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-1 A Method for Fabricating a. Strained Crystalline Layer on an Insul ator,
A Sem conductor Structure Therefor, and a Fabricated Sem conduct or
Structure The present invention relates to a nethod for fabricating a
strained crystalline layer on an insulator, to a sem conductor structure
for fabricating a strained crystalline |layer on an insulator, and to a
sem conductor structure which is fabricated therewith. Strained, thin

sem conductor |ayers such as silicon |ayers have advantageous el ectron and
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transferred on an insulator |ayer resulting in a SO
(silicon-on-insulator)- like structure, which benefits are commonly known
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donor wafer. During SiGe growth, the germaniumcontent of the SiGe was

gradual ly increased until a germani um percentage of about 25% was reached.
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strained silicon layer on top of the SiGe |ayer cannot be increased to a
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Insulator (SGOI): Substrate Preparation and MOSFET Fabrication for Electron Mobility
Evaluation”, a method of fabricating an SiGe-on-insulator structure. n 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 untii 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 resulting 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
tayer which influences considerably the electronic characteristics of the strained silicon

layer.



I ncreased over 25% w 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. -2 It is the object of the
present invention to provide a sem conductor structure and an easy nethod
for fabricating a sem conductor structsire having a high crystal quality and
having a high strained crystal sem conductor |ayer on top of an insul ator.
The object is solved by a nethod for fabricating a strained crystalline

| ayer on an insulator, conprising: providing a sem conductor donor
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first stgm-séMicbhd@stor 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 growing 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 layer resulting in a semiconductor
structure which combines the benefits of a SOI-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 & single
crystal germanium wafer, a single crystal A(I11)-B(V)-semiconductor wafer, an epitaxial
germanium layer or an epitaxial A(ll|)}-B(V)-semiconductor layer, 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(ll1)-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 germani um content and
a high crystal quality. The germani um wafer and/or the

A(Il'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 In an advantaggous enbodi ment of the invention, the
germani um and/ or the A(Ill)-B(V)- sem conductor content of the buffer |ayer
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t hi ckness bel ow 50 nm This | ayer thickness is below a critical thickness
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st r uct ucen be efectivaly duitedd. at e product for fabricating the strained
crystalline layer on the insulator |ayer. Due to the decrease of gernmani um

and/or the A(CIII)-B(V)-
The object is further solved by a semiconductor siructure for fabricating a strained

crystalline layer on an insulator, comprising: a semiconductor donor substrate of a first
material comprising germanium and/or an A(lll)-B(V}-semiconductor; at least one crystalline
epitaxial layer; and at least one insulator layer on said, wherein the at least one crystalline
epitaxial layer is an intermediate layer between the donor substrate and the insulator layer,
and the at least one crystalline epitaxial layer comprises a buffer layer which is a
composition comprising germanium and/or the A(li1)-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 crystailine
layer on the insulator layer. Due to the decrease of germanium and/or the A(1l1)-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(lI1)-B(V)-semiconductor content which is a basis for a good growth of a high strained and
high guality further crystalline layer, for instance on the crystalline epitaxial layer of the

inventive structure.



sem conductor in the crystalline epitaxial |ayer, beginning fromthe
substrate, the crystalline epitaxial |ayer can be growmm with a | ow def ect
density but with a high germanium and/or A(ll1)-B(V)-sem conductor content
which is a basis for a good growth of a high strained and high quality
further crystalline layer, for instancg on the crystalline epitaxial |ayer
of the inventive structure. -4 In a favourable variant of the invention,

t he donor substrate is a single crystal germanium wafer, rr@%l'e crystal
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proportionate increase of silicon resuilts 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 epitaxial
layer such as a silicon layer, whereas the percentage of 20% to 50% silicon is more
favourable for a high crystallinity of the crystalline 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
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| 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
nmost favourable region to produce a high quality crystalline epitaxial
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both the benefits of a SOl-structure and the good conductivity characteristics of a strained
crystalline layer. The strained layer can have a very high strain because the germanium
and/or the A(Il1)-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(ll1}-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(II1}-B(V)-semiconductor is relatively high which can result ina
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 layer.

