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. EP32865RBCSsec Date: October 19; 2004 A Method for Fabricating a Wafer

- Structure with a Strained Silicon Layer and an | nternediate Product of
this Method The present invention relates to a nethod for fabricating a
waf er -structure with a strained silicon layer and an internedi ate
pr oduct for fabricating such a waf er structure. Fabrication of structures
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with strained silicon layers are very complex and time-consuming. In particular, it is
known to grow epitaxially on a silicon substrate a SiGe buffer layer with a gradually
increasing germanium content. The SiGe buffer layer is normally grown in such
technologies over a relatively long period of time with only slight changes of germanium
content to get at the end of this epitaxy a state on top of the SiGe layer having a
dislocation density which: is as low as possible. Then, a relaxed SiGe layer of a
constant germanium concentration corresponding to the highest germanium

i+ concentration of the SiGe buffer layer is formed on the SiGe buffer layer. Thereafter, a
strained silicon layer is formed thereon.

In this technology, the requirements to get on the one hand a high quality of strained
silicon structures and to achieve on the other hand a high efficiency in production are
antagonistic since for a high quality time-consuming process steps are necessary.

In another method for fabricating SGOI (silicon-germanium-on-insulator) structures, a
relaxed SiGe layer formed on a silicon support substrate is split from the substrate by
the so-called SmantCut® technology. Thereafter, strained epitaxial silicon is formed on
the split SiGe layer. The fabrication of such SGOI layers is also time consuming and
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technol ogy, a further formation of a buffer layer can be elininated
| eading to an increased efficiency of the process and to elimnation of

the ri sy Wb 200401840408 nifthod is described in which protecting layers such as stop
layers are used to protect a layer under the recycled layer during recycling. Although
such stop layers are able to protect an SiGe buffer layer on a donor or support

F

substrate, this method cannot solve all the problems connected with the state of the art.

In particutar, the SiGe buffer layer that has been subject of multiple technological steps
«  forms a source for dislocations so that long-term epitaxies are necessary to form a new

usable donor wafer and to achieve a state in which dislocation density is strongly

reduced to get a good basis for a formation of a high-quality strained silicon layer.

In another approach, only a part of the relaxed SiGe layer is transferred onto another
substrate and is further grown thereon to provide a good basis for a strained silicon
layer. By this technology, a further formation of a buffer layer can be eliminated leading
to an increased efficiency of the process and to elimination of the risk of a formation of

dislocations by the buffer layer.

But, as mentioned before, a repeated SiGe epitaxy on the transferred SiGe layer is
difficult to control leading to a bad efficiency of such processes. For instance, surface
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strained silicon layer comprises two main steps: the fabrication of the prototype wafer
which forms a model for a utility structure and the formation of the utility structure by
duplicating or cloning the characteristics of the strained silicon model layer of the
prototype wafer by forming the strained silicon utility iayer. Using the inventive method,
the properties of the strained silicon model layer can be directly transferred to the
strained silicon utility layer by using the auxiliary SiGe layer as a transmission layer
between the strained silicon layers. By a simple succession of the strained silicon

model layer, the auxiliary SiGe layer and the strained silicon utility layer, the strained
silicon utility layer can be formed with a high quality in a very short time. Itis
furthermore relatively easy to split a utility structure from the prototype wafer part of the
structure and to proceed thereafter with both structures separately.

According to a favourable embodiment of the present invention the method further
comprises: removing a residual part of the auxiliary SiGe layer from the strained silicon
utility layer after the splitting step. This step allows recycling of the split utility structure.
It is very comfortable to recycle the utility structure because of the high etch seiectivity
between the refaxed auxiliary SiGe layer and the strained silicon utility layer.



structure and to proceed thereafter with both structures separately.
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It is furthermore advantageous that the method further comprises: growing of an SiGe
utility layer on the strained silicon utility layer before the splitting step. This way, an
SGOI (silicon-germanium-on-insulator) utility structure can be formed after the splitting
step.

in another example of the invention, the method further comprises: bonding a second
. wafer on the SiGe ultility layer. The second wafer can form a good basis of the later
utility structure and can provide good stability during the splitting step.

