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25  on a bulk semiconductor substrate, the precise spatial confinement of the active region of the SOI device

significantly suppresses parasitic effects known from conventional devices, such as latch-up and leakage
currents drifting into the substrate. Moreover, SOI devices are characterized by lower parasitic capacitances
.compared to devices formed on a bulk semiconductor substrate and, hence, exhibit an improved high-frequency
performance. Moreover, due to the significantly reduced volume of the active regioﬁ, radiation-induced charge

30  carrier generation is also remarkably reduced and renders-SOI devices extremely suitable for applications in
radiation-intensive environments.

On the other hand, the advantages of SOI devices over conventionally fabricated devices may partially

- be offset by the so-called floating body effect, wherein minority charge carriers, for example, holes in an N-
channel MOS transistor, are accumulated below the channel region, thereby adversely affecting the transistor
35  characteristics, such as the threshold voltage, single-transistor—latch-up, and the like.

With reference to Figures 1 and 2, depicting a schematic cross-sectional view of a bulk transistor and
an SOI transistor, respectively, the problems involved with typical prior art bulk MOS transistors and typical
prior art SOl MOS transistors will now be explained in more detail.

In Figure 1, an N-channel transistor 100 is formed on a silicon substrate 101. The transistor 100

40  comprises an active region 102 defined by shallow trench isolations 105. The active region 102 comptises a
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To overcome this drawback, conventional contacts (not shown) are formed that connect the active
layer 201A and the active region 202 to a reference voltage to carry off the holes. These additional contacts,
however, require further chip area and a more complex device and circuit layout, thereby significantly offsetting

- 30 the improvement in chip area reduction and signal processing performance attained by reducing critical
dimensions.

For this reason, it has been proposed in “Bandgap engineering technology for suppressing the
substrate-floating-effect in 0.15 pm SOI-MOSFETS,” Proceedings, 1995 IEEE International SOI Conference,
October 1995, by Yoshimi et al., to compensate for the floating body effect without additional body contacts by

35 means of bandgap engmeermg to enhance the hole flow in the source direction by forming a silicon gennamum
layer in the source and drain reglons. Germanium ions were implanted into the source and drain regions after
gate oxidation in N-channel SOl MOSFETS. A silicon germanium layer was formed within the source and
drain regions, resulting in an energy difference of the bandgap of 0.1 eV in the vicinity of the pn junction. An
improvement of the drain breakdown voltage of approximately 1V was obtained with this arrangement. The

40 provision of a silicon germanium layer within the highly doped source and drain regions, however, may lead.to
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regi ONS.  The jnyention may be understood by reference to the following description taken in

conjunction with the accompanying drawings, in which like reference numerals identify
like elements, and in which:

Figure 1 schematically shows an example of a conventional transistor element
formed on a bulk semiconductor substrate;

Figure 2 schematically shows a typical conventional SOI transistor element,
wherein for the sake of simplicity body contacts are not shown;

Figure 3 schematically shows a cross-sectional view of an SOI transistor element
according to one illustrative embodiment of the present invention;

Figures 4a-4c schematically show a typical process sequence for forming the

transistor element in Figure 3; and
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ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures. Although the

various structures of the semiconductor device and the implant regions are depicied in the drawings as having

20 very precise, sharp configurations and profiles, those skilled in the art recognize that, in reality, these regions
and structures may not be as precise as indicated in the drawings. Additionally, the relative sizes of the various
features and implant regions depicted in the drawings may be exaggerated or reduced as compared to the size of
those features or regions on fabricated devices. Nevertheless, the attached drawings are included to describe
and explain illustrative examples of the present invention. The words and phrases used herein should be

25  understood and interpreted to have a meaning consistent with the understanding of those words and phrases by
those skilled in the relevant art. No special definition of a term or phrase, i.e., a definition that is different from
the ordinary and customary meaning as understood by those skilled in the art, is intended to be implied by
consistent usage of the term or phrase herein. To the extent that a term or phrase is intended to have a special
meaning, ie., a meaning other than that understood by skilled artisans, such a ‘special definition will be

30 expressly set. forth in the specification in a deﬁmtnonal manner that directly and unequivocally provides the
special defmltxon for the term or phrase.

Generally, the following detailed description refers to silicon-based transistor elements that are formed
on a substrate, including an insulating layer with a semiconductor layer formed thereon, in which the active area
of the transistor is to be formed. This type of transistor element will be referred to as SOI transistor element,

35  wherein, however, this term is meant to encompass the general concept of transistor elements formed on an
insulating substrate, irrespective of the type of semiconductor material used. For instance, the basic ideas of the
present invention may also be applied to germanjum-based transistor elements, gallium arsenide based transistor

-elements, or any other H1-V or II-VI semiconductors.
Moreover, the following discussion will refer to n-channel transistor elements in which the problem of

40 charge carrier accumulation is especially pronounced as the holes, ie., the minority charge carriers, have a
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° a @ H:Q ok %i@ﬁ fagy 193%%9 aJ‘S&?as{& ho{g 1gt|){ dg?; Sei(agﬁ) éasgfen flﬁ)&g e

i nterpret l%g 0 a neani hg consi
wor ds and %?‘ég'é%e"ﬂvmmt'wafé’évw ‘PW%B““F’%PF‘PFGEYF@N@M@CM@ holanobilici al

defi Mm% ion of Wittrefermaoto Riuress ene iliusteative ealbdméﬁabftme%sénhﬂlenﬁoﬁ wili fofv®E BXplainkd OM

the ordi dy th lled In th
art, 1o [t a3 SO Bk B Bt SHRETE RO BE ot ¢ Shthn S Semppbace

herein. TEPeRmae é'%’?‘@‘ﬁ’ Wt‘hﬁ’t‘“sa'a’c“&grlwlb?wrﬂ’nﬂa%@erp@ iThe ipsvibtint tayer Sl@\nery he 8 fiB®h al
meani ng, dioxide layen, arsitiaon nitgdeoiybedsr ah)hcalibr Eﬂpaiprxﬂaﬂﬁﬁa‘éﬁéiﬁ&@r b%ov%‘iﬁe' stﬁﬁtm@ kSRR
in

