;1] e3ea™x6T@'1 n1239DE *159159* Descri ption Sem conductor conponent wth
stress-absorbi ng sem conductor |ayer, and associ ated fabrication nethod 5
The present invention relates to a sem conductor conponent

stress-absor bj hg, s&p conductor | ayer, and to an associate mmm\ﬂ H |“m‘w
met hod, and i'n particular to a sub-100 nanoneter field-e ran5| stor
with full y depl&ted,@cdive region. As the devel oprment of seni cofttict or

conponent s continues, ever snaller feature sizes are desired with a viewto
i nprovi ng the |ntegrati on density. However, 15 certain limts are being

reached on acs:@mﬁomuéw&ted cRAPR GRS I erwmbl i t)ét'rrés%e-@}:%QfﬂﬁQ{cP
materials. Since an mt to the charge rrler nobj | it glectrons
and holes in Sae‘%le‘?ﬁfb%ﬁﬁg ojra%‘?lil'st%ﬂd %S%‘e‘bb%ﬁ%%t W%‘F\%tjp‘?@/ ‘?:Eﬁ’
properties of the 20 sem conductor crystal, the required charge carrier

mobility can be eg;gml skielq,e%r l%?lnnoltelbeC est agl i shed Svgmtlrcl:osu fi CI ent
accuracy in the ca% very smal’l eat'ure sizes Of a sém con&luélt

conponent . Fukanzemtie, Vwﬁ'eh arter sarfovap s khiirgh - ksegatt@rdilmteu-trﬂ@e/e%

(dielectrics émc; h g5 hi gg di %'s%@falt%oconﬁ@f‘lt&ati’% chmgfgogl soaheqm red for
the increasing integration density, cause a reduced charg carrier

nobi I ity. ThetEitor@Ildhat &R e Khowduls I cavae@edeco ~¢t3@aki t h

st ress- abgor bi igh S CONEHICE of ul By edSp (St s @i Negh sent&EPNshict ors) have been
devel oped, nmaking it possible to I nprove charge carrier nobility in a

stressabsorbi ng sem conductor crystal. 35 Figure 1 shows a sinplified
illustration&adf a td"rqst alevddmmstrat | rgf t hiserdfdoe@uctldr | s cassipainenars a

SLr eosaboor DAl MEENARL £al Lot 088t S Laver, A, oLressabsoLhl Ny

semni conduct or or e row n i crys ayer on a
carrier crystal Vl@HetO IR DIODE - th Ilatttﬁg;@’fcmtdﬁtlsetymﬁmel@r,

di fferenn_5t haébﬁﬂ'!s@rrl alirhi?@s capat 3Rt ngf AR mid 1&9PNa6EYshal owhilghiRasy been
grown on. S customarlér or an Site crystal layer to be used as the

so-cal | ed st r‘gé%r%%n&aa? oY P ISETY n 1R WS COAS GHRE GRS -can be
adj ust ed and Sindy eder appgrappmax. t&&hekasafeeutaﬁrrerambatlullee @anst ant

for the Sit tal SG whi ter than the'latti
const ant of (TRSHLTH or G QAR | Gt Rer SO TRBGE al% | Qe gt Atat tice

constants 10 gemridentn parti cuhar fphysheastrepsopbsbvibbng Sif Iay:eue SA, in
the mechapi calersi LSRRGS Y C@r%@afbem@ﬁ@”t ed ¥r%82 @E g% Wt e

result that uItlmater it is possible fo esta charge carrler
nobi lity on d@%tﬂfﬁtibfcalrﬁeo’bl%‘20‘?%@?%3&hﬁ]é%def’?fe%npﬁtt FPies ejs&pdr 1s1sdro

achi eve i rrprcmaghl reflfatdiempr epenthey and tther ebysa r@ﬂUC\%H e%‘ﬁéﬁl‘i
current as WE‘ as reduced capacl I ances in a %‘iu uctor circui t, is

customary to UEE-Witat aP&?RRown &s SOP (sﬁ?@o‘ﬁo ?th%’ﬂl at 5" ?ﬂlﬁélttr at es,

but Furthermore, what are known as high-k gate dielectrics
25 (dielectrics with a high dielectric constant), which
are also required for the increasing integration

density, cause a reduced charge carrier mobility.

Therefore, what are known as semiconductor components
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 wusual 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

(T
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20 the technol ogy descri bed above cannot be applied directly to SO
substrates of this nature. Figure 2 shows a sinplified sectional view

t hrough an Site-on-insul ator nMOSFET, as is known, for exanple, 25 fromthe
literature referenge: T. Tezuka et al.: _"Movel Fully-Depleted

Site-On-1nsul ator pMOSFETs with Hi ghMbility Site Surface Channel s" | EEE
2001. In this case, an anorphous Si02 |layer 200 is formed on an Si carrier
substrate 100 resulting in a typical SO 30 substrate. Then, a stress
generator | aykdtSee V\W%%t‘"i”htl?g YBheR iegréffrsentdédaa ehpstlattine S

| ayer WIth ancondeantyer suhseguentby WOWrLON WwhikA crwberbé@ng@w\me t he
mechani cal stress, .is. formeg at the surface of the Si i | ayer 200 Then an
P g%jéem

