-'1 Process for fabricating a detachable structure in the formof a wafer,
in particular made of silicon, and application of this process 5 The
present invention relates to the field of the fabrication of nultilayer
wafers and in particular separable or dgtachable nultilayer wafers,
particularly for the fabrication of thin wafers or thin conponents. 10 In
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el ectronics, optoel ectronics type conponents, it is known to use
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det achabl e structures have been proposed in docunent FR-A- 2 860 249. 20
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wafers bonded to an insulating layer of the SOI type

and more particularly detachable structures comprising

15 an insulating layer 1interposed between a silicon
substrate and a silicon superstrate. Such detachable
structures have been proposed in document FR-A-
2 860 249.

20 The objective of the present invention is to provide
fabrication techniques and structures that are markedly

different from those presently known.

A first subject of the present invention 1is a process
25 for fabricating a structure in the form of a wafer,
comprising at least a substrate, a superstrate and at
least one intermediate layer interposed between the

substrate and the superstrate.

30 According to the invention, this process consists:

- in forming, on a substrate, at least one
intermediate layer comprising at least one Dbase
material in which what are called extrinsic atoms or
molecules are distributed, these differing from the

35 atoms or molecules of the base material, so as to
constitute a substructure;

- 1in applying a base heat treatment to this
substructure such that, in the temperature range of

this heat treatment, the presence of the chosen



this heat treatnent, the presence of the chosen 2- extrinsic atons or

nol ecul es in the chosen base naterial causes a structural transformation of
said internmediate layer; and - in joining a superstrate to said
heat-treated 5 internediate |layer so as2t© obtain said structure in the
formof a wafer. The process according to the invention nmay advantageously
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transformation of said intermediate layer.

15 According to the invention, said heat treatment and/or
said complementary heat treatment preferably induce
mechanical weakening, i.e. weakening through a
particular mechanical action, and/or chemical
weakening, 1i.e. weakening through a particular chemical

20 action, and/or thermal weakening, i.e. weakening
through a particular heat treatment, of said

intermediate layer.

According to the invention, the heat treatment of said
25 intermediate layer causes microbubbles or microcavities

to form in this layer.

According to one embodiment of the invention, the
substrate and/or the superstrate are made of single-
30 crystal silicon and the intermediate layer is made of

doped silica.

According to a preferred embodiment of the invention,
the substrate and/or the superstrate are made of
35 silicon, of a semiconductor material of III-V class, of

silicon carbide (SiC) or of gallium nitride (GaN).

According to a preferred embodiment of the invention,

the base material of said intermediate layer is silica



the base material of said internediate layer is silica 3 and the extrinsic
atons of this |ayer are phosphorus or boron atons, thus formng a
phosphosilicate glass (PSG or borophosphosilicate glass (BPSG
internediate layer. 5 According to the inwvention, the phosphorus
concentration may advantageously be between 6% and 14% w t hout however
bei ng i m tedndo thel exaritnsdd artomchatethild Yawer dang pboshbornsenti on, the
boron concentration,i pr.ef e et A% h o] bei ng
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superstrate

According to the invention, the heat treatment 1is
15 preferably carried out at a temperature between 400°C
and 1200°C, preferably between 900°C and 1200°C.

The process according to the invention may
advantageously consist in attaching the superstrate to
20 said intermediate layer by direct (molecular adhesion)

bonding.

According to the invention, the substrate and/or the
superstrate preferably include, respectively, on the
25 side of said intermediate layer, a thermal silicon
oxide or any other protective 1layer, preferably for
preventing or reducing the diffusion of atoms between

the intermediate layer and the substrate and/or the

superstrate.

30
According to the invention, at least some of said
microbubbles or microcavities are open <cells and
constitute, at least for some of them, channels.

35 The process according to the invention may

advantageously include an additional step of reducing
the thickness of sald superstrate and/or said

substrate.



- 4 The process according to the invention may advantageously include an
additional step, possibly in several phases, of producing all or sone of
the integrated circuits or conponents on said superstrate 5 and/or said
substrate. The process according to the_ipvention may advantageously

i nclude an additional step of producing grooves and/or etched features

t hrough the s str an e _substrat second subject of the
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sai d separ gt i GhdNHRCeSS dradubsad\sad ageously consist in chemcally etching
said internediate |layer so as to obtain at |least partial 25 renoval of this
internedi ate | ayer between the substrate and the superstrate. According to
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A second subject of the present invention is a process
for separating the substrate and the superstrate from
said structure.
15

According to the invention, this separation process may
advantageously consist in applying forces between the
substrate and the superstrate so as to break the
intermediate layer Dbetween the substrate and the

20 superstrate.

According to the invention, said separation process may
advantageously consist in chemically etching said
intermediate layer so as to obtain at 1least partial
25 removal of this intermediate layer between the

substrate and the superstrate.

According to the invention, said separation process may
advantageously consist 1in applying a heat treatment
30 causing said intermediate layer to weaken so as to
break the intermediate layer between the substrate and

the superstrate.