Preferably, providing the prototype wafer comprises providing an SOI structure
consisting of a silicon support substrate, at least one insulator layer and the strained
silicon model layer directly on the insulator layer. This structure has only once to be
produced in a conventional way as described above and can serve for many times as a
modet for duplicating the characteristics of the strained silicon model layer.

In another variant of the invention, providing the prototype wafer comprises providing
an SGOI structure consisting of a silicon support substrate, at least one insulator layer,
and an SiGe layer and a strained siticon model layer. This structure can also be formed
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i 'nt er mgyet Bhe thickness of the SiGe auxiliary layer should be sufficient to incorporate the
defects induced by implantation and spilitting, typically > 200 nm.

in the intermediate product, the characteristics of the strained silicon model layer are
directly transferred or duplicated to the strained silicon utility layer. The intermediate
product forms a structure which can be easily split along the predetermined splitting

area formed in the relaxed auxiliary SiGe layer so that the strained silicon utility layer
can be used separately from the prototype wafer after splitting.

In yet another embodiment of the present invention, the intermediate product further
comprises a second wafer bonded on the strained silicon utility layer. The second
wafer can form a good support for the strained silicon utility layer during the splitting
step and/or after splitting.

in another advantageous example of the invention, the intermediate product further
comprises an SiGe utility layer on the strained silicon utility layer. With this structure an
SGOI (silicon-germanium-on-insulator) utility structure can be formed after the splitting

step.



product forns a structure which can be easily split along the
_predeterm ned splitting area fornmed in the relaxed auxiliary Si Ge |ayer
so that the strained silicon utility layer ~can be used separately from
the prototype wafer after splitting. In yet another enbodi nent of the
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consisting of a silicon support substrate, at least one insulator layer, an SiGe layer and

the strained silicon model layer. The characteristics of the strained silicon model layer
of such a prototype wafer can be controlied by the germanium content of the SiGe layer
of the prototype wafer. This prototype wafer has only once to be produced and can be
very often used for cloning the characteristics of the strained silicon model layer by
forming the strained silicon utility layer.

For a more compiete understanding of this invention, one should now refer to the

embodiments illustrated in greater detail in the accompanying drawings and described
below by way of examples of the invention. In the drawings:

Fig. 1 is a schematic view of a prototype wafer of the present invention;

Fig. 2 is @ schematic view of another prototype wafer of the present invention;

Fig. 3 shows the prototype wafer of Fig. 1 after formation of a strained silicon modei
layer;

Fig. 4 shows the structure of Fig. 3 after formation of a relaxed auxiliary SiGe layer,



very often used for cloning the characteristics of the strained silicon
nodel |ayer by formng the strained silicon utility layer. For a nore
conpl ete understanding of this inventian, one should now refer to the
enbodi nents illustrated in greater deta | in the acconpanyi ng draw ngs
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utility layer, Fig. 6 shows the structure of Fig. 5 during an
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Fig. 12 is a schematic view of the structure of Fig. 11 after removal of a residual part of

the former auxiliary SiGe layer.

Turning now to the drawings, Fig. 1 shows schematically a view of an SOI prototype
wafer 4. The prototype wafer 4 consists of a silicon substrate 1, an insulator layer 2
formed thereon and having on top a strained silicon on model layer 3. The silicon
substrate 1 supports the insulator fayer 2 and the strained silicon layer 3. The insulator

layer 2 consists in the example shown of silicon dioxide and can comprise in other
examples of the invention of silicon nitride or another insulating material or insulating

materials.

The strained silicon model layer 3 has been formed on the prototype wafer, for instance
by a SmanCut® process. Alternatively, the layer 3 can be formed in other examples of
the invention by another method known in the art.