Si layer is 3 grdhn Th SYSEPPELY- Hif¥or BPn coNahetort 4 rer t8APSANI ch
on account ofuddre disf feientsd-atdlileel constant sgyerse tatder aalyecrhampallrstress

dth d~ch I
12300 > 3 D AT [aor G300 aRE A por gl | Peort 1y S0 o i e

as control | Brefexpukte aprrat ai RGegi disls ammbB tei nigh f or ndd ttgrce

connection Ofcér@caﬁw essr abgger kiigg 87PGNdugd ofn | el s SApMricxh folgEs a
channel region K. However, w th_a conventional sem conductpor conmponent with

stress- absor FFRA i EBRBUCS 1Akt CSAONSTRNS t9hetlet §5 1AYBEsiIW e to

further reduaﬁe;sck&ﬁ@atmrssoms Th@séar&iﬁﬂéﬁéntn Ba St d OQnstangs, or to
Ther ef or eln ention is

further Lnprove the electrical
based on Phe S E of ST FRGSS CoH EDRABLESE SCORBORaARInS AGee
st ressabsorblsllg smntkwdued:knaniayhrsandsaESashd)cha'aeé frepriecanited mat hod

whi ch has i gp{l,ﬁe | nve%“ g&lth15tplr ogg%ghﬁ ggltl QJ& Sﬁté%g arlge

According t nti’on, this o 'S aC|eve to the
sem conduct orPXBFVFRNED §§tﬁhélﬁéat%r%tfcﬁr p@b@ﬁgecparﬁﬂﬁramb%ltth’ regard

to the 20 fahii cadd AT N0othe Byi d NordBastdRSe A rpatentin Clii M Bayd A,
particul ié by using a crystalline stress generator layer fornmed on a
t

carrier erial and an insulating stress transm ssion |ayer forned
thereon, it i 2&chpipssd blepfoved hénstiiesses p/ﬂbphraliesgenelr atnedewyd a

transmtted t S ss-ab |ng S8 nductor er fornmed
L RE-APSLDEd L gy SLLESgs ahsel bl gandugtor | aver.

thereon to such an ex e one “af |rrprovec’.|1 Chdrge Carri er
mobi lity is establ $eecorddconr t herouher handS| rpeterdr30 tel ecker iwbalt

properties cap-deAgh eyedsha f<le§sahceﬂdgﬁgaﬁaee¥90§%tstratte'ss Rigferable

for the stress-absorbing sem conductor layer to include an intrinsic
seni condé€t orthg het 86hpfi eRriesslesrrikeeh aPqvsss PR/ 306f aPPdAgch of

the channel regiasly esall30N0s bk Br S8 conduei OrmLomponent with a ful ly
depl eted sem conductor body. In addition to the inproved charge carrier

mobility, this also
Figure 2 shows a simplified sectional view through an

SiGe-on-insulator nMOSFET, as 1is known, for example,
25 from the literature reference T. Tezuka et al.: “Novel
Fully-Depleted SiGe-On-Insulator pMOSFETs with High-
Mobility SiGe Surface Channels” IEEE 2001. 1In this
case, an amorphous Si0O; layer 200 1is formed on an Si
carrier substrate 100, resulting in a typical SOI
30 substrate. Then, a stress generator layer SG, which in
its lower region includes a crystalline Si layer with
an SiGe layer subsequently grown on it in order to
generate the mechanical stress, 1is formed at the
surface of the Si0O, layer 200. Then, an S5Si layer is
35 grown on as stress-absorbing semiconductor layer SA,
which on account of the different lattice constants is
under a mechanical stress and therefore has an

increased charge carrier mobility. Finally, a gate



IN1239DE - 4 results in a reduced off-current wwth a sinple structure. It
is preferable for the stress transm ssion layer to 5 have a lattice
constant which is matched to the second lattice constant of the
stress-absor b i $ept conduct or | ayer, resulting in excellent transm ssion
properties for the nmechanical |oad or stress. 10 Furthernore, in this way
it is for the first tine possible to use gate dielectrics with a high
dielectric constant_and control |ayers.with a nmetal gate in sem conductor
conponents wi ¥Ft3¢ r 23¥eELSEPbiAAG 13yRPLYShi +ROR heayeBurO Ot kate diPiepd val ent

- OXi dﬁth![Cknt&&§dl:%rx(tE@'ﬁ) ﬂ@ye%he Hah ecdi %ﬂ@f}tatslﬁa;ké&%@ucsedaﬁad Hent
excel l ent gate drivi perties can be ac o ;achi eve an excellen
starting surfReE9| chg&)?ff &rrrabf:é’nfl&ctéﬁnSl ubtgsitﬂ"?atsetlilﬁsi% TN " Sur f ace
20 orientati Oﬁﬂer&ikdozadtﬁl:tdi)rlf feyekragar wieipgsi ferhnd her enanhe Lbecudet as.
carrier Mo eridle ELINAIDM & LOnLIREOURSR, SUAACE QUALLLY. o bt o0

possi bl e for t r'ess ‘geherat or be” sSnoot hed
mol ecul ar beam'elp)l tmmbmulsemmgorlduf:gptrhelayeupr @J\edOQI gdtis cal

properties fof, the sem f&”_dLHBBQEslﬁ(MPOE@”FEur'tEe'rS A& abhe Tl Sl d0 be

used as carri er naterjal, 30 f Site to be used as stress generator |ayer,
for CaF2 to b®liRed ajsnstﬁ%%"sl@i‘]aﬁ*‘l’émls%l oh IR0 SiaREE be WsedAs

stress-absor bf ngt IseR CRpebed othd ayBect £ otal Poporbeeysed as gate
dielectri,cc and for TiNto be used as control |ayer, with the result that,