In another embodiment of the invention, a silicon content of the buffer layer increases in a

direction from the insulator layer to the second 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 umand/or A(l | 1)-B (V)-semicon
ductor is relatively high which can result in a high strain of a
crystalline epitaxial |ayer such as a.gilicon layer on top of the first
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second layer to be more stable and 1o 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(l11)-B(V)-semiconductor; providing at least one first crystalline
epitaxial layer in a first step, wherein the content of germanium and/or the A(II1)-B(V)-
semiconductor of a buffer layer 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 layer 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(l11)-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(IIN-B(V)-



germani um and/ or an A(lIl1)-B(V)-sem conductor; providing at |east one first
crystalline epitaxial layer in a first step, wherein the content of
germani um and/ or the A(Ill)-B(V)- sem conductor of a buffer l|ayer of the
first layer is decreased during the first step; providing at |east one
second crystalline epitaxial layer on_he first layer, in a second step,
wher ei n the first layer is provided between the donor substrate and the
second | a providing at |east one insulator layer, in a third step
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high strarn of t secon crys I"I'ne suc as a silicon |ayer, on
top of the first layer. The inventive nethod has further the advantage
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hi gh cont ent germani um and/ or A(Ill)-B(V)-sem conductor first |ayer on the
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second hai@fthé 80 BV tHRR thilkribss the KBEH 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(lll)-
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{IN)-B(V)-semiconductor of the buffer layer
forms a good basis for a high strained second layer, whereas the percentage of 50% o
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




bel ow the 50 nm At this thickness, the second |ayer is thernodynamcally
stable and the second |ayer can be growmn with a high strain. According to
anot her preferabl e enbodi nent of the invention, the germani um and/ or
A(l'll)- B(V)-sem conductor content of the buffer layer is decreased in the
first step to a proportion of about 4% to 80% germani um preferably about
50% to 80% or about 60%to 80% The percentage of 40%to 80% ger mani um
and/or A(lll)- Bﬂ\/) sem conductor of the buffer layer forns a good basis
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I n yet another advantageous enbodi ment of the invention, a silicon content
of the buffer Jlayer is increased in the first step to a proportion of
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| ayer between the donor substrate and the second |ayer, the second |ayer
is an internedi ate | ayer between the first layer and the insulator |ayer,
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semiconductor content in the buffer layer from the substrate to the second layer, the

germanium and/or A(lll)-B(V)-semiconductor content of the buffer layer can be decreased
to a relatively high amount of germanium and/or the A(ll1)-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(lll)-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(Hi)-B(V)-semiconductor wafer, an epitaxiai germanium
layer or an epitaxial A(111)-B(V)-semiconductor layer. These substrates comprise a high
amount of germanium and/or the A(ll1)-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{lIl)-
B(V)-semiconductor content of the first layer decreases to a proportion of about 40% to




The inventive structure is an internediate structure for fabricating a
strained crystalline layer on the insulator |ayer. Due to the decrease of
t he germani um and/or the A(lIl1)-B(V)- sem conductor content in the buffer

| ayer fromthe substrate to the second | ayer, the germani um and/ or
ACI'TT)-B(V)-senicon ductor content of §he buffer |ayer can be decreased to
a relatively high amount of germaniumand/or the A(l111)-B(V)-sem conductor
resul ti nSVI na high strain of the second Ia&er whi ch can be brought on top
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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, resuits 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;



in alow defect density of at least a part of the first layer. In a further
advant ageous 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 40% The percentage of about 20%to 60% silicon allows a good
grow h of a high strained second |ayqg.such as a silicon |ayer, whereas

t he percentage of about 20%to 50%silicon is nore favourable to get

hi gher strain results of the second | ayer SUCh?f%"% a(il | icon Ia 8l fiord t he
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achi eve é%sﬁ%grﬁg gl-nrl‘tornﬂﬁéﬂ)lt strdc ré Becor@iRG I I @imbodmhert of ePrédendn | ayer .

In yet advant ageous enbodi nent of the invention, the first |ayer
and/ or ftrdveni@cond | ayer conprises carbon. Carbon, preferably of a low
content such as below a few percent carbon, and even bel ow 1% car bon,
results in a high dopant stability and a good strain character t3|c of t he
first | &gu shodbechermaticaliy onimplagtation step aprlied ONItRBHEFIUESEPYR é{b|'9e

enbodi nents of the invention are described with reference to the
acconpanying figures in which Fig. 1 shows schenmatically a sem conduct or
subst r atrig. \holvsissheraalitaily adonding stepta heostrugturert fithd according to a first
enbodi nent of the present invention; Fig. 2 shows schemati caI ly the first
step of the first enbodi nent of the present invention; -10 g 3. shows
schenat imgld showssehemdticaipp spfitingistepiof Yre IwolER oheliok 5@pcqu@ng9 dhipgt step

