19 June 2006 -1 A Method for Fabricating a. Strained Crystalline Layer on
an Insulator, A Sem conductor Structure Therefor, and a Fabricated

Sem conductor Structure The present invention relates to a nmethod for
fabricating a strained crystalline layer on an insulator, to a

sem conductor structure for fabricating a strained cryk dune@®06ayer on an

I nsulator, and to a sem conductor structure which is fabricated therewth.
Strained, thin sem conductor |ayers sueh as silicon |ayers have advant ageous
el ectron and hole nobility characteristics. Therefore, such layers are very
interesting i n kddethad fordrakricating arStnaiveddGrystalinedsayehei r use can
lead to hi gh perdwamhssulitorcAsSeniiconductor SprersturedTherefor)er

consunption. Strained @FQBH&%QP $%F5m%q.t {Rfc?u?éf ecti'vely be used
at or

if they are transferred on an insu ayer resulting 1h a SO

(silicon-on-insulator)- like structure, which benefits are commonly known in .

m croel ectronics and m cronmechani cs. Cheng et al published on 2001 | EEE

I nternational SO. Conference.in their i.cle "Si Ge-qgn- sul.ator (SGA):
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i ncreased until a germani um percentage of about 25% was reached. At this
ercentage,. a, relaxed Si Ge |ayer S .0 on the graded Si Ge | ayer.
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en, a strained silicon_|ayer was own on the Si er resulting in a
S < on- & R Tihel g fansce FEon A hoyilor el frsulBo 5t St Wibro bRittPbed
above haketshecdirs athianbeagsitst dratomb®nBiindivm i@ nitrbélecttdricsl aMdnigtdmaxdanicayer on
top of the Si Ge | ayer cannot be increased to a val ue of commerci al

i nportance. This is due to the limted germanium content of the SiGe | ayer
whi ch capingig dial published on 2001 IEEE International SOI Conference in their article "SiGe-on-

Insulator (SGOI): Substrate Preparation and MOSFET Fabrication for Electron Mobility
Evaluation”, a method of fabricating an SiGe-on-insulator structure. In this method, a
graded SiGe layer was grown on a single crystalline silicon donor wafer. During SiGe
growth, the germanium content of the SiGe was gradually increased until a germanium
percentage of about 25% was reached. At this percentage, a relaxed SiGe layer was
grown on the graded SiGe layer. Further, hydrogen ions were implanted into the relaxed
SiGe layer, forming a pre-weakened level in the relaxed SiGe layer. Thereafter, the
implanted structure was bonded with an oxidised silicon wafer. After an annealing, the
bonded structure was split into two parts along the pre-weakened level resultin'g in the
SiGe-on-insulator structure and a residual structure. Then, a strained silicon layer was

grown on the SiGe layer resulting in a Si-on-SiGe-on-insulator structure.

The structure of the method described above has the disadvantage that the strain of the
strained silicon layer on top of the SiGe layer cannot be increased to a value of commercial
importance. This is due to the limited germanium content of the SiGe layer which cannot be
increased over 25% without the risk of a formation of a high dislocation density in the SiGe
layer which influences considerably the electronic characteristics of the strained silicon

layer.



i ncreased over 25% wi thout the risk of a formation of a high dislocation
density in the SiGe layer which influences considerably the electronic
characteristics of the strained silicon |layer. 19 June 2006 -2 It is the
obj ect of the present invention to provide a sem conductor structure and an
easy nethod for fabricating a seniconductor structurd9nkhmed086hi gh crystal
quality and having a high strained crystal sem conductor |ayer on top of an
i nsul ator. The object is solved by a nmethod for fabricating a strained
crystalline |ayer on an insulator, conprising: providing a sem conductor
donor substrate conprising germani um and/or an A(lIIl)-B(V)-sem conductor;
provi di lhg the objeattf tbd prefsentstvantips tca;brbifilde acgpticoddactiot stpeture ranel ahi aasy step,

wherein_t 1t i.u e A uctor of a
bt tor B0 1Gte6auR ARSIl 5P e Vs BV « he
first shigihstrained cstagserhicbedistor daer on mud;faironsdlayer in a second step,
wherein the first layer is provided between the substrate and the insulator
| ayer; splitting of the first layer, in a third step; and providing at | east

one seTingbjedtystalldd hea epticionfabliestply Ostrdider) Gptalling la értori &Ykulaion, a
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| ayer can easil Yl @ erred fa[ nvew%'(!?ve net hod to an insul ator
| ayer r3RSONY Fﬁ’éqlwefpét@ﬂ? BYRI QAT Sp'@f’?ﬁﬁ VAR & ARUR Lhbi nes the benefits of
a SO-structure with the very good electronic characteristics of a strained
crystal e la Acco n rther enbodi pent of the invention, the
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B(V)-semiconductor can be achieved in the first layer resulting in a high strain of the second

layer. The increase of germanium and/or the A(lll)-B(V)-semiconductor allows grbwing of at

least a part of the first layer with a low defect density, which results in a high crystal quality

of the second layer. The high strained and high quality second layer can easily be

transferred with the inventive method to an insulator Jayer resulting in a semiconductor

structure which combines the benefits of a SOl-structure with the very good electronic

characteristics of a strained crystalline layer.

According to a further embodiment of the invention, the first layer is provided on a single
crystal germanium wafer, a single crystat A{ll}-B(V)-semiconductor wafer, an epitaxial
germanium layer or an epitaxial A{l11)-B(V)-semiconductor iayer, in the first step. On these
substrates, the first layer can be grown with a high germanium content and a high crystal
quality. The germanium wafer and/or the A(llI)-B(V)-semiconductor wafer is a stable
substrate which allows good handling of a strained crystalline layer on the insulator in the

fabrication process.



substrates, the first |layer can be grown with a high germanium content and a
hi gh crystal quality. The gernmani um waf er and/or the

A(l'l'l')-B(V)-sem conductor wafer is a stable substrate which allows good
handling of a strained crystalline |ayer on the insulator in the

fabrication process. -3 19 June 2006 In an advant ageoy9 Rifw200&nt of the
invention, the gernanium and/or the AH3FI)-B(V) - sem conductor content of
the buffer layer is decreased in the first step to a proportion of about
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rel axatltg ?c; éa buffer |ayer, especially of a GeSi layer, in the first

st ep. %ﬁ (ioﬂ yﬁr ef erabl e enbodi ment of the invention, the second |ayer is
gr own up to a thickness bel ow 50 nm Th| s layer thi ckness is below a
critical

ickness s at er nod i nst biIi of. the | ayer can be
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and/ or anféleldr) esPeviptiyp ona Geslage0 i thatirs e@ wﬁt one crystalline —-epitaxial
| ayer; and at | east one insulator |ayer erein the at |east one
crystalline epitaxial layer is an inter msdl ate, layer between the donor
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i nventive cttuer S an i nternedi ate product for fabricating the strained
crystal Iciaﬁ gcélﬁyotﬁ" H‘r% i nsul ator |ayer. Due to the decrease of gernmani um
and/ or the A(I II) B(V) -

The object is further solved by a semiconductor structure for fabricating a strained
crystalline layer on an insulator, comprising: a semiconductor donor substrate of a first
material comprising germanium and/or an A(li1)-B(V)-semiconductor; at least one crystalline
epitaxial layer; and at least one insulator layer , wherein the at least one crystalline
epitaxial layer is an intermediate Iayer between the donor substrate and the insu}ator layer,
and the at least one crystalline epitaxial Iayer comprises a buffer layer which is a
composition comprising germanium and/or the A(ll1)-B(V)-semiconductor, the content of

which decreases in a direction from the substrate to the insulator layer.