usi ng st&g)dard 35 material, a particularly sinple structure and excell ent
properti es i Tpar¢fcwd ar bhe hinegatdono ihe A dedir rcent theheohj]aa:*ge cfarrier

mobi 11 ty, the, gyl yalent, OXLAPLALGKRESS cShfondle ARLAMRLds o dUASOCE - 5
Further advant ageous ton |gura I'ons o he 1I'nvent1 on are charac erized in
t he subcl ai nsabseapng ny eanigeridigleger i Begern ndne dedli | drdasvadred he

basis of an ef%@i@éﬁ/l&fﬂboﬁie%%h angnyehh neferenggrbpelihe draw g1 n
whi ch: F:%%ure shows a sinpljfied illustration of a crystal 10 show ng

significant ePFRRISCIFSsEY sl%tb%o?‘b}i’nb Q¥Hi E¥nBct or layers; Figure 2
shows a sinplified sectional view through a conventl onal sem conduct or

cormponent W tlbcécgfc?fr?g 1§oab§}% b'i%%e%%@o%qndgﬁt gr j ect’ Ja.l[s]d achieved,
with regard to the semiconductor component, by the
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 crystalline 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
transmitted to be absorbed 1in a stress-absorbing
semiconductor layer formed thereon to such an extent
that on the one hand an improved charge 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



Fi gures 3A and 3B show sinplified sectional views illustrating inportant
nmet hod steps involved in the fabrication of a sem conductor conponent
according to 20 the invention with stress-absorbing sem conductor |ayer.
The inventiondp3eseribed bel ow by way gof _exanpl e on the basis of an
NMOSFET as semi conductor conponent with 25 stress-absorbi ng sem conduct or
| ayer. However, it is not restricted to this application and in the sane
way al so enconpasses pMOSFETs and ot her correspondi ng sem conduct or
conponent s whitH Have aPst fesstaPeerdi n§ifemiedSiict diitayer fFimHe

pur pose of i mymwtngreharge 30 carrier nobility. First of all, in
accordance with Figure 3A a carrier material 1 is provided, V\/ni ch

i ncl udes, for exanple, a silicon sem conductor material. Alternatively,
however, 35 ilti$salpsefposdillel efd0 tibe atyestsherranysissiomelapdr to
appr oxi magel Ghd 14 Cea Rl ched fatLier AR AL {8 ofleq SERPHEC Bl

| n1239DE - artrcu nora to I nprove a surface quall

carrier naterlaaﬂtllcemyonﬁ‘éan‘éx@rfplfé’le c@hpﬁﬁéeaésgémagné@mlmormmqrate 1A

wWith a (100) Mé@cer%b@'&tﬁb' th eRcwiheh tCaseahimi Ss PE LT ol g use a
Si 5 substrate.” To achieve a gleo quality starting surface and to bury the

interface stat¥s Hie t“i‘f‘ed?%ﬂJe‘Faf]a HbtNeeht 4 and 1A, it is possible, in
accordance with Figure 3A, by way of exanple, for a sem conductor buffer

| ayer 1B osited epitaxially, ich 1Q casg it is referable for
a silicof u?ﬁ%& eavé?ret’o B dgb&gl t‘@ﬁybylvgled'r?s g? Ta %?ec%ﬂ%#) bé&afi%pi t axy
(MBE) pr ocess)msmm (set ghterdaalecthiascal tapohidepadietliemt)r ijgr ocess.
Particularly% I@JEFI ce S t nen r ts4n a
starting 15 surface whi crﬁpha tgeérzl ssr%ls)a F#egd tv{) gﬁr ?ﬁlggﬂgﬁfa st't.gom ayer.
The t hi cknessS&H GIAUsider CPAPEPERBS| mtmtmge@as@b@l@rlemgné@ymw by a
processi ng rahecr(t&wgfi@@h)ltandhatprgﬁet@@ampeﬁﬁ arch&l% qlt%h'ctkhes%o As an

alternat i.ng process descri bed above, i s, also p055|ble
to carry Ment Cb’ﬁal & i ddTegf&tsrésc 5? chr PEEDH FPEWP

(chem cal rreoelrramldaénq)ojatsdmdng:)vmg)qaxmtfés Tctmm ba xslyséaddi ne stress
generator layer SGis fornmed on the carrier material 1 or the snooth
starting surface of the sem conductor buffer |ayer 1B, the crystal
structure of Ehisaghiess gener sreellepdr SCaUbstantdarfychavi A aifsirst

lattice constanirddpidie r30 pufPase ohpgepgrat iid HeChEdd Cals tiess 1 n
the stress-absorbi ng sem conductor | ayer which is subsequently fornmed. By

way of efanpl¥FieHE G MesdNgeferdt GY @%Rnl%X§%5d?H%FhH%§ sheyepy to
sen conduct orbédrusged lds \EHeft €0micd ©Tal However, it may al so include a
mul tilayer sequence and/or change gradually by means of a mol ecul ar beam
epitaxial, which in turn results in In1239DE - 7 inproved ongrowh
properties fdrurttHemubsequeat imgyeve. d nspafaceulqualition art Sisl ajeo i s

used as stressaNsQIil NBoSerhe0oRYelar Jeiiia toh 1§yé§ @aeggr%mdaawya
Sil_xGe,, to be used as sem conductor ‘material for
25 by 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 CakF,
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.