such a s o ress set..
speci fi cg?[lﬁgd;‘lml‘ %&M gké(%nnlgbtz o] ﬁlzli lngmanner ﬁcé’(“ h%l‘? é‘t’f‘f‘?"? 'ﬁﬂ k’ﬁ‘ﬁe%f&l 3pd @aterapd

pr ovides MOREYs@lps-semijcondustor daver 38p  fropne tembodiremiytho rfirsp bendeminctGamner #11iya sifidos
f ol | ow ndpyetednditieestcoll® Sedidopfuti®rlayeL B R 8 atsﬂlc&'l éér&ﬁﬁmﬁ@ﬁ?ﬂavh&%r@ﬁl?otsﬁ) 51} ﬁl!‘(ve ment s

that are a substrat i ncl uding an insulatingl e
sem cond l?%%é‘g%gaf e>rr6 4 o% REG"8 ?ﬂaﬁ‘é pouns of sfpapinm cppiaingd iy thesegengd aemmﬂduﬂor layer

320, which is a substantially unstrained layer due to one or more heat treatments carried out during the
formation of the transistor element 300, the namber of point defects is higher than approximately 10'%cm?, and

30  is thus significantly higher than the density of point defects within the first semiconductor layer 321.
Dependmg on the type of transistor element Le., fully depleted transistor element or partially depleted transistor
element, a thickness of the first semiconductor layer 321 may vary between approximately some tens of
nanometers to a few hundred nanometers, wherein a thickness of the second semlconductor layer 320 is in the
range of approximately 5-50 nanometers.

35 The transistor element 300 further comprises source and drain regions 303, 304 adjacent to shallow
trench isolations 305. A gate insulation layer 307 electrically and physically isolates a gate electrode 306 from
the underlying active region 302. Sidewall spacers 308 are provided adjacent to the gate electrode 306 and
silicided portions 309 are formed on top of the source and drain regions 303, 304 and the gate electrode 306.

In the embodiment shown in Figure 3, the heavily doped source and drain regions 303, 304 extend into

40  the second semiconductor layer 320 and provide a high electrical conductivity to the second semicondiictor
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of the transistor is to be fornmed. This type of transistor elenent will be
referred to as SO transistor elenent, 35 wherein, however b?g ermis
meant to enconpass the general concept of transistor el emam Wied on an
I nsul at i nyOsaobsewetse, irrespective of the type of sem ceopgusbewob@beri al
used. For instance, the basic ideas of the present invention may al so be
applied t | Bas gdtra5| t or al m ar seni de base
transi sto e'gﬁg Irrg%e s, ™6 Co'ﬁef.m a@“’ ayf”‘, as%f S%cg s%‘ﬁ?ﬁ'ﬁ‘fﬁ%ﬁ?’.’ 32, the
Mor eover mopiigy fod‘PlP*‘on@mhhr ;l?e ulsmsehdw 1 the redfieed bandgap endngyrimeie s¢cominemisénductor
el enment s layer 3001 Ghis lBEpPH&D h@@ﬂn@fng oﬂ‘Qf ﬁ@ﬂlﬁlgs.ewnﬁnﬁrtﬁe' s@d’on@&ﬁﬂmdll&\;r'laga 3h§v1a the
especi al l% 'Lf)rono nced as the holes, i.e., the mnority charge Carriers,
have a 2006 WO 2004/ 004015 PCT/ US2003/ 020791 significantly
| ower Snobi | i t yin ersraien; thel revasettinsedalraicdiode)ie., i ohddplad idraimEbyion 3Dt anl the pik:loﬁefdfchinhé] ough
the sour G&idnedrithd Rhiv@fegior b3, Gha§ e ! operdita GhRG! N&ler&!

% TV glO il Onagsho% lgé tﬁ% JOR%‘? lea‘gneél to dmc(;‘ggercl e?ecm{n h§ paLr

However, the present invent not be ¢

i 11 ust raFRrBion Shetrmdie clrieme Apis ofdbiopahistscirtie reaminnl whilecresholes,cwing; torite aqdiu@ﬁs
~are expr esbiliy, setdrikovithin thel’actw'é Regiof py2e @ aiehryGb @ik Ucﬁwenﬁon-zﬁhﬁw&ra? Sf&'&ardpllvﬁ@&d AN is

based on | that the.

r 8o ngﬁg:alg ﬁ" {ﬂg gngltegsgé den gstaﬂ%natr)f regoemtblsnla og eg/wnﬁna: tlg Sﬁ(ioa%semcgbdgﬁ?rl l?yfrynf) or
capt UPi ngrilbirasieplly ereesa the P@P@IIMtec‘antenatlmd shys isigwfivhmlyfrednce treaombrbptitblagthasi t h
a corr espRndiagulhtd Whis Qhec'fefdt?'feg'@gn&xafow ﬂ‘eremv‘é?écﬁghs %Elﬁ'erlecpsya{hé g(ﬁlq‘,e%glio'ﬂ'ﬂ& Qla an

weII-def| d po tion of, active, area ransi s el enent

si gnifi caﬁ? ta [ g'e‘fr‘ufﬁ&fé "%F‘até’(f@{f’r‘fﬁf at‘g?i""(',‘ﬂ'é’r '@%}’@%F‘Pl?"é’?’és mc’?@ffﬂé%er
in order ﬂlequfﬂaﬂle Qelemrr?m@tm $varcepagibn 303 may intrivge, detcbyremdving nan-rsdombinairheks. Muae
reconbi nag. 'ﬂ@ﬁo&aﬁﬂh efaz%reSktOMé %Q@a&&l,ts%&iﬂ B8 Qedof Ee'i]]?cokgﬁ&& et 39@%40%9%4119.” as

much as %9 té glg at ed n]é)eratures 0SSl experi ence

sem condU&t F"sd'éw C Hemfmfda‘mn I?:Yﬁf Drimeathstagpialy aot %fﬁ"ted'l‘ﬂ’?f”s‘h‘?'%f"’&cf’éb ﬁiﬂ“’Fs hed

by form d@raﬂatsmb@tnmﬁtq giffuging teedntbinationnehied edingedi ebrgé Rartidi escariiieC Gide Ry ®e

active a MEL t A § bt Ln.dn, this
KReantiL %’d&i ﬁﬁs §1L: rﬂ:mt of %L tﬂl)éélﬁ%md? 80 SQT)‘ i$QdR % Q%@a‘t‘? lli)g‘ %# antl?'