The inventive structure is an intermediate product for fabricating the strained crystalline
layer on the insulator Jayer. Due to the decrease of germanium and/or the A{lI1}-B(V)-
semiconductor in the crystalline epitaxial layer, beginning from the substrate, the crystalline
epitaxial layer can be grown with a low defect density but with a high germanium and/or
A(li)-B(V)-semiconductor content which is a basis for a good growth of a high strained and
high quality further crystalline layer, for instance on the crystalline epitaxiai layer of the

inventive structure.



sem conductor in the crystalline epitaxial |ayer, beginning fromthe
substrate, the crystalline epitaxial |layer can be growmm wiwth a | ow def ect
density but with a high germanium and/or A(lIl1)-B(V)-sem conductor content
which is a basis for a good growth of a high strained and high quality
further crystalline layer, for instance on the crystalBiJunep006xial |ayer
of the inventive structure. -4 19 Jurske 2006 In a favourable variant of the
invention, the donor substrate is a single crystal germanium wafer, a
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epitlaxial layer increases in a direction from the substrate to the insulator layer. The
proportionate increase of silicon results in a good adaptation of the lattice which leads to a

low defect density of the crystalline epitaxial layer.

In another preferable embodiment of the invention, the silicon content increases to a
proportion of about 20% to 60% silicon, preferably about 20% to 50% or about 20% to 40%.
The percentage of about 20% to 60% silicon makes it possible to get low defect density
results of the crystalline epitaxial layer and a good adaptation of a top crystalline epitaxiat
layer such as a silicon layer, whereas the percentage of 20% to 50% silicon is more
favourable for a high crystallinity of the crystaliine epitaxial layer resulting in very good
characteristic of a top crystalline layer such as a silicon layer, and the percentage of 20% to
40% silicon is the most favourable region to produce a high quality crystalline epitaxial layer
which forms a very good basis for a strained crystalline layer of high quality on top of the

crystalline epitaxial layer.

In yet another favourable example of the invention, the first layer and/or the second layer

comprises carbon. Preferably, a carbon concentration of a few percent carbon, and even



| ayer such as a silicon |ayer, whereas the percentage of 20%to 50% silicon
is nore favourable for a high crystallinity of the crystalline epitaxial

| ayer resulting in very good characteristic of a top crystalline |ayer such
as a silicon layer, and the percentage of 20%to 40%silicon is the nobst
favourabl e region to produce a high quality crystallil:Jupe2d@al | ayer
which forms a very good basis for a sttfained crystalline |ayer of high
quality on top of the <crystalline epitaxial |ayer. In yet another
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layer between the insulator layer and the second layer. The inventive structure combines

both the benefits of a SOI-structure and the good conductivity characteristics of a strained

crystalline Jayer. The strained iayer can have a very high strain because the germanium

and/or the A(ll1)-B(V)-semiconductor content of the first layer can be adjusted at a very high

content.

In a further favourable variant of the invention, the germanium and/or the A(ili}-B(V)-
semiconductor content of the buffer layer decreases to a proportion of about 40% to 80%
germanium, preferably about 50% to 80% or about 60% to 80%. The content of 40% to
80% germanium and/or A(lll}-B(V)-semiconductor is relatively high which can result in a
high strain of a crystalline epitaxial layer such as a silicon layer on top of the first layer,
whereas the percentage of 50% to 80% is more favourable to achieve higher strain results
in a top crystalline epitaxial layer on the first layer, and the percentage of 60% to 80% is the
most favourable region to produce very high strain results of a crystalline epitaxial layer

such as a silicon layer on top of the first {ayer.

In another embodiment of the invention, a silicon content of the buffer layer increases in a
direction from the second layer to the insulator layer. The increase of silicon

results in a



sem conductor content of the buffer |ayer decreases to a proportion of about
40% to 80% germanium preferably about 50%to 80% or about 60%to 80% The
content of 40%to 80% germani um and/or A(ll1)-B(V)-sem conductor is
relatively high which can result in a high strain of a crystalline
epitaxial layer such as a silicon layer on top of the ¥2JuneR806r, whereas
the percentage of 50%to 80%is nore f&vourabl e to achi eve higher strain
results in a top crystalline epitaxi aI | ayer on the first layer, and the
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to the | ayer he Increase of silicon results in a -6 19 June
2006 good adaptatlon of the lattice of the buffer layer in the direction of
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t he perfmnwvage regio2 03getdhiditraised sikcamdsyer chavpuf tablfiest faygr.on t o get hi gh
strained silicon layer on top of the first layer. In a further advantageous

exanple of the invention, the strained |ayer has a thickness below 50 nm
Thi s | alea furthecadvastageessiExanpla oatr@dmbntibﬂrthmdtyaﬂaeﬂ tayertraztsié ihﬁqkneés t he second
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second layeysr thabinphis $ies layar behainTae eaattydmnldwntent makes it possible for the
first layer and/or the second |layer to be nore stable and to show a better
strain level. The object of the invention is further solved by a nethod for
f abri catn mgetdushear sidnatdageoustemhtiaditeent of the invention, the first layer and/or the second

layer comprises carbon. The carbon content makes it possible for the first layer and/or the

second layer to be more stable and to show a better strain level.

The object of the invention is further solved by a method for fabricating a strained crystalline
layer on an insulator, comprising: providing a semiconductor donor substrate comprising
germanium and/or an A(ll1)-B(V)-semiconductor; providing at least one first crystalline
epitaxial layer in a first step, wherein the content of germanium and/or the A{ill)-B{V)-
semiconductor of a buffer ayer of the first layer is decreased during the first step; providing
at least one second crystalline epitaxial layer on the first layer, in a second step, wherein
the first layer is provided between the donor substrate and the second layer; providing at
least one insulator layer, in a third step, wherein the second tayer is provided between the
first layer and the insulator layer; and splitting the structure between the first layer and the

second layer, in a fourth step.

Due to the decrease of the germanium and/or the A{lI)-B(V)-semiconductor content of the
buffer layer, at least a part of the first layer can be provided with a very good crystallinity
and a low defect density resulting in a high quality of the second crystalline layer which can

be provided on top of the first layer. Starting with germanium and/or an A(il1)-B(V)-



| ayer on an insulator, conprising: providing a sem conductor donor substrate
conprising germaniumand/or an A(ll1)-B(V)-sem conductor; providing at

| east one first crystalline epitaxial layer in a first step, wherein the
content of germanium and/or the A(lIIIl)-B(V)- sem conductor of a buffer |ayer
of the first layer is decreased during the first stepl9pfhune¢ 200§ at | east
one second crystalline epitaxial layef7-on the first layer, in a second step,
wherein the first layer is provided between the donor substrate and the
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| ayer. The inventive nethod has further the advantage that the good
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the benefits.of a, SQ |aver he second strained |l.ayer can be
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below the 50 nm. At this thickness, the second layer is thermodynamically stable and the

second layer can be grown with a high strain.

According to another preferable embodiment of the invention, the germanium and/or A(lIl)-
B{V)-semiconductor content of the buffer layer is decreased in the first step to a proportion
of about 40% to 80% germanium, preferably about 50% to 80% or about 60% to 80%. The
percentage of 40% to 80% germanium and/or A(lll)-B{V)-semiconductor of the buffer layer
forms a good basis for a high strained second layer, whereas the percentage of 50% to

80% germanium of the first layer is more favourable to get a higher strain in the second

layer and the percentage of about 60% to 80% germanium is the most favourable region to

achieve a very high strain in the second layer.