inventio sul t e structure according to a third
enbodi né’gfheoﬁs't%b%cﬁgg@n‘? tie %Pvg%ﬁlé‘%h (F;rll g. 4 shows schematically an

i npl antation step applied on the structure shown in fig. 3; Fig. 5 shows

schemat 'r_‘égH %}ma,,s %F.d' ng caﬁl@%ﬁ ;Wengl\rfbe%e%lwﬁéddfo‘? sf?uctLHeGNhléh hé_sl &enﬁasﬂ'wﬁi

schenat i structure of fig wgl to a
third stigphe efethdicadcording @rtbaﬂrsmemtoo@menh@f the eresaft 'PYR%'H'P ‘?—"15 Mshows
schemat i cal l% ém i nventive sem conductor structure which has been

fabri cat 8§ ?/ the nmethod according to the first enbodi ment of the present
invention which is shown in figs. 1 to 6;

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;




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

i nvention; Fig. 10 shows schematically a second step of the second

enbodi ment of the present invention; |fig. 11 shows schematically a third
step of the second enbodi nent of the present invention resulting in a
sem conductor structure according to a fourth enbodi nent of the present

i nvent i 6ig. 15ishowd Schematicaliycareinsentivalsiryctaie whigh bas baendabriqated BiptHEi ed on t he
structur WA R o - pliggé ' | Vi ILhg step
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fourt h stmgmaticalyhie figec®idl4m@ddi nent of the present invention which is
applied on the structure shown in fig. 13; -11 Fig. 15 shows schematically
an inventive structure which has been fabricated by the nethod according
to the $ardabdhewbschematicaly theenganiration distnbetivn wensustthicknegss of Hewn

schematically. in figs, 8 - Lg- 16 shows schematically the

concent Fﬁ‘?‘fc’(?ﬁd'ﬁqt%rﬁ}'g'ﬁb’{?Sh%ﬁ‘sfﬁgn?ﬁﬁ%ghess of the seniconductor structure
shown in figs. 2 and 9. Fig. 1 shows schematically a sem conduct or
substrat.e sed in a first ste f I fi
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pr esent elgeyuenit icharactdnistis dine gendanitrowader dosorbeifent bag apolished and

A(l II)-B%%]-iem cosggfgct 5—3 waf er such as a GaAs wafer, a substrate having on
top an “&5EAXPRE’ F%3 r or an epitaxial A(l11)-B(V)-sem conductor |ayer
such as a GaAs layer. For instance, the substrate can contain a GaAs wafer

or a Ga,?g anl'lc?txgrrer}m’\gci:oqrrﬁeiﬂs oftRY S{eggnttfr)(ve?lti(% thé Setfilonductor donor substrate can be

an A(Il)-B{V)-semiconductor wafer such as a GaAs wafer, a substrate having on top an
epitaxial Ge layer or an epitaxial A(lI1)-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 present 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 GeSi layer 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 gradually 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 80%. Correspondingly, the




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 |I shown in Fig. 1. The
first crystalline epitaxial |ayer 2 consists of a conposition of germani um
and silicon formng a GeSi layer. The198Si |ayer 2 is brought directly onto
the upper surface 11 of the germaniumwafer 1. In yet another enbodi nent

of the invention, a seed |ayer of Ge can be brought on the upper surface
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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 crystalline layer on an insulator.

Fig. 4 shows an implantation step which is applied on the structure shown in Fig. 3. In the
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
GeSi layer 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.




enbodi nent of the present invention, which is an internedi ate product for
fabricating a strained crystalline layer on an insulator. Fig. 4 shows an
i npl antation step which is applied on the structure shown in Fig. 3. In the
i npl antation step, the structure of Fig. 3 is inplanted with hydrogen
species 4 using an inplantation dose1§f > 5 x 1016 cnf2 at an appropriate
ener gy bel ow 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

|l evel 24 in the first layer 2. Preferably, the level 24 corresponds wth
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techni g ase 6 can |rec y be bonded on the surface 13 of
t he |nsulator | ayer 3. According to another enbodi ment of the invention,
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in Fig. 51s s I nto sem conductor structure parts 31 and 32. The
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resulting part 31 consists of the base wafer 6 on t he |nsul ator | ayer
3is formed, 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 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 GeSi layer 2 is formed. The residual part 8 contains
preferably the graded buffer GeSi layer 21 and residuals of the former relaxed 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
W000/24059 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




