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(57) Abstract: The invention relates to a method for manufacturing a semiconductor device, characterized in that it comprises: a first
step (E1) consisting in forming a support substrate (1) comprising a first porous layer (2), a second porous layer (9), with a porosity
lower than the porosity of the first layer (2), a second step (E2) consisting in providing a donor substrate (4), comprising, a useful
layer (6), a third step (E3) consisting of bonding the support substrate (1) and the donor substrate (4), transferring at least a portion
of the useful layer (6) to form a semiconductor device (15), a fourth step (E4) consisting of treating said semiconductor device (15)
in such a way as to deform by dilation or contraction at least the first porous layer, said deformation inducing strain in the useful lay-
er (6).
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METHOD FOR MANUFACTURING A SEMICONDUCTOR SUBSTRATE
* AND A SEMICONDUCTOR SUBSTRATE

GENERAL TECHNICAL FIELD
- The mventron relates to a method for manufactunng a semrconductor

substrate, and to a semrconductor substrate.

STATE OF THE ART

Silicon on insulator (SOI) substrates are wrdely used in the
mrcroelectronlcs industry.

In particular, stralned silicon on lnsulator (sSOl) substrates are of
major interest for the manufacture of electronic components, notably due to
the fact that sSOI substrates offer an improved mobility of electrons and
holes and thus greater performance. - - - ,

A stralned layer of a material is a Iayer of a materlal whose
crystallographic structure is strained under tension or compresswn
compared to the natUraI crystallographic structure of the material. |

‘Strained sllicon with the Iowest.vp’ossible defect densitygis generally
searched. ‘ | | a e

One method for'manufact.uring strained silicon, known in the state of
the art, consists in depositing by epitaxy a strained Iayer of silicon on a first
layer Whose Iattice parameter is different than the lattice parameter of
relaxed silicon. This first layer can be a buffer layer whose composmon can
vary with its thickness. ;

_ Another known method for manufacturmg strained silicon consists in
using a substrate compnsrng a layer of porous silicon in contact with a
surface layer of nonporous srlrcon and dilating the layer of porous silicon to
induce strain in the surface layer of silicon.

“Porous Iayer of a semiconductor materlal > for example a layer of ,‘
porous silicon, refers to a layer of a mlcrostructured material comprising

pores.
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A disadvantage common to known methods of manufacturing sSOI
and more generally strained useful layers, is that they are expensive and
take a long time to lmplement ' )

The invention arms to provide at least partlal freedom from thls
d|sadvantage '

Moreover, the known processes of the prior art do not make it
pOSSIble to obtain thin layers of a strained semiconductor material in contact
with the porous layer. However, thin layers, such as, for example, layers of |
strained silicon roughly 50 nm thick, are neCessary for the manufacture of
numerous electronic devvicevs.' ’ . | - 8

The invention thus aims to mitigate, at least partly, these

disadvantages.

'PRESENTATION OF THE INVENTION-

The invention proposes a method for manufactunng a semlconductor
devrce characterlzed in that it comprises a flrst step consisting in forming a
semlconductor support substrate comprlsrng a first porous layer composed
of a semiconductor material, and a second porous layer composed of a
semiconductor material, W|th a porosﬂy lower than the porosity of the first
layer, a second “step consnstmg in provrdlng a semiconductor donor
substrate, compnsung a useful layer composed of a semiconductor material,
and athird step consisting in bonding the support substrate and the donor
substrate, and transferring at least a portion of the _u_se}ful layer from the
donor substrate to the support substrate, to form a semiconductor device.

The invention is advantageously supplemented by the foIIowmg
charactenstlcs taken alone or in any technically pos5|ble combination:

- the method compnses‘ a fourth step consisting of treating said' ,
semiconductor device in such a way as to-deform by dilation or
.contraction at least the firSt porous Iayer of the support substrate,
said deformation mducmg strain in the useful Iayer then referred to

as the strained useful layer;
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the useful layer transferred from-the donor substrate to the support

~ substrate has a thickness between 10 nm and 1 pym;.

the third step of transferring the useful layer of the donor substrate to-

the sUpport substrate .comprises the steps of: creation of an

embrittlement zone in the donor substrate, prior to bonding the -

. support substrate and the donor substrate, by ion implantation and

creating a fracture at said embrittlement zone, to detach the support v

substrate from the donor substrate

,transferring the useful |ayer from the donor substrate to the support

substrate comprises the use of a dismountable donor substrate;

the second step comprises the supply of a donor substrate further

' comprising a semiconductor confinement layer, said confinement

layer possessmg a chemical composmon different than the useful
layer, and the third step conS|sting of transferring the useful Iayer
from the donor substrate to the support substrate comprises the
steps consisting of introducing ions into the donor substrate, 'bon'di‘ng :
the support substrate and the donor substrate, subjecting.the support
substrate and the donor substrate to heat treatment comprising an »
increase in temperature,-during which the confinement layer attracts
ions and concentrates them within said'confin‘ement Iayer and
detaching the support . substrate from the donor substrate by

fracturing said confinement layer

«

the method comprises a fifth step consisting of transferring at Ieast a

portion of the useful strained layer from the semiconductor device to
a receptor substrate, and a sixth step consisting’ in reusing the
support substrate, at least in the second .and third steps of the
manufacturing method, for the manufacture of a novel semiconductor
device, or at least in the second, third and fourth steps of the

' manufacturing method, for the manufacture of a novel semiconductor

device, or at least in the second, third, fourth and fifth steps of the
manufacturing method, for the manufacture of a novel receptor

substrate.
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The~invention also relates to a method cbr_nprising a first step
cohsisting in forming a semiconductor. support substrate comprising a
porous layer composed of a semiconductor material, a second step
consisting in providing a semiconductor donor substrate, comprising a
useful layer composed of a semiconductor material, a third step consisting
in forming an oxide layer in contact with the porous layer and/br'conta:ct with '
the useful layer, a fourth step conS|st|ng in bonding the support substrate
and the donor substrate at the oxide layer, and transfernng at least-a portion
of the useful |ayer, from the donor substrate to the support substrate, to form
a semiconductor 'device, a fifth ~ step c'c_)nsisting‘ of . treating said
semiconductor device in sueh:a way as to deform the porous layer by
dilation vor contraction, said deformatiOn; inducing strain in the useful layer,
forming a strained useful layer, and a sixth step cons_isting. of transferring at
least a portion of the strained useful layer from the semiconductor device to
a receptor substrate, said transfer being'configured to enable the partial or
total preservation of the porous layer of the support substrate.

- This method is advantageously supplemented by the foIIowmg
charactenstlcs taken alone or in any technlcally p035|ble combination:

- the sixth step con5|sts of creatlng an embrittiement zone in the’

| . semlconductor device, bondmg the sem|conductor dev1ce and the
~receptor substrate, and creating a fracture at said embnttlement

hzone,» to- detach the -semiconductor device from the receptor
substrate; | |
- the useful layer transferred from the donor substrate to the support
substrate has a thlckness between 10 nmand 1 um;

- the fourth step of transferring the useful layer. from the donor
substrate tothe support substrate cOmprises the steps of: creating an
embrittlement zone in the dono_r: substrate, prior to bonding the
support substrate and the receptor substrate, by ion implantation,
creating a fracture at said embrittlement zone, to detach the support

substrate from the receptor substrate;



WO 2012/176030 PCT/IB2012/001125

- the transfer of the stréihed useful Iayef from the dondr substrate to
the support: sub’sirate comprises‘the use of a'dismountéble donor
substrate; - ' ‘ | - |

- the second step comprises the supply of a donor substrate further

- comprising a semiconductor confinement layer, said confinement
layer possessing a ch.emicalj éompbsition differént than the useful
' Iayer, and the fourth stép consisting of transferyri‘ng' the useful layer
from the donor substrate to the support substrate comprises the
steps consisting of introducing iohs into the donor substrate, bonding -
the support substrate and the donor substrate, subjecting the support
‘substrate and the donor substrate to heat treatment comprising an
inCrease_ in temperature, during wh'ich the .confinemé'nt layer attrabts
ions and ‘concentrates them within sa_id confinement Iayer, and_',,
detaching the support substrate from the donor substrate by
fracturing said confinement layer: , | ‘ -

- the method combrises a seve'nth' step consisting in reusing the

| support substrate comprising the pordus Iayer,‘at least in the second -

and fourth steps of the manufacturing méthod,_ for the-manufa'cture of
a novel semiconductor devicé,f or at least in the second, fourth' and
fifth steps of the manufacturing method, for the ‘manIUfacture of Ja}
novel semicohd_uctor devicé, or at least in the second, fourth, fifth,
' andis’ixtrh steps. of the-.ménufacturing method, for the ‘manufacture of

a nc)vel receptor substrate.