Fig. 2 schematically shows a view of another prototype wafer 6 consisting of a silicon
substrate 1, an insulator layer 2, an SiGe layer 5 and having on top a strained silicon
model {ayer 3. The germanium content of the relaxed SiGe layer 5 determines the
strain of the strained silicon model layer 3 on top of the relaxed SiGe layer 5. The



materials. The strained silicon nodel |ayer 3 has been fornmed on the
"prototype wafer, for instance by a SmartCut(r) process. Alternatively,
the layer -3 can be fornmed in other exagFIes of the invention by another
met hod known in the art. Fig. 2 schematd cally shows a view of anot her
prototype wafer 6 consisting of a silicon substrate 1, an insul ator

| ayer 2, an SiGe layer 5 and having on top a strained silicon nodel
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Smart Cute process or by any other process known in the art. Fig. 3
schematically shows the prototype wafer 4 of Fig. 1 after formation of a
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SiGe layer 8 on the further grown strained silicon nodel |ayer 7. The
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auxiliary SiGe |layer between the strained silicon layers 7 and 11. Fig.
5 shows an internedi ate product of the present invention consisting of
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utility layer 11 on the refaxed auxiliary SiGe layer. 1ne strained silicon utility iayer 11
has strain characteristics which are adapted on the strain characteristics of the strained
silicon model layer 7. The properties of the strained silicon layers 7 and 11 are
duplicated or cloned by means of the relaxed auxiliary SiGe layer between the strained
silicon layers 7 and 11. Fig. 5 shows an intermediate product of the present invention
consisting of the prototype wafer 4, the relaxed auxiliary SiGe layer 8 with the
predetermined splitting area 9 formed therein and having on top the strained silicon

utility layer 11.

Fig. 6 schematically shows the structure of Fig. 5 during an implantation step in which
species 10 are implanted into a certain depth of the relaxed auxiliary SiGe layer 8
forming therein a predetermined splitting area 9. At the predetemined splitting area 9
the structure of the SiGe layer is weakened so that a mechanical forcé, a thermal
influence or shockwaves can be applied to delaminate the structure of Fig. 6 at the

predetermined splitting area.

Fig. 7 schematically shows the structure of Fig. 6 after formation of an SiGe utility layer
12 on the strained silicon utility layer 11. The SiGe utility layer 12 forms:later together



predeterm ned splitting area 9 fornmed therein and having on top the
"strained silicon wutility layer 11. Fig. 6 schematically shows the
structure of Fig. 5 during an inplantation step in which species 10 are
inpl anted into a certain depth of the Pelaxed auxiliary SiGe |ayer 8
formng therein a predetermned splitting area 9. At the predeterm ned
splitting area 9 the structure of the SiGe layer is weakened so that a
mechani with theosteained silieen wility Iayer Tlatdeassa @ﬁfb@i@vﬂtﬂék StrHAtuRR SHPPEEEA t o

del am n  _af edeterm ned splitting area.
Fig. 7 g‘;ﬁ)egraﬁc %ﬁsrﬁoﬂ |?§ég'§>tr)?%t@|{lyu%t@§'%w@|:i g. 6 after formation of an
SiGe utility Iayer 12 on the strained silicon utiIity Iayer 11. The Si Ge

e b Shodeeh s BEEUIE bt B 8 sk G AL
(silic caﬁa%f%@n'rhélgéb@ﬁ@mféﬁtﬂa' fobis atsh élfbngVfSr thE'QGe&Jtmﬁhl%yBH?ahhy

shows the structure of g bonded on th Ge util i/: ayer with a
second trafstraingd. silitios Lgnbtydamem\h‘r @urlngssm!wm@obthgtgh'p@mrem g Bearglise utility

| ayer L of
the. st ieRaner aBeR Rl te SERTAN bhb 12 BHEine araeh Yioh il ol
utilityd ayer 12 and the strained silicon utility layer 11. The
structure of Fig. 8 is split after the bonding step, for instance by a
mechani cal force, by a thermal influence, by shockwaves or by a

combi nqtﬁe%n&iurél&mq e isUpCaSer tﬂ@%onamptsqéwfsr mtéﬁlce by mechBhich! BH&NY

the predetermned splitting area resu ng in the sfructures shown in

&g omya uhegmallmﬂumrge by sheplesavescen by a saekinasiea of such inflaences. The
cons: s bgRire bt Pig. 8 (€ 5b Ao ydibrehbteldithinntireb d by BRGud kAT |

si | i costrutiurées shovary ar Figl9amdfia IMesi dual part 14 of the forner rel axed
auxiliary SiGe layer 8. Although the surface of the residual part 14
shown in Fig. 9 is relatively flat, the surface can be very rough. It is
t her ef @i casbrrmistzany shdws bhatspktpaat of thestruttipe ol Ffgaeafier thdsplitting step.

