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_stress-absor bMM“\\H\@M“ﬁ@mbuct or |ayer, and associated fabrication nethod 5
The present i ates to a seniconductor—conponent w thJAN 2007

stress-absorbi ng sefttConduct or | ayer, soci ated fabrication
met hod, and in_ particular to a sub- 104NI\WW‘HW1W@EH‘W| eld-effect 10
transi stor wt lPeISlSlellyPtdém eted active region. e devel opnent of

seni conduct or - conponents continues, ever sHi{%fer feature sizes are desired
with a view tgeing’ero%vi ng the integration density. However, 15 certain
limts are being r_eacﬁélﬁ 8 accotfPeReRtni t edvitdhar gesesessenbEBRblhEY i N
sem conduct or AEMéFPaductoS lagean WpREradddait t r.ge _carrier
nobility ofs electrons and holes. in a semcholr?c}:Léglt oé%%gﬁ%t%qn i"%ethd’éipendent
on t he physi Cajrh properties of the 20 sem conductor crystal, the required:
charge carri er - “fiobPreSEEannitveyet ten abiredhedsor teannot nggégggm:?ggd

w th suffici entcomponeaty withhes€gasgs0 ; Il _featyre sizes of a

seni conductor, 4 (grrpggenta.n Furt her mfe,gpéﬁg%%ggg Eﬁ'B&\ﬁOﬁéUHF@ﬁ- kfgﬁ?@
dielectrics 25 (dielectits WI-LHPGh drbréeetioncomsttantd, vdhdh igre

al so required Pa¥tidelancretsi ngai ntegbalpon ,qlg@&héyerca%fef%[gggcgg
uc

charge canoi ert robélityr ~TPET £f , sWhat _are _known as senicon
conponents 30 with stregsyéggo?%?%g g %GESHdBEFérveI E§EE8N( st r ai ned

~senmiconductors) have been devel oped, making it possible to inprove charge
carrier nobiliAy irthe st resselsheidl NG em ggnduct or cryst aédmponents
continues, evér.smaller feature sizes are desired with
.a view to improving the integration density. However,
15 'certain limits are being reached on account of limited

charge garrier mobility  in semiconductor materials.
Since an upper limit to the charge carrier mobility of
electrons and holes. in a semiconductor crystal is
" dependent on the  physical properties of -the
20.,semiconductor crystal, . the réquired chafge carrier
mobility cannot be established or cannot be eétabliéhed
with sufficient accuracy in the case of very .Small
feature sizes of .a semiconductor - component.
' Furthermore, what are known as high-k gate dielectrics
25 (dielectrics with a hiéh dielectric constant), which
are also required for the increasing integration
density, cause a reduced charge carrier mobility.

Therefore, what are kndhn as semiconductor componenté

30 with stress~absorbing . semiconductor layers (strained
semiconductors) have been developed, making it possible
to improve charge carrier mobility in a stress-
absorbing semiconductor crystal.

35 Figure 1 shows a simplified illustration of a crystal
demonstrating this effect. It is usual for a stress-
absorbing or mechanically loaded Si layer as stress-
absorbing semiconductor layer SA to be formed by
growing a thin_crystal layer on a carrier crystal, the



35 Figure 1 shows a sinplified illustration of a crystal denonstrating
this effect. It is usual for a stress- absorbing or nechanically | oaded Si
layer as stress- absorbing sem conductor |layer SA to be forndd B 208r owi ng
a thin crystal layer on a carrier crystal, the 15 JAN 2007 2 lattice
constant of which is different than the l-atpti.ce constant of the silicon
crystal which has been grown on. It is customary for an Si Ge crystal |ayer
to be wused as the so-called stress generator layer SG in 5 which case the

Ge content can hewididisd Sk adick | S rably .approx. 20% This results in
a lattice constant faor the S Ge cr&%?éﬁ & &ﬂiféﬁr%taﬁbﬁoxthe. 8%t tgreat er

r »
than the lattice sonsttan? oftNehes 5L 1rapercisstadepesi igd nzhergon, LReRe
different |atti¥e cbhstiantsudfomesyl tford Nypard;iccul ar for. the _
A s‘?rr}ésts%Js \Rﬁﬁ’@ﬁ are be

stress-absorbi nged Layeh. SA,_i.n,the nechani ca S
represented, by  the arrgtv}\}se, Wt ﬁatlggdre§EF?sfhaeﬁﬂItaitrmtelyyei"t $®&, in

possible to esf”%|qhshca§settb¢ c@ar geostent ercambigd t)édj%%t%gfpﬂﬂ% of the
pi ezor esi st ancereffeeabliyn hpbgokayebqs 15T'£gsach| evz i mpr oved i nsul atfon
properties a”dcbﬁgESR}é\% reduced. | eakage” cirr EACYasSwelP a3 rédtitéde
capaci tances in a sem cORdUCYorStFe carystrl iSs ousictmary dgprise. Whags are

known as SO (8§FEREen drhamsthat Aa)ttsuhst ¢85 86, %ung'%the t echnol og
bt abes yec‘hiéA

descri bed abovaegasnetqbe applied directly to Substr
nature. Figure 2 shows a si +é|"$| ec?q%eesc?i Ifereal t hrbbgheanconstants

S!Ge-on-insulaf%FU_RCSFETPaa ipglﬁﬁoW@xfune(sﬁﬁﬁﬁé%abégiﬁﬂéyn§felayer
literature ref8hente TheTreukanetadl st rNQLE J%m%%}gﬁfhg%gﬁgﬁﬂﬁﬁg
Si Ge- On- I nsul aggs RNGRRRTS Wity Highe Wobi 117ty Sik 6 oy | FEE
001, In this | , € result " that ultimately it 1is
S . . bossible to establish a better charge carrier mobility
on account of the pi i ; i |
. ' plezoFe51stapce effect 1n-§hls layer.
To achieve improved insulation broperties and thereby a
reduced leakage current as well as reduced capacitances
in a semicqnductor circuit, it is Customary to use what
are known as SOI (silicon on insulator) substrates; but
20 the technology described above cannot be applied'
directly to SOI substrates of this natufe.