| ayer, V\:hIdCh na{\/ be relaxed or uce sequen
such as ZYHGHHAR corRiste)y elimingtedy a gat e oxi dation process. Redum ng the
strain in thi S?Vllhagfen’:ncelpiﬂi‘guheai#ctiﬁﬁ'&dl p:gce'&smbwd&\fbrﬁx&g kiR Sdificohdieior deO.cJ 36hohR

t igure bt SC n ur ]; a mort semltco r Substrate
geneng 'WFQJ a% vﬂh%\@ Edg r%cedp? g% eC(tiqts & r@ ({hq)trt %ﬁ) f‘ﬁléasb%llsllai'j,&p of

"stationary as recornbi natron cen ernor e,
t he recofFiis Fscﬂﬁ°"|‘d§§r iith the seqged !temcmuueer laygr @chmempm@ &he sespndofemicopguctor

i ncr e?s e thyerr 320 QsTEyitRaAlly Offovidl gbﬁb |oic‘i the Ydofr sﬁﬂ?@at&mr Fferdif fhb Ic&ﬁp%s.% off ¢ second
exanpl e, uced. ban are e remajnin

active re&&&muq{/\ﬂgy eﬁﬁoeg eetﬁ?jmta‘c:)“’gﬁmpce tﬁgegé% F“éf“snt?&“?"ia[’{/gmm sy %P%‘P’e
it has b&gifeBREHA mOP?F&tSm'én%Merscmm rgmomlmmderls havil-ngwa ptogssein thantgep

ener gy I @fllhot e dekeriBdY ih B&ilﬂﬁf&ﬁld OWpleQto TR Rlight fatvice rgxgna\%tbawéeﬁft}ﬁrs%ﬁfseﬁagorﬁhwr e

3, one i sirative e the present invention wll now be
expl ai nek T 3t2'6 and the under ymgrg%nor suI;strate 41 a certain amount of strain is created in the second

- semiconductor layer 320 that depends, among other thmgs on the composition and the thickness of the second

semiconductor layer 320.

As shown in Figure 4b, additionally to the donor substrate 410, a substrate 301 is provided with the

30  insulating layer 310 formed thereon, In one embodiment, the substrate 301 is a silicon substrate and the

insulating layer 310 is a silicon dioxide layer that may be formed by oxidizing the substrate 301 or by

depositing a silicon dioxide layer on the substrate 301. Since these processes are well known in the art, a

- detailed description thereof will be omitted. Subsequently, the substrate 301 and the donor substrate 410 are

brought into contact, wherein the second semiconductor layer 320 is on top of the insulating layer 310. The

35  substrate 301 and the donor substrate 410 may be bonded by conventional bonding techniques and thereafter the
donor substrate 410 may be thinned by known etch processes to obtain the first semiconductor layer 321.

Next, the transistor element 300 is formed according to a conventional process flow and the description

thereof will be omitted. However, in the conventional process flow, a plurality of heat treatments are involved,

for example, anneal cycles for activating dopants implanted into the source and drain regions 303, 304 or an

40 oxidation process for forming the gate insulation layer 307. During these heat treatments, the strain in.the

-6-



In Figure 3, a transistor elenent 300 conprises a substrate 301, for

I nstance a silicon substrate or any other appropriate SUbg’,fﬂﬁﬁ vmth an
insulating | ayer 310 forned thereon. The insulating |ayer 310 2)9

silicon QA YB04035er, a silicon nitride layer, or any mIMmouap[moprl ate
i nsul ating |ayer. Above the insulating layer 310 is forned an active

regi on 30gcond 3&hibbhiRBr Rydr B30Sit reIREL GHedbBY Q:lnérﬁtﬂg g@;gh& ?ﬂgﬂpée%cts hﬁ%?ercon add ttaond a

second 25, m)nla'a %/st al line sem conduct or l'aye ohe e
first sem ¢ Sefonfusioeyes®d- i s a silicon layer and the second
sem conduct or Figyrec 8Bdhaii@llyeshevwsl ai fartiar ig@iod®AinkhiTabt@ing the hﬁl‘dnkt&@leﬁhexﬁ QGmQSﬂeEﬂso n

S. &11 1 O ¢) mrcofauctor'layer ate erem eV, [
cl)nt ai ped ﬁt%@lﬁlga %e%oﬁd &sr)eir%?ggﬁ utllc?ee(%rg5}%tgg toﬂg’z‘g‘e am)gﬁ '?“gly a’ggﬁ’[ﬁ%ﬁﬁﬁ??"gl ly

unst r al netfmeayurtoraer 29 ibepiaxilly gigpe om @atdmtof ahstaeti® Thareafiereh iow impthatetiongast he
LOI‘ hmat [ ?Emdlfsatetdhﬂ 41 1, d$cariet] Ot uﬁh@ﬁiﬁfb@en&@x@ to Tgéi@-at@ W%I’antqggldﬂ?'lfut a??etiﬁﬁ@@%ebtﬁ