5 stress generator |layer SG the Ge content usually. being set to from 10
to 50% (x - 0.1-0.5). This results in a lattice constant in the stress
generator |layer SGwhich is slightly different than the carrier nmateri al
and in particylgszdp@n the stress-absorbigng sem conductor 10 | ayer SA which
is subsequently to be forned, this lattice constant of the stress generator
| ayer deviating, for exanple, by a few percent (less than 10% at its
(final) atomlayer on account of its msnmatch. 15 When realizing a sub-100
nanonet er sem conductor conponent, this stress generator |ayer SGis fornmed

with a typi cautthEkness 0t s duy 380nFaRRrREebss PEef eridl Vi ety ch MOCVD
(metal organic chem cal vapor 20 depositio %aﬁrocess. Each crystal |ayer
which is subsEtfieMItAF o nketedi tth %ﬁéi@%@?f iy | ower thickness will
accordingly orient its lattice constant relative to this top layer. 25
VWhile in gconventional processes, the.stress-absorbing layer.SAis at this
poi nt forred ?e%?Y?ngho?héssgfgggléﬁ%yﬁﬁcﬁoﬁ%y%?gﬁiﬁ EﬁlPHeoﬁrﬁggés
accordi ng to hdawis neEnthoexempileeys dntansimasi oand ayéth2 redieirehcer &imsmit s
t he mechani cal, styess; Wi Qﬂéhﬁﬁi@ﬁe” 30 generated and al so has insul ating
properties, is now forned ince thermally forned or deposited insulator

| ayers, such as for exanple oxide |ayers, have an anorphous 35 structure,
they are not piyprd nti prewslid ablifpasrsbhess 1sansHisy obf | ay irSsstB)L
contrast, crystalline insulator |layers with a predeterm ned crystal
struct ur &%ar B E9 0 tPEAR %Cﬁ%Ehanﬁégkchreségs oﬁtﬁﬁ§§7%§%§r W ch

| N1239DE - 8 sdmveoihdent@eneiwdées; in the stress generator layer SGto a
foll ow ng stress-absorbing sem conductor |ayer SA. Exanpl es of known
crystalline insulator layers of this type include CdF2, CaF2 and the |ike.
5 When usi ng Bietress- aisorhi ag siem cidnidtt sectagnalconisivst thygovdhsid i con,
in particul arcGake, fasnPAr i idldnigeod Prepabbhest Sipcent hedaldd ce

constant _of CaF2 1s very well matched (for exanple very 10 simlar) to the
lattice donstEPICRIRG |FBH-IPAIEFREe LRI aMPdf CaFz - 0.546 nanoneter
| attice constant of Si - 0.543 nanoneter at roomtenperature). Furthernore,
CaF2 constitutes an electrical jnsulator w th .the highest. energy .ga
(val ence ban 19 conducti on’ an:4 ﬁ’q‘ﬁe\ﬂln}ﬁqla%edgx%’setclscﬁgonr’?;t e%ﬁl%“'sps. On
account of thiblextraving ndmdortiantge vetdogy gappél2ieplvedieninsitig CaFz
At is suffi C'P&Brff@a{f’érﬁn bisty ag ﬁWc?BBHblcé)éerc% ork 55{;289818{% the
stress generator layer SG Accordingly, it Is preferable for an approx. 1
to 2 20 RAnonEt®r tHVERtAE™ sViEBs tFEFRTH Iy er Zod aad¥epedi ted as
a buried insulajoF, by means of, for exanple, an atomc |ayer deposition
process (ALCVD, atom c |ayer chem cal vapor deposition) or an MBE process.
25 Then, the actual stress-absorbing sem conductor |ayer SAis fornmed at
the surface dfh¢ hénvesuliati ig stesssidednselssi by lwaero?, ewempla il i con
sem conduct Prtﬂs%yﬁ%sPée £r 20! ymBekRy Lar @%ﬂi%nﬁ%‘cé‘i E:%Q\g%’en‘%- G £30
channel region K, for the sem conductor conponent. Particularly when
produci ng3subS Q0D FreRRPRE R NG e AEHIRARSEIL Conpeedt s, HPWEWAF ch ¥asés
fiel d-effect fg@anskstpist8BY rof @higXapyi8.cdiavd adamnetnberghl Qfayld
nanoneters, in this case an intrinsjic sem conducto ,
also encompasses pMOSFETs an 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 includes, for example, a
silicon semiconductor material. Alternatively, however,
35 it 1is also possible to use any other crystalline and
approximately lattice-matched <carrier material (e.q.

sapphire, etc.).



35 material, 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
nanoneters, approx. d - 5 nanometers of intrinsic sem conductor | Nn1239DE
- 9 material g{e sgposited by ALCVD or _MgCVD or MBE processes, resulting in
a sem conductor conponent with a fully depleted active region or

sem conductor body (fully depleted bodies). 5 In this case, the insulating
stress transmi ssion layer 2 is responsible for ensuring reliable and ful
depl etion of ¥hiBagtiesdad om sPress- ébSoFEPﬁevgeﬁiceﬁﬁﬁéFErqqﬂkﬁtxaA with
the result thaiel &a%(}le@dnha@eri@lthe AP ovesk CRakag1e3r rd:erﬁpfrpbél ity all

t he advant ages of a full e t ed sem conduct or conpon are al
obt ai ned. S?rﬁeémt"f‘@ Ut(fte%rs g&ﬁEﬁFé@Fon Yhyebt Ekal saonpor‘l‘rfgb ! ncl Ut C?f few

atom | ayers acmh,erquﬁimr,rmire which heasasetof sCakF2 fandbSe it® Liseopt isinl |y
matched ip te its ttige sta r stress
?, et'dra’%e lI‘% c% C\P 5 g}lcﬁ'h hﬁ.\ G Igg%thgg '([?Jtrefs ce

which is genera t he stTess gener ran
virtual ly w tdrodit Hosdegyt othke sntesﬁaabswbahgs set caltuctiort drfypee SA. 20