F%gure 2 shows a simplified sectional view through aﬁ
SiGe-on-insulator nMOSFET, as 1is known, for example
25 from the literature reference T. Tezuka et al.: “Novei
Fully-Depleted SiGe-On-Insulator pMOSFETs with ‘High-
Mobility SiGe Su;face Channels” IEEE 2001. In this
case, an gmorphous SiO; layerf200 is formed on an 8i
carrier substrate 100,  resulting in a typical S0OI
30 substrate. Then, a stress generator layer SG, which in
its lower.region includgs a crystalline Si layef with
an SiGe layer subsequently grown on it in order to
generate the mechanical Stress, is formed at the
surface of the SiO, layer 200. Then, an Si layer is
35 grown on as stress-absorbing semiconductor layer 3a,
which on account of the'different lattice constants is
under a mechanical stress and therefore has an

increased charge carrier mobility. Finally, a gate



“case, an anorphous Si2 |ayer 200 is fornmed on an Si  carrier substrate
100,. resulting in a typical SO 30 substrate. Then, a stress generator
layer SG which in its lower region includes a crystallinelSiJANayér with
an Si Ge | ayer subsequently grown on it in order to generate the nmechani cal
stress, is fornmed at the surface of the -Six2 I ayer 200. Then, an Si | ayer
is 35 grown on as stress-absorbi ng sem conductor |ayer SA,  which on
account of the different lattice constants is under a nechanical stress

and therefore hasidé 1aperedsed ghary ier nmobjlity. Finally, a gate 15
JAN 2001 3 oxige laygr 300 and a pol 5’%‘??3’5%@1?%% a¥eh 4P8 PaEemED rmest
control layer, source. ~and ﬁ?%?ﬁ'reﬁ‘i"bﬁ%esaarw @rainbeday driy med 44 p

connecti on’ of - tHfEl g r fesmask ofbirngcsaniceendyct 9 | r ich forms a

channel region %mi&rl'c'ﬁi’@é@fqd%@éﬁ a C(a,rrllv.enti nal @e/% gg'%&\ggjt gtre)sc%rt?ﬁ(’}ﬁent

with stresssab?%rwbi ng sem conduct or ﬁayeﬁc§A 'Mhid chypeeli regson K.

i npossi bl e To FUHET" T eddtE the FRaTERBioOBA T eSsenitqRIddtY anhBoﬂeSt

sub- 100nm r ang&itdr sbrebsrtbebrbABRHOVEehDE ical__properties. IC
P o RAGEL L ogBiar el oF  this

Therefore, thetiypeentjponis lq,%;ed n,the ob|ect
sem conduct or cg%ponent, Aavih %S%Ok?ﬁs-toab BFbRey sediucendund ofehayee and

an associ ated S5f-&6ficaflfonPAethctlali chinhas i BRLOYEdnE) eggﬁhgal ol5 to
i it{on,” "t hi

properties eveffurtharsuibpkegam-Langs. ing to the inve
object is gghieved, w tﬁ. regard toet e. Oc'rsaglrrip%c?rﬁ’&f&tlﬁrs-ct)rrponent, by the

features of patent claim1 and, with regard to the 20 fabrication nethod,
by the neasure¥hetefarent thai mrirentidh pard | gukal by, u%:ihrzaq'%b%[e%%t aljlfi ne
stress generatpfoviding' a semiconductor compornent having a stres:—
absorbing semiconductor ‘layer and an  associated
fabrication method which  has improved electrical

.15 propertiesleven in a sub—lOOnm'range.

A?cording to the. invention, this object is achieved

with ;egard to the sgmiconductor component, by th;

features of patent claim 1 and, with regard to the
20 fabrication method, by the measures of patent. claim 8.

-In particular by using a Ccrystalline stress generator

layer formed on a carrier material and an insulating

Stress transmission - layer formed thereon, it is

25 possible for the stresses which are generated and

tra?smitted to be absorbed in a stress-absorbing

semiconductor layer formed thereon to such an extent

- that on the one hangl an improved chargé carrier

mobility is established and on the other hand improved

30 electrical properties can be achieved in  the
semiconductor component.

It is preferable for the stress-absorbing semiconductor
layer to include an.:intrinsic semiconductor, the
35 thickness of which is less than 1/3 of a length of the
channel region, resulting in a semiconductor component
with a fully depleted semiconductor body. In addition
to the improved charge carrier mobility, this also



"l ayer fornmed on a carrier material and an insulating stress transm ssion
| ayer fornmed thereon, it is 25 possible for the stresses which are
_generated and transmitted to be absorbed in a stress-absorbing

sem conductor layer forned thereon to such an extent that on fshgnopg hand
an inproved charge carrier nobility is es#ablished and on the other hand
i nproved 30 el ectrical properties can be achieved in the sem conductor
component. It is preferable for the stress-absorbing seniconductor |ayer

to include an Hesulitssi cisemacontiiosq t R s éﬁr% knes of which is |less
than 1/3 of a lsengih Qfc the channel region, resu 5‘56ﬁ105ﬁ&@é@0r
conponent wth a fuIIy "depl et ed semni conduct or body. In addition to the
i nproved charge carrier mobility, this also 15 JAN 2007 - 4 results in a

Cirose t rans psian d et o 5 Phve o | SFERES debe SARoRa S atohed
e

stress transm to 5 have a | at

to the secg?d Z?bgtlcg‘%&&ﬁ%nﬁo%ﬁtﬁﬁﬁ ybﬁé@sa&b$GMmhumsﬁﬁntm@dggggﬁd

| ayer, resulti gttmcexccwldsaninﬂ r&AS KhesS i K44 ONGY r chani cal
| oad or stressla}ngud&nﬁ{ in this e iI's * qqu??fg?ngFﬁﬁor
possible to usga?ate ec rl%s Wi t3ee %%tdFé@@@Fﬂﬁ@1O®omgraperamds
control |ayers hhe mechpnjaed Lpadsem camddetor conponents with
stress-absorbing layers, wth the result that an equival ent oxide

thickness 135 (EQR L, Lor the gate dielectric can be reduced and- excellent
gate driving prop%r?|%% Crant’be tAdf eWay. Tb atéi efer anhexcelbeat @1@ét|ng

surface, it i spo:pﬂ#bqe abdeuber ganeSdisukitrale ‘041% Y (hJi (H éle{ectrlc
constant and control layers with a metal gate 1in
semiconductor components with stress- —absorbing layers,
with the result that an equivalent oxide thickness
15 (EOT) for the gate dielectric can be reduced and-
excellent gate driving properties can be achieved.

'To achieve -an excellent starting surface, it is
preferable for an Si substrate with a (100) siurface:

20 orlentatlon and a Si buffer layer deposited thereon to
be used as carrier material.

Furthermore, to improve a surface quality, it is also
possible for the stress generator layer to be smoothed

25 Dby means of a molecular beam epitaxy process, resulting
in further improved electrical properties for the
semiconductor component.

It is preferable for Si to be used as carrier material,
30 for SiGe to be used as stress generator layer, for CaF,
to be used as stress transmission layer, for Si to be
used as stress-— -absorbing semiconductor layer, for HfO,
to be used as gate dielectric and for TiN to be used as
control. layer, with the result that, using standard
35 material, a particularly simple structure and excellent
properties in particular with regard to the off-
current, the charge carrier mobility, the equivalent

oxide thickness, etc. are obtained.