In yet another advantageous embodiment of the invention, a silicon content of the buffer

layer is increased in the first step to a proportion of about 20% to 60% silicon, preferably to
about 20% to 50% or about 20% to 40%. At the percentage of about 20% to 60% silicon a
high strained silicon layer can be grown on top of the first layer, whereas the percentage of

20% to 50% silicon is more favourable to achieve a high strain result in the second layer



I n an advant ageous exanple of the invention, the second |layer is grown up to
a thickness belowthe 50 nm At this thickness, the second | ayer is

t herrodynam cal |y stable and the second |ayer can be grown with a high
strain. According to another preferable enbodi nent of thenvention, the
germani um and/ or A(l111)- B(V)-seni conductor content ofl9thmé200&r | ayer is
decreased in the first step to a propedtion of about 40%to 80% ger mani um
preferably about 50%to 80% or about 60%to 80% The percentage of 40%to
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is the Hb8c"FAVENFabl e region to achieve a very high strain in the second
layer. In yet another advantageous embodi ment of the inventi on a silicon
cont ent of t.he bu ff}{&@ﬁ” is increased in the first step proportion
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semiconductor content in the buffer layer from the substrate to the second layer, the
germanium and/or A(l!I)-B(V)-semiconductor content of the buffer layer can be decreased
to a relatively high amount of germanium and/or the A(ilI}-B(V)-semiconductor resulting in a
high strain of the second layer which can be brought on top of the first layer. The
proportionate decrease of the germanium and/or the A(Ili)-B(V)-semiconductor further
results in a low defect density of at least a part of the first layer leading to a high quality of
the second layer. The inventive structure further has the advantage that the second
strained layer can be brought on the insulator layer so that an SOl-structure can easily be

formed starting from the inventive structure.

in a further favourable embodiment of the invention, the donor substrate is a single crystal
germanium wafer, a single crystal A(Il1}-B(V)-semiconductor wafer, an epitaxial germanium
layer or an epitaxial A{ll1}-B(V}-semiconductor layer. These substrates comprise a high
amount of germanium and/or the A(lI1)-B(V)-semiconductor which is advantageous for a

high quality growth of the germanium and/or A{II1)-B(V)-semiconductor containing first layer.

In yet another advantageous embodiment of the invention, the germanium and/or the A(ll1)-

B(V)-semiconductor content of the first layer decreases to a proportion of about 40% to



decreases in a direction fromthe substrate to the second | ayer. The

i nventive structure is an internediate structure for fabricating a strained
crystalline layer on the insulator |ayer. Due to the decrease of the
germani um and/ or the A(ll11)-B(V)- sem conductor content in the buffer |ayer
fromthe substrate to the second |ayer, the gernmani utPahuiec2006
A(I'l1)-B(V)-sem conduct or content of t?re buffer | ayer can be decreased to a
relatively high anmount of germanium and/or the A(lII1)-B(V)-sem conductor
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A(ll1)-B(V)-sem conductor wafer, an epitaxial germanium |ayer or an
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anount of ageherdavaunaze dkanple lvé tha(invdntioB(AAiicamocomntofdhe bufférilayeri s
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strain results in the second layer such as a silicon layer.

In yet another advantageous embodiment of the invention, the first layer and/or the second
layer comprises carbon. Carbon, preferably of a low content such as below a few percent
carbon, and even below 1% carbon, results in a high dopant stability and a good strain

characteristic of the first layer and/or the second layer.

In the following, preferable embodiments of the invention are described with reference to

the accompanying figures in which

Fig. 1 shows schematically a semiconductor substrate which is used in a first step of a

method according to a first embodiment of the present invention;

Fig. 2 shows schematically the first step of the first embodiment of the present invention;



makes it possible that the lattice of the first |ayer can well adapt onto
the substrate resulting in a |low defect density of at |east a part of the
first layer. In a further advantageous enbodi nent of the invention, the
silicon content increases to a proportion of about 20%to 60% silicon,
preferably about 20%to 50% or about 20 to to 40% TH® Jane@@0gge of about
20%to 60% silicon allows a good growhd-of a high strained second |ayer
such as a silicon |ayer, whereas the percentage of about 20%to 50% silicon
is nor such as
AT e i U P R R AT TR S el
f avour absesultinggn @mmcmp@v etryctung acs@ndangno rakitd erpbodimenteof serpnedentayer such
as a si llﬁ\?e(?\'ﬂ j.ayer. In yet another advantageous enbodi ment of the invention,
the first ayer and/ or the second |ayer conprises carbon. Carbon,
preferably of a | ow content such as below a few per cent car bon and even
belowl%c t god.strain
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preferabl e enbodi ments of the invention are described with reference to the
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enbodi ment of the present invention; Fig. 2 shows schenmaticall y the first
step of ment t he prese nve 2006 Fig.
3 shows Fté%ﬁe%‘f“scsgﬁ?’pa@caé'&E&Hﬁ‘f"eﬁe gﬁpcﬂf ﬁ?%%lmlcltﬁr%??ftegn‘gc?&ﬁémg]l 'ﬁ‘gs Pesent
i nvent | @ the festdrhbatiment o tiseprecomtdui@hton;st ruct ure according to a th| rd
enbodi ment of the present invention; Fig. 4 shows schematically an

i mpl antation step applied on the structure shown in fig. 3; Fig. 5 shows
schemat ikigl 71 shosvslahainatczsiy @p infentiViesesticomdudtoe soiictliiegvhidh hdd mena'abd‘lﬂ;téd
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schemat ifigal 1 o &n i nventi ve sem conductor structure which has been fabricated
by the nethod according to the first enbodi nent of the present invention
which is shown in

Fig. 8 shows schematically a semiconductor substrate which is used in a first step of a

second embodiment of the present invention;
Fig. 9 shows schematically the first step of the second embodiment of the present invention;

Fig. 10 shows schematically a second step of the second embodiment of the present

invention;

Fig. 11 shows schematically a third step of the second embodiment of the present invention
resulting in a semiconductor structure according to a fourth embodiment of the present
invention;

Fig. 12 shows schematically an implantation step applied on the structure shown in fig. 11;

Fig. 13 shows schematically a bonding step applied on the structure shown in fig. 12;

Fig. 14 shows schematically a fourth step of the second embodiment of the present

invention which is applied on the structure shown in fig. 13;



figs. 1 to 6; Fig. 8 shows schematically a sem conductor substrate which is
used in a first step of a second enbodi nent of the present invention; Fig.
9 shows schematically the first step of the second enbodi nent of the present
invention; Fig. 10 shows schematically a second step of the second

enbodi ment of the present invention; Fig. 11 shows sd9ekume 2006y a third
step of the second enbodi nent of the fgresent invention resulting in a

sem conductor structure according to a fourth errbodi rrent of the present
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fourth di rent of the present invention which is
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schematically an inventive structure which has been fabricated by the
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shown in figs. 2 and 9. Fig. 1 shows schematically a sem conductor substrate
1 used in afirst step of a nethod according to a first enbodi nent of the
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top an clephddaxgplr sGadeayer or an epitaxi aI A(lIl'l)-B(V)-sem conductor | ayer
such as a GaAs layer. For instance, the substrate can contain a GaAs wafer
or a GaAs | ayer which is covered by a Ge

In another embodiment of the present invention, the semiconductor donor substrate can be
an A{lll)-B(V)-semiconductor wafer such as a GaAs wafer, a substrate having on top an

epitaxial Ge {ayer or an epitaxial A(lll}-B(V)-semiconductor layer such as a GaAs layer. For
instance, the substrate can contain a GaAs wafer or a GaAs layer which is covered by a Ge

layer.

Fig. 2 shows schematically the first step of the first embodiment of the presént invention. In
the first step, a first crystalline epitaxial layer 2 is grown on the semiconductor donor
substrate 1 shown in Fig. 1. The first crystalline epitaxial layer 2 consists of a composition of
germanium and silicon forming a GeSi layer. The GeSi layer 2 is brought directly onto the
upper surface 11 of the germanium wafer 1.

In yet another embodiment of the invention, a seed layer of Ge can be brought on the upper

surface 11 prior to growing of the GeSi layer 2.