The invention also relates to a semiconductbr device comprising
successively a-first porous layer composed -of a semiconductor material, a
second poroué layer composed of a semiConduptor maferial, and with a
porosity lower th’an'the porosity ofthe first layer, and a useful layer
composéd of a semiconductor material, haVing a thickness between 10 nm -
and 1 ym. , |

The invention also relates to a semiconductor aevice co‘mprising

successively a first porous layer composed of a semiconductor material, an -
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oxide layer in contact with the first porous layer, and -a useful layer
composed of a semiconductor material, having a thickness between 10 }nm-'
and 1ym. ' . ‘ |

~ In these deViCes, the useful layer isadvantageously strained.

The inve\ntion makes it pOSSIb|e to obtain thin .Iayers of
semlconductor material on a porous semlconductor Iayer which in the end .
makes it possible to manufacture thm strained layers of semlconductor
'materlal o | ) ' N ,
| The invention further makes it possible tc reduce the manufacturing
lead times of strained layers with good crystalline duality, as well as

associated manufacturing costs.

PRESENTATION OF THE FIGURES '. ,

_ Other characteristics goals and ~advantages of the invention will arise
from the following description, whrch is purely illustrative and nonrestrictive, |
and ‘which must be. conSIdered in reference to the appended drawrngs‘
wherein: _ ' |

- Figure‘1 is-a schematic representation.cf a first embodiment of the
method according to the invention; | |

- Figure 2 is a schematic representation of an electrochemrcal

~ anodization method; o -

- Figure 3 i§ a schematic representation of another electrochemical

~ anodization method _ '

- Flgure 4is a schematlc representatron of an embodlment of the

transfer of the useful layer; _

- Figure 5 is a schematic representation of icn con'centration,‘;in a

\ | substrate in the case of diffusion and implantation;
- Figure 6 is a. schematic representatron of a second embodiment of
the method according to the invention; | _

- Figure 7 is a schematic representation 'of‘ an embodiment of the

transfer of the useful layer, identical to that of-F igure 4;
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- Figure 8 is a ,schematio 'representation. of another inventive

manufacturing method.

DETAILED DESCRIPTION

The steps of a first errrbodiment of a method for manufacturing a,\'.
semiconductor devrce of the mventlon are represented in Figure 1.

The expression _semrconductor substrate or device” refers to a
structure comprising at least one. layer of one or more*sem__lconductor :
materials. | | | '

Stralned layer” refers to any Iayer of a semrconductor matenal
whose Crystallographic structure is strained under tension or compressron |
compared_ to the natural crystallographic structure of the material. For
example, it is possible to obtainistrain'ed- layers during crystal growth, such
as epitaxy, which modifies the crystal lattice, in pa‘rtioular in the direction of
growth. | [‘ | | o

- Conversely, “relaxed layer” refers to any layer‘of"a sernicondu¢t0r
material which has a crystallographic struoture free of any external strain
applied,~.i.e., with a lattice parameter identical to the lattice parameter of a
Ieyer of this material in massive single-crystal form. | , |

The ‘meth"od comprises -a first step E1 con‘sisting' in forming a
semiconductor support substrate 1 'oomprising a first porous Iayer 2
_compose'd of l,a semiconductor material, andr a second porous layer 9
comoosed of a semiconductor material, said second layer 9 having a
porosity lower than the porosity of the first layer 2. '

’ The first and second"layers consist of a semiconductor material,
which mcludes a srngle materlal for each layer or several materials for each
layer. | | |

- The first and second layers, for: example, consist of silicon,
germanium or a group -V aIon (alloy of an element from the third column
and an element from the fifth column of the perrodlc table of the elements) '

In one embodrment the first and second layers are composed of the

same semlconductor materral
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A porous. layer of a se‘micond‘uctor ‘material ‘is a layer of ‘a
microstructured material comprising_pores. The pores constltute the vords
between the materlal s crystallites. ’

The porosity of the materral is defined as the fraction of unoccupled
volume (pores) within the material. Other parameters can be used to
characterize the porous layer (pore size, morphology, thickness;. pore
diameter, crystallite size, specific surtaCe, a.rea,v et,c.).' o

- For example, if the mat'erial is silicon, it is porous silicon, generally

,classrfred in three categorres by those persons skilled in the art: |

- ‘macroporous srlrcon generally obtained from ntype srhcon and ‘.

lightly doped; -
_' mesoporous srlrcon, generally obtained from heavily doped p*
~ silicon, and | | -

- nanoporous silicon, geherally o_btaihed from p-type silicon, and lightly
doped. , ,‘ |

The porosity P of a porous layer of semiconductor is defined as the
fraction of unoccupied volume within the porous layer. It "is written

p=P"Prm \with p the density of the nonporous material and p,, the

density of the porous material. It generally varies between 10% ahd 90%. .

Other parameters can be used to characterize the porous layer (pore
size, morphology, thlckness pore diameter, crystallite size, specrfrc surface
areas, etc)

" As an example if the flrst layer and the second layer are made of
silicon, the first layer 2 will be manufactured with a porosity between 30%
and 70%, and the second layer 9 with a po’rosity between 5% andf3(‘)%.’

The support substrate 1 can be obtained in various ways.

Advantageously, it mvolves a step of electrochemrcal anodrzatlon of
the support substrate 1.

One embodlment of such electrochemrcal anodlzatlon is illustrated in

Figure 2.
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Support substrate 1 rs placed in an enclosure 10 comprrsrng an
electrolyte 1. ‘ '

The electrolyte 11 is for example a solutron comprisrng hydrofluorrc
acrd (HF). ( '

An anode 12 and a cathode 13, plunged into the electrolyte 11, are
supplled by a source of electrical power 14.

An electrrcal current is applied between the anode 12 ‘and the |
cathode 13 via the source of electrical power 14, 5

’ To‘obtain a first porous layer 2, and a second porous layer 9 having a
lower porosity, a s‘olutionvco_nisists in doping the first and second layers
differently. In particular, it is ad'yantageous to dope p the first layer 2 and the |
second layer 9, with however doping for the first layer above the second -
layer. | 7 ’ -

Another solution, ‘cornplementary or alternative, consists in adjusting |
the dens.ity of the electrical current applied by the source of ele'ct'rical_ power
14. L - -

In Figure 3, another embodiment of electrochemicallanodization is .
represented called_a “double-bath” unit. i ‘ |

The enclosure 10 comprrses two semi-reservoirs each comprisrng an
electrolyte 11, for example an HF/ethanol mixture. ,

The support substrate 1 plays the role of barrrer between the two
semi-reservoirs, which are not rnterconnected

The enclosure 10is in general a Teflon tan_k and c’omprisesO rings
16 arranged between the support substrate 1 and the electrolyte 11.

As for the preceding embodiment, the tWo electrodes 12 and 13, for
example of platinum, constitute the anode_and the cathode and are fed by a
so'urce of electrical power 14. - ' | '

Adjusting the density of the electrical current, and/or suitably
choosing the doping for the‘layer’s of the support substrate 1, make it
possible to 'obtain this differentiated porosity between_'the first layer 2 and

the second layer 9.
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In all cases,’ the results of the treatment for renderlng the first and
second |ayers porous depend on various parameters such as doping type
and degree, crystalline orientation of the layer's ‘material, current density,
electrolyte composition and concentration, temperature and anodization
time. ’ | |

Other solutrons are possrble

At the end of anodizatlon the support substrate 1 is rmsed

In another embodiment of this first step E1 the support substrate 1 is
already porous, prior to step E1, and the first and second layers are formed
by a~_$elective “porosification” operation in order to‘_obta‘in a first porous layer
2 and a second porous iayer 9 with a porosity lower than the first layer.