formed, 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 material. The other part 32 which
forms by the splitting step consists of a donor germaniumwafer 1 on which
the residual part 8 of the GeSi layer 2 is forned. The residual part 8
contains preferably the graded buffernsGeSi |ayer 21 and residuals of the
former relaxed GeSi |layer 22. In the splitting process shown in Fig. 6,
essentially the paranmeters are used which are co ,nlr¥ used.in this

so- cal | sdrf&seat ¢ oidhe spijt Aartade Jdevagcend nger@elgéﬁtrgg@%po- [RYPaitLa;

W00/ 24 Q2 ik BBIcwSs8drRM didts iR laUdpshnRontedl BAIERNA%. TIR strdisdddiiedn ISRk i tting
can occur by neans of a thernal or a shock treatnment of the structure
shown i rhasiagrenshigh strainfang ey defesh deitdh i s not shown, the part 7 of the
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| ow def ec nsi sem conductor structure shown in Fig. 7 is an
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i nter neq%)&tlgd | ayer between the base wafer 6 and the part 7, and the part 7
Is an intérnedi ate | ayer between the insulator |ayer 3 and the second

| ayer 9. In another enbodi nent of the invention, between each of the
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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. 1to 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 crystalline epitaxial layer is grown on the upper surface 11 of a germanium
wafer 1. As mentioned with reference 1o figs. 1 to 1, in another embodiment an A(ll1)-B(V)-




about 40 to 80% germani um which strain is higher than the strain of a
prior art silicon layer wth a thickness below 50 nmwhich is grown on a
GeSi | ayer with a germani um content below 40% The structure shown in Fig.
7 can be thermally annealed after growi ng of the strained silicon [layer 9.
Fig. 8 to 13 show schematically steps.jgf a nethod according to a second
enbodi nent of the present invention. Wth reference to figs. 8 to 15, the
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surface 12.

Fig. 10 shows schematically a second step of the method according to the second
embodiment of the present invention. In the second step, a second crystalline epitaxial
layer 9 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. In the
implantation step, hydrogen species 4 are implanted through the upper surface 13 and
through the insulator layer 3 untit approximately the level of the former surface 12 which



I's 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
nmet hod according to the second enbodinent of the present invention. In the
second step, a second crystalline epitaxial |ayer 9 with a carbon content
bel ow 1% is grown on the first |ayer 34 The second crystalline epitaxial
|l ayer 9 is a strained silicon |ayer with a thickness below 50 nm The
strained silicon layer 9 has a very |low crystal defect d%pﬁht %Rd a high
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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 layer 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

layer 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 layer 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 Jisan
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



surface treatnent can be nmade with chem cal - mechani cal polishing, surface
scrubbi ng, oxygen-plasnma treatnment or a simlar process. Fig. 13 shows a
bondi ng 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

| ayer 3. According to another enbodlggnt of the present invention, the
base wafer 6 can conprise at its bonding surface an insulator |ayer which
is bonded with the surface 13 of the insulator |ayer 3. Fi 14 shows a
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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 figs. 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 GeSi layer 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%



the strain which results when a crystalline silicon |ayer of a thickness
below 50 nmis growmn epitaxially on a GeSi |layer with a gernmani um cont ent
of about 40 to 70% germani um which strain is higher than the strain of a
prior art silicon layer with a thickness below 50 nmwhich is growm on a
GeSi layer with a germani um content bglgow 40% Fig. 16 shows schenatically
the concentration distribution versus thickness of the sem conductor
structure shown in figs. 2 and 9. The reference nunerals of fig. 16 which
are i degeimzagium.oT hécelaxetdayen 28 imensly alisiocatiendfres.t hhe eyelabdrfectidensitygd. 2 and
9 indi CHeSrelREd Ia%?f@ﬁ%%%%’tc -as infigs. 2 and 9. In fig. 16, the
cont i nuous ' he represents € germani um content of the sem conductor
structure shown in figs. 2 and 9, which is about 100%in the gernmani um
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" Cneotainpefadiizafion te5Riias LG 8 PRipus et (REBHOGRLES ST n 110, 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 l|ayer 21. Furthernore, there can be one or nore regions in the
buffer Jlayer 21 in which there is no change of the germani um and/or the
silicon content. The rel axed GeSi layer 22 which is on top of the buffer
| ayer 21 has a nearly constant proportion between germani um and silicon of
about 30 to 60% silicon to about 40 to 70% - 18 germanium The rel axed | ayer
22 is nearly dislocation-free. The crystal defect density of the rel axed
| ayer 22 is below 104 cm 2. Although the preferred enbodi nents descri bed
above use the Smart Cuto technology for |ayer transfer, any other |ayer
transfer techni que such as a Bond-and- Et chback technol ogy or other
fragilization technique using a porous |ayer formation can be applied. -19
C ai s