20 orientation and a Si buffer |ayer deposited thereon to be used as
carrier material. Furthernore, to inprove a surface quality, it is also
_possible for the stress generator layer to be smoothed 25 by ngapg 7@
nol ecul ar beam epi taxy process, resulting in further inproved electrical
properties for the sem conductor conponent. It is preferable for Si to be
used as carrier material, 30 for Si G 4%~be used as stress gener at or

| ayer, for CaF2 to be used as stress transm ssion |ayer, for Si to be

used as stress-absorbing seniconductor |ayer, for H02 .to be used as gate
dielectric and for TiN to be used as control layer, with the result t hat,
usi ng. stanpdebdalbgnibeninal ex® rearstiotulodr [tyhesiimylea tdtomudthere drd excel | ent

properties_in_particular .w r of f - rr: . L harge
carrier nDB’irIOinl?,e‘it Re S&a‘&;@\?ar&élﬁt%%%g%ohgo%%ﬁgkrcl:géng, liestlglrEbt ar esr%grgtqgli%r?gd. 15
JAN 2007 st4assAebsrdibngat ¢eovieondncdssi drYsT t hévilgent i on there is

provi deg a senicendugior [GeERQRAENt conprising a strained stress-absorbing
sem conductor | ayer, having: 5 a carrier terial; a.cr sLaIL&ye sfress

generator |ayeP WRIVER3'd G MdE7 ANE™ i e Yt &PV drid SISt al 1y
has a firsttheatddrad erxcamsteanial fand genesadnnyahl pebbaniac dirsttr et igne

insul ating stress.transm ssi : r i i d0rdEd L0 on the stress
gener at or Icé’f?gr aélr‘]cd i%ls%ru .eeélet(:}o%t{l?y sam%étg t _edﬁ_:r?elchanl csasI’I7 stress which is
generated; a ceystialsiilad,ing rsdsessb$oraIsT stihodl dey emtigitulct drormeder

whi ch ij§ f B, ONs¢ hes St HERS rhk 8RS TSSOl AYEs asdd has traseedand drag tice
constant, which is differént than the 15 first lattice constant, for

absor bi ng ffEhREdEH SHT ST edych 1s generated;
a crystalline, stress-absorbing strained semiconductor

layer which is formed on the stress transmission layer and
has a second lattice constant, which is different than the
1S first lattice constant, for absorbing the mechanical stress
which has been generated and transmitted and for realizing
source/drain regions and a channel region;
a gate dielectric which is formed at least at the
surface of the channel region; and
20 a control layer for driving the channel region, which

is formed on the gate dielectric.

According to another expression of the invention there is
provided a method for fabricating a semiconductor component

25 with a strained stress-absorbing semiconductor layer,
comprising the steps of:

a) forming a carrier material;

b) forming a crystalline stress generator layer having
substantially a first lattice constant on the carrier

30 material in order to generate a mechanical stress;

c) forming an insulating stress transmission layer on
the stress generator layer for transmitting the mechanical
stress which has been generated;

d) forming a crystalline, stress-absorbing strained

35 semiconductor layer having a second lattice constant, which

is different than the first lattice constant, on the stress



-whi ch has been generated and transmtted and for realizing source/drain
regions and a channel region; a gate dielectric which is forned at | east at
‘the surface of the channel region; and 20 a control |ayer fqrdﬂwiﬁan t he
channel region, which is fornmed on the gate di el ectric. Accor J

anot her expression of the invention thergb provi ded a nethod for
fabricating a sem conductor conponent With a strained stress-absorbing
sem conductor |ayer, conprising the steps of: a) formng a carrier
materi al ; bBrahemiisagoa clysteal | ifiver strless QﬁﬁﬁﬂeﬁorOfayebSﬁé@Pﬁg the
substantlahlghgngh5§tskﬁgggce constant on the carrier 30 material in order
to generate a ani cal stress; c) formng an insula |ng str

transni ssi on Iayefoéﬁlnﬂheastﬁ5§§3géﬁ%?%ﬁ% r}ayeP™f of Fraﬁ?ﬁ?ﬁfﬁﬁdnﬁhe
”EChanlca|st%b%@sabwbk@hn@a%t&eene@eeenatedgudko&oﬂmweg a crystalline,
stress-absor bi trained 33, enlc t Vi nd lattice
const ant , whicﬁ9 ?grﬁﬁpﬁe?e ?%g%%lgétkﬁ ng 82%%?§§?€%0n t he
stress 15 JAN @Ooiatteiblngram§ﬁls§@@@ I@}@ﬂeﬁﬁﬁlﬁheﬁ&ﬂwn ofcaBE&bi ng

t he nechaqlggl ;SLLESS; e) formng a gate dielectric on the crystalline,
stress-absor ? strai ned senlco?ductor | ayer ; b% q} ‘%ﬁﬁ %ﬁ_trol | ayer
on the gate di 8)e&Prméndg) SPEFEE! ATAG Nt hESHRPRS di Bt ect & e it r ol

| ayer; and sh)-efs@r-3io3e reauc e/tdadine d egirdreridudtive: drawsiral li ne,
stressqgbsorbi ng strai ned sem conductor |ayer. 10 15 JAN 2007



-5 Further advantageous configurations of the invention are characterized
in the subclains. 5 The invention is described in nore detail below on the
_basis of an exenplary enbodi nent and with reference to the drdébiJA§,20G/n
which: Figure 1 shows a sinplified illustration of a crystal 10 show ng
significant effects in stress-absorbing- sem conductor |ayers; Figure 2
shows a sinplified sectional view through a conventional sem conductor
conponent with stress- 15 absorbing sem conductor |ayer; and Figures 3A and
3B show sinplified sectional views illustrating inportant nethod steps
involved in thaF %gbrl cation of  a seni conductor component according to 20
the invention WEh"Sfr ATLHUYSIFEI WY SORTshakions | afer th@heitivamniomn i s
descri bed bel omrbychayaofeexaapl #énobhet Babbasigss0f an nMOSFET as

sem conduct or conponent with 25 stress-absorbi ng sem conductor | ayer. :
However, it is not restricted to this application and in the same way also
enconpasse§ pMEBEETEVEREieRhds ERsasidmti hy meeei dehditt beloanpeneths

whi ch have a spaess- als@nbidi@mRIEy %&&%eﬁ?ygwf Q:Ethheie&‘é&%%se OE

i nprovi ng char e O carrier m llét First in accordance wit
Figure 3A; a carrief®™ ndfertarV provi ded, which includes, for exarrpl e,
a silicon sem conduct or material. Alternati veI y,. however, 35 it is also

possi bl e to usg; anye ot heyy, qusys‘_galsun appr oxi nat el ttice-matched
carrier materi alt?‘gl(e . >'sapphi ré; E?l%)lgd p‘@ thr%f % Ja crystal
10 show1ng 51gn1f1cant effects i stress- absorblng

semiconductor layers;

Figure 2 shows a simplified sectional view through a
conventional semiconductor component with  stress-
15 ' absorbing semiconductor layer; and

Figures 3A and 3B show simplified sectional views
illustrating important method steps involved in the .
fabrication of a semiconductor componeﬁt according to

200 the invention with stress-absorbing semiconductor
layer.