‘In another embodiment of the first step, the second porous layer is
transferred rn contact with the first porous layer, by bondrng or any other
method known to those persons skilled in the art. ‘

The method comprrses a second step E2 consrsting in provrding a
semiconductor. donor substrate 4, comprising a useful layer 6 composed of
semiconductor material. The semiconductor material of the useful layer 6 is
-advantageously silicon, but it can be other elements, such as germanium, or
a group llI-V alloy, or any semiconductor material required - for a given
application. ‘ | , ‘ |
| The method further comprlses a thlrd step E3 consrstrng in bonding
(step E34) the support substrate 1 and the donor substrate 4 at the second
porousblayer 9 of the support substrate 1 and the useful vlayer 6 of the’
receptor substrate 4, and transferring (Step E3;) at least a portion of the
uéeful layer 6 from the donor substrate 4 to the support' SUDStrate 1, to form
a semiconductor device 15. . - | |

The‘bonding can be direct, by bringing into contact the surfaces of
the second layer 9 and the useful layer 6, or there can be in addition an f
intermediate oxide layer.

Advantag‘eouslyi the third step E3 of transferring the useful layer 6 of

the donor substrate 4 to the support substrate 1 comprises the stepsoff
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- creating an embrittlement zo.ne 25 in the donor substrate 4, prior to
| bonding the support substrate 1 and the receptor substrate 4, by ion
- implantation and |
- creating a fracture at said embrittlement zone 25 to detach the

support substrate 1 from the receptor substrate 4. .

The embrittlement zone 25 is created by implanting ions, such as
hydrogen or helium ions, or a combination of hydrogen/helium or
helium/boron or hydrogen/helium/boron

~ The transfer step is in general carried out according to the Smart
vCutT"" technique. | , , _ "

- Alternatively, the transfer of at least a portion of vthe usefui layer 6 of
the donor substrate 4 to the support substrate 1 ‘comprises - the use of a
dismountable donor substrate 4. ' , ,

| Advantageousiy, itis a dismountable srhcon on insulator (SOI) donor

substrate 4. | | o

At the end of the third step, it is possible to rentove the remainder of
the substrate 4 present above the useful layer 6, for_exampie by selective |
etching. R ] o

- Advantageously, the layer 6 composed of semiconductor material

transferred from the donor substrate 4 to the support substrate 1 has a

thickness between 10 nm and 1 pm. ' .

At the end of the third step, a semiconductor device 15 successrvely
comprismg the foiiowrng IS available
j - afirst porous’ layer 2 composed of semiconductor material,

- a second porous Iayer 9 composed of semiconductor material,

wrth a poros1ty lower than the porosﬂy of the first layer 2, and

- a useful layer 6 composedlof semicon,ductor material, with a

thickness between 10 nm and 1 um. |

By virtue of the invention,' a 'thin‘-laye'r of semiconductor material
transferred to a porous substrate is thus available, which is highly

advantageous with respect to the,,_difficulty for obtaining thin layers of a
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semiconductor material on a porous substrate, notably due to problems of
adhesion of layers on a porous substrate ‘ y

| Advantageously, the -fII'St porous layer 2 and the second porous layer
9 are made of silicon, i.e., the support substrate 1 is a silicon substrate.
Advantageously, the useful layer 6 is also made of srlicon Other materials
for these Iayers include, for example SiGe or Ge.

_ The transfer of the useful layer 6 of the donor substrate 4 to the
support substrate 1 can be implemented by having constituted in the donor
substrate 4 an embrittlement zone, at which a fracture could be created to _
carry out the transfer | '

The embrittlement zone can be constituted by |mp|antat|on in the
donor substrate, as was described above. . .

in this case, |ons are accelerated in the direction of the surface of the |
donor substrate. The average penetration depth of the atoms in general is
between 100 A and 1um - this depth being determined according to the
species impianted and the vimplantation energy. In the case of implantation,
the doi)ing has an implantation peak in the“ donor substrate" The implanted
ions have an energy selected to enable them to cross the donor’ substrate
material. The |mpiantat|on peak depends on ion energy o '

It can also have been constituted differently, for exampie in the
manner described below. - o o

An embodiment of the third step E3 of the transfer of the useful layer
6 of the donor substrate 4 to the support su.bstrate 1 is thus described. |

This embodiment is illustrated in Flgure 4, ‘ ]

In this embodiment, the second step E2 comprises the supply of a
‘donor substrate 4 further comprising a semiconductor confinement layer 30,
said confinement layer 30 having a different chemical comoosition than the
useful Iayeré This confinement layer 30 can be integrated in a confinement
structure described below. _ _

The role of this confinement layer 30 is to- attract the ions introduced
subsequently in the donor substrate (for example by drffusron) during

thermal annealing carried out on the donor substrate after this introduction,
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“and during which the ions will preferentially migrate toward the confinement
layer 30. ' | | ‘ '

The confinement structure comprlsrng the confrnement layer 30 is
generally obtained by epltaxy, and is formed durrng the step E2 of formation '
of the donor substrate 4 ’

Epltaxy makes |t possible to precisely control the thickness of the
.confinement layer 30, and makes it possnble to obtam it in thin layers

' * Moreover, epitaxy makes it possnble to preserve the crystallmrty of the
donor substrate 4. v - ' |

The confinement layer material is advantageously selected from
SiGe, doped or not, or’doped silicon. Other rnaterials notably include boron-
doped germanium, boron- doped SiC or lnGaN ‘

Doprng wrth boron arsenic or antlmony, for example can be
implemented. _ ) | _

Other materials and other dopants can be used. In all cases, the
confinement layer consists . of a material with a different chemical
’composition than the useful layer 6 to be transferred, which includes a
difference a.t'least in the proportion of the chemical elements (for example, ‘
SiGe with a different proportion of germanium), or in the type of material (for
example, SiGe for layer 30 and Si for layer 6), or in the fact that the
confinement layer has higher doping than the layer 6 to be transferred (for
example boron- doped SiGe for layer 30, and undoped or less- doped SiGe
for layer 6), or a combrnatron of one or more of these differences.

To enablev the transfer of the ’u'serI layer 6, the third transfer step S6
comprises"a step E301 of introducing the ions 24 into the donor substrate 4.
These ions make it possrble to create an embrrttlement zone in the donor
substrate 4, at which a fracture can occur. o

These are advantageously hydrogen ions or helrum ions, “or a
combrnatlon of said ions. '

This introduction can‘be carried out in various ways.

Advantageously, ,lntroduction of the ions 24 into the don'or.substrate 4 _'

is carried out by diffusion of the ions 24 into the ’donor substrate 4 following
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imrnersion of_ the donor substrate 4 into plasrna comprising said ions. It is
specified that this introduction of the ions 24 into the donor substrate 4 can
be irnptemented by techniques other than diffusion, for example by
implantation. - | |

"The donor substrate 4 plunged into the plasma is subjected to
electrical pulses. The positive jons present in the plasma are then
accelerated toward the surface of the substrate in which they are
introduced. Since plasma surrounds the substrate, the entire surface ’
receives ions simultaneously.

Another advantage of this ion introduction is its ability to be applied
on an industrial scale, as well as its reduced implementation time:

Another advantage of this ion introduction is that the ion dlffu3|on
zone in the donor substrate is hrghly concentrated on the order of a few
nanometers in thickness according to the normal direction in the pnnmpal
surfaces of the substrate (between 10 nm and 200 nm,\for. example).

| The introduction of ions by plasma diffusion thus makes it possible to -
obtain good results in tne' transfer step, insofar as this technique notably
makes ‘it possible to enrich the donor substrate 4 in ions with low energy
(between 3 and 25 keV) and at a high dose (between 5.10® and 2.10"7 cm
2).in a region ‘of ’Iow‘depth (a’Afevs/"-ten‘s of’nano'r:neters_tc roughly 200
nanometers as was called to mind above), which is not always accessible -
by an implantation techniuue. This is advantageous in order to subsequently
transfer thin layers of the useful layer 6 to be transferred. As explained
below, this is'advantageous to reduce defects and roughness present in the .
transferred layer. '

Indeed, even when the region is accessible by |mpIantat|on the high
energy of the ions in the |mp|antat|on method leads to the |ntroduct|on of
crystal defects in the useful layer 6 to be transferred maklng its subsequent
use more difficult. | |

Figure 5 |Ilustrates the concentration profrle of the |ons 24 in the
donor substrate 1 as a function of depth in the donor substrate 4 in the

case of diffusion (plot 26) and in the case of ion implantation (plot 27).
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The third transfer step further comprises a step E302 consisting in
bonding donor substrate 4 and support substrate 1. '
| , ThlS bonding is carried out by brrnglng into contact the free surfaces
of the donor substrate and the receptor substrate. Generally, these surfaces
have been cle_aned beforehand to ensure the molecular adhesion of said
surfaces. | ‘ | .