1. Anethod for fabricating a strained crystalline |layer on an insul ator,
conprising: providing a sem conductor donor substrate (1) conprising
germani um and/ or an A(ll1)- 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(l1I1)-B(V)-sgniconductor of a buffer [|ayer (21)
of the first layer (2) is decreased during the first step; providing at

| east one insulator |layer (3), in a econd step; wherein the first |ayer
(2) is provided between the substra®ta{M$ and the insulator layer (3);
splitting of the first |ayer (2), |n a third step; and providing at |east
one second crystalline epitaxial layer (9) on the split first layer (7), in
a fourth stemetthd fdhfabriedtinga strbined arystalljine iamm(zmdn.iMd comptiging:t he first

| ayer (2) is rowdedonasmlec al..ge f
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an epitaxi %(V%érlnic)ondﬁi(tﬁf) sem conductor layer, in the first step. 3. The
nmet hod of at ast  one, 0 e ced C rised in that the
ger mani um a‘?{aY'ﬁPgR FPFSO"I?(f I} §‘Esrlﬁﬁ ‘H{}gi‘%t' %ﬁ?gmgﬁt{s‘?‘%é buffer |ayer (21)
i s decreaseitkrein tbdﬂ eoritemtsdf gsinegnidne aad/pr thedk(tli)d{V péermibonducttd of a bether
preferably abo 5 00/ 8 4. The nmethod of at
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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 single crystal
A(111)-B(V)-semiconductor wafer, an epitaxial germanium layer or an epitaxial A(ll)-
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(l!1)-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%.



characterised in that the second layer (9) is grown up to a thickness bel ow
50 nm 6. A sem conductor structure for fabricating a strained crystalline
| ayer on an insulator, conprising: a sem conductor donor substrate (1) of
a first material conprising germaniumand/or an A(lll)-B(V)-sem conductor;
at | east one crystalline epitaxial laygt (2); and cqt |east one insulator

| ayer (3), wherein the at | east one crystalline epitaxial layer (2) is an

i ntermedi ate | ayer between the donor substrate (1) and the insul ator |ayer
(3), and.thEhamdtieasof ableastonessdfahd preeediegpckans,al | ayer (2) conprises a

buffer |ayer, (21) which, s a conposition conprising germnium and/or the
ACLTT) - B(V)Fgérﬁ\c %fﬁf&d[‘(ﬁ’?st the content of which decreases in a direction

from t he substfiten eorftént df thd heffer et ) & intraysad ih e firét stdh S propottion @f of
claim6, char ri.gsgd.in that t ego [.S trate is. .a,sjngle crystal

ger mani um wa %ﬁ%@i?eaé" 498 %’etﬁ@)@{a °LR%PI“P ;8 BN \#P te?ﬁliti?éﬁétlct or wafer, an
epi taxi al germanium | ayer or an epitaxial A(lll)-B(V)- sem conductor |ayer.
8. The structure of. at &ﬁ%a t o of the clains 6 or 7, characterised in
that the ge H%H?qﬁ?ﬁ%%c?/‘ Sf?fée &?F‘F P5e-°B§'09 céiN:conduct or content of the

buf fer | ayegh4rdtleriséddhanates to a proportion of about 40 to 80% preferably
about 50 to 80% or Eg{ t@ . 80% -21 9. The s rluct re of at | east one of the
claims 6 toth8 seceRd fAyet & isEGWR HPIRLNIEHNESE PRICYAY MBnt ent of the first

| ayer (2) increases in a direction fromthe substrate (1) to the insulator
layer ( %) "~ A semiconductor structure for fabricating a strained crystalline fayer on an insulator,
comprising:

a semiconductor donor substrate (1) of a first material comprising germanium and/or
an A(li)-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(Il1)-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 crystal A(lll}-
B(V)-semiconductor wafer, an epitaxial germanium layer or an epitaxial A(lll)}-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(ll1)-B{V)-semiconductor content of the buffer layer (21)
decreases to a proportion of about 40 to 80%, preferably about 50 to 80% or 60 to
80%.