The invention is described below by way of example on’

the basis of an nMOSFET as semiconductor componeht-with
25 stress-absorbing semiconductor layer. However, it is

not restricted to this application and in the same way

also encompasses PMOSFETs and other corresponding

semiconductor components which have a stress-absorbing

semiconductor layer for the purpose of improving charge
30 carrier mobility.

First of all, in accordance with Figure 3A, a carrier
material 1 is'provided, which includeé, for example, a
silicon semiconductor material. Alternatively, however,
35 it is also poésible to use any other crystalline and

approximately lattice—matched carrier material (e.qg.
sapphire, etc.). '



In particular in order to inprove a surface quality, the carrier materi al
1 may, for exanple, conprise a sem conductor substrate 1A wth a (100)
surface orientation, in which case it is preferable to use a Si -
"substrate. To achieve a high-quality starting surface and tol u]A§ HHe
interface states at the interface between6lB and |IA it is possible, in
accordance with Figure 3A, by way of exanple, for. a sem conductor buffer
| ayer 1B to be deposited epitaxially, in which 10 case it is preferable for

a silicon buffem |pyeeieoibe deposited by fRaps,of A molecul arn, beam

epi taxy ( MBE) tE‘rocess or_a ’\%VD%\;HH al _organi ¢ chemtcal ~vapor

deposi tion) procEssCePAEF cdiH Sy dherd UBRKg dPUVBEXappdeesscontise a
treat ment step segsdarsiuatcr stambshgatd swA aceivki ch hasideen sapekbed to
a range of one g I r. . hick the buffer layer 1B is in this
case deter n%ned g)‘%lﬁg;}:att):?)bg]' rl-cl):ggvsﬁs_]imnrg c?%%‘ge J?{ h%%uﬁﬁ%&?’fabg‘ﬁdga BP&dat étni ned
starting qual i tyPsEFase -anTal pehdgvieveat & iighe asvadditlyl ngt Prioces s sdegariebed

above, it is akwe pessibheyt otkar rynestrseavetional LSmeihi EHtQEﬁ?Sg%ses’
such as for ex rT[ngeeClVP1 che g?\l nmechani cal ,%ol.i shing) processes.

Then, a crystalline &t ress®YBnefat ort | 4FePOSELPL & orifedaceprdapce amiithy
material 1 or FAgusepoBA,sthytiwvgy sof f aceamdld he o gondugt ebnBubkter

| ayer 1B, the pgrystal; SidMCipr € Ofpd hi - enerat.or. .l ayer_SG .
substantial |y havin a?‘%i;rﬂsjtﬂlgla?toi cbeé cg%?g%gg?or ptl%é—:1 rpotd gpich
gener at i ngi a MBERaritcals RFeEraplehEorser exisligtororipififtesehd yondtot be

| ayer which isdepubsiegderty ymbah8Edf By Wayl &fu EXATBEEn té}ﬁtsat}g)sngBE)
generator | aye j conductor or_a II1l-

seni conduct or . bﬁg\%\%\?éf, Ioir}tCI lrégsﬁacﬁ:s\%)a/i- Iné/q‘%g% a ©tganic chemical = vapor
deposition) process. Particularly when using an ' MBE

process, this treatment step results in a starting

15 surface which has been smoothed to a range of one atom

layer. The thickness of the buffer layer 1B is in this

case determined only by a processing rate (throughput)

and a predetermined starting quality.

20 As an alternative to the smoothing process described
above, it is also possible to carry out conventional

smoothing processes, such as for example CMP (chemicai_
mechanical polishing) processes.

25 Then, a crystalline stress generator layer SG is formed
on the carrier material ‘1 or the smooth starting
surface of the semiconductor buffer layer lB, the
.crystal structure of this stress generatof leyer S5G
substarnitially having a first lattice constant for the

30 purpose of generating 'a mechanical stress in the
stress-absorbing semiconductor layer which is
subsequently formed. '

By way of example, the stress generator layer SG

35 includes a IV-1IV semiconductor or a III-V
. semiconductor. However, it mey also include a
_multilayer sequence and/or change gradually by means of

| a molecular beam epitaxy process which in turn results in
|



-mul ti |l ayer sequence and/or change gradually by neans of a nolecul ar beam
epi taxy process which in turn results in 15 JAN 2007 7 irrprov]engﬁggﬂr[]?wth
S

_properties for the subsequent layers. In particular when an Si
used-as stress- absorbing sem conductor layer. SA it is preferable for
Sil_.,Gex to be used as sem conductor matersial for the 5 stress generator

| ayer SG the Ge content usually. being set to from1l0 to 50% (x =
0.1-0.5). This results in a lattice constant in the stress generator |ayer’

SG which is slimghtdvyedidderentn t .carrier terial and in
part i cul ar thartrth% %ttl’l%glaﬁbsOﬁbé]ﬁ(gpéggnl%%ngﬁét 6 elﬁupﬁ?gl‘ley\ Waiysirsi.s
subsequently to be Tao.r red, 3 hi §"MatPceSkodstyant 0F tieedt 85S sgeRrAt or
| ayer devi ati ﬁ@sq@lr&(mmom@u@téewmgége@k( 18SS; & hgpe %92‘/% at fi ts
(final) atom | @jer.qy) acsoyat Wed t§s MSMBLCh, 15 Wien rTearll 2| 9€afodb- 100
nanoret er sem gonductor cormponent, thi’s r%ﬁ%%%u%’é‘?fér&?Sfi‘rllagterfOJSGths .
formed with a typical®SH@vdsdafen5Go 80O Ganaﬁﬁteﬁﬁ,us@eﬁﬁgf %Q'i}‘lgUSi ng
a MOCVD (net al Sétgdm cCmdwerd Cato vaper (20 d id ian) Jprocess. Fach crystal