The GeSi layer 2 consists of two layers, a graded buffer GeSi layer 21 and a relaxed GeSi
layer 22. The graded buffer GeSilayer 21 has near the surface 11 of the germanium wafer
1 a silicon concentration of about 0% whereas the silicon content of the buffer GeSi layer 21
increases graduaily beginning from the surface 11 of the germanium wafer 1 up to a level
23 where the silicon content of the GeSi layer is about 20% to 60%. Correspondingly, the



| ayer. Fig. 2 shows schematically the first step of the first enbodi nent of
the present invention. In the first step, a first crystalline epitaxial

| ayer 2 is grown on the sem conductor donor substrate 1 shown in Fig. 1.
The first crystalline epitaxial layer 2 consists of a conposition of
germani um and silicon formng a GeSi layer. The GeSi layer 2 is brought
directly onto the upper surface 11 of the gernmani um dune 2006 yet anot her
enbodi mrent of the invention, a seed Idﬁer of Ge can be brought on the upper
surface 11 prior to growing of the GeSi layer 2. The GeSi |ayer 2 consists

of two LayRsSumactlertetnbulf&icds Byet Qv/%écr%és@s% ﬁm‘fr%'f?d?ﬁ%b&ﬂsl'oo% gyer 22.
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schematically a second step of the first enbodi nent of the present

i nvent i &ig. BSIhlowsrsehesreeﬁnaﬂy stse@ndatep nfstbbeﬁta’olenibayimensoﬁ the pezest ineehtion. t he

first | § e a, |nt e .la et ween
the: subd FleBoB S8, Al REuale Bhel ¥ lrpobuddarheiipl FATS B Fa oA st BERI ST
of sili @adm adumannumiuaiewsmr bativeet the smbtstratdel aridnthé msumtmmmmfhs heulatort he

nsul at gr, | YBFBls CAERPTLLRD. Ao Al IRRHAL UL a0 el oW 9006, L qnot her
e B by AR o P g

exanpl e PRVent ron, i ns erna ®oxide. The
t hi ck nemummrtlaferlfins dba@smed laby mrnparatua&jpelew@m‘t(b tnmmotrwr geam beywdthd hi ckness

of a Si ﬁ/eﬁﬂcgr?'tﬁeeﬁsﬁlaior ?ag/@r g@%aée \é’{%é}rn\ah 8)«5(9 ?g% terﬁc%ggs?af §'thé ﬂ'\sﬂlyté)r Igyel?ase

waf er . € I nsula n upper
is adjusted to the target layer thickness of a SlGelstramed silicon layer which is to be

transferred onto a base wafer. The insulator layer 3 has an upper surface 13.

The semiconductor structure shown in fig. 3 is an inventive structure according to a third
embodiment of the present invention, which is an intermediate product for fabricating a
strained crystaliine layer on an insulator.

Fig. 4 shows an implantation step which is applied on the structure shown in Fig. 3. Inthe
implantation step, the structure of Fig. 3 is implanted with hydrogen species 4 using an
implantation dose of > 5 x 10'® cm™ at an appropriate energy below about 180 keV. The
hydrogen species 4 go through the upper surface 13 and through the insulator layer 3 into
the first layer 2 to a level 24 in the first layer 2. Preferably, the level 24 corresponds with
the level 23 in the first layer 2, which is between the buffer GeSi layer 21 and the relaxed
GeSilayer 22. Due to the implantation, the level 24 is pre-weakened and forms a
predetermined splitting zone.

in a next step which is not shown in the figures, the surface 13 of the insulator layer 3 is
cleaned with standard silicon IC manufacturing post-implantation treatments. If required, the

insulator layer 3 may be removed and a fresh insulator layer can be deposited.



The sem conductor structure shown in fig. 3 is an inventive structure
according to a third enbodinent of the present invention, which is an

i nternedi ate product for fabricating a strained crystalline |layer on an
insulator. Fig. 4 shows an inplantation step which is.aﬁpliequﬁﬁhthe
structure shown in Fig. 3. In the inph ntation step, 1 re of Fig.
3 is inplanted with hydrogen species 4°tising an inplantation dose of > 5 x
1016 CM -2 at an appropriate energy bel ow about 180 keV. The hydrogen
species 4 go through t he upper surface 13 and through the insulator |ayer 3
into th, flrst 2 to a I$yel 24 in the first |ayer 2. Preferably, t he
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inplantation, the level 24 is pre- weakened and forns a predeternmn ned
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shown in Fig. I ng step, base wafer 6 consisting of silicon,
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treated ﬁrUthbheﬂﬁe%QQ%féN técadBaveld &r@%@tncqéﬁ?bﬁ% ibBAYhg sQFfadeAMGiEN Rilldde t he
structure o Surface treatnment before bonding can be nmade using

cheni cal b'?f’é’@ﬁafﬁi%dm syicesididhe wavlptas dayeedubbi ng, oxygen- ptasma treat nent
and ot her avail able surface treatnment techni ques. The base wafer 6 can
directly be bonded on the surface 13 of the insulator |layer 3. According to
anot her EighBaheMshe thimd stereof the nethadorccording todbefinshembodmeahotihg eregerl el ectric
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sem conductor structure parts 31 and . art's 31 and 32 are detached

al ong t hi® FigrdedEtesepitisaParhPl eensigs pf 'r'i‘é b@aem § diaghipl B¢ iPeAREaYeR S g t he
i mpl ant afdr@Bd SErRIbnBEWithe part 31 is a part 7 of the GeSi layer 2. The part 7 consists

preferably of a relaxed GeSi material.

The other part 32 which forms by the splitting step consists of a donor germanium wafer 1
on which the residual part 8 of the GesSi Iayer 2 is formed. The residual part 8 contains
preferably the graded buffer GeSi layer 21 and residuals of the former reldxed GeSi layer
22.

In the splitting process shown in Fig. 6, essentially the parameters are used which are
commonly used in this so-called Smart Cut® process which is described for instance in
WO00/24059 which is herewith included by reference. For instance, splitting can occur by

means of a thermal or a shock treatment of the structure shown in Fig. 5.

in a further step which is not shown, the part 7 of the GeSi layer 2 is finished by a chemical
mechanical polishing and, optionally, by a thermal treatment.

Fig. 7 shows schematically a fourth step of the method according to the first embodiment of
the present invention. In the fourth step, a second crystalline epitaxial layer is grown on the



in Fig. 4. The resulting part 31 consists of the base wafer 6 on which the
insulator layer 3 is forned, and on top of the part 31 is a part 7 of the
GeSi layer 2. The part 7 consists preferably of a relaxed GeSi naterial.
The other part 32 which forns by the splitting step consists of a donor
germaniumwafer 1 on which the residual part 8 of the ﬁSi Iﬁ%‘gr 21s
formed. The residual part 8 contains referably the P B er CGeSi

| ayer 21 and residuals of the forner r faxed GeSi | ayer 22. In the splitting
process shown in Fig. 6, essentially the paraneters are used which are
conmmonl ysuwraeg i7roftite splispart all | &te Sewortd 163t Orig a prraioes silivdti kaher witrdescr i bed f or

i nst ance is.herewith in ed by _referenc
|nstanceth‘%fewgﬁ‘ﬁggmng@gﬁfs B@daﬁﬁiﬁg cgﬁea&eﬁcm% Tdte%aé't?&ﬁj C‘PPgaé'fehent of
t he strubasia@eghoymstian Ehgla Idw défeciaddngint. her step which is not shown, the
part 7 of the GeSi layer 2 is finished by a chem cal nechanical polishing
and, optionally, by a thernmal treatnment. Fig. 7 shows schematically a fourth

step of Thesemichaslosratitiurgsiov iREid.i7ris bn avBaglicn®@nkted whicheoreasHiat to
invention. In the fourth step, a second crystalline epitaxial |ayer is grown