- The third transfer step then comprlses a’step E303 of heat treatment :
of the donor substrate 4 and the support substrate 1, consrstrng of
subjectrng them to an increase in temperature. -

If a conflnement layer has been constituted, said layer is prepared in
one or more materrals suited to the attraction of the ions introduced into the
substrate toWard said confinement layer, during this rising-temperature heat’
treatment. Heat treatment temperatures are typlcally between 200 °C and
700 °C. o -

For example, if the conflnement layer material is boron doped Sl|lCOl’l

N

and the ions introduced into the donor substrate are hydrogen ions, the -
c_hemieal interactions between boron and hydrogen will'notably‘ nﬁake it
posslble to attract hydrogen ions in the confinement layer. Another factor of _
lon\\ attraction can result from the difference in_‘strain (tension. or
compression). Lo o _ ' » - o

| Thus, during the heat treatment of the donor substrate and the
receptor substrate the conflnement Iayer attracts - rons and concentrates-
them within sald confmement Iayer _

' Another function of this heat treatment can be to strengthen the
bonding energy between the/donor substrate and the receptor substrate.

Annealing is carried out in such a way that different effects take
place: ' | o |
’ - the bonding energy between the donor substrate ‘and the
receptor substrate is increased, -

- the ions concentrate in the conflnement layer until reachrng a

‘ cntlcal concentratlon

- these ions create cavities, which will coalesce,



WO 2012/176030 PCT/IB2012/001125
16

- the ‘pressure in these cavities increases until it causes .a
fracture in the confinement layer, which makes it possible to
~ separate the donor substrate from the receptor substrate..

These fourv effects can be obtained d‘uring a single thermal annealing;
or during separate individual thermal anneallngs v '
_ .Thus, the step following heat treatment is a step E304 conS|st|ng of
detaching the donor substrate 4 from the support substrate 1 by fracturing
said confinement Iayer 30. _ ‘

The useful layer 6 all or in part is thus transferred -

The support substrate 1 is then treated by cleanlng and pohshlng‘
(CMP or other), in order to remove the remaining material of undesirable
Iayers In partlcular the residual conflnement layer is transferred ‘with ‘the
strained layer of the semiconductor. '

" An advantage of the transfer method |mplement|ng the constitution of

a ct)nfnnement Iayer is that the fracture is highly localized and only or nearly
only takes place at the confinement layer. o -
| Typically, - the post-fracture AFM roughness obtained wuthout the
confinement layer is on the order of 3 to 6 nm, whereas the confinement
layer makes it possible to reduce this roughness to values on the order of
05 to 1 nm. Thus, :the propagation of defects toWard the useful layer to be
transferred is avoided. Indeed, in the case of traditional transfer by ion
impla'ntation and fracture at an embrittlement zone withdut the/use of a
confinement layer, it is common for defects to appear in the substrate after
fracture. This is ndtably due to the extensive presence of ions in the
substrate, which induces' a fracture that is poorly localized, and thus a
higher roughness. _ '

‘The useful layer 6 transferred i'n’at:cdrdance With the p‘resent method
is .thus Iess rough. For'example in the case of a donor substrate 4
compnsmg a silicon layer 6 to be transferred and a confrnement layer 30‘
made of boron-doped silicon, a transferred silicon Iayer roughness of 5A
’(RMS) can be obtalned
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Moreover, it is often necessary to transfer the useful Iayers 6in a
thin layer (between 20 nm and 500 nm, for‘ example). Indeed, it is known ,
that a compromise exists betWeen the strain present in the layer and the
thickness of said Iayer For a given strain, there is one thickness beyond
WhICh the strain is released by the appearance of defects.

" This .embodiment of the third step thus makes it pOSS|b|e notably to
transfer the useful layers 6 with a thickness between 10 and 200 nm.

~ Advantageously, a confinement layer with a thickness between 2 and-
20 nm is used. The thinner the confinement layer, the more localized the
fracture. For example a confinement Iayer roughly 4 nm thick will: make it _
'possmle to confine the fracture in this zone "

With respect to the thinness of the confinement layer, this disrupts
little or not at all the lattice parameter of the donor substrate.

Generally, it is possible to use a confmement structure, comprising a
,confinement layer 30 stich as described ab‘ove, and two protective I'ayers,
arranged in contact with and on both sides of the confinement Iayer, each of
these protective layers bei‘ng made of a semiconductor material of a
different chemical composition than that of the confinement layer material. It
is understood‘that “different chemical composition” refers to the fact that the
materials are different, or that they have different proportions of chemical
elements, and/or that they have been doped with a different dopant

The transfer is made with the confinement structure in a manner_
similar to that described above for the confinement Iayer \

These protective layers make it possible to ,advantageousiy further
limit the propagation of defects resulting from the fractu're. These notably
play the role of protective shield for the useful layer 6 to be transferred and
confine defects able to propagate toward the .useful’ Iayer 6 following
fracturing of the confinement layer. _ ‘

Examples of protective layers include, but are not'limited to:

. protective layer material: SiyGex; confinement layer material: Sig-
| y)Gey'(advan'tageously,-‘the difference between x and y is at least 3%,

preferably greater than 5%, even 10%), boron-doped-SiGe or boron-
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doped silicon. Mention can‘also be made of the case in which the
protectlve Iayers are of SiGe and the conflnement layer is of boron-
" “doped silicon, just as the case in which the protective layers are of

'SiGe and the confinement layer is boron-doped Ge;

- protective layer material: silicon; confinement layer. material: S|(1

,yGey, boron-doped SiGe or boron-doped smcon |

- ‘protectlve layer material: germanium:;. conflnement layer matenal
boron- doped SiGe, boron- doped silicon, boron-doped germanlum or

SiGe; v : ’

- protectlve layer material: SiGe;- confinement-layer material: .boron- -
v 'doped SiC; | ” |
- protective layer material: AIGaN; confinement layer material: .lnGaN,
doped (Si, Mg) or-not;- . ‘
- protectlve layer materlal AlGaAs; conflnement layer materlal
'lnGaAs doped (Si, Zn, s Sn)ornot.

Advantageously, the materials of the protective Iayers are also suited
to the attraction of ions mtroduced into the donor substrate toward the-
confinement layer during heat treatment in which the temperature of said |
‘donor substrate increases, such as, for example of doped or undoped SiGe
maklng it p033|ble to attract hydrogen ions. ,

Moreover, or alternatrvely it is advantageous that at least one of the
protective layers is an etch- -stop layer, composed of a material that enables
selective chemlcal etching of the protective Iayer W|th respect- to the useful
layer 6. In general, a protective layer is in contact with the useful layer 6.