( Qp.% d.gﬁ . a}fﬁlv%% in a

|l ayer .which igatsybgsequently.. .forned with a signific
t hi ckness wil | _gccor,di ng(y%ttg%/’iteﬁ iTE 1319t donerater Yajatise wRithi S

top layer. 25 Wii IS&igRtdohlififiesreait proasssas Iae S e SRS QH0I gy Layer
SA is at this partatchosped tdiarrlecttL_Héonsttflee SIress enerator layer s&Yin
the procesg acggi,g}l%ngsn%o the  invention a stresea i sSFCPRGector
which transmts’ the cﬁﬁ}ﬁc_ﬁhl Jﬁréé@ﬁmuﬁhtﬁazs heenbd0 genrsal edr ppd
al so. has msul%lﬁhgepro:pmrsttaeﬂ; | 8FNOW: he stress generator layer

- deviating, for example, by a few percent (less than

10%) at its (final) - atom layer on account of its
mismatch. ' | '
15

When real;zing a sub4100 nanometer semiconductor
c?mponent, this streSST generator layer SG is forméd
w1§h_ a typical thickness " of 10 to 306 nanometers
preferably using a Mocvp (metal organic chemical Vapo;
20 _deposition) process. Each Crystal layer .which is
subsequently formed with a significantly lower

thlck?e§s will accordingly - orient its lattice constant
relative to this top layer.

25 While in conventional proceéses the stress—-absorbing
layer SA is at this point formed directly on the stress
?enerator layer SG, in the process .according to the

. 1nv§§tion a stress transmission layer 2, which
transmits the mechanical stress which has ~ been

30 generated and also has insulating properties, is now
formed.

Since thermally formed or deposited insulator.layers,
such as for example oxide layers, have an amorphous
35 structure, they are not in principle suitable'as stress
transmission layers. By contrast, crystailine insulator
layers with a predetermined crystal structure are able
to transmit mechanical stresses of this nature which



-fornmed. Since thermally forned or deposited insulator |layers, such as for
exanpl e oxide | ayers, have an anorphous 35 structure, .they arequizW
principle suirtable as stress transm ssion |ayers. By contrast,. crystalline
“insulator layers with a predeterm ned crystal structure are able to
transmt mechanical stresses of this natdre which 15 JAN 2007 8 have been
generated in the stress generator layer SGto a follow ng stress-absorbing
sem conductor |ayer SA. Exanples of known crystalline insulator |ayers of
this type inchade CHedy Jeafedaud the thke Wien using a stress-absorbing
seni conduct or 'aany)llSQE!fsi stsi@!g of s I%}g%n?tgﬁsﬁa???%ﬁ?g?rC]aweﬁa§G to
particul arly good proper Pes, FHE e PRRIPARY| cremicmTstianttonf 16gE2 isavery
wel | matched (FSRAmM@L&spIaf viengwiOcsiyrthal Y nko itfag 1|2l a8 st gnt ot
silicon (lattiegpecanshanat ehiryaFaaf Oaéclet nanpnet er, 1atticé constaht of

Si = 0.543 panoneter at-roomtenperature). }IE%r Jn]é‘?'rmre, CaF2 constitutes
an electrical insulator wwth the highest energy gap (val ence band to

conducti on bandhenl5utdeM) of akkrexisstibag rials.. On account- of this
extraordinari I-ggo}lggggigger 9y ga%.ﬁ# 12 eV), r\%%el Ugeﬁnglcoeéé'ch’tr i slayer
ust “a few at 1E5er s &Nt ramurddee of Calfe StK£sS

sufficient to form]
generator | ayeP3BECURRESYdi rapgd | tpiapeutafey,abl & ihek an approx, 1 10 2 20
nanomet er thlC@oﬁbfﬁnﬁtéﬁséaFEaﬂ§”V§§gou by el 2 L0 HF dep05|teJ?§%¢%
buried ingyl a'ltjé){m b¥/ ,Ir:rrfanso of ,efor exanple; &1 é:th(?r‘ﬁ c ﬁ%y@rxa@@d@smem
process (ALCVD, ™atdH ¢ fPaykhe cHeéttitdae vapostdeposit i en) iebnan IMBR j ce
process. c?nstant of CaF; = 0.546 nanometer, lattice constant of
Si = 0.543 nanometer at -room temperature). Furthermore
CaF2 constitutes an electrical insulator with th;
| highest energy gap (valence band to conduction band =
15 12eV) of all existing materials. On .account of this
extraordinarily large energy' gap (12 eV), when using
CaF, it is sufficient to form Just a few atom layers at
the lsurface of the stress generator layer %G.
Accordingly, it 'is preferable for an apprbx. 1 to 2
20 nanometer thick CaF; stress transmission.layer 2 to be
deposited as a buried ' insulator by means of, fér
example, an atomic layer deposition process . (ALCVD,
atomic layer chemical ‘vapor deposition) or an MBE
process.
25
Then, the actual stresé—absorbing semiconductdr layer
SA is formed at the surface of the insulating stress
transmission layer 2, with a silicon semiconductor
layer preferably being formed as active'region, e.qg.
30 channel region K, for the semiconductor component.
Particularly when  producing sub-100 nanometer
lsemiconductor components, in which case field-effect
transistors may, for example, have a channel length of
15 nanometers, in this case an intrinsic semiconductor
35 mgterial, i.e. intrinsic silicon, with a thickness d of
less .than 1/3 of a channel length L is deposited.
Accordingly, for a channel length L = 15 nanometers,

approx. d = 5 nanometers of intrinsic semiconductor



-25 Then, the actual stress-absorbing sem conductor |ayer SA is forned at
the surface of the insulating stress transmssion layer 2, with _a S|I|con
sem conductor |ayer preferably being fornmed as active region, dIgA

“channel region K, for the seniconductor conponent. Particularly mhen
produci ng sub-100 -nanonet er sem conduct er 9cenponents, in which case
field-effect transistors nmay, for exanple, have a channel |ength of 15
nanoneters, in this case an intrinsic sem conductor 35 material, i.e.

intrinsic silid@tenialn satdi ckd@s5Si€e@f ples n 1/3 channel | engt h
ar Ebﬁ L°L 1@Eﬁgﬁonﬁtrer