on the - 32e1QPRNE! FoapmeliicdAceoringde the ks l?‘td'rﬁﬁﬁ’tt‘)fﬁ’f prepentdvestien: | ayer 9

is a strahoefudirel@nGislsay He Wiskvaler 6 MhCKBASSr ROEOW tHE pBRANUTBILB ESARES 2
carbon content below 1% The strained silicon layer has a very hi gh strain

and a | o%3pethasecann fvey . vieiadig EsHgR: %Pf%tsr%'t‘lﬂ’@egﬁmy‘?frpelﬁt’@e” thej s an

i nvent i veasd waet §aBd WY $dm ﬁcernrdeﬁegam r§ Qn im0 PROE S weEn {HREndiRdibod
according to the first enbodi nent of present invention. The structure

consi st s%dFr 1 ARd BgRechRg Eyersd. nRofhes @F@P@f“el“h?éhe Fveptin. psieep &36N Phe GeSi

layer  2yangydroief $8eR0eutPRIwnIn FIYIST 8h Bdditithal REEH Alchlas! AYRId 18ydr $a@Be
internedi ate | ayer between the base wafer 6 and the part 7, and the part 7

i s an i ntsi%Edi at e | ayer between the insulator I|ayer 3 and the second | ayer
9. In anot her enbodi nent of the i nvention, between each of the |ayers of
t he structure shown in FI@% an additi onal | ayer such as a _seed | ayer can

be | ocaf BESUERAT BerSyicAn lvert Bés B strenvigyfesults When %é%t%“&"ﬁﬁ"%ﬂ? ayerdsul t s
when a ceYstitess Belo®i 0 e dravalepRixially on a GeSi layer with a germanium content of

about 40 to 80% germanium, which strain is higher than the strain of a prior art silicon layer
with a thickness below 50 nm which is grown on a GeSi layer with a germanium content
below 40%.

The structure shown in Fig. 7 can be thermally annealed after growing of the strained silicon
layer 9.

Fig. 8 to 13 show schematically steps of a method according to a second embodiment of
the present invention. With reference to figs. 8 to 15, the same reference numerals which
have been used with reference to figs. 1 to 7 are used to indicate the same parts and

components as in figs. 110 7.

Fig. 8 shows schematically a semiconductor substrate 1 which is used in a first step of the
second embodiment of the present invention. The semiconductor substrate 1 is a single

crystal germanium wafer and has an upper surface 11.

Fig. 9 shows the first step of the second embodiment of the present invention. in the first
step, a fourth crystaliine epitaxial layer is grown on the upper surface 11 of a germanium
wafer 1. As mentioned with reference to figs. 1to 7, in another embodiment an A(ll1}-B(V)-



a thickness below 50 nmis grown epitaxially on a GeSi layer wth a

germani um content of about 40 to 80% germani um which strain is higher than

the strain of a prior art silicon layer wth a thickness bel ow 50 nm whi ch

is grown on a GeSi |layer with a germanium content below 40% The structure

shown in Fig. 7 can be thermally anneal ed after grow of the strained

silicon layer 9. Fig. 8 to 13 show schematically st Bﬂezg hod

according to a second enbodi ment of -i¥re present invention. Wth reference

to figs. 8 to 15, the sanme reference nunerals which have been used with
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conponents as in figs shows schematl call'y a sem conduct or

substralﬁéerlcawﬂeeweﬁsn%%oﬂhe&erwa@rt step of the second enbodi ment of the

present invention. The sem conductor substrate 1 is a single crystal

germani um waf er and has an upper surface 11. Fig. 9 shows the first step of-
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an epitaxial Ge or A(lIIIl)-B(V)-sem conductor |ayer can be used instead of

the Ge wafer. The first crystalline epitaxial layer 2 is a GeSi |ayer

consi st Tmﬂgsiﬁjionecogteawmrmbs begiGaitg flomytbe suddceahtlatea peantage GaBiouP2% tFhe
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const an@egllhyar(i‘ﬁ Corrgararaivighmtheagarmaniinceonterd of é@p:ﬂaaﬂ@i apﬁmrtawen&t ely to the

maxi mu 21.
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to the is doped with carbon at a percentage below 1% carbon. The first layer 2 has an upper

surface 12,

Fig. 10 shows schematically a second step of the method according to the second
embadiment of the present invention. In the second step, a second crystalline epitaxial
layer @ with a carbon content below 1% is grown on the first layer 2. The second crystalline
epitaxial layer 9 is a strained silicon layer with a thickness below 50 nm. The strained
silicon layer 9 has a very low crystal defect density and a high strain. The second layer has

an upper surface 19.

Fig. 11 shows schematically a third step of the method according to the second
embodiment of the present invention. In the third step, an insulator layer 3 is deposited on
the surface 19 of the strained silicon layer 9. The insulator layer 3 consists of silicon dioxide
and/or silicon nitride. The thickness of the insulator layer 3 depends on the target layer
signals of the SiGe/strained silicon layer which has to be transferred on a base wafer. The

insulator layer 3 has an upper surface 13.

Fig. 12 shows an implantation step applied on the structure 40 shown in Fig. 11. Inthe
implantation step, hydrogen species 4 are implanted through the upper surface 13 and

through the insulator layer 3 until approximately the level of the former surface 12 which



| evel 23 where the germani um content is about 40%to 80% germani um The GeSi
| ayer 2 is doped with carbon at a percentage below 1 % carbon. .The first

| ayer 2 has an upper surface 12. Fig. 10 shows schematically a second step
of the method according to the second enbodinent of the present invention.
In the second step, a second crystalline epitaxial |al®dudeW(0$ a carbon
content below | %is grown on the firstlét ayer 2. The second crystalline
epitaxial layer 9 is a strained silicon layer with a thickness bel ow 50 nm

The Strﬁﬂn‘ﬂg%erﬁ{e'rﬂaﬁé’Beg\%%ﬁrthegeﬁé‘ﬁa?er‘éeéﬁ’d th@ Wi &Eﬂéoi-gﬁ{;ﬁcé Sqéiﬁn' lh¥ and a

hi gh strain he second | ayer an upper sur ace

schemat inepigntgticn, thei ingriece ﬁ)2 ﬁpremameﬂy@sainn@moh prgdeternined saldtrrrgjzor@rmOm ment
of the MES IEPE %qyentlon In the third step, an insulator layer 3 is
deposite the“surface 19 of the strained silicon | ayer 9. The insul ator
| ayer 3 con5|sts of silicon dioxide and/or SI|ICOﬂ nitride. The thickness

of the [, epends, on the target ar__.si.gnals of. the

Si Ge/st:]-Ql?s}rfllntspg‘lﬂ(}:l cfn %Eaerfgmg dom%ﬂyq{ggquosoee&% r%ﬁs 'rCPbdat %pr)%f’é'@?/vafer. The
i nsul at emergapelbw&bloam&mka)pper surface 13. Fig. 12 shows an inplantation
step applied on the structure 40 shown in Fig. 11. In the inplantation
step, hydrogen species 4 are inplanted through the upper surface 13 and

t hr oughAtiéremiplesitdtiahothelsastece 83 isrtddnedpyithexanuateijconhe hangactaing guastf or mer
surface, e i.nterface between the Si | ayer
> na ¢ Rl p T B Re ruloryeyer RV SERMAVER FOR S NG T I er  ace
12 i s pheulapakseedarn bsteébdsitgd. Theae plepdatenstishednspl itting zone at this
interface 12. The inplantation is perforned with a hydrogen dose of > 5 Xx
1074 cm 2 at an appropriate energy bel ow about 180 keV. After inplantation,
t he sur Faeefoldws 8 soifseneshtmiehiof shasidatute shbva anFigCt Zranwifnapzatralrei nfga pasd -
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and in Bxyg p%s trgat%%ﬁﬁorasmilar process.

