé sdcohdiyeicanduntingemateimal kssig/etedbifeadtiesgn t he first

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.
3. 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.

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

material layers comprises an elemental semiconductor.

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

material layers comprises a compound semiconductor.

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.



sem conducting material layer. 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
whi ch induces tensile strain on the s?gond sem conducting material |ayer.
14. The device of claim 10 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.
15. The device of claim 1l wherein the first and second sem conducti ng
material |ayers have a conbined thickness of |ess than about 40 nm 16.d
yer an

The devige of .¢claim1l erein e first sem copducti terial

t he sec%ﬁd SJ@F?8W868fgﬁ5“&éPé%ﬂ&FfP@QBPﬂB&EHﬂHQvEOQ%P ueﬂﬁﬁ%%n%é%WV%erein
the rati adpter: g scboiCienfdmdRttild BaRBaPRY eSS (RN khGIe"BLR difthe | ayer to
the thickness of the first semiconducting material |ayer is greater than
about 0. 3econd semivendusiing enasériad layiem 16 wherein the first and second

sem conducting material |layers have a conbined thickness of |ess than
about 40 nm 15 18. The device of claim1l wherein the first sem conducting

mat eri al 10ayerThedspice £6lain 1 9hdl ifGdRr dehPAThENsrAN&T soudd/driingegBli ce of
claim1 wherein the second sem conducting material |ayer conprises a

si |i con FE3ipaing detwean thefisbanduecond wavsuauetinginatsiipldayers.

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.

12.  The device of claim 10 and further comprising a thin film layer disposed over the

source/drain region.

13.  The device of claim 12 wherein the thin film layer has a tensile stress which

induces 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.



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 _sem conducting nmaterial |ayer;
wherein the first and second senicondué?ing materi al s have different

| attice constants in a relaxed state such that when the second

sem conducting material |layer abuts the first sem conducting materi al

| ayer, the first sem conducting nmaterial layer is conpressive and the
second sem conducting material layer is tensile. 21. The device of claim 20

wherein e sybstrate rises a semcondyctor substrate. 22. The device
of clai mtlgo deRes ol vlalm | et fiegtial Frmeundusinesaerel loeoeRRERE ng

mat eri al o|RYR ESmeARA15ye8 an al | oy sem conductor. 23. The device of claim
20 wherein at | east oné of the first and second sem conducting materi al

| ayers conprises an el enental sem conductor. 24. The device of claim20
wher ei n | egst one of the. first and second.seni conduct.. mat eri.al
layers canpri 405 Vs ALY | atisTein MRSeCai semicongpeiingJusiedal dpyeE FUPRISH and
further @Qmohddyed a plurality of isolation regions forned adjacent the
first sem conducting material |ayer so as to induce conpressive strain on
the first sem conducting material layer. 16 26. The device of claim20 and

further sgnpr iASge C&H%%I id‘g)ylcoj: rh r?s|h(f1t,i on regions fornmed adjacent the
second sém conductrng nmateri a qa@er %0 as to induce tensile strain on

a substrate;

a first semiconducting material layer with compressive stress over the substrate, the
first semiconducting material layer being isolated from the substrate by an air tunnel;

a second semiconducting 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.

25.  The device of claim 20 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.



t he second sem conducting material |layer. 27. The device of claim20 and a
strai ned source/drain region extending between the first and second

sem conducting material |layers. 28. The device of claim27 wherein the
strained source/drain region induces tensile strain on the second

sem conducting material |ayer or nore (1:'6rrpressi ve strain on the first

sem conducting material layer. 29. The device of claim27 and further
conprising a thin filmlayer di sposed over the source/drain region. 30.
The device of claim29 wherein the thin filmlayer has a tensile stress
whi ch i 2ducesTlieedesiderfelaimi20 «md fuhkersompriding @hirality di ¢solatign rediedsi al | ayer .
31. The device of claim 27 and further conprising a thin filmlayer with
conpr essfyEedAdiacent thy sqeopd senaigonausHiag Bk lje/%rrﬁo B NdYF tepsifetiam

i nduci ng 43 COORS &aséRlustd wﬁteﬁgl Li\g first sem conducting material |ayer.
you

32. The device of claim?2 erein the first and second sem conducting

material |ayers have a conbined thickness of |ess than about 40 rim 33.

The devi of .claim 20 .wherein the f.irst senjconductin terial |ayer and
The “cecana’sdbe SoMuner G Fhied fSreinéd G AT 6" SN ER Bk REBEeRIHE wher o1 n
the rati ¢ir@fand B&ond RéMIEORSR AL nidi&i38FeRd sem conducting material [ayer to
the thickness of the first sém conducting material |ayer is greater than

about 0.3. 34. The device of claim33 wherein the first and second

sem cond Ygt ‘i"ljl’]egdier\r/?cteeorf Icﬁellimlﬁyv%esreinqgev sﬁra?ne%osggrlcg (rjai;[l ?el:g(fé(rp & ﬁce%ftenlsﬁg gtré[ilt; an
about 40"nm 1
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.