> hi gher ARRr ni fican

than t he Qn@?’t?y&?)o rgﬁ%lg;ﬁ%/ é) ’T% ?gﬁﬁaﬂ{( ﬁf’fﬁ‘et% ts‘l*‘tl ﬁcg"[m"g\??ﬁ’ EFfirbt (#‘erFazg‘Ve fhe3oq
Dependi ngs8irae el tuyipge dpnort spbsimasé 410care ledndadien idescribedin, Figutel dbyandi@pseqienly the donor

t ransi st osubstrae AR cledved) %&rél@-{hk }fnp%ﬂ'eﬁ&ﬁgﬁaﬁm ?dr%&& Eegarﬁior‘? Qﬁﬂtdono@ stFH'a@lﬁn@ SS

of th f'fsatu n;ien(;onductor z% 21 may var roxi mat e sone
tens Of nangnit Epunpg utace may wdo FPJE?RS éﬁeél“al'Wn‘é‘F@F“ﬁhea?U‘E‘Hl‘Q?HH@%fﬁﬁ t he
second seffteemidurdicor laya gairis @BGaniialy nmffedid du¢ @ BEBindihig taepwse@s)ky foB4ng kih pioé&hres

nanonet er @at addthEMse Tufe@ 52 tRhBE tE h(ﬁngiesﬂl%]strﬁ? Dol "Hx&s nﬁe r& TRk uggr l%gréggexhx nd an,

drain reglo s 303, 4 adj acent trench 150

i nsul at i oRY 5&7 Ef"“%‘@'?‘alé’l‘eesﬂ‘ﬁ“i'% Hhqrejn, a??ef'%ﬂgvs%ramwna pslép%fbee@nfa substrats 440 @@thﬁode

306 fr om ustdfer funigbe praehsing tesertvé As@ndtiREiubItrad A8 thabisAEMDKilizSIdR SR fFth&Q8nod buBstrate
provi ged @¢gj acent to the gate el ectrode 306 and silicided portions 309 are
formed on top of the source and drain regions 303, 304 and the gate

el ectrode 306.Fige fechemasenly shome adhrdanillpsiratiie gombedingnt oft theeprsend ivinfion] o predis

isour ce32n@kamb1altlre sb@gd @momddor 18/914320>f<5rﬁ|&dod iﬂ% &bnoAszsHi}@mﬁiEﬁm& SHrhePsdust or
~layer a uctivit t he

sem cond(ljlé?t%lg)gr%dpdr gydf ih%ft%ﬁa%gsoiébﬁt"%fflp 5%48%eaﬁ;l’fﬁ7e[}é'fég§fﬁ‘ﬁﬁ%i’p‘lsﬁ% f2ve520.
For ot herMigkiss Nt of material aFosjinstaeserin goq erahoiliment| thy @b-lae 3Phemayemopidse a high

sen c2ndueioant of Qéh&zl’mtﬁ?@qmstchﬁpareaﬁbihé héééer@gubh@kleﬁzom%s foshdubes hl&%ﬁ!ﬂﬁ] gﬂd‘%ﬁé %d
due to thg | ayer 320

d ener in.the secaond seni conduct or .
This may p ?e(() ﬁ'g!lti%?tg h go@a‘g?eas Ag" }g%/ tf)ql"'t"‘én‘g FREPE SERICRAY<Pr aver YR dyfing the further
sem condUREeeEsing-ajethe mmmg aubtliners 3200z theamminn af gerfanfum noiy e ghaihaly retiled to
rever se- hib&ﬁl&ddédfe&idg (ersﬁjd 65 polﬁe defects h@heﬂe‘bg %@geld 5 ero@erit«,e m:rgzﬂe gfqﬁe ﬁorbdmsbhﬁ% is
a

p- doped cha nneld ,]:hggl ve regi o erated wt

vol tage |'8ading tomp ngr %"g*ézgﬂs g?‘gc’f‘?yoﬁ‘hﬁﬁlaeh'%}’afef“’mb(}j’éﬁ‘?ér%?b??j > Yty ehaverehe

el ectFPonserarntng dfefcondustivingwithinnibe shbdayer 326d owitado aniicleged .hatehxcgl pRcbabilWi whekedsO

the. red Ltﬁe?ldmammg sub-layers 320a-320c may promote the hole current to the source terminal 303. It should be
noted that the above embodiment is of illustrative nature only and a plurality of variations are within the scope
of the present invention. For instance, one or more of the sub-layers 320a...320d may be silicon layers that are
provided in an alternating fashion with silicon germanium layers.

30 In one embodiment, the tranSIStor element 300 may be a partially depleted type and it may be
advantageous to locate one or more silicon germanium sub-layers in the channel region to provide for a
sufficient electron supply in this sub-layer to “feed” the recombination mechanism. Controlling the location of
the second semiconductor layer or one of the sub-layers may be accomplished by epitaxially growing a silicon
layer (the sub-layers 320a... 320c may be considered as a single silicon layer) on a silicon germanium layer

35 (sub-layer 320d), wherein a thickness of the silicon layer 320a...320c¢ in combination with a thickness of the
first semiconductor layer 321 (Figure 4c) determines the location in a depth direction of the sub-layer 320d in
the finally obtained active region 302. In other embodiments, the composition of the second semiconductor

layer 320 may continuously be varied to obtain a concentration of point defects that varies continuously with
depth.
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mobi lity, may drift wthin the active region 302. Contrary to the
conventional device as, for exanple, shown in Figure 2, the increased
density of stationary reconbination centers within the secodd &rfitfonduct or
| ayer 320wim2004/b040th astically increase the probability eceEeesmerati on
and, thus, significantly reduce the nunber of holes that nay accumul ate

wi thin the actjve reqgion, 302 rein electrons delivered by the. sour.ce
Fegi on 303 vi ol rer e PRSP St o6 LRER orp b e sin aY 5 A
process. Addiatticehialdiffprent e eduiyblent maizies iappprentgo thogsrskitlsidul the At having N@rbel_ﬁecﬁr of thet he
hol e cur reRhinds hefeh® FPWUk&ple 8 ipRIdesd UdpsRY folth GhRE Ry bl BRIARY if & M¥teATorder.
non-reco d nature of the point defects

i ped holes. Due to ﬁge | ocal . z$ ‘E
Wit hin tha™ °é'8?fﬁd‘°§€f‘ﬁ“b°8ﬁ&ﬁé‘t“‘6 ¢ Itﬁﬁ‘ér"e‘%‘tz‘d’, conyEcqn AL desfen hprgin fhown, other than as
char act erdestibaisn gi¢ climg below.s1t issthandfero enddest o the pyrdeulaB@ibodimentssdidobied mbavalknayben ot
af fect ed zfl‘t@xgd ont px%ﬁiﬁéd){m%’ alﬁWh g%%h £ aredc%g;i(ﬁgﬁt\i'ifﬂﬁ tﬂwts&g: %118 sglnfl foi"menigve tion.