Fig. 13 shows a bonding step in which the structure shown in Fig. 12 is bonded with the
base wafer 6. The base wafer 6 bonds on the surface 13 of the insulator fayer 3. According
to another embodiment of the present invention, the base wafer 6 can comprise at its
bonding surface an insulator layer which is bonded with the surface 13 of the insulator

fayer 3.

Fig. 14 shows a fourth step of the method according to the second embodiment of the
present invention. In the fourth step, the structure shown in Fig. 13 is split into two parts 41
and 42. The splitting step is performed similarly to the splitting of the Smart Cut® process in
which a structure is split into two parts along a predetermined splitting line, for instance by a

thermal or by a shock treatment.

In Fig. 14, the splitting line between parts 41 and 42 corresponds to the predetermined
splitting zone at the interface 12 between the first fayer 2 and the second strained silicon
layer 9. The first split part 41 consists of the base wafer 6 on which the insulator layer 3 is
formed and has on top the strained silicon layer 9 so that the insulator layer 3 is an
intermediate layer between the base wafer 6 and the strained layer 9. In another

embodiment of the invention, between the base wafer 6 and the insulator layer 3 and/or



wafer consisting of silicon, germanium an A(l | 1)-B(V)-sem conductor,
quartz, glass, etc. The surface treatnent can be nade with

chem cal - mechani cal polishing, surface scrubbing, oxygen-plasma treatnent

or a simlar process. Fig. 13 shows a bonding step in which the structure
shown in Fig. 12 is bonded with the base wafer 6. Thel9duae@)06 6 bonds on
the surface 13 of the insulator |ayer-13: Accordi ng to another enbodiment of
the present invention, the base wafer 6 can conprise at its bonding surface

an ins Lﬂeﬁ\/@én in@y@ulm lgferlssarm;aé%ﬁawea hhytehg MJ&%améy&fcamﬁ 1bdapad] at or

| ayer 3. Fg 14 shows a fourth step of the method according to the second
enbodi nEift SRt Parhé2 consisie At the goaer gesmanium wifer f eomhichsthe GeSi yes? isuct ur e

shown ighé@. 13 is split into two parts 41 and 42. The splitting step is
performed simlarly to the splitting of the Smart Cut(r) process in which a
structure is split into two parts along a predetermned splitting line, for
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whi ch t elnsu ator ayer on top rarned silicon
| ayer Yapw &mbetrh’mqvmtul ator layer 3 is an |nterrred| ate | ayer between the
base wafer 6 and the strained layer 9. In another enbodi ment of the

i nvention, between the base wafer 6 and the insulator layer 3 and/or -17 19
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Fig. 16 shows schematically the concentration distribution versus thickness of the
semiconductor structure shown in figs. 2 and 9. The reference numerals of fig. 16 which
are identical to the reference numerals used with reference to fig's. 2 and 9 indicate the

same components as in figs. 2 and 9.

in fig. 16, the continuous line 51 represents the germanium content of the semiconductor
structure shown in figs. 2 and 9, which is about 100% in the germanium substrate 1. The
dashed line 52 represents the silicon content of the semiconductor structure of figs. 2 and 9
which is about 0% in the germanium substrate 1. The silicon content 52 increases in the
graded buffer GeSilayer 21 from 0% to about 30%, whereas the germanium content 51 in
the buffer layer 21 decreases to a value of about 70%. In fig. 16, the increase of silicon 52
and the decrease of germanium 51 is shown as being continuous. Instead of a continuous
change, a gradual or a step-by-step change of the contents of silicon and/or germanium can
be used in the buffer layer 21. Furthermore, there can be one or more regions in the buffer

layer 21 in which there is no change of the germanium and/or the silicon content.

The relaxed GeSi layer 22 which is on top of the buffer layer 21 has a nearly constant

proportion between germanium and silicon of about 30 to 60% silicon to about 40 to 70%



conbined with very | ow defect density below 10 cn2. The strain of the
silicon layer 9 is the strain which results when a crystalline silicon

| ayer of a thickness below 50 nmis growmn epitaxially on a GeSi layer with
a germani um content of about 40 to 70% germani um which strain is higher
than the strain of a prior art silicon layer with a t 18ckme208€l ow 50 nm
which is grown on a GeSi |ayer wth d8germani um content bel ow 40% Fig. 16
shows schematically the concentration distribution versus thickness of the
sem con t tfuc in fi al s of
g, teoutmebl o elth e FUR %2 b aeu PR T b f ARSI o ence
to f|gs&mZemmﬂj@ymﬂhhsaebmlﬁﬁcnéhne conponents as in figs. 2 and 9. In fig.
16, the continuous line 51 represents the germani um content of the

sem conductor structure shown in figs. 2 and 9, which is about 100%in the

ger mani pRActidh e greferrkd eﬁhtﬁadurd@«abedsdriba@ a58vertﬁértﬁ§ Sﬂiﬁt toe tedhhblegnioeont ent  of
the sem conductor structure of fig and 9 is _about 0% in the

ger mani GHeSANStEF ANy Oiher'i%@fé’?w@bﬁc%ﬂlf@e?ﬂm@? g %%W%a%%gtqhﬁa?"h‘@‘?hr@'%ed

buf fer &esther fRifizatich EERNTGQV0diIRy aBBkus 3% foMRElePSar! heagsieBNI um content 51
in the buffer 1ayer 21 decreases to a value of about 70% In fig. 16, the
increase of silicon 52 and the decrease of germanium 51 is shown as being
continuous. Instead of a continuous change, a gradual or a step-by-step
change of the contents of silicon and/or germaniumcan be used in the
buffer layer 21. Furthernore, there can be one or nore regions in the buffer
| ayer 21 in which there is no change of the germanium and/or the silicon
content. The relaxed GeSi |ayer 22 which is on top of the buffer |ayer 21
has a nearly constant proportion between germani umand silicon of about 30
to 60%silicon to about 40 to 70%-18 19 June 2006 germani um The rel axed

| ayer 22 is nearly dislocation-free. The crystal defect.density of the

rel axed | ayer 22 is below 104 cn2. Although the preferred enbodi nents

descri bed above use the Smart Cut(r) technology for |ayer transfer, any

ot her layer transfer technique such as a Bond-and-Et chback technol ogy or
other fragilization technique using a porous |layer formation can be appli ed.
-19



Clains 19 June 2006 A nethod for fabricating a strained crystalline |ayer on
an insulator, conprising: providing a sem conductor donor substrate (1)
conprising germani um and/or an A(lI1)- B(V)-sem conductor; providing at

| east one first crystalline epitaxial layer (2), in a first step; wherein
the content of germanium and/or the A(l11)-B(V)-sen cd®duaec20@F a buffer

| ayer (21) of the first layer (2) is-decreased during the first step;
providing at | east one insulator layer (3), in a second step; wherein the
first layer (2) is provided betvveer(r‘;gpﬁ]§ubstrate (1) and the insul ator

| ayer (3); splitting of the first Tayer (2), in a third step; and providing
at | east one second crystalline epitaxial layer (9) on the split first |ayer

7)), i f th.step. 2. The. h f claiml1, . terised in that th
(115t Nayer Tahor 5 siBielin Sfetid Pagelne 8t B h s rriekde (1), @
si ngl e crysptatding’d kémjcoBfdtersprbcaunditaieqn ) vamhsrisingeder@ahiufxard/orgey A@ni um

| ayer or a itaxia I11)- B(V)-sem conductor layer, in the first step.
3. The net ﬁ&\zﬁ%ﬂm'ﬁ‘?m{”@@ét one of the preceding clainms, characterised in

that the gergvitigian eadons fird biybiatiBe ¥pitoeanigepduches firsiadent of the buffer

| ayer (21) is . decreased the first step.to proportion of about 40 to
80% pref eMABRN &W‘%‘bo{%ﬁfméb%}ﬁb?ndé%l}? Rﬁh)'PgV)BEWBCQ“QBC%OfﬁJR@%006 4. The

net hod of a@dyel @asbf LadirRiayeh) Ry espshsed dutind mfirsmﬁf;act erised in that a
silicon content of the buffer |<’il er 3(2,) is Increased in the first step to a
proportion PEviding at least one insulator layer (3), in a second step;
wherein the first layer (2} is provided between the substrate (1) and the insulator layer
( (3);
splitting of the first layer (2), in a third step; and
providing at least one second crystalline epitaxial layer {9) on the split first layer (7), in

a fourth step.