Then, 'in accardanes, W khaFLoune 38 3508 il Lot ) Cadoandaaceontgl | ayer

4 are forned e surface of 'the stress-absorbi ng sem conductor 1ayer
The gate di elBeqwie Ihray by oWayxafpl esx@BRpRi sef @onventSiegraonERGarte

dielectrics, Mfmaswpére&m@ Bkl idegd SNitldd d@m@ah& di gxi dgyiBNO
| ayer se%ences or future ne b&g d| el ect ICS er eas th% control
t

layer 4 fHy iFPShetbamd RES 86ﬁ 6 Sonve ?%a}?ugg‘? Y&Fi &% PSuch as

for exanpl e digessipoddsbli amaror 36 retmbletibblevemeant eplpaeyeﬂamﬂéto use
ate dielectr h hi gh ctr ns r r

ﬂi gh-k di el ecé%?c%géas ‘g%t egdl g? {é ri é}ngft%ﬁ')v\hfggﬂgggsem??temﬁ %& or abI eto
deposit Hf 02,de#S KON H SiNGast<. @ﬁ@éla?gléclaﬁlb'y whans v$iag A@chvwaﬂ MOCVD

process in a gfh&kness of; 4 YRiredlthend ng@gget 8ESu168 aﬁ‘POUent sGEfartt*l%g
dramatic m smatch of the lattice constants t hese I nl12

mat eri al 2 i . rEHCT neh ek ehar ey |56‘°°§ﬁ’@dorF°ac%oHﬁT‘g%f Olfhémleovi’)tom
deposition terpgsat ures tRickhesst bessaes i Mg seayeoONUBCEer inayerisSA, the

maorial or GO ofCFAPRH G WX 1Y KhoRPCSRSR WY 0 OkE BRI E ) O

deposited as ¥yud ea rmlt@deml;mlmeqbaﬂanmrag qunehifyl | depl etion of the active
sem conductor body is desired. Materials of this 10 nature may favorably

i nfluence interactions with the high-k materials of the gate dielectric 3,

i n whi ch2@asels i ANt hel teErabive he‘?"ha"FfPﬁ3 uPieRte 1ngh eP¥ AFeS frestassitddeshove,

it is preferaibevdo Hse @ NBlab FHKiwChtas daairexaiip! echidntasneant r ol
| ayer 4. 15
smeoothing processes, such as for example CMP (chemical .

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 1B, the
crystal structure of this stress generator layer SG
substantially having a first lattice constant for the

30 purpose of generating a mechanical stress 1in 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 may also include a
multilayer sequence and/or change gradually by means of

a molecular beam epitaxial, which in turn results in



Finally, in accordance with Figure 3B, both the control layer 4 and the
gate dielectric 3 are patterned and source and drain regions S and D are in
each case fornmed in the stress-absorbing sem conductor |ayer SA 20 in order
to conplete afjelgheffect 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 way, it
i S possi ble to fabricate in parti cul ar sem conductor conponents with
stressed or stRREXEREPBIRGVSRNPEORELELIBF Fayeideasybse werite dridifdtsor

| ayers operatifg F)Mrttrlcfdﬂalr d%lﬁleﬁtlé)ﬂ I@lalsayaa_l eigndub8gxpessisteamyys, W th
the result thalﬁp articul ar -curr nt js reduce

a charge
carrier nobild Qhé?gfﬁ?ﬁgﬁFB‘BE raYETor et Sehf cOng Etrég’l@o dnent
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with a typical thickness of 10 to 300 nanometers,
preferably using a MOCVD (metal organic chemical vapor
20 deposition) process. Each «crystal layer which 1is
subsequently formed with a significantly lower
thickness will accordingly orient its lattice constant

relative to this top layer.

25 While 1in conventional processes the stress-absorbing
layer SA is at this point formed directly on the stress
generator layer SG, 1in the process according to the
invention a stress transmission layer 2, which
transmits the mechanical stress which has Dbeen

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, crystalline insulator
layers with a predetermined crystal structure are able

to transmit mechanical stresses of this nature which



5 a carrier material (1); a crystalline stress generator |layer (SG which
is formed on the carrier material (1) and substantially has a first lattice
constant, for generating a nechanical stress; 10 an insulating stress
transm ssion {ayefgf2) Which is formed_og the stress generator |ayer (SQ
and is used to transmt the nmechanical stress which is generated; a
crystalline, stress-absorbing sem conductor |ayer (SA) which is formed on
the stress transm ssion |layer 15 (2) and has a second lattice constant,
which is diffEentbesardemeratedt inathpcetEnhst aanerpspraBsoesi #§ tise

nechani cal stg egp1WiWihdhastpeas- Q%B%EBE%@ apgntcangattbed EorSA
real i zi ng source/ rain £egl ons (S, and a channel region ; gate

dielectric ( PREG &Y e (s skt Acel overf Oéhé:ﬁ‘ﬁe?