This makes it possible to implement a step con'sisting of selectively
etching the protectlve layer. present on the support substrate 1 after
detachment of the donor substrate 4. ‘ ‘

Furthermore, or alternatively, one of the‘protective layers can be a
chemical. etch-stop layer, composed of a material enabling selective ‘
chemical etching of the protective layer with respect to the inferior layers of

the donor substrate 4.
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‘The method-can comprlse a step consrstlng of selectively etching the
protectlve Iayer present on the donor substrate after fracture which enables
the donor substrate to be reused. o

In one embodlment of the thll’d step E3, it compnses a prellmlnary ‘
step of forming a layer of oxide (SrOz, for example) in contact with the
second layer 9 of the support substrate 1 and/or the useful layer 6 of the |
donor substrate 4. ' ‘ |

The oxide layer makes it possible to 'further facilitate the bonding of
the support substrate 1 and the donor substrate 4 with a view'to transferrrng
at least a portlon of the useful Iayer 6 ' ‘ »

In thrs case, at the end. of the third step, a semrconductor devrce 15
further compnsmg an oxide layer between the second’ porous layer 9 and
the useful Iayer 6is obtalned -

The method can further comprise a fourth step E4 consrstlng of
treating said semlconductor device 15 in such a way as to deform by
dilatation or contractlon at least the first porous layer 2 -of the support.
substrate 1, said deformatlon inducing strain in. the useful layer 6, then
referred to as the stralned useful layer 6. _ ,

Deformatlon of the first porous . layer 2 can be elther dllatlon or
contractlon Dllatlon corresponds to an expansion of materlal /e a
deformatron under tension of material, whereas contraction corresponds to
a retractlon of matenal ie., a deformation under compressmn of matenal

The fourth step E4 can, for example, comprlse a step of thermal
oxidation of the semiconductor device 15.

In this case, the semiconductor device 15 is subjected to heat
‘treatment (for example between 200 °C and” 800 °C), in an OX|d|zrng‘
atmosphere (atmosphere compnsmg for example Oy, or NOz, etc.).

This causes. deformatlon of the first porous layer 2, and thus strain in .
the useful layer 6, then referred to as strained useful layer 6’

At this stage, a semlconductor device 15 compnsmg a strained useful

layer 6' is thus available. By virtue of the method of the invention, it is thus
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possible to obtain a’ very thin strained layer of semiconductor material
arranged on a porous substrate. B |
~ The method can comprise a fifth step E5.oonsisting of transferring'at
least a port|on of the strained useful Iayer 6’ from the semiconductor device
15 to a receptor substrate 8. ,

Advantageously, the step ES consisting of transferring at least a
‘portion of the strained useful layer 6 from the semrconductor devrce 15 to a

receptor substrate 8 comprlses the followrng steps
- creating an embrittlement zone 40 in the semiconductor device 15,
by ion rmplantatron | ’

-

. bondlng (step ES4) the semiconductor device 15 and the receptor
| substrate 8, and .
- creatrng a fracture (step ES;') at said embrittlement zone 40, to
detach the Semiconductor device 15 from the receptor substrate"8
' Before bondrng, the surfaces to be bonded together are generally
cleaned. a ‘
The embrittlement zone 40 can be created in the strained useful layer
6', in the second porous layer g, in the first porous layer 2 or in otner layers. -
It is advantageous to create the embrittlement zone in the second oorous
layer, which is less rough and stiffer than the rest of the'device 15. The
presence of this second porous layer is thus advantageous for the
implementation of a Smart Cut™ transfer involving the creation of an
embrittlement zone. .

' ‘The embrittlement zone 40~is created by implantation of ions, such‘as
hydrogen or heliurn,or boron ions or a combination. of hydrogen with the
latter two ions. o -

The transfer step is in general carrled out accordlng to the Smart ‘
Cut"‘" technique. d ,

Regardless of the mode of transfer chosen, it Is advantageous to use
a transfer that preserves the entire first porous layer 2. This is, for example,
‘carried‘ out by creating the embrittlement zone outside the first porous Iayer

2. Moreover, it is possible to-choose a transfer that also makes it possible to
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preserve, entirely or partially, the second porous layer 9 ’by creating the
embrittlement zone outside of this second layer.
" The reoeptor substrate 8 advantageously 'co'mprises -an oxide layer

18, which makes it posstble to obtain at the end of the fifth step a strained
silicon on insulator (sSOI) receptor substrate 8, in the case where the
stramed layer 6’ is made of silicon. . | ' |

Another advantage of the inventive method is to partly or entlrely‘
preserve the support substrate 1 compnsmg the first and second porous
layers. ' o

The transfer of the strained useful layer 6’ to the reoe'ptor substrate 8
can also be carried out in accordance with the transfer explained in relation
to Figure 4, which relies on the use of a confinement structure or a
'confmement layer in the dewce 15 and ion-introduction, advantageously‘
carried out by diffusion in plasma, said oonflnement structure or
confinement layer making it possible to attract.and cohcentrate ions du‘rihg a
temperature increase, to create a fracture that induces fewer defects in the
useful layer 6’ to be transferred The details of this type of transfer will not
‘be described again. , S

| The method comprlses advantageously a sixth step E6 consisting |n'

reusing the support substrate 1 at least in the second and thlrd steps E2-
and E3 of the manufacturing method, for the manufacture of a novel
semiconductor device 15. This novel .semiconduotor device 15 comprises a
first porous layer of a serhicohductor, materiat, a second porous layer of a
,semiconductOr rhaterial ~with- a porosity lower than the first 'I'ay'er, and a |
novel useful layer 6 of a semiconductor material.

~ Advantageously, the sixth step E6 consists in reusing the support
substrate 1 at Ieast in the second, third and fourth steps of the
manufacturing method for the manufacture of a novel semiconductor device
15. In this case, the novel semlconductor devrce 15 comprises a stramed

useful layer 6’ of a semiconductor materlal
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Advantageously, the sixth rstep E6 consists in reusing the support
substrate 1 at least in the second, third, fourth and fifth steps of the
manufacturing method, for the manufactu‘re of a novel receptor substrate 8.

’In general the sixth step E6 comprises a prehmlnary step of treating
the support substrate 1 with a chemical solution, in such a way as to reduce
or eliminate the deformation of the first porous layer 2 and, if need be the .
second porous layer 9. , ’

-Advantageously, the acid solutlon is hydrofluonc aC|d or a buffer
solutlon containing. hydroﬂuorlc acid.

“Use of the chemical solution makes it possnble to obtain desorptlon of
the oxygen contained in the flrst porous layer and possibly in the second
porous layer. The presence of oxygen in these Iayers is explamed by the
step of thermal oxidation carrled out during the fourth step E4. ’

Use of the chemical solutlon makes it possible to obtaln desorption of
the surface layer'created in the first and second porous layers. The first and
second porous layers 2 and 9 can' conta_in' oxygen in one examole
embodiment if a thermal oxidation step was carried out during. the fourth
step E4. ' | | | |

In another example embodlment the first and second porous layers 2

«

and 9 can contain silicon nitride because mtrldatlon of the semiconductor
device 15 will have been carried out durlng the fourth step E4. v
~ The method is advantageously apphed cyclically, and thus consists in
cyclically applying the first, second, third, fourth, fifth and sixth steps, for the
manufacture of a pIurahty of the receptor substrates 8 each compnsmg a
strained useful layer 6’ of a semlconductor material. ,
In all the embodiments of the sixth step, it should be noted that the
novel layer 6, manufactured durlng a given iteration of the sixth step E6, can
have a semiconductor material that is different than or identical to the
semiconductor material of the layer 6 manufactured during a preceding -

iteration of the 'manuf_acturing method.
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A second embodiment of the method for manufacturing a
semrconductor receptor substrate of the mventlon is now described,
'reference to Figure 6. '

The method comprises a first step S1 consisting in formmg a
semiconductor sup}port substrate 1 comprising a porous layer 2 of a
s‘emiconductor material. It is a layer 2 of a semiconductor material, which
has been made porous Examples of materials have aIready been cited in
the first embodiment. Advantageously, all of support substrate 1 has been
made porous, as |llustrated in Figure 6. |

Advantageously, layer 2 is made of srllcon Advantageously, aIl of
substrate 1 is made of silicon. | v | o '

Thrs first' step. S1 s, in general carried out by electrochemioal‘
anodrzatron of the support substrate 1, whose principle was described |
above for step S1. The charactenstrcs of this anodrzatlon will_not be
descrlbed again. - , o '

The method comprlses a second step 82 consisting in providing a
semiconductor donor substrate 4, comprlsmg a useful layer 6 composed of
'semlconductor material. . ' » )

The layer 6 is advantageously made of siicon. I

The method comprises a third step S3 consisting in forming. an oxide
}Iayer 7 in oontact with the porous layer-2 and/or in contact with the useful -
Iayer6 | | o o

in Frgure 6, the case of an oxnde Iayer 7 formed in contact with the |
porous layer 2 is illustrated. _ )

The oxide layer is, for example but not limited to, SiO,. v‘

" The method vcomprises_a fourth step S4 conststing of.
- bonding .(step S44). the support substrate 1 and. the donor
v substrate 4 at the oxide layer 7, and |

- 'transferrmg (step S4,) at least a portion of the layer 6 from the

~semiconductor material of the donor substrate 4 to the support

substrate 1, to form a semiconductor device 15.
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Before bonding, surfaces to be bonded together are generally
cleaned _ o T ' ' |

The layer 6 composed of semiconductor material transferred from the
donor substrate 4 to the support substrate 1 advantageously has a
thickness between 10 nm and 1 pm. ' }

The transfer is carned out rdentically to the transfer described in the
case of the step S3 described above, in the context of the first ‘embodimentv__
of the manufacturing method. - ' '

'The characteristics of the third step. S3 are transposed in the case of
the fourth step S4 and will not be detailed again.