The first split part consists of the second wafer 13, the SiGe utility layer 12, thé strained

silicon utility layer 11 and a residual part 14 of the former relaxed auxiliary SiGe layer 8.
Although the surface of the residual part 14 shown in Fig. 9 is relatively flat, the surface
can be very rough. It is therefore advantageous to flatten at least the surface of the
residual part 14. The removal of the rough surface structure can be made with a
chemical mechanical polishing step or by selective chemical etching or by a
combination of these means. '

Fig. 10 schematically shows the structure of Fig. S after removal of the residual part 14
of the former relaxed auxiliary SiGe layer 8. The residual part 14 is removed in the
example shown by a chemical etching step using the high selectivity of about 1:30
between the material of the former relaxed auxiliary SiGe layer 8 and the strained
silicon utifity layer 11, for instance by using a CH3COOH/H202/H20 solution with
respective concentration of 4/3/0.25 or NH4AOH/MH202/H20) solution with respective
concentration of 1/1/5.

Fig. 11 schematically shows a second part of the structure of Fig. 8 after splitting. The
structure of Fig. 11 consists of the silicon support substrate 1, the insulator layer 2, the
strained silicon model 3, the further grown strained silicon model layer 7 and a residual



residual part 14. The renpoval of the rough surface structure can be nade
"with a chemical nechanical polishing step or by selective chem cal
etching or by a conbination of these ans. Fig. 10 schematically shows
the structure of Fig. 9 after renoval the residual part 14 of the
former relaxed auxiliary SiGe layer B. The residual part 14 is renoved in

the exa a chemcal etgchin tep. usi th h selectivity
of abOLHar'IE g@?gﬁ\é\gﬁﬁéﬁrﬁ’ﬂ’é‘a 4"?%8‘%? %ﬁ’ésf cﬁ‘?’r@\enﬂ% %‘i@go‘g‘ﬁ | ary Si Ge
| ayer GofiiEnéd® ferrasigd ér*tHHCfPfé ddirfdcklof tHedeRidubl paft Qs dapsdigeee by using
a CH3COOH/ H202/ H20 sol ut1 on with respective concentratl on of 4/3/0.25 or
NH40I—V eladvelyapuglbisatthatreayelingrad st éaast the switasearithiatayen 16fis necessaryi g. 11
schematically shows a second part of the structure of Fig. 8 after
splitting. The structure of Fig. 11 consists of the silicon support

substr #ig 10 stiheEmaticaily showslthy structurd bEFigst 1 aftees redyicling atepsude\lfhra: thehe
further grown strained silicon nodel Iayer 7 and a residual art 15 of

the for@gfualdparkda ohthe lomgel relpxed puxiary 5IG %&ayﬁéﬁtlsmev%o%e figual
f

an a D51 is AEErABl PHRouBE Y 2 SelpliVe GHIARIAING Mo EMAHR NBRE

of t hi seleatieity eBthegnatetiakefthe formier. releXed alzitiaty Sidld Igyerh&wed theefigthenct ur e

For mer ordin Slramedil e foeflaerd of Shotita ad, e ariis Rrbalied piin ' 1

I's prehgamiby usedrorgdminga ek eclakee a0k @Ge&éﬁd‘ﬂtﬁ@‘e@h%@ smmg:ntmg 41 gh
etch selectivi t%(‘GOf t he mat orner. rel axed auxiliar

ayor B ERPANGS WPl RIDCORS BLALRICAIR N LA PRBRSIRS ARG SYBREd SHECAbouT
<1:30. Fosyetidysptaure of Fig. 12 can then again be used for forning a new
rel axed auxiliiary SiGe |ayer thereon as shown in Fig. 4 to repeat the
whol e process of duplicating the characteristics of the strained silicon
nodel gn Fi gs.
3to 1 é?%g@ﬁ%#n&ggy n’c!%@??ﬁ%edr%te gT %g.’rnp }éméd\égtr? e prh?twg%e waf er 4
of Fi gdeégritigtbtodbes pebermosthom tsopitototype wafer4 of Fig. 1, these steps can also be

applied on the prototype wafer 6 of Fig. 2 or on ancther prototype wafer having at least

a support substrate and strained silicon layer which can be used as strained silicon
model layer in the sense of the present invention.