regi on (K); am}cbea Jgnﬂ]tud:é ¢amer 04) bnd dhevingethe channel region (K),
which is formed on the gate dielectric (3). 25 2. The sem conduct or
conponent “as clained in patent claim1l, wherein the stress-absorbing

senm conduct orfWHeayeru¢ SAy has estieskrmspo(ling essenhanndhdtof allagrgth (L)

of the channeéoﬁﬁgé@lmvé]K) 030 %ll'[t&%nsem cgndu ggglggﬁggnenﬁté?s chaigred in

patent claim1 or erein the streds transnission |ayer fornms a
crystal line iRilsdWraTbyer 900d TherepATEdRAuCt OF LBBRAPOITEIR adaditdicsed in

patent 35 cl aédﬂs%ar\/ﬂ'l%ﬁl@aﬂ”'%§t\$@§§ Lheansphsshen l@yer e&%}nph@s varhattice
const ant @/m ch is tche to tie second |l attice caonstant of
0

stress- abfor b5 MYt cGRdUCtOr 1RayeFe( pgnstant | g 23§b]El°°‘13 l@“T‘I‘F@
sem conduct orcaonEmend £ aSaE) ar n@d54 6 narowétpal entteiacneohstand, ofherein

the stress geg}[eraté)r Agy%n&%{;}eksa@nrg?g %fégp%%atégﬁggg_ wftt:ple g‘ Site

| ayer, 5 the ress ransm ssron | . %At hi ck
CaFz | ayer, dmf2 heonatdgsitassordin ngebent cherilict dbnshageer( SALths &meappr ox.

5 nm thick S'h1g9rYé‘sft éQe?gy tp*W&fH}?d@tBén&O%or&%d@étﬂr@' BEHgi & one of
pat ent cl ai ns to 5, wherein ate dielectric (3) has a high dielectric

const ant 1°7. lﬁfe sef?lf Mc@d‘rlsﬁf?ﬁon’@ﬁ‘%eééa%ﬁal Y PRCEHBLOfOA5 thdtSent

clains 1 to Gexwmm:rhatftemomtafcqb | exyeert g 4)_qapnClll21€%V§ m?sblaén &sihke
sem conduct or nent as d.in Pne of ten%sc al s :-I[ 0 7, wherein

the carrier r’Fa e2r| l(s Slﬁf Jl% Uefes %rrfns? b8t Vea(;fﬂ) \?nyteﬁs a(ClOO)

surface orientlst i oguridnde of the stress generator layer SG.
Accordingly, it 1is preferable for an approx. 1 to 2
20 nanometer thick CaF, stress transmission layer 2 to be
deposited as a buried insulator by means of, for
example, an atomic layer deposition process (ALCVD,
atomic layer chemical vapor deposition) or an MBE
process.
25
Then, the actual stress-absorbing semiconductor layer
SA 1is formed at the surface of the insulating stress
transmission layer 2, with a silicon semiconductor
layer preferably being formed as active region, e.gq.
30 channel region K, for the semiconductor component.
Particularly when producing sub-100 nanometer
semiconductor components, in which case field-effect
transistors may, for example, have a channel length of
15 nanometers, in this case an intrinsic semiconductor
35 material, i.e. intrinsic silicon, with a thickness d of
less than 1/3 of a channel 1length L 1is deposited.
Accordingly, for a channel 1length L = 15 nanometers,

approx. d = 5 nanometers of intrinsic semiconductor



an Si buffer layer (1B) for generating a flat starting surface for the
stress generator layer (SG. 25 9. A nethod for fabricating a sem conductor
conponent with stress-absorbing sem conductor |ayer, conprising the steps
of: a) formneheopewgrier material (1); 3@ bh) formng a crystalline stress
generator |ayer (SG having substantially a first lattice constant on the
carrier material (1) in order to generate a nechanical stress; c) formng
an insulating stress_transm ssion_|ayer 35 (2) on the stress generator

|l ayer (SQ fdre%9aihi t3TRg €RROARERGNI BXI ALF¥Es @i cHMORY® been §B¥er at ed;

d) formng a grysdsddd nerestii €86gahs0rPi &M SEHHEQBEYET ebmbavenht( SAthavi ng
a second latti cg In1§39ﬁEt[- 14 constant, which is different trhan t he
first lattice cOMtdntSoRICIRE SGFEIS (FEREAT s QonSFAYEP Y “PEr RHY

pur pose of abstublingembetethaodias) stress; e) formng a gate dielectric
(3) on the stress5 absorbing sem conductor |ayer (SA); f) form ng a control
| ayer (4) on the gate dielectric (3) ; g) patterning the gate dielectric
(3) and the cobntkbis| gpee,(Hhe ampUR)ng osht ags ssyrosndsaiinnr dgivers (S,

D) in the stressahsorBikpgngeBheonqut oredayeind SAle) 181 dhe aBt had,1as
claimed in patent claim9, wherein in step a) a sem conductor substrate
(1 A) having FgU00) sif aceord entSHEGIPIS prdvi dSE resmd &P sseficéhduct or

buffer layer {diB)cdsdepidaxi ahiyrdepasit ed drhergoh i fender k@aproduce a
snoot h sruth ace, | 1. Th% met hod .as clained in gc)atent .cl ai mg.gr 10, lﬁg
wherein in st&H %Bl%l OV HPIOVES Cmtiet GA LT SFs 8PP 451 E¥hé@ et hod
as cl ai med i ntipat eativehbagedl, odheraei nfuhl gt egep)eaenul tsigpliedrayert caequence
is formed as g at gr Jl.aye 13. t as cl.aigred in
one of patent%%éﬁnﬁ_ t(;%rlefrZ, \%ﬁesroei nBF%ac‘glgg'b). %_ﬁgcésntarre]@ge erlsgtrriie’lt&{)gr3 | ayer
(SO is smootHERNBYL HERR dRYEMmpPectl 8P EHN epiEaifeso ar satpm The

method as cl aldfpsr-d nagde ehirpAkeRbrel aiims thd dsk ¥hergrd hAgSkep i a
crystallige insul atof | avel,ds 197 Med as, 81885 L1803l S8t yern )
mechanical load or stress which is generated in the
stress generator layer SG 1s transmitted virtually
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 may, for example, comprise conventional
25 gate dielectrics, such as for example silicon nitride,
silicon dioxide, ONO layer sequences or future new
high-k dielectrics, etc., whereas the control layer 4
may 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 dielectric, in which case it 1is
35 preferable to deposit HfO,, HfSi,O,, HEfSiNO 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 1lattice constants of these