Thus transfer of the layer 6 composed of semrconductor matenal
.from the donor substrate 4 to the support substrate 1 can comprise the use
of a drsmountable donor substrate 4

' AIternatrver, the fourth step S4 of the transfer of the layer 6 -
composed of semiconductor material from the donor substrate 4 to the
support substrate 1 advantageously comprises the steps of: a

- creating an embrittlement zone 25 in the donor substrate 4, prior to

“bonding the support substrate 1 and the donor substrate 4,

- creating a fracture at said embrittlement zone 25, to detach the

support substrate 1 from the donor substrate 4.

Alternatively, the transfer rests on the use of a conflnement layer ora
confinement structure, said transferhavmg been descnbed above. It should
be noted that the oxide layer (for_' exa',mple‘ oxide Iayer 7) replaces the
second porous Iayer 9 of the first embodiment. The characteristics of this
transfer will thus not be detailed agarn calling attention to the frrst v
embodiment. ‘ ‘

In short, this transfer is carried out in the following manner (see
Figure 7): | | o ‘ | , '.

- the second ‘step S2 comprises the supply of a donor substrate 4
further cornprising a semiconductor confinement layer 30, said
confinement layer possessing a different chemical composition than

the useful layer,”and -
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- the fourth step S4 consrsting of transferring the usefuI layer 6 from
the donor substrate 4 to the support substrate 1 comprrses the
following steps:

o - introducing (step S401) the ions 24 into the donor substrate 4,
o bonding (step S402) the support substrate 1 and the donor“
- substrate 4, | , : |
o subjectrng (step S403) the support substrate 1 and the donor}
~ substrate 4 to heat treatment comprising an .increase in
 temperature, during which the cohfinement layer 30 attracts
the ions 24 to conCentrate them' in said confinement layer 30,
and . _ | , . .
o detaching (S404) the support }substrate 1 from the donor
‘substrate 4 by fracturing said confinement layer 30.

At the end of the fourth step S4, a semiconductor device 15.
successively'comprising' a porous layer 2, an oxide layer 7 and part'of the
useful layer 6 is thus available.” | o |

By virtue of the invention, a.thin layer of a semiconductor material
transferred to- a porous substrate is thus availabl_e, which is highly
advantageous with respect to the difficulty: obtaining thin_ layers of a
semiconductor material on a porous substrate; ‘

- The 'remainder‘ of- the dorror substrate 4 present on the support
substrate 1 after fracturing can be removed by selective etching-or any other
method known to those persons skilled in the art.

A semiconductor device is thus,obtained comprising successively:

- afirst porous layer 2 composed of semiCOnductor material, and -

- an oxide layer 7 in contact with the first porous layer 2 , and

- a useful layer 6 composed of semiconductor material, which

advantageousl’y has a thickness between 10 nm and 1 pme

By virtue of the invention, a thin layer of a semiconductor materiai
transferred to a porous substrate is thus available which " is highly

advantageous wrth respect to the difficulty obtalning thin layers of a
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'semrconductor material on a porous substrate, notably due to problems of
adhesron of layers on a porous substrate.

The method compnses a fifth step S5 consisting of treatlng sald
semiconductor device 15 in such a way as to deform by dilation or
contraction the porous layer 2 of the support substrate 1, said deformation
inducing strain in the useful layer 6, then referred to as the strained useful
layer 6. - | i
This fifth step S5 is carried out ldentlcally to the fourth step E4
described above in the context of the first embodlment of the manufacturrng :
method and will not be detalled again. ‘ ‘ -'

v The method comprlses ‘a sixth step S6 of the transfer at least a
portion of the stralned useful layer 6 from the semlconductor device 15 to a
receptor substrate 8, said transfer being configured to enable the partial or
total preservation _of the porous layer 2 of the support substrate 1. Total
preservation is advantageous insofar as it enables’ total recycling of the
porous layer 2. | | |

The srxth step S6 can consrst in:

- creating an embnttlement zone 40 in the semrconductor devnce 15,
by ion implantation, - ‘ )

- bonding (step 861) the semiconductor de\rice 15 and the receptor
substrate 8, and . |

- creating (step S6y) a fracture at said embrlttlement zone 40 to .

detach the semiconductor device 15 from the receptor substrate 8,
said transfer enabling the presewation of at least a portion of the porous
layer 2 of the support substrate 1, or the totality of the porous layer 2.

Before bonding, the surfaces to be bonded together are generally‘
cleaned ‘ o »

The embrittliement zone is in general created by implantation of ions,
such as hydrogen or helium ions. |

~ If the embrittlement zone is created in the oxide layer 7, then the .
porous layer 2 is’completely preserved. If the embrittiement zone is created

in the porous layer 2, then the porous layer 2 is partially preserved.

N
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- The invention thus makes it possible to preserve the porous layer of
the support substrate, which leaves the possibility of ‘reusing this support
substrate. o ,

Thrs makes it possrble to rmplement a seventh step S7 of reuse of
the support substrate, this step being able to cover various embodrments

The se\renth step S7 of reuse can comprise a step of treatrng the
support substrate 1 with a chemical solution, in such a way as to reduce or
elrmrnate the deformation of porous Iayer 2 of the support substrate 1. If the
deformation results from oxidation of the porous layer 2, the seventh step
thus consists of eliminating the oxide present in the porous layer 2. The
eliminatioh of thisonide is generally carried out via a treatment comprising a
chemical solution, notably hydrofluorrc acid, as already descrrbed above.

Alternatrvely this step of reducing or elrmrnatrng the deformatron of
porous layer 2 of the support substrate 1 is not carried out. Indeed, this step
is not always necessary, and the support substrate 1 can then be reused
directly in one or more of the steps of the method

- It should be noted that the |mplementatron of this step makes" it
possrble to increase the number of recyclrng cycles. Indeed, the greater the.
strain in the porous layer 2 (due to high oxidation of the porous layer 2, for..
example), the slower the oxidation implemented in step S5 (repeated during -
recycling) to strain the}useful layer 6. If oxidation of the-porous layer 2 is
high, it is, fo\r...example, possible to treat the support substrate 1 with a
hydrofluoric acid solution to etiminate this oxide, and thus to increase the
oxrdatron rate in step S5 which is repeated during recyclrng

The support substrate 1 can be reused during one or more of the '
steps of the method. ,

It is not always necessary to recreate an oxide layer in contact with
the porous layer 2 (third step), since at -the end of the sixth step an oxide
Iayer in contact with the porous layer 2 can remain. v '