applied on the prototype wafer 6 of Fig. 2 or on another prototype wafer
having at |east a support substrate and strained silicon |ayer which can
be used as strained silicon nodel layer in the sense of the present
invention. 11 CLAIMS Applicant: S. O TEC SI LI CON ON | NSULATOR
TECHNOLOG ES S. A,  CQur Ref: EP32865RBébsec Date: COctober 19, 2004 A

net hod for fabricating a wafer structure with a strained silicon |ayer,
conprising: providing a prototype wafer (4, 6) conprising a support
substrate (1) and having on top a strained silicon nodel |ayer (3);
growing epitaxially a rel axed auxil iCLAIMBGe | ayer (8) on the strained
silicon nodel layer (3); growing epitaxially a strained silicon utility
| ayer (11) on the auxiliary SiGe layer (8); and splitting the structure
at a predeterm ned spllttlng area (9) created in the auxiliary SiCe

:‘ 3%/'? Leﬁﬁéeﬁﬂ'ggg i Sﬁg\h %‘éﬁ‘ &’Bt@:’lﬁmﬁé‘fﬁ'ﬂé" %ﬁﬂﬁ'aé&q%%u’?oayer

(O fr o fstrai nedER €Gty |ayer (11) after the splitting
step. Pateie net hod oﬂcéqﬂhelfﬁ'% 0D characterised in that the strained
silicon nodel layer (3) is further grown epitaxially before the
auxiliary SiGe layer (8) is grown thereon. The nethod of one of the
preceding clains, characterised in that the nethod further conprises:

i npl anty.ng tA) neatioid foraalyridEitiog d wafer sr8dtutcowith aastaindibsipton kaer,

pr edet er m ned
comprising:

providing a prototype wafer (4, 6) comprising a support substrate (1) and having

on top a strained silicon model layer (3),

growing epitaxially a relaxed auxiliary SiGe layer (8) on the strained silicon
model layer (3);

growing epitaxially a strained silicon utility layer (11) on the auxiliary SiGe layer
(8); and

splitting the structure at a predetermined splitting area (9) created in the auxiliary
SiGe layer (8).

2. The method of claim 1, characterised in that the method further comprises:
removing a residual part of the auxiliary SiGe layer (€) from the strained silicon
utitity layer (11} after the splitting step.

3. The method of claim 1 or 2, characterised in that the strained silicon model
layer (3) is further grown epitaxially before the auxiliary SiGe layer (8) is grown

thereon.

4 The method of one of the preceding claims, characterised in that the method

further comprises:
implanting the auxiliary SiGe layer (8) to create therein the predetermined

splitting area (9).



splitting area (9). 12 The nethod of one of the preceding clains,
characterised in that the nethod further conprises: bonding a second

waf er onto the strained silicon utiIit,g/ | ayer (11). 6. The method of one
of the claims 1 to 4 characterised in that the method furt her conpri ses:
growing of a SiGe utility layer (12) on the strained silicon utility

| ayer 1) fore, the splifting step. /. The nmethod aof. ¢glajm6

char ac'gféri se qwetﬂmg{]of[q{ge ﬂétbﬁ&ge?‘?ﬂ?‘?%gra"ﬁ% rggCerl glr{ﬂﬁhgi @%@Etﬂ?&‘
wafer onto tiphét &mpiiddd:ty |ayer (12). 8_ The nethod of one of the
precedi ng clains, characterised in that providing the prototype wafer
(6) conpri s&nsinga seagndiwanonie Fhﬁ:ﬂtﬁ'@e%élh%q)%m?lﬁg layer&19ili con support
substrate (1), at |east one insulator layer (2) and the strained silicon
nodel layer (3) directly on the insulator |layer (2). 9. The nethod of one
of theel ai Mhelmethod aoftareactfitbe ickiudsinotdebhanactenisedin thad the metivad/ fuetheaf er