35 15. The nethod as clained in patent claim 14, wherein in step c) a
stress transm ssion layer (2) with a lattice constant which is matched to
the second lattice L In1239DE - 15 constant of the stress-absorbing

sem conduct or; | pyedpd SA) is formed. 16, {Ihe nmethod as clained in patent

cl aim 15, V\,herel n in step c) only a few atom | ayers of the stress

transm ssion | ayer are deposited epitaxially on the stress generator |ayer
(SG. 17. The nethod as clainmed in one of patent clainms 9 to 10 16, wherein
in step d) amMafienialepl eied- sehi coedutter diebecatics asddon1&ccrwatiet hod

as clained i ponef paLenhephdl fEoR t@eﬁﬁer!‘@ﬂ@é” £ Oy SUER, €)s g Jmeri al

with a high 15 dielectric constant 1s used as gate dielectric (3). 19. The
net hod as cl ARERKRHDne SEMLIFRNERELOFai nk2Ye¥ 0 £8/ whERR| nqe@osqlet;}orry a

metal is usegh@sceONttDled qyEicd 4)n - amdrPoud heo Rl hod as clainmed in one of
pat ent clgims 9 to 19, wherein in step a) Si is used as carrier materi al

(1); instep b) Site is used as stress generator |layer (SG; 25 in step c)
CaF2 is used Wajstrstregartlransntlssi gatlayert¢2)al bm steprml Slaysruded as

stress-absor sei cghductar | ayer (_ e); d gate
dielectric (%%ang 30 in stg ‘?1 ﬁl lq )pus&é%tgéf%%n trol Q%%b&%'%ﬁ <2
- As% As(l, . AlgaTs; m@t%’;{&lAs{m PévtmularAbe’é A§41A§1€¥1RF10A3 OfA(tIr@ Al {

M ~al” #21 k) xsiih 7d caleed sadcal 621 5ok 24 saheal eahoaledkealoal ol aaliaa] cal ca
] ca] ca] ca]gca] cRa] ca] ca] ca]ca] ca ca] cal cal cal #1$@

(2% c* . 49+=nah e 29686 YOR 6O T ARLY Wit igney céPESFé‘&Fé&Péa] ¢htR a4 ca] ca]
ca] ca] ca] ca]j Qﬁﬂq?r@-]wa}néQélrQ@]l%a] 68] aalecaggalca] L] ey € €3], cai@am'cw@@@\AB
BDDFG* GH | KK, KOOnP RROSSgTTTW.WK[ wr mh "éea cagc ca] ca] ca]
ca] ca] cal] ca]%aaﬁec’a ar'ea] cafeq] cgfca]%ﬁs] cgf 1Ed] ¢ ]a% h]a a?]rclzf] a] ca! XY
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Finally, in accordance with Figure 3B, both the control
layer 4 and the gate dielectric 3 are patterned and
source and drain 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, connection regions, etc. correspond to the prior

art, and consequently will not be described below.

25 In this way, it 1is 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
inexpensive way, with the result that in particular an

30 off-current is reduced and a charge carrier mobility
and therefore clock rate of the semiconductor component

are improved.

In the same way, 1t is possible, 1in particular when
35 using gate dielectrics with a high dielectric constant,
to reduce the equivalent oxide thicknesses (EOT), with
the result that the driving can be improved and in

particular reduced voltages can be effected.
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8@%@@%4) %%%ﬁ%ég 0%&I(&n partlcular, however, a

corresponding layer structure is now also available for
sub-100 nanometer semiconductor components, allowing
semiconductor components with only minor deviations in
the electrical properties and with sufficient

reproducibility to be produced.

The invention has been described above on the basis of
an nMOSFET. However, it 1s not restricted to this
particular application and in the same way also
encompasses pPMOSFETs 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 layer
consisting of CaF,. However, it is in the same way also
possible to use alternative materials to produce these

layers.
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a crystalline stress generator layer (SG) which is
formed on the carrier material (1) and substantially
has a first 1lattice constant, for generating a
mechanical stress;

an insulating stress transmission layer (2) which is
formed on the stress generator layer (SG) and is used
to transmit the mechanical stress which is generated;

a crystalline, stress-absorbing semiconductor layer
(SA) which is formed on the stress transmission layer
(2) and has a second lattice constant, which is
different than the first lattice constant, for
absorbing the mechanical stress which has been
generated and transmitted and for realizing
source/drain regions (S, D) and a channel region (K);

a gate dielectric (3) which is formed at least at the
surface of the channel region (K); and

a control layer (4) for driving the channel region (K), .

which is formed on the gate dielectric (3).