Thus, the method advantageously comprises a seventh step S7
consisting in reusing the support substrate 1 comprising the porous layer, at

least in:
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- the second step' S2 (supply of a semiconductor donor substrate 4,
comprising a useful layer 6 composed of semiconductor rnaterial),
Cand " |
- the fourth step S4 (transfer of the useful layer for the manufacture of
a novel semlconductor device 15) - L
In one embodiment, the seventh step S7 consists in ‘reusing the
support substrate 1 comprising the porous Iayer at least in '
.- the second step S2 (supply of a semiconductor donor substrate 4,
comprising a useful layer 6 composed of s_em|conductor materlal),
- the third step' 5'3 (formation of - an oxide Iayer in contact ‘with the .
porous Iayer 2 and/or in contact with the useful layer 6), and
- the fourth step S4 (transfer of the useful Iayer for the manufacture of
a novel semlconductor device 15).
* In another embodlment the seventh step S7 consists in reusung the
support substrate 1 comprising the porous layer 2, at least in: - '
- the second and tourth steps S2 and S4 (with optionally the third step
83 of recreating_an oxide layer), and | |
- the fifth step S5 (treatment of the semiconductor device in such a
‘way as to deform the porous layer by dilation or'c“’ontraction, said
.deformation inducing strain in the useful |ayer, then referred to as the_
strained useful:layer),_for the manufacture of a novel semiconductor
device 15. | v
In yet another embodlment the seventh step S7 consusts in reusrng
the support substrate 1 compnsmg the porous layer 2, at least in:
- the second fourth and fifth steps (with optlonaIIy repetltron of the '
- third step of creating an oxide Iayer),_and v
- the sixtH step S6 of the manufacturing method (step of transterring
the semiconductor device 15 to a receptor substrate 8), for the
manufacture of a novel receptor substrate 8. |
This embodiment makes it possible to preserve'the porous layer of
thesupport substrate 1, and to obtain a semiconductor device comprising a

thin layer ofa serniconductor material in contact with said porous Iayer. h
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An additional method for manufacturing and recycling semiconductor |
substrates will now be described, in reference to Figure 8. »

The method comprises a first step P1 consisting in- providing a
semiconductor donor substrate 39 comprising at least one porous layer 31
composed of a first semiconductor material and a strained Iayer 32
composed of a second' semiconductor material. ‘

The first and seoond materials can be identical or different. “Difie'rent"
_means'that these materialvs' have diffe'rent vlattice parameters in tne relax'ed
state. | o | | ‘

As an example, the first and second mater|a|s are srlicon or
germanium or a group |11V alloy. | | |

The donor substrate 39 can, for exa'mple, be supplied a'ccording to
the following steps. | ' o '

| A substrate comprising a first Iayer composed a first semiconductor
material and a second layer compoeed of 'a second semiconductor material
is subjected to selective chemical anodization. - |
- For example current densrty is varied to make onIy the first Iayer
porous. Alternatively, or complementarily, the first Iayer is doped p, while the
second layer is -doped n,, which makes it possible to make the substrate
porous selectively, i.e., to make only the first Iayer porous |

It is possrble to vary the parameters of the anodization process to
obtain the pore characteristics desired, such as porosity, pore size, pore .
morphology, pore dens,ity, crystallite size, etc.

| Anodizationkparame'ters include substrate doping type and level,
crystalline orientation of the layer material, current density, electrolyte
cornposition and concentration,\ temperature and anodizatjon time. | _

The straining of layer 32_can“notably be obtained by deforming by
expansion or contraction the porous layer 31, according to the embodimentsv :
described above, suoh as, for example, thermal oxidation or nitridation of

the donor substrate 39. This deformation induces strain in layer 32.
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, Themethod comprises a second step P2 consisting of creattng an
embrittlement zone 33 in the semiconductor donor substrate 39, by ion
implantation 34. v

lon implantation can be carrled out |n the porous layer 31 or the
stramed layer 32, or in other intermediate Iayers if the semiconductor donor
substrate 39 comprises additional layers. .
The ions are, for example, selected from hydrogen ions, hellum ions
or boron ions, or a combination of hydrogen with the latter two ions. |
- The method comprises a third step P3“consisting in bonding the
semicon’ductor-donor substrate 39 with a receptor su‘bstra‘te 36. The
receptor substrate 36' is, for example, a semiconductor substrate compriSihg
an oxide layer. | | | / 4 ' -
~In general, the .surfaces to - be bohded together | are cleaned
beforehand, to facilitate bonding. v _ -
Advantageously, an oxide layer is formed on the surface of the
receptor substrate 36 and/or the donor substrate 30 to promote bonding. In
Frgure 5, it is the receptor substrate 36 which comprlses the oxide layer 40,
but it can comprise other layers, such as a semiconductor layer 35. | -

- The method: comprises a fourth step F’4 consisting of creating a
fracture at the embrittlement zone 33. -

. The fracture is in general obtalned by increasing temperature In
particular, the temperature will be increased to between 200 °C and 700 °C.

The receptor substrate 36 comprisi‘ng at least a portion of the
strained layer 32 of the second semiconductor material, and the donor
substrate: 30, comprising at Ieast a portlon of the porous layer 31 are thus
obtalned _

Thus, the porous layer 31 is preserved, partly or entrrely, Wthh .
makes'it possible to reuse the donor substrate 39.

Advantageously, the embrittiement zone is selected in such a way as
to completely preserve the porous layer 31 of the donor substrate 30 (which
amounts in practlce to creatrng the embrittlement zone and the fracture ina

layer located outside the porous layer 31).
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~ If the second semiconductor mate_rial is silicon, the receptor substrate-
36 obtained at the end of the fourth step P4 is a stra'rned silicon on insulator |
(sSOl) substrate. I | , | .

The receptor SUbstrate ,3’6 then undergoes a ftnishing treatrnent,
including in general polishing, With a view to the use thereof in electronic
dev\rces |
The method advantageously comprlses a fifth step P5 of recyclmg
c'onS|st|ng in reusing the donor substrate 39, comprrsrng at least a portion of
the porous layer 31, for the manufacture of a novel receptor substrate_36 |
comprising a strained layer 32 of the second semi'conduc'tor material, or of
another semlconductor material. v '

Th|s recycllng step P5 comprlses in general treatment of the: donor
substrate 30 to reduce defects and roughness of the donor substrate 30
'appearlng after the fracture procedure.

This advantageously involves removal of the corona 38 present on
the edges ‘of the donor substrate 30 and resulting from the fracture
procedure. | _

This step is, for e’xample, ‘ implemented by rapid double-sided
polishing or selective c'hemical or. Chemical-mechanical etching and/or edge |
,trimming. - , | ! ,\ |

It is followed in general by polishing, for example -chemical-
‘mechanrcal pollshlng (CMP), to reduce or smooth surface roughness

- The recycllng step P5 advantageously comprlses the repetition of the
first, second, third and fourth steps for the manufacture of a novel receptor
substrate 36 compnsmg a stramed fayer 32 of the second semiconductor
'materral or another semiconductor matenal '

During the repetition of the first step, an advantageous embodlment
comprises the following steps: |
. a layer 32 of the second semiconductor material or of another

‘ semiconductor material is formed in contact with the porous layer 31

of the donor substrate 39, and
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- the porous layer 31 is then deformed by'expansion or contraction to.
apply strain to layer 32, | | -

This deformation can, for example be carned out by thermal
oxidation. of the donor substrate 30, or nitridation, as already" descnbed
above and in the precedrng embodiments.

1t is advantageous that the porous layer 31, provrded in the flrst"-r
lteratlon of the manufacturmg method, has a thickness greater than 100 pm
in_order to enable successive deformatron operations during the recycllng
steps (oxidation, nltndatron etc.).

. In certain cases, the recycling step P5 advantageously comprises the
repetltron_ of the second, third and fourth steps for the manufacture of a
novel receptor substrate 36 _co_mprising a strained Iayer 32 ,of the second
'semiconductor material. Indeed, in certain cases, the strained layer 32 will
have been only partly ltransferred to the preceding iteration. Thus, during '
'recycling, it is not necessary to recreate one.such strained layer 32, and it is
possible to transfer part or all of this Iayer 32 by startlng agaln from the
second step. _ ' _ '

It is possible that the recycling step P5 compnses a prellmlnary step.
of treating the donor substrate 30 with a chemical solutlon to reduce or
eliminate deformatlon of the porous layer 31. Indeed as explained above,
use of the chemlcal solution makes it pos3|ble to obtain desorptlon of the
surface layer created in the porous layer 31. The porous layer 31 can’
notably contain oxygen in an example embodiment if a thermal oxidation
step has been ca‘rried out on the donor substrate 39, or can contain sili‘con
nitride if nitridation has been carried out.