reconbi nati on centers actin ~charge carrier scatteri Ites may be
subst ant i 20°Prgingly Siedeipctionsought hemia isiapgshiofth Hthechhimspplet i ng body of t he
transistor elenment 300 will be significantly reduced if not conpletely"
elimnated. Wth reference to Figures 4a-4c, a typical process flow for
formng the sem conductor device as shown 20 in Figure 3 wll now be
described. In Figure 4a, a donor sem conductor substrate 410, such as a
silicon substrate, is provided with the second seni conductor |ayer 320
formed thereon. The second sem conductor |ayer 320 is epitaxially grown on
top of the donor substrate 410, wherein the conposition of the second

sem conductor |ayer 320 is selected in accordance with design requirenents.
Epitaxially grow ng substantially lattice-matched nonocrystalline |ayers
on a nonocrystalline substrate is a well-known process in the art and 25
w Il not be described in detail herein. OMng to the slight lattice

m snmat ch between the second sem conductor |ayer 320 and the underlying
donor substrate 410, a certain anount of strain is created in the second
sem conductor | ayer 320 that depends, anong other things, on the
conposition and the thickness of the second sem conductor |ayer 320. As
shown in Figure 4b, additionally to the donor substrate 410, a substrate
301 is provided with the 30 insulating |ayer 310 formed thereon. In one
enbodi nent, the substrate 301 is a silicon substrate and the insulating

| ayer 310 is a silicon dioxide |layer -that nay be fornmed by oxidizing the
substrate 301 .,or by depositing a silicon dioxide |layer on the substrate
301. Since these processes are well known in the art, a detailed
description thereof will be omtted. Subsequently, the substrate 301 and

t he donor substrate 410 are brought into contact, wherein the second

semn conductor |ayer 320 is on top of the insulating |ayer 310. The 35
substrate 301 and the donor substrate 410 may be bonded by conventi onal
bondi ng techni ques and thereafter the donor substrate 410 nmay be thinned
by known etch processes to obtain the first sem conductor |ayer 321. Next,
the transistor element 300 is fornmed according to a conventional process
fl ow and the description '
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thereof will be omtted. However, in the conventional process flow, a
plurality of heat treatnents are involved, for exanple, angﬁgl ?%érci@g for
activating dopants inplanted into the source and drain regi c ) 4 or
an 40 oxi dation process for formng the gate insulation |ayer 307. During
these heat treatnents, the strainin. the -6 2 7 OCT 2006 WO 2004/ 004015
PCT/ US2003/ 020791 second sem Conduciﬁ;&é\ﬁéer 320 is reduced, thereby
generating a plurality of point defe t are confined to the second
sem conductor |ayer 320. Figure 4c schematically shows a further nethod of
manuf acturing the transistor elenent 300 by neans of the second
sem conduct or A fiyldreffs@Qramsistdndomimadom suibstratatcomptiSingwher ei n, as previ ously
expl ai ned, the sgcond 5 sEm' cgfn[guctor Ia%ﬁ{. 0 is epitaxially grown on
the donor sub@tSPATtES haVing frmediiperpon ap,ns 15‘53;%V?§nt ation, as indicated by
411, is carri edrIiHShdie RYE6O IBFnd PRSsal Pind@Res Al PerdtheicitaRe dotige on 412
at a predefined depth w thin the donor substrate 410 to substantially
def i ne t regipi rin¢ludivgndisstdegion rhavinge figpaoncamesitien pf kocalizedaecomiiaationt e 301
and the dagnor substrate 41 re bon | i ' and
Ubsequenteny il asr oot B el 5 ShePREioh B8 fichiol i St Ol
regi on 4kheadih MessebGid @asontaeipaishichér thin thb éirg oomvensast;r at e 410. 10
Finally, the remaining surface may be palished to enhance surface quality,
wherein the cradieiairegine agda sopsresegiomands j r st seni conductor |ayer 321 is
substantial ly : L1 J : (VY : et ch
procedures t haz:é211 ?Jaxiflgﬁgot%%e%%&g%ﬁ@g%ﬁ%tg@?ﬂoﬁﬂ%% ?ﬁlgvré? ﬁ@égoﬁ’ oar éag% gg?%%ﬁa 410.
Thus, thdaférrst sem conductor |ayer 321 exhibits an excellent
nmonocrystalline structure, wherein, additionally, the remaining part of the
donor substrat a@i@“ﬁ‘éﬁmﬁ%at used for further processing to serve as another
substrate 301 i € i Al ; 'ffgﬁﬁ?ﬁoﬁllgagﬁbﬁgﬁb 15
410. Figure 45%%8(%1@[%%8% %/%ﬁéggl@ﬂ??%?m}%?ﬁgﬁlati ve enbodi nment yof t he
present iatleastomerof compodifien, layeathitlaess dnd typeelidatesdati conduct or | ayer 320
formed on the donor substrate 410 includes a plurality of sub- |ayers
320a...320d. The sub-layers 320a...320d nay differ fromeach other by at
| east. oney of crHEIRId EFFN trah@WBF of d18int kKNPIsEeia ek ToyARe@teddBibaiatioh cerfters
instance, in one enbodi ment, the sub-layer 320d may conprise a high 20
anount ofsubsiantiatly eamarisngoisbdgiestetn the sedead fidtent sub- | ayer 320c so as to
i nduce a high strain and thus a |arge nunber of point defects upon heat
treating the second sem conductor |ayer 320 during the further processing.
I n the remainiTig fald effeyt eaasisdpof AZia2, witeeia maid poimidefpersmeancamainegd/intae
gradual ly reduced to obtain a decreasing density of point defects,
wher eby, Sybiavially upsEyped wpucoEOaiehf the hole mobility is maintained.
Thus, the sub-layers 320d may exhibit a high reconbination probability,
t her eby, however,

4. The field effect transistor of claim 1, wherein a bandgap energy of the second region

is lower than a bandgap energy of the first region.