Lis dep05|ted R, g r_a channel |en
approx. d 5 rzljarnorret eérjés 0 é(su{ THEi &n sé‘m%?fﬁ%ﬁfé@@lﬁctQIS dompe0ent 911th

material are dépoSPted b%JEBQLeG\ﬁQI 0RCMDEYD g IRE opf %ﬁ%d&%&tb%%}) n a

sem conduct or qdnpAReRfepldtd a,ofoqlésy) depl eted active region or
sem conductor body (fully depleted bodies). 5 In this case, the insulating

stress transm ssion layer 2 is responsible for ensuri ng reliable and full
depl etion of tARs tdtimessase or ther éssuabIARy NG r SEN ctor. layer SA
nh": rleved cgar GEL PR e LM ity

with the resulp that i oncto the
all the advantages of%gx? l?%dé‘llijéepl Epad §é’1ﬁu€dﬁ%ctﬁﬁllachimaonam afelal so
obt ai ned. Si nc8¢ ﬁ@téPPessC’ftrahbism snrlea)zea 2 akso ngysgnggyggglﬁgf ew

atom |ayers aadmltunubetapre,laly@li hes;s;asewgg ﬁa“"r@%uﬂti Otl?ﬁ;)ptl lléIly
ani a St SS

mat ched inder lo}ls | at %bce const ant
which is genera FRRE e ?es’é“%re?fé?%t @rhalr@;eercaisﬁes oA dTityt ed11’

virtually the 1advantages of a fully depleted semiconductor
component are also . obtained. Since the stress
transmission layer 2 also only includes a few atom
layers and, furthermore, in the case of CaF; and Si is
l5 optimally matched in terms of its lattice constant, the
. mechanical load or stress which is generated in the
stress generator layer SG is transmitted v1rtually
without losses to the stress-absorbing semiconductor
layer SA. ' '
20
Then, in accordance with Figure 3a, a gate dielectric 3
.and a control layer 4 are formed at the surface of the
| Stress-absorbing semiconductor layer SA. The gate.
dielectric 3 nmyy for example, comprise conventional
25 gate dielectrics, such as for example silicon nitride
silicon .dioxide, ONO layer sequences or future ne;
high-k dielectrics, etc., whereas the control layer 4
@ay in the same way consist "of conventional gate
‘materials, such as for example doped polysilicon or
30 metal.

However, it is preferable to use gate dielectrics with
a high- dielectric constant or what are known as high-k
dielectrics as gate dlelectrlc, in which case it is
35 preferable to deposit HfO,, HfSi,0y, HfSiNO ‘etc. once
again by means of an ALCVD or MOCVD process in a
“thickness of typically 3 nanometers. On account of the
dramatic mismatch of the lattice .constants of these



-Wi t hout | osses to the stress-absorbing sem conductor |ayer SA. 20 Then, in
accordance with Figure 3A, a gate dielectric 3 and a control |ayer 4 are
formed at the surface of the stress-absorbing sem conductor | ayeaNShg) The
‘gate- dielectric 3 may, for exanple, conprise conventional 25 gate
dielectrics, such as for exanple silicon-nigride, silicon dioxide, ONO

| ayer sequences or future new high-k dielectrics, etc., whereas the
control layer 4 may in the sane way consist of conventional gate

materials, suchmatsefilexagpte deps |l ,copn or .30 netal. However, it
i's preferable tg use aée di gl ectri g‘s?p\?éa%/tﬁé %l?\fﬁﬁt’ajr%‘l efBfi encavsoamt or
what are known as high- K°"di 8FBEFtFéenastgmperdterest ricr .ithathistliegase it

is 35 preferabl@®sarkiepnsi seflo2ndbtSor, Oyla gk Si NQaet C.pphce g agai:n by
means of an . Algade<ys NARER loagges . in.a _thickness of typi cale%y 3t
«E:H ra?rlari {gn?orp%‘f%hf%‘fmt he lattice constants

nanorreters.sm account of th C m's
of these 15" JAN 2007 - 10 materials, i.e. of the gate dielectric, and on

account of th#iltéw degasdt iten ﬁmpgg@reur,ﬁtgioiraji ;Egssc;coqrn%%z;l_ ra11b'sor bi ng

sem conduct or | guer , L he deposition. process tal | pHous
form 5 Wth rega‘r?cd t§§ t éﬁ’jlat Smét ePLAr98P cdeatigwial ajer deposmtadd i asknown

as a m d-gap nEREE Matierigdposin ehmsicubdie wider Eql 1 b8pPacibgular (when
full depl eti onaetikke seaGldot@ ) to ody is desired. Mterials of
this 10 natyre g%g  avor abl iﬁﬁﬁnce in ger(g%ﬁ/%‘?l‘i' wizherhals npfnhthis
materials of the gafe BF¥I d&A@PLY | AnfAuehce interactions with the

high-k materials of the gate dielectric 3, in which
.case, 1in the case of the hafnium gate materials
mentioned above, it is preferable to use a metal gate,
such as for example TiN, as control'layer'4.

15 | '
Finally,'in accordance with Figure 3B, both the control
laﬁyer 4 and the gate dielectric 3 are patterned -and
source and d;ain regions S and D are in each case
formed in the stress-absorbing semiconductor layer sa

20 in order to complete a field-effect transistor. The
further steps involved in forming spacers, contact
holes, connecpion regions, etc. correspond to the prior
art, and consequently will not be described below.

25 In this way, it is possible to fabricate in particular
semiconductor components with stressed or stress-
absorbing semiconductor layers and/or semiconductor
layers operating with full depletion in a simple and:'
lnexpensive way, with the result that in particular an

30 off-current is reduced and a charge carrier mobility
and therefore clock rate of the sémiconductor component
are improved. '

In the same way, it is possible, in particular when

35 using gate dielectrics with a high dielectric constant,

to reduce the equivalent oxideé thicknesses (EOT), with

the result that the driving can be improved and in
~particular reduced voltages can be effected.



-..case, in the case of the hafniumgate materials nentioned above, it is
preferable to use a netal gate, such as for exanple Ti N, as control |ayer
4. 15 Finally, in accordance with Figure 3B, both the control ]I5amgr2¢{ and
‘the gate dielectric 3 are patterned and source and drain regions Q d D
are in each case forned in the stress-abgqrhi ng sem conductor |ayer SA 20
in order to conplete a field-effect transistor. The further steps involved
in form ng spacers, contact holes, connection regions, etc. correspond to
the prior art, and consequently will not be described below. 25 In this
vay, it is pos%h?kﬁetr% fabricate in particular sem conductor conponents
with stressed or sStrEssTCabsthdi dgssdRitddadust oeskayteran sandysdion layer
seni conduct or TPEyErS opertatdmyg dhownf ukl peRiHekirg ] & .e{@se agrpéei :
aci{rﬂllBOﬁo “curtentfis

i nexpensi ve wayarwitfjikhe kesu hat in rticular
reduced and a %ﬁgr e (l:g?ri %rg IT%)%E_%I t%/o aﬁgg‘ﬂﬁ@r efBr ecéfoekatat elotkage

seni conductor TORPORENt cereideprbled. 1Int hpaamulaw, it hbeepessi blg, in
particul ar whemorr&Sposingggaheesi ehegichiy ' high dielectri-c _
constant, to geducgothe,equivalent oxi degﬁh#ciﬁje&eés%%@ﬂ?ﬁﬂk?% toe
result that the driving can be-t mpt THETCAAECEAr papmpentmts s echicksy gt ages

can be ef f ect eSRTATPIMELOD7 compodbensr thigHDER1 vt ngnbg}s@eq,tiiar%go tJess
ec

transm ssion l&yer &eddegscyhat ' as punch-through effects and in
particulagqis able to reduce an o ?ggfggg\éﬁéﬁeak 5 Mirtfent LHrfsicientl y.