10. The structure of claim9, characterised in that the silicon content

I ncreases to a proportion of about 20 to 60% silicon, preferably about 20
to 50% or about 20 to 40% 11. The structure of at |east one of the
preceding clainms, characterised in that the first layer (2) and/or the
second | ayer (9) conprises carbon. 12,2jA sem conductor structure
conprising: a sem conductor base substrate (6); at |east one insulator

| ayer (3); and at |least one first crystalline epitaxial layer (2); wherein
t he ins@l at Bhe stayadyre 0 pt leastgpejohthe daimsH1e@ & ayer bet ween the base substrate

(6) and théhirkﬁéﬁ-isbaliﬁrthétz)’ and the first layer (2) conprises a buffer
| ayer (21) which is a chrnposition conprising gernmani umand/or an
A(T 1) - B( V) thesiticon santenion| the first iayeri(@hincreasesin iecdreaiian Teera dre sybsiatgi (1 b0t i on

fromthe i”ﬁ.‘ﬁ'iﬁénﬁétonjlégﬁr 3f_3) to the second layer (9). 13. The structure of
claim12, characteri ec} n that the structure further conprises at | east

one strained second crystalline epitaxial layer (9) wherein the first |ayer

(2) is 418N %R%S?L@%ﬁ%%ﬁlirﬁber bet ween the insulator layer (3) and the

second l'ayer ‘The structure of at |least one of the clains 12 or 13,
char act er i selarnanterisgd intkatger mani um and/ or the A(Il 1)-B(V)-seniconductor

content of fhe. f ) i 40 to
80% preferfa fs;}t&ghggrﬁtehgm%aé%z%ogﬁﬁ g @ﬁ?ﬁgfoé%tugzgwé%%fgﬁ@%@gructure

of at | east abm# 20fto 50% @yl aboue201t2 49%.14, characterised in that

11. The structure of at least one of the preceding claims,
characterised in that
the first layer (2) and/or the second layer (2) comprises carbon.

12. A semiconductor structure 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(ll1}-B(V)-semiconductor, the content

of which decreases in a direction from the insulator layer (3) to the second layer (9).

13. The structure of claim 12,
characterised in that
the structure further comprises
at least one strained second crysialline 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 ieast one of the claims 12 or 13,
characterised in that
the germanium and/or the A(ll}-B(V)-semiconductor content of the buffer layer (2)
éecreases to a proportion of about 40 to 80%, preferably about 50 to 80% or about 60
to 80%.



a silicon content of the buffer layer (2) increases in a direction fromthe
I nsulator layer (3) to the second layer (9). 16. The structure of claim
15, characterised in that the silicon content increases to a proportion of
about 20 to 60% silicon, preferably about 20 to 50% or about 20 to 40%

17. The structure of at least one of the clains 12 to 16, characterised in
that the strained second | ayer (9) has a thickness below 50 nm 18. The
structure of at l|east one of the clainms 12 to 17 characterised in that the
first layer (2) and/or the second layer (9) conprises carbon. 19. A nethod

for fabys cathednitust oRbNBSstohSf Meldidias hayenaon an insul ator, conprising:
provi ding a sem conduct or donor substrate (1) conprising germani um and/ or

an A(lil)- shamcteggedmthdtt or; providing at |east one first crystalline

epi taxial | §1¥iﬁéor( Pnteritldf heltivkek lafdrqR) in¥leas& iR & dikcaefr&n theihsgeatormayeum
and/ or the AS 1) - (V)-sem conductor of a buffer layer (21) of the first

layer (2) i@)cbesssed @AY the first step; providing at |east 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 Ilayer (9);
provi di "% athe etgugturgpbciai@iPat or | ayer (3), in a third step; wherein the

second | ayegndrditerizeliRhaied between the first |ayer (2) and t he insul at or

| ayer (3 splitting the structure between and t he
Segond(| ;yei,he(sgnjsgn pﬁntgnqg IREfeeses tgtaé%oport_lqgof about %fpto EEO0 51 |con %refergg%/

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 (8) 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(lll)-
B(V)-semiconductor;
providing at least one first crystalline epitaxial layer (2), in a first step;
wherein the content of germanium and/or the A{ll1)-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
tayer (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
tayer (3); and
splitting the structure between the first layer (2) and the second layer (9), in a fourth
step.