5. The field effect transistor of claim 1, wherein the second region is in contact with

said insulation layer.

6. The field effect transistor of claim 1, wherein the second region is in contact with

said source region.



25 deteriorating the conductivity within the sub-layer 320d owng to an

i ncreased scattering probability, whereas the renmaining suf-|layers
320a-320c may pronote the hole current to the source term n§70§é§’.€r%q06
shoul d be noted that the above enbodinment is of illustrative nature only
and a plurality of variations are withi¥ the scope of the present

i nvention, For_i nce, one or re of the sub-layers 320a...320d y be
silicon Ifayers! hle&;ﬁ‘? ‘éf&‘é;t rapHp 3ip b yvhereip s34 ts?ct‘?égf%‘?ﬂ SHEPRRCSYIR Con
ger mani unyd @¥e{ Roiog0 | N one enbodi ment, the transistor elenent 300 may be a
partially deplet%d type and it may be advantageous to |ocate one or nore
silicon germani um sub-layers in the channel region to provide for a

sufficient elegtron,s ly i.n this.sup-l.ayer t.q "feed" .the reconbination
rechant i Cortitedratd FE bnsidet el Gt wiithEh s sriene Sxmiceh iAREGoY 20 o
one of thesbtiiy HiBReeind mikyialke acconplished by epitaxially growing a silicon
| ayer (the sub-layers 320a... 320c may be considered as a single silicon

| ayer) on a silicon germanium |l ayer 35 (sub-layer 320d), wherein a

t hi cknessg, of the siligon. | [ . 0c .in C | Jon. w t hi ckness
of the ?%rst'Qgéié%%ﬁﬁéP8&¥§%V§$9§Eh1§%F%ﬂ?§m %%B@Q?éfﬁ#ﬁééﬁgﬁi | ocati on
in a deptderdadie@t i on of the sub-layer 320d in the finally obtained active
region 302. In other enbodinments, the conposition of the second

sem conductor |ayer 320 may continuously be varied to obtain a

concentr aty on ! : - V@ry : j MRS b 1 : th., -7 2 7
OCT 2005 20%%/%8&}18%& %%@5‘%@1 o g%gae?t e u%llas?%e cfhsigﬁg nts
di scl osectoafpouvrd af e ifbiniSt Gal.|, Wehe@dih X.is BStht Rehgk 0 gFroximataiy 0Rex»@8i f i ed

and practiced in different but equival ent manners apparent to those skilled
in the art having the benefit of the teachings herein. For exanple, the

process steps .set.forth above be perforned.in a different order..

Bl ther mabler - i Aol ELFs RO SPERY SIEEN P RE R e Bafaftr ot T SERE R f on o
desi gn hef;gid gshot?/cat her than as 5 described in the clainms below It is
thereforelgg?dgﬁt th%t the particul ar enbodi nents di scl osed above nmay be
altered or nodified and all such variations are considered within the scope
and spirit of the invention. Accordingly, the prot e%ti on sought, herein is
as set forkh ihmaRediZPTRIng atigRsisopelsmepebbEtbsyyeghe Megod MBIPIIFINGA fi e d

effect transi %Widfn%rd%gst%e Eha§ﬁig%ﬁﬁédether‘é8m irﬁhlﬁgﬁg layer;

forming a first and a second crystalline semiconductor layer, the first and second
monocrystalline semiconductor layers having a different lattice constant to create strain in
the second semiconductor layer; and

forming a transistor element in and on said first and second crystalline
semiconductor layers, wherein one or more heat treatments during the formation of said
transistor element reduce said strain and generate a density of point defects in said second
semiconductor layer that is higher than a density of point defects in the first semiconductor
layer

characterised in that

said formation of said second crystalline semiconductor layer comprises forming a
plurality of sub-layers differing from each other by at least one of composition, layer

thickness and type of material.



a substrate having forned thereon an insulating |ayer; a crystalline active
region formed on said insulation |ayer, the crystalline active region
including a first region having a first concentration of | 0dAdciabgt 2006
reconmbi nation centers and a second region having a second concentration of
reconbi nation centers, wherein the secbind concentration is higher than the
first concentration; a drain region and a source region; and a gate

el ectrode electrically insulated fromthe active region by a gate

i nsul ati I r i [N S Al 110, LSES a

ol arari 1y st b Tapas 8FRR) B iRh Ak ST AR LARUORaARULEET
conposi t ilayers tayenises:hi ckness and type of material. 2. The field effect
transi stor of clai.m1, mher%{n the | ocali.zed reconbinatiﬁn center% )
subst ant i al | y PYRHAIS Eq5upHfheggrndissmicontygionlayesnan # ggBineslonqq bl
effect trggsistor of claim2, wherein said point defects are contained in a
substantially unstrai ned sem conductor |layer. 4. The field effect

transi stor of hondingisaid swheirasé and séidetigtablinerdongy substrata ¢o easbother maither i s
| ower than a bandga ne f e first regiqn. 5. The field effect
transistd?c%¥hﬁpgﬁﬁﬁﬁ&bﬁkg%égﬁa%HgngggdﬁﬁmﬁgéﬁﬁWnis in contact wwth said

insulation layer. 6. The field effect transistor of claiml, wherein the
second region is in contact with said source region. 27 Cctober 2006 10
7. The fi¥hd efleanethed ghelpion b2, werein thanecondgearieondustar lyeicosmiseeysibieen s i n
contact with .E&@_draL rqg%on..8..T§e fi%{d.eftect transi?tor of gl
wher ei n SETHAUBRIRYET VIl BEOTROSHRSEE px-oYNeLen X 1E Hthe s §F FRRIpPERE
material s5o%-glge field effect transistor of claim?7, wherein the second
region conprises germanium 10. The field effect transistor of claim9,
wherein the second region conprises a

el}‘;Jll m

15.  The method of claim 13, further comprising thinning said crystalline donor substrate

to form said first semiconductor layer.