In particdlar," HARHFLIPL 1 ey resbenBragucasier structure i s now al so
avail abl e for sub-100 nanoneter sem conductor conponents, allow ng

The invention.has been deséribed above on the basis of

an nMOSFET. However, it 1is not restricted to .this

particular application and in the same way also
15 encompas;es PMOSFETs or other semiconductor components
~with a stress-~absorbing semiconductor layer.

Furthermore, the invention has been described above on
the basis of a stress-absorbing semiconductor layer
consisting of silicon and a stress ' transmission iaYer
20 consisting of CaF,. However, it is in the same way also

possible to use alternative materials to produce these
layers. ' ' -



-sem conduct or conponents with only m nor deviations in the electrical
properties and with sufficient 10 reproducibility to be produ%ggl !E

i nvention has been descri bed above on the basis of an nMOSFET ér, it
is not restricted to this particular application and in the same way also
15 enconpasses pMOSFETs or ot her senicogguctor conponents wth a
stress-absor bi ng seni conductor |ayer." rthernore, the invention has been
descri bed above on the basis of a stress-absorbing sem conductor |ayer
conS|st|ngPetestICééﬁménd a stress transm ssion |ayer 20 consisting of
CaF2. However, it is in the sane way also possible to use alternative

materials 40 pﬁtogeﬁl@cbha%%tolrat@h@on&tJAtﬂm%(}&émg B2 stRatierid Gajess-1. A
sem conduct or conponent conprising.a strained stress- absorbing

senm conducBBFOFRYEA, SREVCRGIUS WO&r ritdP a8 i*81%° 5 a crystal line stress
generator | ayen whrehersmharemrddlon the carrier material and substantially

has a fﬁrst latti cest%ciriq_gl%nts,tre%r %%\?\)%rﬁ%tlor}g l@g&cm&gl StEEs®sd d&h

i nsul att ng str8sStransmi ssi on | is forned on the stress,
gener at or [thpgercagmd ars natesr ial t@%sﬁ?’?s‘éﬁ@tliélﬁeéﬁén@cdﬁlr§ttr gL Gl%h i s

gener at ed; RnGh¥sial lHdre geHd @S P SO dHarsiidaal rtﬁﬁréefsm conductor | ayer
which is forned on th tress transEtSS|on | ayer n er ﬁh %g%%$4égtlce
const ant , mhlcﬁnléﬂﬁ43@§%§% SHET I i AP %ﬂt% & Tconst ant
absor bi ng e vrRchatni€ad gtnesatds vhkiyelr sl beenugedertat e:draaraduttrdﬁsan tted
and for,realizin o] i€ hannel region; a gate

% qFaﬁ WG éggﬁhp%lugi§"géfgfgéé&’

dle|ngpIC S forne ast at
crystalline, stress-absorbing strained semiconductor

layer which is formed on the stress transmission layer and
has a second lattice constant, which is different than the
first lattice constant, for absorbing the mechanical stress
15 which has been generated and transmitted and for realizing
source/drain regions and a channel region;
a gate dielectric which is formed at least at the
surface of the channel region; and
a control layer for driving the channel region, which

20 is formed on the gate dielectric.

2. The semiconductor component as claimed in claim 1,
wherein. the crystalline, stress-absorbing strained
semiconductor layer has a thickness (d) less than 1/3 of a

25 length of the channel region.

3. The semiconductor component as claimed in claim 1 or 2,
wherein the stress transmission layer forms a crystalline

insulator layer.

30 _
4. The semiconductor component as claimed in claim 3,

wherein the stress transmission layer has a lattice
constant which is matched to the second lattice constant of
the crystalline, stress-absorbing strained semiconductor

35 layer.



-surface of the channel region; and a control layer for driving the channel
.region, which 20 is forned on the gate dielectric. 2. The sen1gpn@u&hpr
.conponent  as claimed in claiml1, wherein. the crystalline,
stress-absorbing strained sem conductor |ayer has a thickness (d) |ess
than 1/3 of a 25 length of the channel_ region. 3. The sem conductor
conponent as clained in claim1 or 2, erein the stress transm ssion

| ayer forns a crystalline insulator layer. 30 4. The sem conductor
conponent as clrakenedmikotkbaictod, conpeneint talse cdtarieesl timansyw i aridimger has

a lattice .constant whjch is_matec¢hed S ti nst ant th
crystallin&, g%%eééﬁabgg?ﬁ?na s%ﬁgine&ggéﬁfcéﬁﬁﬁgg%éé}35§?¥88r.1%5 fﬁ& 200$
13" 5. Theappmozdmagetlor Ednmsonel0 agmc|tdiifdd PAGCEne BfeTl aiy-ﬁﬁ StHEP Sy,

wherei n the $hise3$sdQRer 8hQer! ayer ans approppr oxi ket eby rkd t@id®0 oari hi ck
SiGe layer, the stress transmssion layer is an approx. 1 to 2 nmthick
CaF2 5 | ay@¥eTan@"Che crystalline, stress-absorbing strained seniconductor
| ayer is amh@thoybgaﬂeﬁneS nettrhsskalSsokhyryg. #:raheedermaumiustustor
conponent as cl ai.ned | f i 1 : anr in the gate
dielec;riciﬁggrélﬁifﬁ %f§ﬂ§E Fq%?éa ons{éﬁﬁ%”§9:$ﬁé seﬁ?%onductgr'conponent
as clainmed in one of clains 1 to 6, wherein the control layer includes a

netal . 15 § The ST R M. CURPIRintS £laidltd Nornefofldidtms 1 to
7, wherein the carrier materi al |nclqgeS' . . . .
10 1 to 5, wherein the gate dielectric has a high dielectric

constant.

7. The semiconductor component as claimed in one of claims
1 to 6, wherein the control layer includes a metal.
15
8. The semiconductor component as claimed in one of claims
1 to 7, wherein the carrier material includes:
an Si substrate with a surface orientation, and
an Si buffer layer for generating a flat starting

20 surface for the stress generator layer.