(6) conpri sesp&rovi ding an SGO structure consisting of a silicon
support subSOMRMSEE1)  at | east one insulator layer (2), an SiGe |ayer

(5) and the id | I ; ili of
t he precedi r%é\glrng ﬁ?d%%aér g@?@ra:ygg %)rﬁlﬁgt&?}hng d@%cﬁ-oﬁgﬁ "I]EVSIPP ﬁﬁei(rﬁzgrgfg??ses:
renovi ng a theBplitinggtert of the auxiliary SiGe layer (8) fromthe
strained silicon nodel layer (3) after the splitting step. 11. An

i nternedi ate product for fabricating a wafer structure with a strained

silicoi. | ayte methodrof<iaio:6 ehpractetiged imtiatithg detltyd fuvtner cempgises suppor t
‘j“bSt rate (1ondhg £s888r8 e Shta H5icR Rl hE¥ 2y >

8. The method of one of the preceding claims, characterised in that providing the
prototype wafer (6) comprises providing an SOI structure consisting of a silicon
support substrate (1), at least one insulator layer (2) and the strained silicon
model layer (3) directly on the insulator layer (2).

9. The method of one of the claims 1 to 7 characterised in that providing the
prototype wafer (6) comprises providing an SGOI structure consisting of a silicon
support substrate (1), at least one insulator layer (2), an SiGe layer (5) and the
strained silicon modei layar (3).

Q . 10.  The method of one of the preceding claims characterised in that the method

further comprises:
removing a residual part of the auxiliary SiGe layer (8) from the strained silicon
model layer (3) after the splitting step.

11.  Anintermediate product for fabricating a wafer structure with a strained silicon
layer, comprising:
a prototype wafer (4, 6) comprising a support substrate (1) and a strained silicon
model layer (3},
a relaxed auxiliary SiGe layer (8) on the strained silicon model layer (3) wherein
a predetermined splitting area (9} is formed in the relaxed auxiliary SiGe layer
(8); and



a relaxed auxiliary SiGe |ayer (8) on the strained silicon nodel |ayer
"(3) wherein a predetermned splitting area (9) is formed in the rel axed
auxiliary SiGe layer (8); and 13 a strained silicon utility layer (11)
on the auxiliary SiGe layer (8). 12. Thé internmedi ate product of claim 11
characterised in that the internediate product further conprises an Si Ge
utility layer (12) on the strained silicon utilit | ayer (11). 13. The

i nt er nedi at eapitGnast siigorcutdibhiayer ¢rl) op tﬁﬁéﬂé@@@r&v%ﬁavw hat the

i nternedi ate product further conprises a second wafer (13) bonded on the
strained silicon utility layer (11) or on the SiGe utility layer (12).

14. The12nt eThedntetreegintedproduci of@teemot1 characterised inlthat the intbamediater i sed

inthat th i i at oduct furth ' further .

B R e T e M

| ayer (3) angyghglﬁgxi liary SiGe layer (8). 15. The internedi ate product
[

of one of the’cl 11 to 14 characterised in that the prototype wafer
(4) is an SO wafer consisting of a silicon support substrate (1), at

I t i 2 j i | . . I 3).
160 thetnt o e AtGiraediElprbflesGanGyoon 2 Ehrate S i ene M1t ot e
in that the ingsroteafiate prodict furfer compriseS8Qecoad evaferq13) bonded oh tike si | i con
G NI R

14,  The intermediate product of one of the claims 11 to 13 characterised in that the

intermediate product further comprises a further grown strained silicon modei
layer {7) between the strained silicon model layer (3) and the auxiliary SiGe layer

(8).

15.  The intermediate product of one of the claims 11 to 14 characterised in that the
prototype wafer (4) is an SOl wafer consisting of a silicon support substrate (1),
at least one insulator layer (2) and the strained silicon model layer (3).

16.  The intermediate product of one of the claims 11 to 14 characterised in that the
- prototype wafer (6) is an SGOI| wafer consisting of a silicon support substrate
(1), at least one insutator layer (2), an SiGe layer and the strained silicon model

layer (3).