16.  The method of claim 13, further comprising, prior to bonding the substrate and the
crystalline donor substrate:

implanting hydrogen ions into the crystalline donor substrate through said second
semiconductor layer to form an implant region; and

cleaving, after bonding, the crystalline donor substrate at said implant region.

17.  The method of claim 13, wherein the second semiconductor layer has a thickness in

the range of approximately 5-50 nm.

18.  The method of claim 14, further comprising epitaxially growing a plurality of sub-
layers on the crystalline donor substrate, at least some of the sub-layers differing from each

other in at least one of composition, type of material and thickness.



compound of the form Si XCGei _X, wherein x is in the range of approxi mately
0.2>x>0.8. 11. The field effect transistor of claim?2, wherein said
concentration of point defects is higher than 1012/ cn8B. 1227 Rcirbeh oot
formng a transistor elenent on a substrate, the nmethod conpri sing:

provi ding a substrate having fornmed thel2zon an insulating layer; fornmng a
first and a second crystalline sem conductor |ayer, the first and second
monocrysti | | @%ﬁh@%ﬁ%@lﬁbwdfw@@owmﬁg VArYEIE & emanesitiontof thesseedis t ant t o
create styg.ain. i : S Een er; and formng a transistor
el enent iggmé%ghgﬁoélgyﬁw?%s%l%ﬁéhggf:bg)ﬂgé @?eysél?lél | ine sem conductor |ayers,
wherein one or nore heat treatnents during the formation of said

transi sto, element reduce said strain and generate. a density of point
defects i -saiﬁ@@ﬁ%ﬂ“@_@?ﬁt@%ﬁ’dﬁ%aF‘g%?‘ggtet‘}‘?&%pqsglghi gher than a density
of point def ec‘;s%blstpatéggviﬁéf&heg%rmggﬁgtmgj@y&{ characterised in that

said formation of sald second crystalline sem conductor |ayer conprises

forni ng a crp$talliab aetiveotgisw forney emssaidi ihfuationdayer ghe estallotetastiviegion | east

one of canpositi | ayer .thi ess _and .t of. mterial. .27 2006
1113, THEOHaRaqTyroEPS bavias = DB ab PRt Bpasind o HLSRE -
sem condugtend rehd¥ HbFing AEREINIRDcitatiaN bidebdmBinNd @ntdhg wiREMM the second

sem conductor |ayer on a crystalline donor substrate; and bonding said

subst r at ecoapenteptiprl isdrghsr shanj the figd sorcesifita ate to each other with the
second sem cond ar. . I . idinsulating |ayer. 14. The net hod
~of claim12, Vﬁ%&%ﬁﬁg@ﬁéﬁégé@%@ g%rlnoqggn(guct or layer conprises a silicon

ger mani um | ayef gatt tlocteode@igeaidally Gisubite X@em e active repion My & gaterinduletionange of
approximately 0.2>x>0.8. 15. The nethod of claim 13, further conprising

t hi nni ng 18¥%"d crystalline donor substrate to formsaid first sem conductor
| ayer.

21. The field effect transistor of claim 20, wherein the localized recombination centers

substantially comprise point defects in the second region.

22.  The field effect transistor of claim 21, wherein said point defects are contained in a

substantially unstrained semiconductor layer.

23.  The field effect transistor of claim 20, wherein a bandgap energy of the second

region is lower than a bandgap energy of the first region.

24.  The field effect transistor of claim 20, wherein the second region is in contact with

said insulation layer.

25.  The field effect transistor of claim 20, wherein the second region is in contact with

said source region.



16. The method of claim 13, further conprising, prior to bonding the
substrate and the «crystalline donor substrate: inplanting hydrogen_ians
into the crystalline donor substrate through said second s%%péiﬂ%ﬁlt%qoér

| ayer to forman inplant region; and cleaving, after bonding, the
crystalline donor substrate at said inpl3ant region. 17. The method of claim
13, wherein the second sem conductor |ayer has_a thickness in the range of
appr oxi m@bel y Hhedwldeffect gansivier ofelaimR0pherein said secomd fegindris HbsaRact iy
epitaxia%ﬂyd {Q%iﬂ@'a plurality of sub- layers on the crystalline donor
substrate - at 1 east some of the sub-layers differing fromeach other in at
| east one of conposition, type of material and thickness. 27 October 2006

12 19. The nethod. of claim 14, further conprising varyi ng .a conposition of
the secord-  schediskipkechirapsisyr oaimete IEkIA 34 SecgROUGEHE it FEMELGHE of3h. A

field ef fl@a%ﬁg%ﬂi’f‘f%}e?ﬁﬁfatefrﬁfsmd on a substrate, conprising: a substrate
havi ng fornmed thereon an i1 nsulating |ayer; a crystalline active region

formed on said insulation |ayer, the crystalline active region including a

first regj i first. tragion of i zed .reconbi.nat i
centors B o LREdEOA BT ReN RE: iR b SRS KB AP SE PBFOBP R SconD nat i on

centers, 5804, the second concentration is higher than the first
concentration; a drain region and a source region; and a gate el ectrode
electrically insulated fromthe active region by a gate insulation |ayer.