9. A method for fabricating a semiconductor component with
a strained stress-absorbing semiconductor layer, comprising
the steps of:

25 a) forming a carrier material;

b) forming a crystalline stress generator layer having
substantially a first lattice constant on the carrier
material in order to generate a mechanical stress;

c) forming an insulating stress transmission layer on

30 the stress generator layer for transmitting the mechanical
stress which has been generated;

d) forming a crystalline, stress-absorbing strained

semiconductor layer having a second lattice constant,

35



-an Si substrate with a surface orientation, and an Si buffer |ayer for
.generating a flat starting 20 surface for the stress generator layer. 9. A
met hod for fabricating a sem conductor conponent with a str iﬂmd
“stress-absorbi ng seniconductor |ayer, conprising the steps]gf. 21§07a)
formng a carrier material; b) formng ﬁ crystalline stress generator |ayer
having substantially a first lattice ¢ hstant on the carrier material in
order to generate a mechanical stress; c¢) formng an insulating stress
transm ssion layer on 30 the stress generator layer for transmtting the

mechani cal  stress [ ha en ner ' ' stalli
stress- abs¥PBE gl§t?gﬂﬁ%ﬁxﬂééﬁﬁgghgﬁ%?ofi %@eggﬁggggbggngégéﬁd_?gtf?%é
constant, s3%5et5 IANN2O0Bsiondawshi cfo¥ stiefpereaset Ran abiserbiingt thettice
const ant, ﬂgckPgiC§Hr§§§eggqnsnission | ayer for the purpose of absorbing
the nmechanical Stress; 5 e) formng a 9ate dielectric on the crystalline,
stress-absorbi By SPFELAED FemiTBRIuCELFIFAVEIC fPOf offitng HF Yot oS ayer

on the gat gr@dcekeabkicebity RalraemnrRidgeaniegatetdirellestari;c and the contro
| ayer; and 10 form.ng sourcel/drai.n. regions.in r. l.i:ne,
stress- absor bi é gPFQ?Hgdasg nggﬁ&uéf F%Ig&e?belggQ%hgﬁggﬁﬁﬁfég clained in
claim9, wheregh patseepiay athsemigededustiol eniysia atedichaviify £ dce
orientatioqa§§r;1§ngrovided, and a sem conductor buffer layer is
epitaxially eposited thereon in order to produce a snooth surface. 11.
The neifod as &) afesdirg cPaMACS/EFaid, WRELENA i hRstldye crystalline,

stress-absorbing strained semiconductor layer.

10. The method as claimed in claim 9, wherein in step a) a
semiconductor substrate having a surface orientation is
15 provided, and a semiconductor buffer layer is epitaxially

deposited thereon in order to produce a smooth surface.

11. The method as claimed in claim 9 or 10, wherein in step
b) a IV-IV or III-V semiconductor is used.

20
12. The method as claimed in claim 11, wherein in step b) a

multiple layer sequence is formed as stress generator

layer.

25 13. The method as claimed in one of claims 9 to 12, wherein
in step b) the stress generator layer is smoothed by means

of a molecular beam epitaxy process.

14. The method as claimed in one of claims 9 to 13, wherein
30 in step c) a crystalline insulator layer 1is formed as

stress transmission layer.

15. The method as claimed in claim 14, wherein in step c) a
stress transmission layer with a lattice constant which is

35 matched to the second lattice constant of



«b) a lV-IVor Ill-V sem conductor is used. 20 12. The nethod as clainmed in
Llaimll, whereinin step b) a multiple |ayer sequence is formed as stress
generator | ayer. 25 13. The nethod as clained in one of cl aigsjaR 4@ 12,
*Wherein in step b) the stress generator layer is snoothed by neans of a
nol ecul ar beam epi taxy process. 14. The pethod as clainmed in one of clains
9 to 13, wherein 30 in step c) a cryst% line insulator layer is forned as
stress transm ssion layer. 15. The nethod as clained in claim 14, wherein
in step c) a stress transmssion layer with a lattice constant which is
35 matched,to the s att] n 7
crystalllngk'stregs%ggggp |ngg§ ?ggnééggéﬁgégnd% fgﬁgggafg%ﬁcgﬁéhﬁﬁﬁf

16. The netlaydras sclf@inmedl-in claim 15, wherein in step ¢) only a few atom
| ayers of the stress transm ssion |ayer are deposited epitaxially on the
stress enerato | a er. od as in one.of .clains 9 .to 16,
wherei n® 138:nT ﬂ¥ ‘ﬁ}f%?l§ éBthé& §@ﬁ?@b ct SPSREIRr LA SEEPuSHd.

18. The netdmdy as felwaiateh ilayenes off dhe e g0 tanahisrsion Jayst ggree) a
mat eri al [ |_ect ielectric. 15
19. The rnetclnggé> lr{egjlhae?r%gt %{inarlol ecogys%:lféglsnir%gs#?e%&%m% glla;yée%'n step f) a
netal is used as control layer. 20. The nethod as clained in one of clains

9 to 19, Whgzreime AR td S tep c’:u)aﬁzied Sirlissh asf Gldingy IR Eeri@) ;whereiep b)
SiGe ig,used as str SS r at e i.n c). CaF2 is used as stress
trans §95|dﬁ |§f qﬁﬁﬁ_ é%plé@% semlconéaet r material is useé

18. The method as claimed in one of claims 9 to 17, wherein

in step e) a material with a high dielectric constant is

used as gate dielectric.

15
19. The method as claimed in one of claims 9 to 18, wherein
in step f) a metal is used as control layer.
20. The method as claimed in one of claims_9 to 19, wherein
20 in step a) Si is used as carrier material;
in step b) SiGe is used as stress generator layer;
in step c) CaF, is used as stress transmission layer;
in step d) Si is used as crystalline, stress-absorbing
strained semiconductor layer;
25 in step e) HfO, is used as gate dielectric; and

in step f) TiN is used as control layer.



vin step d) Si is used as crystalline, stress-absorbing strained
em conductor layer; 25 in step e) HHO02 is used as gate dielectric; and in

.'Ztep f) TiNis used as control layer. ti 1nl1239DE 15 JAN 2003 ébsh of

“reference syrrboﬂ if%@ JEgO. Support material 1A Sem conduct or LE]H e 1B

Seni conduct or bUFrerd yer 200 Insulator |ayer SG Stress generator |ayer 2
orbing layer 3, 300 Gate dielectric

Stress transm §§iqn 4 ., 9A Stress-abs
4, 4.00 Control Isayeorfa}%%orl?rnccee rse‘ﬁiﬁb%s D Drain region K Channel region

1, 100 Support material

1A Semiconductor substrate
1B Semiconductor buffer layer
200 Insulator layer

SG Stress generator layer

2 Stress transmission layer
SA Stress-absorbing layer

3, 300 Gate dielectric

4, 400 Control layer

S Source region

D Drain region

K Channel region