The method can be applled cychcally, by repeatlng the deswed steps
in a cyclic manner. ’ ,

The invention has many advantages in terms of reducmg costs,
reducing manufacturing lead times and obtaining strained useful layers of

good quality:
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CLAIMS

A method for manufacturing a semicondUctor device, characterized in

that it comprises:

2.

a first step (E1) consrstmg in’ forming a semiconductor support
substrate (1) comprlsmg
o a first porous layer (2) con3|st|ng of semrconductor materlal
- and | S | |
o a second pbrous layer (9). consisting of semiconductor
material, with a porosity lower than the porosrty of the first |
Iayer (2), o |
a second step (E2) consisting in prbviding a semiconductor}d'onor
substrate (4), comprising a useful layer (6) 'composed of
semlconductor material, ' |
a third step (E3) consisting of:
| fo bondlng the support substrate (1) and the donor substrate (4),
o transferrmg at least a portron of the useful layer (6) from the
donor substrate (4) .to the support substrate (1), to form a

semiconductor device (15), and

~ a fourth step (E4) consisting of treating said semiconductor device

(15) in such a way as to deform by dilation or contraction at least the
first porous layer of the support substrate (1), said deformation
inducing strain in the useful layer (6), then referred to as the strained

useful layer (6').

The method of claim 1, wherein the useful tayer (6) transferred from

the donor substrate 4)to thevsu‘pport substrate (1) has a th‘ickness between

10 nm and 1 pm.

3.

The method of any one of clarms 1 or 2, wherein the th|rd step (E3) of

transferring the useful layer (6) from the donor substrate (4) to the support

substrate (1) compnses the steps of:
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' creatrng an embrlttlement zone (25) in the donor substrate (4), prror

to bonding the support substrate (1) and the donor substrate (4), b
ion |mplantat|on o
creating a fracture at said embrittlement zone (25) to detach the -

support substrate (1 ) from the donor substrate (4)

,The method of claim 1 or claim 2, wherein the trartsfer of the useful .

layer (6) from the donor substrate (4) to the support substrate (1) comprises -

the use of a dlsmountable donor substrate (4).

6.

The method of claim 1 or claim 2, wherein: |

the second step (E2) comprises the supply of a donor substrate (4)
further cOmprising a semiconductor confinement Iayer (30), said
confinement layer (30) havrng a drfferent chemlcal composrtlon than

the useful layer (6), and

the third step (E3) consisting of transferring the useful layer (6) from -

the donor substrate‘ (4) to the support substrate (1) comprises the
following steps: | ) | | | |
* introducing (E301) ions (24) into the donor substrate (1),
« bonding (E302) the support substrate (1) and the donor
- substrate (4), | ‘
= subjecting (E303) the support substrate (1) and the donor
substrate (4) to heat treatment comprising an increase in -
temperature, , during_ which the confinement layer (30)
attracts ions '(24) and concentrates  them within 'said
confinement layer (30), and
= detaching (E304) the support substrate (1) from the donor ‘

substrate (4) by fracturing said confinement layer (30).

The method of cIa.im, 1, in combination with one of claims 2 to 5,

comprising:
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- a fifth step (E5) consisting of tvransfe'rri.ng at least a portion of the

strained useful layer (6) of the semiconductor device (15) to a

receptor substrate (8), and .

- asixth sté‘p (E6) consisting in reusing the support substrate (1),

o at least in the second and third steps .of the manufacturing
method, fovr'the manufacture of a novel semiconductor device
(15),0r " - o

o at least in the second, third and fourth steps of the
manufacturing method, for the manufacture of a noveI_
sericonductor dewce (1 5) or

o at least in the second, third, fourth and fifth steps of the

. manufacturing method, for the manufacture of a new receptor
substrate (8). | o

A method for manufacturmg a semlconductor receptor substrate

charactenzed in that it comprises:

a first step (S1) conS|stmg in forming a semicqnductor support
- substrate (1) compnsmg a porous layer (2) consisting' of
| semiconductor material, ‘

-a second step (S2) consisting in providing a semi'eonductor donor

substfate (4), comprising a useful layer _-(6) composed of

“semiconductor material,

a third step (S3) consisting in forrning an oxide layer (7) ih contact
with the porous layer (2) and/or in-contact with the useful layer (6),

a fourth step (S4) consisting of: ' ..

e bondlng the support substrate (1) and the donor substrate (4)

. at the oxide layer (7), and ) ’

o transferring at least a portion of the useful Iayer (6) from the

donor substrate 4). to the “support - substrate (1) to form a

semiconductor device (15), ' '

a fifth step (S5) consisting of treating said semiconductor device (15)

- in such a way as to deform by dil,atidn or contraction the porous layer
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'_(2) said deformation mducrng strarn in the useful Iayer (6) then \

referred to as the strained useful layer (6'),

a sixth ste‘p (S6) QonS|stmg of transferring at least a portion of the

strained 'useful layer (6’) of the semiconductor device (15) to a

receptor substrate (8), said transfer being conflgured to enable the .

partial or total preservatlon of the porous layer (2) of the support

substrate (1).

The method of clarm 7, wherem the sixth step (SG) con3|sts of:

- creatlng an embrlttlement zone (40) in the semlconductor dewce
(15), .

- bonding the semlconductor devrce (15) and the receptor substrate ‘
(8), and ‘

- creatrng a fracture at said embrrttlement zone (40) to detach the

semrconductor device (15) from the receptor substrate (8).

The method of claim 7 or clairn“8 Whevrei’n the useful layer (6)

transferred from the donor substrate (4) to the support substrate (1) has a

thlckness between 10 nm and 1 um.

10. .

1

The method of any one of claims 7 to 9, wherein-the fourth step (S4) -

of transferrlng the useful Iayer (6) from the donor substrate - (4) to the :

support substrate (1) comprises the steps of:.

11.

~creating an embrittlement zone (25) in the donor substrate (4) prior
to bonding the support substrate (1) and the receptor substrate 4);,

by ion implantation,

- creating a fracture at said embrrttlement zone (25) to detach the

support substrate (1) from the, receptor substrate (4).~

- The method of ahy'one of claims 7 to 10, wherein.the transfer (S4) of

the stramed useful |ayer (6) of the donor substrate (4) to the support

substrate (1) comprlses the use of a dlsmountable donor substrate (4).
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The method of any one of ctaims 7 to 11, wherein:

the second step (S2) COmprises the supply of a donor substrate (4) -

further comprising a semiconductor confinernent_ layer (30),. said

confinement layer (30) having a different chemical composition than
the useful Iayer (6), and | o

the fourth step (S4) conS|st|ng of transfernng the useful |ayer (6) from
the donor substrate (4) to the support substrate (1) . comprises the
followmg steps

o mtroducmg (S401) ions (24) into the donor substrate (4),

o bondlng (S402) the support substrate (1) and the donor
substrate (4),

o subjectmg (S403) the support substrate (1) and the donor
substrate (4) to heat treatment compris'ing an increase in
tempe'rature during which the confinement layer (30) attracts
ions (24) and concentrates them wnthln sald conflnement layern
(30) and .

o detachlng (5404) the support substrate (1) from the donor ‘

. substrate (4) by fract{unng said confinement layer (30).

The method of one of claims 7 to 12, comprising a seventh step (S7)

conS|st|ng in reusing the support substrate (1) comprising the porous layer,

14.

. afirst porous layer (2) composed of semiconductor material,

at least in the second and fourth steps of the manufacturing method,

for the manufacture of a novel semiconductor device (15), or

at least in the second, fourth and fifth steps of the manufacturing

method, for the manufacture of a novel semiconductor device (15),»or
at least in the second, fourth, fifth, and sixth steps of the

manufacturing method; for the  manufacture of a novel receptor ‘

substrate (8)..

A semiconductor device comprising successiVer:
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_ ‘a second porous Iéyer (9)_compbsed of semicondyctor material,
and with a pdrosity lower than the porosity of the first layer (2),
and | | » o ' ' _

- é strained uSefuI‘ layer (6) composed of semicon_ductdr material,
“with a thickness between 10 nm and 1 um. o

15. A s'em‘i‘conductor device cOrhprisihg successively: -
- afirst porous layer ( 2) composed of sémiconductor material,
~an oxide layer (7) in contact \with'the‘ first porous layer (2), and
_ a strai}ned, usefu] layer (6’)‘ composed of semiCon'duct‘ovr material, -

with a thickness between 10 nm and 1 pm.
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