21. The fj.el d.gff ransi stor of .claj m,20. er.ei I .l zed
reconbi nat’r on @berﬁegﬁi gttfecgttfggﬁlg[ﬂ]i ‘i’fgﬁlﬁ? %éo r’?ﬁ‘refesl%méosf%otngégegg%f (glﬁﬁxlﬁéefs%e second
region. 23mpbhgd bf tkdoed §KGE, | BBk @ indfie &had 6T abbroxifaeteBi M2sa+0d8.poi nt

defects are contained in a substantially unstrained sem conductor |ayer.
23. The field effect transistor of claim 20, wherein a bandgap energy of

the seco » ][ :@{eq?erlél éff«l:cq%ﬁsi%cpxagq &iﬂ?%%&ﬁ'§£i9¥?rﬁcfé\enttr§ﬁ)nfdgrp%§nt HERLRRs 24

The fi el ansi st or alm erelrn second region Is in
contact \Higher than 10 /cm’.

31.  The field effect transistor of claim 22, wherein the second region comprises a

plurality of sub-layers.

32.  The field effect transistor of claim 31, wherein the plurality of sub-layers differ from

each other in at least one of composition, type of material and lattice constant.

33.  The field effect transistor of claim 20, wherein the concentration of point defects in

said second region varies continuously along a depth direction of the transistor element.

34.  The field effect transistor of claim 22, wherein a thickness of said layer is in the

range of approximately 5-50 nm.

35.  The field effect transistor of claim 24 that is a fully depleted SOI element.



said insulation layer. 25. The field effect transistor of claim20, wherein
the second region is in contact with said source region. 2% Sct B%Si 006
13 26. The field effect transistor of claim20, wherein sai 7 Peto 490 gi on
is in contact with the drain region. 27. The field effect transistor of
claim 20, wherein said second region isldconprised of at |east two
different. materials., 28. The fiel ,effe(ﬁt ,transjaftor of %I gl{n 20, wherein
the secord- r editshieddehlsct gansisigreiiplpim 2 thaigs a partialy depletef POL elemenhsi st or of
claim 28, wherein the second region conprises a conpound of the form
Si,,Cl_,,, wherein x is in the range of approxi mtely 0.2>x>0.8. 30. The
field ef f3dct tThedzldeffect ahnsstai ofi 2dim 3 sherem taisdcand megion canprines of poi nt
defects i 2 gher than 1012 /cnB. 31. The field effect transistor of claim
05, wher Gk SieoTAREG 5161 Grlset Sae Shavhishis Befieq Toe SEARR Bfon 5, The
field effect transistor of claim31l, wherein the plurality of sub-layers

differ from each other in at |east one of conposition, type of material
and | attid8e conftlraffecB@ansibhe foineddoned substraterepmyitisingt of cl ai m 20, wherein

t he concentration of poi.nt.defects in .said. nd region varies
conti nuously &1 Eﬂraa'ie g%vﬁ?%foﬁfnlﬁg Ton acr)lflﬁ?%%mtsgﬁg 51 stor element. 34. The

field effect taarpsalsh®bctble régivh Prard owkaidahsulaiohhyde s srystallbaiactiveayer is
in the range of approximately 5-50 nm_35. The field effect tr i of

» g ! nsj.stor
cl ai m 24 regign incduding @ firsy regign eqneryissdpf slieorhavingy iits: consentratignef ?Of&h%‘. The
field eff . [ f..clai . I j I SO
el enent . r@%ﬁﬁ%@%}ccﬁéﬁ& agjfdfaeggt@ 6@#%%8&2 tg%l P hg?@%f{%%ﬂh@g >h\/exlggl ezl‘?stﬁ t de second
regi on cagpedns@goof rkombinatiyn adnters cdiebdin did setorddagomrantraivn isdagher dwa thé
which is |located in the depletion region. 38 A field effect transistor
formed orflrst CONBRMRHOR, conpri si ng:

a drain region and a source region; and
a gate electrode electrically insulated from the active region by a gate insulation

layer.

39. The field effect transistor of claim 38, wherein the localized recombination centers

substantially comprise point defects in the second region.

40.  The field effect transistor of claim 39, wherein said point defects are contained in a

substantially unstrained semiconductor layer.

41.  The field effect transistor of claim 38, wherein a bandgap energy of the second

region is lower than a bandgap energy of the first region.

42.  The field effect transistor of claim 38, wherein the second region is in contact with

said insulation layer.

43.  The field effect transistor of claim 39, wherein said concentration of point defects is



a substrate having forned thereon an insulating |ayer; a crystalline active
region fornmed on said insulation |ayer, the crystalline active region
including a first region conprised of silicon having a firs27©gteberidd0ati on
of localized reconbination centers and a second region conprised of
germani um havi ng a second concentratiags of reconbination centers, wherein
the second concentration is higher than the first concentration; a drain
regi on am@ﬂ&rﬁmndﬁg/mablon and a gate electrode electrically insul ated
fromthe active region by a gate insulation l|ayer. 39. The field effect
transi stor of claim 38, wherein the |ocalized reconbination centers
substantigl |y 1g@#RId a?ecp&hmst&eémlﬁl 400 WhBRirS®BE ¥dnl e&iOMcorfprisedhe fi el d
effect transistor of claim39, wherein said point defects are contained in
a subst aiurpltylof sumbayessi ned semi conductor layer. 41. The field effect

transi stor of claim 38, wherein a bandgap energy of the second region is

| ower than a bandgap energy of the first region. 42. The field effect

transi st @5, of Thedield &foct WhRNifbMNodMmSBY Whdreiredie @Bndeatrhtiorcoioatttdefidctstin  sai d
insulation |ayer. 43. The field effect tranS|stor of claim 39, wherein said
concent r #8idgRCeKd @A Vatiesf contisuqusly o denth dipertign of therfragsisior elegent 012

/cnB. 44. The field effect transistor of claim40, wherein the second
region conprises a plurality of sub-layers. 45. The field effect

transi stor of claim39, wherein the concentration of point defects in said
second region varies continuously along a depth direction of the transistor
el enent .