31.  The device of claim 27 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.

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 is 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.



35. A sem conductor device conprising: a substrate; an insulating |ayer
formed over the substrate; a conpressive strained silicon germanium | ayer
over the insulating layer; and a tensile strained silicon |ayer over the
conpressive strained silicon germanium__|layer. 36. The device of claim 35
where the substrate conprises a silicoh’substrate. 37. The device of claim
35 and further conprising a field effect transistor, the field effect
transi stor conprising: a source region extending within the silicon
germani um | ayer and the silicon layer; a drain region extending within the
silicon gér maA semitendactoadevitheomspdisiegn | ayer, the drain regi on spaced
fromthe source region by a channel region; a gate insulating | ayer
overlying theaéH%ﬁ%@¥ region; and a conductive gate overlying the gate

i nsul ating | ayginsuBfing IARr AfMled Sye the k@sf@/ and further conprising a
second field effect transistor formed wthin the silicon gernmanium | ayer

and t he sili ceroinpyassivanidaisghsbebrf gaymahiven fayerstver thie @hsthlagihf dayter;tandnsi st or
wherein the first.fiel.d tLect t ransi st or cong&ises .f-channeL
transistor and ‘HEe §té%‘8?fg51 P 1y VL fhecpmipess ‘E)Ftr%‘&%&‘ 1L ANERS nnel
transi st @iyer.39. The device of claim 35 wherein the insulating Iayer

conprises a silicon dioxide |layer. 40. The device of claim35 wherein the
first and second sem conducting naterial |ayers have a conbined thickness

of less 58.3” %8 ldgwég of @him 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 silicon germanium layer and the silicon layer,
the drain region spaced from the source region by a channel region;

a gate insulating layer overlying the channel 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.
40. The device of claim 35 wherein the first and second semiconducting material layers

have a combined thickness of less than about 40 nm.

41.  The device of claim 35 wherein the silicon germanium layer and the silicon layer
each have a thickness and wherein the ratio of the thickness of the silicon layer to the

thickness of the silicon germanium layer is greater than about 0.3.



41. The device of claim 35 wherein the silicon germanium | ayer and the
silicon |layer each have a thickness and wherein the ratio of the thickness
of the silicon layer to the thickness of the silicon germaniumlayer is
greater than about 0.3. 18 42. The device of claim4l wherein the first
and second seniconducting naterial |ayéfs have a conbined thickness of

| ess than about 40 nm 43. The device of claim1 wherein the fist

sem conducting material |ayer physically touches the insulating |ayer. 44.
The device of claim 1l wherein the conpressive strained silicon germani um

| ayer plgsi calheYeteeehelginh Be whetdih &el st dnd¥eEond4emicddndeiting ddered] Myeelevi ce
conprising: a substrate; an_insulating |ayer disposed on the substrate; a
first sekproneebingdthiekness of leysdhay abpushdamd on the insul ating |ayer, the
first sem conducting material having a conpressive stress; a second

sem conducting material |ayer disposed on the first sem conducting

mat eri al 43ayefThetdbeics of claiin $ evlicedn checfist Bgnitahdictial ntagdtiahByer pieshlle stress,
wherein the first nd second sem conducting materials have different
lattice dOHehesthe dosp “&giﬁﬁéxed state such that, when the second

sem conducting material layer is disposed on the first sem conducting
material |ayer, the first sem conducting material |ayer is conpressive and
t he secodd. serfihe dadue dbf clginmhivdrerah tHeapatpréssive atrsinkd silieorsgatmaaiugr layer r egi on

extendi n%h}ps%a\i\@efgucthgsetgeliﬁssu atglrf]gqa?eercond sem conducting

45. A semiconductor device comprising:

a substrate;

an insulating layer disposed on the substrate;

a first semiconducting material layer disposed on the insulating layer, the first
semiconducting material having a compressive stress;

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;

a source/drain region extending between the first and second semiconducting
material layers; and
a film overlying the source/drain region, the film inducing a strain on the

source/drain region.

46.  The device of claim 45 wherein the first semiconducting material layer comprises a
silicon germanium layer and the second semiconducting material layer comprises a silicon

layer.

47.  The device of claim 46 wherein the first and second semiconducting material layers

have a combined thickness of less than about 40 nm.
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49.  The device of claim 48 wherein the first and second semiconducting material layers

have a combined thickness of less than about 40 nm.

50.  The device of claim 48 wherein the first semiconducting material layer comprises a
silicon germanium layer and the second semiconducting material layer comprises a silicon

layer.