2.  The method of claim 1,
characterised in that
the first layer {2) is provided on a single crystal germanium wafer (1), a singlé crystal
A(lIN-B(V)-semiconductor wafer, an epitaxial germanium layer or an epitaxial A(lll)-

B(V)-semiconductor layer, in the first step.

3.  The method of at least one of the preceding claims,
characterised in that
the germanium and/or A{ll1}-B(V)-semiconductor content of the buffer layer (21) is
decreased in the first step to a proportion of about 40 to 80%, preferably about 50 to
80% or about 60 to 80%.



about 20 to 60%silicon, preferably about 20 to 50% or about 20 to 40% 5.
The nmet hod of at | east one of the preceding clainms, characterised in that
the second layer (9) is growmn up to a thickness below 50 nm 6. A

sem conductor structure for fabricating a strained crystalline |ayer on an
insul ator, conprising: a sem conductor donor substratl® June 3006 first

mat eri al conprising germani um and/ or -28n A(111)-B(V)-seniconductor; at |east
one crystalline epitaxial layer (2); and at |east one insulator |ayer (3),

wherein the at | east one crystalline epitagxial layer (2) is an internediate
| ayer bBbt V\:ré}‘? m?ﬁ’é’a(%ﬁ@?aét%'gto?meemﬁﬁ?ﬁ% 3f¥e i nsul ator |ayer (3), and the
at | east orshagsicerigkd imthatepi taxial |ayer (2) conprises a buffer |ayer (21)
which is a copposition risin er mani um and/ or the ,
AGill)-B(V2E ”e‘%?ﬁ‘&%%?g&gpbtuﬁ@ '@g‘ﬁt(gh'ﬁ iRfreqReddh thedtsteiandte 3 prorortign Pect i on

from the sulpslf.ad & 602 shigor, ieefers®d Aok 20 BYST% Bhvouf 20 THgoRt ructure of claim
6, characterised in that the donor substrate is a single crystal gernmanium

wafer (1), a single crystal A(lIll)- B(V)-sem conductor wafer, an epitaxial

ger mani 4im |8\:6H ePod 30 aBBhdt vk &k mg(drg_&gdm% imssem conductor |ayer. 8. The
structure of at |east one of the clains or 7/, characterised in that the

ger mani um di@rastefiged mthat) - B(V) - semi conduct or content of the buffer |ayer

(21) decrepsescdr Iﬁgé?ﬁ@ﬂ@@?dv@ﬂu&fo 2Bk O0diGy 8AYin, Pr ef erabl y about 50 to
80% or 60 to 80% 1 une 2006 -21 9. The structure of at |east one of the

clains 6 to 8, characterised in that
6. A semiconductor structure for fabricating a strained crystalline layer on an insulator,

( comprising:
a semiconductor donor substrate (1) of a first material comprising germanium and/or
an A(1l1}-B(V)-semiconductor;
at least one crystalline epitaxial layer (2); and
at least one insulator layer (3),
wherein the at least one crystalline epitaxial layer (2) is an intermediate layer between
the donor substrate (1) and the insulator layer (3), and the at least one crystalline
epitaxial layer (2) comprises a buffer layer (21) which is a composition comprising
germanium and/or the A(lIt)-B(V)-semiconductor, the content of which decreases in a

direction from the substrate (1) to the insulator layer (3).

7. The structure of claim 6,
characterised in that
the donor substrate is a single crystal germanium wafer (1), a single crystat A(!1)-
B{V)-semiconductor wafer, an epitaxial germanium layer or an epitaxial A(ll1)-B(V)-

semiconductor layer.

8. The structure of at least one of the claims 6 or 7,
characterised in that
the germanium and/or the A(I1)-B(V)-semiconductor content of the buffer layer (21}
decreases to a proportion of about 40 to 80%, preferabtly about 50 to 80% or 60 to
80%.



the silicon content of the first layer (2) increases in a direction fromthe
substrate (1) to the insulator layer (3). 10. The structure of claim9,
characterised in that the silicon content increases to a proportion of about
20 to 60% silicon, preferably about 20 to 50% or aboﬁé&ém% 11. The
structure of at |east one of the prece_gi ng clains, ¢ erised in that
the first layer (2) and/or the second éyer (9) conprises carbon. 12. A
sem conductor structure conprising: a sem conductor base substrate (6); at
| east on@ i Nl satuoturd aly&triedsd phe amtheataimeass sone first crystalline epitaxial

| ayer (2); %ﬁrein.th .ipnsulator layer (3) is an internediate | ayer between
the base su F%ﬁtﬁ"f%‘f'"@'ﬁ the first layer (2), and the first layer (2)

conprises a thaikifiesn daryert of hb)irsthay@h (2)Sndeaded P BirkitRN fAMIHE SiibaGatget BNi um
and/ or an A(EI !n)-B&EVEVsen;djaconduct or, the content of which decreases in a
direction frieirgue & (Hyer (9) to the insulator layer (3). 13. The
structure of claim12, characterised in that the structure further
conprises at_|least one strained second crystalline epitaxial |ayer (9)

wher ei n the ersdpuciugg ghclgi? i s an internediate | ayer between the insul ator

| ayer (3) anthatd@esesPimthagyer (9). 14. The structure of at |east one of the
clains 12 or 13, characterised in that the germanium and/or the

A( 1) 1) - B( V) -B@ Ailieqsheniia incaenses i a@fomﬁ@nmﬁﬁg@mt 2049 P4 sicongpiefergBlss to a

proportion ofpeabaiio g, bPaRRYeoRs ehxr abl y about 50 to 80% or about 60 to
80% 19 June 2006

11.  The structure of at least one of the preceding claims,
characterised in that

the first layer (2) and/or the second layer (9) comprises carbon.

12. A semiconductor struciure comprising:
a semiconductor base substrate (6);
at least one insulator layer (3); and
at least one first crystalline epitaxial layer (2);
wherein the insulator layer (3) is an intermediate layer between the base substrate (6)
and the first layer (2), and the first layer {2) comprises a buffer layer (21) which is a

composition comprising germanium and/or an A(lll)}-B(V)-semiconductor, the content
of which decreases in a direction from a second layer  (9)to the

insulator layer  (3).
13. The structure of claim 12,
characterised in that
the structure further comprises
at least one strained second crystalline epitaxial layer (9) wherein the first layer (2) is

an intermediate layer between the insulator layer (3) and the second layer (9).

14. The structure of at least one of the claims 12 or 13,
characterised in that
the germanium and/or the A{li1)-B(V)-semiconductor content of the buffer layer (2)
Secreases to a proportion of about 40 to 80%, preferably about 50 to 80%.or about 60
to 80%.



-22 15. The structure of at |east one of the clains 12 or 14, characterised
inthat a silicon content of the buffer layer (2) increases in a direction
fromthe second layer (9) to the insulator layer (3). 16. The structure of
claim15, characterised in that the silicon content increases to a
proportion of about 20 to 60%silicon, preferably ab t % or about
20 to 40% 17. The structure of at Ieaéh one of the c?%?#ég'fzfqo?la
characterised in that the strained secdnd | ayer (9) has a thickness bel ow 50
nm 18. The structure of at |east one of the clainms 12 to 17 characterised
inthat the first layer (2) and/or the second |ayer (9) conprises carbon.