2. The semiconductor component as claimed in patent
claim 1, wherein the stress-absorbing semiconductor
layer (SA) has a thickness (d) 1less than 1/3 of a
length (L) of the channel region (K).

3. The semiconductor component as claimed in patent
claim 1 or 2, wherein the stress transmission layer (2)

forms a crystalline insulator layer.

4. The semiconductor component as claimed in patent
claim 3, wherein the stress transmission layer (2) has
a lattice constant which is matched to the second
lattice constant of the stress-absorbing semiconductor
layer (SA).
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patent claims 1 to 4, wherein the stress generator
layer (SG) is an approx. 10 to 300 nm thick SiGe layer,
5 the stress transmission layer (2) is an approx. .1 to 2
nm thick CaF, layer, and
the stress-absorbing semiconductor layer (SA) is an

approx. 5 nm thick Si layer.

10 6. The semiconductor component as claimed in one of
patent c¢laims 1 to 5, wherein the gate dielectric (3)

has a high dielectric constant.

7. The semiconductor component as c¢laimed in one of
15 patent claims 1 to 6, wherein the control layer (4)

includes a metal.

8. The semiconductor component as claimed in one of
patent claims 1 to 7, wherein the carrier material (1)

20 includes
an Si substrate (1lA) with a (100) surface orientation,
and
an Si buffer layer (1B) for generating a flat starting
surface for the stress generator layer (SG).

25
9. A method for fabricating a semiconductor component
with stress-absorbing semiconductor layer, comprising
the steps of:

a) forming a carrier material (1);

30 b) forming a crystalline stress generator layer (SG)
having substantially a first lattice constant on the
carrier material (1) in order to generate a mechanical
stress;

c) forming an insulating stress transmission layer

35 (2) on the stress generator layer (SG) for transmitting
the mechanical stress which has been generated;

d) forming a crystalline, stress-absorbing

semiconductor layer (SA) having a second lattice



10 10 10!'y's! 109%& ()-~ !ys! 109%& ()-~ KKHLLMLNNyWBrS1!!10 G 10992& ()-!°
G'10%& ()-!" G'10%g& ()-!" G10%& ()-!'~ G 10%& ()- °

G'10%&' () - NOOhPPKQLQVQMUGI1!' ! 10
10!‘96!10%&f(ﬁﬁi2§@5§0@@g&f()-‘!0!109&[(94!xy)!109&f()-!~‘

G'109& () - MONQPQ QORRROSOM+11 ~y! 109&' ()-1  9L! 109& ()-M 9L! 109& ()-M

OL! 109%&' () - M&I S10%&' () -sMLOY& ()- 100SS, TgTTTHUWX6+1! ~! ~*1 109&' ()-"! 10%

& ()-m!110%-& ()-m!110%#& ()-m!110%& ()-m . .

I, 1109 () - t FRRAURAARNY W0l S2008KkEF§rend fdian the first lattice

10! * 1 10%& () -¢3ndO%Ee () oh* thQY%&tless transmission layer (2) for the

*1 109 () -" VWAKOXXXXYWU3] Q0! ! 109&' ( -t!!10%&f(%-"!10%&f()-!!10@@2&T()-!!10@6
& ()-1y! 109& RYEB&AR 22 [ARIRE WL%GB&%P?‘)‘% BL0%R%eET L @ 310%& () -
1110%z& ()-9R) ! 108azeifg - A ! 199 ()diddaedtsid \\ (I bCA 0% ()st@GDY9& () -
MLOYg& () 5L absorbing semiconductor layer (SA);

f) forming a control layer (4) on the gate dielectric
(3):

g) patterning the gate dielectric (3) and the control
layer {4):; and

10 h) forming source/drain regions (S, D) in the stress-

absorbing semiconductor layer (SA4).

10. The method as claimed in patent claim 9, wherein
in step a) a semiconductor substrate (1lA) having a
15 (100) surface orientation is provided, and a
semiconductor buffer layer (1B) is epitaxially
deposited thereon in order to produce a smooth surface.

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

used.

12. The method as claimed in patent claim 11, wherein
in step b) a multiple layer sequence is formed as

25 stress generator layer (SG).

13. The method as claimed in one of patent claims 9 to

12, wherein in step b) the stress generator layer (SG)

is smoothed by means of a molecular beam epitaxy
30 process.

14. The method as claimed in one of patent claims 9 to
13, wherein in step c¢) a crystalline insulator layer is
formed as stress transmission layer (2).

35
15. The method as claimed in patent claim 14, wherein
in step c¢) a stress transmission 1layer (2) with a

lattice constant which is matched to the second lattice
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l6.

5 in

The method as claimed in patent claim 15, wherein

step ¢) only a few atom layers of the stress

transmission layer are deposited epitaxially on the

stress generator layer (SG).

17.
10 1e,

The method as claimed in one of patent claims 9 to

wherein in step d) a fully depleted semiconductor

material is used.

18.
17,

The method as claimed in one of patent claims 9 to

wherein 1in step e) a material with a high

15 dielectric constant is used as gate dielectric (3).

19.

18,
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20.

19,

The method as claimed in one of patent claims 9 to

wherein in step f) a metal is used as control layer

The method as claimed in one of patent claims 9 to

wherein

in step a) Si is used as carrier material (1):;

in step b) SiGe is used as stress generator layer (SG);

25 in step c¢) CaF, is used as stress transmission layer

(2);

in step d) 81 is used as stress-absorbing semiconductor

layer

30 in step £

r
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)
in step e) HfO, is used as gate dielectric (3); and
)

TiN is used as control layer (4).