20. The nethod of claim 19, characterised in that the first layer (2) is
provided on a single crystal germaniumwafer (1), a single crystal
A(l'l'l)-B(V)-sem conductor wafer, an epitaxial germaniumlayer or an
epitaxial A(lll)- B(V)-sem conductor layer, in the first step. 21. The

met hod of at |east one of the clains ;L%_or 20, characterised in that the
second layer (9) is grown up to a thickness below 50 nm 22. The net hod of
at |east one of the clains 19 to 21, <characterised in that the gernmani um
and/ or 2te “Hﬁémletr)odli(f\ﬂ)amem conductor content of the buffer layer (21) is
decr eased | the f a a}?p to a proportion of about 40 to 80% preferably
about 50 to age%egpe HOM2'60 to 80% 23. The method of at |east one of the

Icl ai rns( %Ei) t heZidst Iaﬁhéﬂ’)g@ﬁr@ﬁldﬁ@d? asidgatrystal gmaniurcwalecOntesihgloferyistat buf f er
ayer ease nthe first ste 0 a.proporti ono 20 to
5056 si | | conAIBHERAPERTPARIIt. 25 SaUo) SeTRa SAYet &f Sbsstaxial ARl

sem conduct.w)%@mnungoﬁggerf iAlre fidt step. @ strained crystalline layer on an
insul ator, conprising: a sem conductor donor substrate (1) of a first

mat eri al conprising germanium and/or an A(lI1)-B(V)-sen conductor; at

| east ope fTIﬁéFneiHo)ﬂ%f@liebﬂ%n@lﬂflt@@lﬁhs'%@O(Z); at least one second
crystalline epitaxjal (9); and at |least one insulator layer (3);
wher ei n thecll'?"F’EYe”ISSE’é'P“{aé) is an internmedi ate | ayer between the donor

substrate (ihk saB6hd fahér (SRR QRS @Y & a (HdkneédelswGOmEh.| ayer (9) is an
i nternmedi ate | ayer between the first |layer (2) and the insul ator |ayer

(3), and the first layer (2) conprises a buffer layer (21)
22. The method of at least one of the claims 19 to 21,

characterised in that

the germanium and/or the A(I11}-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,
charactensed in that
a 5|I|con content of the buffer layer (21) is increased in the first step to a proportion of
about 20 to 60% silicon, preferably about 20 to 50% or about 20 to 40%.

24. A semiconducior 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 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(li1)-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'l'1)-B(V)-sen conductor the content of which decreases in a direction
fromthe substrate (1) to the second layer (9). -24 25. The structure of
claim?24, characterised in that the donor substrate is a single crystal
germaniumwafer (1), a single crystal A(I11)- B(V)-sem conductor wafer, an
epi taxi al germanium | ayer or an epitaxial A(Ill)-B(V)- sem conductor |ayer.
26. The structure of at |east one of the clains 24 or 25, Jai
characterised in that the germani umand/or the A(lI1)-B(V)-sem conduct or

cont ent ,0f ﬂtbestm&qr%fb@mm(Zl) decreases to a proportion of about 40 to
80% ger mani um preferably about 50 to 80% or about 60 to 80% 27. The

structure othayacterised lfbﬂtﬂtof the clainse 24 to 26, characterised in that a
silicon co ?Qﬂbn Qﬁatglg%gfn tal(g%ill}u ﬁlﬂﬁnrvﬁ‘a?éreﬁ lasicyléleryg@l A@m. f rom the

substrate ( e 1 nsu yer . The structure of claim 27,
charact eri s%(éy)-lsﬂn’tlmﬂuttth@wéfﬁf.|86(ﬁﬁ“t@6ﬂ|t@ﬂﬂaﬂ'|4@r|@ﬁ@§ esan gpitaxial APHHB(\On of

about 20 to preferably about 20 to 50% or about 20 to 40%
29. The strue(?'%éer"iddg‘p?;ﬁ&e 'east one of the clainms 24 to 28, <characterised in
that the first layer (2) and/or the second |ayer (9) conprises carbon.

26. The structure of at least one of the claims 24 or 25,
.': characterised in that
" the germanium and/or the A(ll1}-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 to 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 1o a proportion of about 20 to 60% silicon, preferably
about 20 to 50% or about 20 to 40%.

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

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