19 A mejdhodlean b LOANLAG o S el 5 514! | ne Layer on an 1nsul ator.

conpri si ng provi sem conductor donor Substrate (1) conprising
ger mani um am!vaoactamsex( Irl that B(V) - sem conductor; providing at |east one first

crystal || ne enidcnter) BHRE il iohdh @) bLieate oS ePiretfig fothoe cONt 8Bty Bfiaver

ger mani um and/ or 't con uctor of a | ayer (21)

the first |ayef®(@fheis decmeaﬂa@dla!'erl ng3t he first step; providing at Ieast
one second crystalline epitaxial layer (9), in a second step; wherein the
first layer (2) is provided between the donor substrate (1) and the second

| ayer (9)6. pirewtdictige aitcldaieas& one insulator layer (3), in a third step;
wherein the S&con d. Ia (ag is provided between the first layer (2) and the
i nsul at or é? f’%ﬁe W plitting the structure between the first |ayer
(2) and the tBeijm domyent icPgasek o a pfapidriion of abey. 20 to 60% silicon, preferably

about 20 to 50% or about 20 to 40%.

17. The structure of at least one of the claims 12 to 16,
characterised in that

the strained second layer (9) has a thickness below 50 nm.

18. The structure of at least one of the claims 12 to 17
characterised in that

the first layer (2) and/or the second layer (9) comprises carbon.

19. A method for fabricating a strained crystalline layer on an insulator, comprising:
providing a semiconductor donor substrate (1) comprising germanium and/or an A(ill)-
B(V)-semiconductor; A '
providing at least one first crystalline epitaxial layer (2), in a first step;
wherein the content of germanium and/or the A(11)-B(V)-semiconductor of a buffer
layer (21) of the first layer (2) is decreased during the first step;
providing at least one second crystalline epitaxial layer (9), in a second step;
wherein the first layer (2) is provided between the donor substrate (1} and the second
layer (9);
providing at least one insulator layer (3), in a third step;
wherein the second layer (9) is provided between the first layer (2} and the insulator
layer (3); and
splitting the structure between the first layer (2) and the second layer (8), in a fourth

step.



-23 19 June 2006 20. The nethod of claim19, - characterised in that the
first layer (2) is provided on a single crystal germaniumwafer (1), a
single crystal A(lIll)-B(V)-sem conductor wafer, an epitaxial gernmanium

| ayer or an epitaxial A(Ill)- B(V)-seniconductor layer, in the first step.
21. The nmethod of at | east one of the clains 19 or 20,19 §hné 2006r i sed in
that the second layer (9) is grown up-230 a thickness below 50 nm 22. The
nmet hod of at |east one of the clains 19 to 21, <characterised in that the
germani um and/ or the A(III %-B(V)-serri conductor content of the buffer |ayer
(21) is20dethemstwdiahclaiie®irst step to a proportion of about 40 to 80%
preferably abQutiepelifh 3% or about 60 to 80% 23. The nmethod of at |east
one of the claims 19 to 2 characterised in that a silicon content of the
buf f er | ayethe(ipstyayies (3)icpreridedion a siftgte Eiysiet garmepiutrowafep( Ypasinglercrestal about

20 to 60% S )inCOR ’ 9 rgm 0 4000, 24. A
sem conduct%@”?&&gtg ﬁﬁéﬁg%’?&&%ﬁgéfﬁg@a% gésﬁﬂp/ %’ﬁlrj]né c?%rs%gﬁﬁ'?anxéaqlpg@@r on an
i nsul at or, B@Omemigindgctodaganindomtiststep. donor substrate (1) of a first
mat eri al *conprising germani um and/or an A(lI1)-B(V)-senm conductor; at |east
one first crystalline epitaxial |ayer (2); at |east one second crystalline
epi t axi al. | Byeme(r@y;of ahdastanelob et clame 19ns®lat or | ayer (3); wherein the
first |ayer S i nternediate | ayer between the donor substrate (1) and
t he second ‘f'g‘i?/’le’?f"f@?? 'Hf H??second | ayer (9) is an internediate | ayer between
the first thapecor{dpyand) it heovwmguiced tiicknayebel¢B8B) nand the first |ayer (2)
conprises a buffer |ayer (21)
22. The method of at least one of the claims 19 to 21,

characterised in that

the germanium and/or the A(lll)-B(V)-semiconductor content of the buffer layer (21) is

decreased in the first step to a proportion of about 40 to 80%, preferably about 50 to

80% or about 60 to 80%.

23. The method of at least one of the ¢claims 19 to 22,
characterised in that
a ;ilicon content of the buffer layer {21) is increased in the first step to a proportion of
about 20 to 60% siticon, preferably about 20 to 50% or about 20 to 40%.

24. A semiconductor structure for fabricating a strained crystalline layer on an insulator,
comprising:
a semiconductor donor substrate (1) of a first material comprising germanium and/or
an A(l11)-B(V)-semiconductor,;
at least one first crystalline epitaxial layer (2);
at least one second crystalline epitaxial layer (9); and
at least one insulator layer (3};
wherein the first layer (2) is an intermediate layer between the donor substrate (1) and
the second layer (9), the second layer (9) is an intermediate layer between the first
layer {2) and the insulator layer (3), and the first layer (2) comprises a buffer layer (21)
which is a composition comprising germanium and/or the A(l1)-B(V)-semiconductor
the content of which decreases in a direction from the substrate (1} to the second

layer (9).



which is a conposition conprising germani um and/ or the

A(I'1T)-B(V)-sem conductor the content of which decreases in a direction
fromthe substrate (1) to the second Ilayer (9). -24 19 June 2006 25. The
structure of claim24, characterised in that the donor substrate is a
single crystal germaniumwafer (1), a single crystal A® Juhe 2006

B(V) - senmi conduct or wafer, an epitaxi at24ger mani um | ayer or an epitaxi al
ACITT)-B(V)- sem conduct or | ayer. 26. The structure of at |east one of the
claims 24 or 25, Pl characterised in that the germani um and/or the
A(I'l1')-B(V)-sem conductor content of the buffer layer (21) decreases to a
pr opor t#n Bfe siustire obclgion D% ger mani um preferably about 50 to 80% or

about 60 tocl.%ga@teg%edﬂﬁﬁm%tructure of at least one of the clains 24 to 26,
characterise n at a silicon content of the buffer layer (21) increases
in a di rectthe:domrcmbslmaessu@smg@tceys(taj)germamwfmewafers(anaitamgleh aryetal AGN): 28. The

structure i ncreases
to a propoOEE f@o%éuct?c\g%élﬁ%%aﬁs” egnéém%le#bgrog%{» eﬁ?%aqg{?ﬁlzgi 6 50% or
about 20 tcse#ﬂ%ndﬂ@torﬁyer.structure of at Ieast one of the clainms 24 to 28,
characterised in that the first layer (2) and/or the second |ayer (9)
conpri ses carbon.

26. The structure of at least one of the claims 24 or 25,
}; characterised in that
the germanium and/or the A(lIl)-B{V)-semiconductor content of the buffer layer (21)
decreases to a proportion of about 40 to 80% germanium, preferably about 50 to 80%
or about 60 to 80%.

27. The structure of at least one of the claims 24 {o 26,
. characterised in that
a silicon content of the buffer layer (21) increases in a direction from the substrate (1)

to the insulator layer (3).

28. The structure of claim 27,
characterised in that
the silicon content increases 10 a proportion of about 20 to 60% silicon, preferably
about 20 to 50% or about 20 to 40%.

28. The structure of at least one of the claims 24 to 28,
characterised in that

the first layer (2) and/or the second layer {9) comprises carbon.