According to the invention, said separation process may
35 advantageously consist in combining at least two of the
above effects, 1i.e. 1in particular in applying forces
between the substrate and the superstrate and/or in
chemically etching said intermediate 1layer and/or in

applying a heat treatment to said intermediate layer.



applying a heat treatnent to said internediate layer. 5 A third subject of
the present invention is the application of said process to the fabrication
of detachable structures for the purpose of producing 5 electronic and/or
optoel ectronic and/or MEMS-type integrasted circuits, w thout however being
limted to these above materials. The present invention will be better
understood on 10 studying structures and nethods of fabrication of such

structures, descry. b ]yﬁy f n-limti xanmpl es nd_shown in the
dr awi ngs in 3%igﬁh9%§Ffébre(T93H%€5 %h%}o ggggggioﬁgg?nglogub§9rué¥ﬁﬁe
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step; Figure 3 shows a cross section of a strucCture 20 acc ing to th
i nvention® - eRigfii®m™ ShodBd4oer osePseel ¢ehrenic he aid/rst ur ¥EMGH tpgure 3,

in a subsequeniy JANHLAL E PRSI ER; Wi HBHE RoRbPUE ®eGHESS) SRELLAN R the

structure of Fidure 4, 1n a subsequent fabrication step;, 25 - Figure 6
‘shows a top il@FofhGe fateatidle of Figure 5, - Figure 7 shows a cross
section of the structure of Figure 5 in a subsequent fabrication step; -
Figure 8 shows a cross section of the structure 30 of Figure 3, in another

subsequent f a8 cRTEERTSt epPVeRRAOD Frglte B° sRALSE t SRS t RS
struct ureoof stiditingy StBicRefes rang wethiogyr & 1fdor Soatt hen VaFi gushmai n

steps in structures, described by way of non-limiting examples
and shown in the drawings in which:

- Figure 1 shows a Cross section of a
substructure according to the invention, in an initial

15 state:

- Figure 2 shows a «cross section of the
substructure of Figure 1 in a subsequent fabrication
step;

- Figure 3 shows a cross section of a structure

20 according to the invention;

- Figure 4 shows a cross section of the structure
of Figure 3, in a subsequent fabrication step;

- Figure 5 shows a cross section of the structure
of Figure 4, in a subsequent fabrication step;

25 - Figure 6 shows a top view of the structure of
Figure 5;

- Figure 7 shows a cross section of the structure
of Figure 5 in a subsequent fabrication step;

- Figure 8 shows a cross section of the structure

30 of Figure 3, 1in another subsequent fabrication step;
and

- Figure 9 shows a top view of the structure of

Figure 8.

35 Referring to Figures 1 to 3, the various main steps in
fabricating a complex structure 1 in the form of a
wafer, having for example a diameter of about two

hundred millimetres, will firstly be described.



fabricating a conplex structure 1 in the formof a wafer, having for

exanpl e a dianeter of about two hundred mllinetres, wll firstly be
described. 6 As shown in Figure 1, in a first step, a substructure 2 is
fabricated which conprises a substrate-3cin the form of a wafer and an
internediate |layer 4 on a face 3a of this substrate. 5 As shown in Figure
2, I n a secomkk sélepwn aiiheBigute eat nént ai §icatr sedpout Gubswe withata uct ure 2,
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t ransf or mat i opf pr efefebl gndaaves nteavieaiiiatsl laydrord chenicdbcandaoroft her nal
weakeni ng of ghe dyerpdiate layer 4. As shown in Figure 3, in a third
step, the face ba of a 15 superstrate 5 in the formof a wafer is attached
to the iRternediate |layer 4. Wiat is therefore obtained is the nounted

structure 1. A20 dipdh fof thrisheR & conpl ergents%rc)brjaeatst_terﬁgat Enthdat )
preferably carried out on the structure 1, for exanple 1in a furnace. This
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heat treatmenthe sirappimesti dtoe theyesmibst ructure 2, it induces, preferably
irreversibly, a structural
As shown in Figure 3, in a third step, the face 5a of a
15 superstrate 5 in the form of a wafer is attached to the

intermediate layer 4.
What i1s therefore obtained is the mounted structure 1.

20 In a fourth step, a complementary heat treatment is
preferably carried out on the structure 1, for example
in a furnace. This step may advantageously have the
purpose of consolidating the bond between the face 5a
of the superstrate 5 and the intermediate layer 4

25 and/or, possibly, of causing a complementary structural

transformation of this intermediate layer 4.

In general, the intermediate 1layer 4 is made of at
least one base material in which what are called
30 extrinsic atoms or molecules are distributed, these
being different from the atoms or molecules of the base
material, and has a composition such that, when a
suitable heat treatment is applied to the substructure
2, it induces, preferably irreversibly, a structural

35 transformation of this intermediate layer.

This structural transformation preferably causes
mechanical and/or chemical and/or thermal weakening of

the intermediate layer 4.



35 transformation of this intermediate layer. This structural transformation
preferably causes nechanical and/or chem cal and/or thermal weakeni ng of
the internediate layer 4. 7 According to the aforenentioned first step, the
substructure 2 may advantageously be obtaiped in the follow ng manner, by
carrying out the followng 5 treatnents. The substrate 3 nay be forned by a
single-crystal silicon wafer, the thickness of which may be a few hundred
m crons, for exanple between five hundred and 10 one thousand m crons.
Starting froftSIRIAEUbEPr attd's, RREYPREEELSNCHr offdiZf y €BAP nuéd@ri th an
oxi dati on of dibsScrssthsid abe wdy asadvandbigaionsa yt Nes Mabtsiine@oni @xidge film 15
6 on the face , this film6 possibly being obtained jn a xi dati on
furnace at a ﬁ‘%ﬁp@iﬁ%remﬁgpﬁéen C cﬁﬁHYgLTﬁoc% pB@%i blr%? Y a

t hi cknesssof thedamwent®.5 and 3 mcrons. However, the film®6 could be nade
of silicon nitride, of silicon oxynitride. 20 Optionally, internedi ate
treatnents nay be applied, in particular an RCA chem cal cl eaning treatnent
and a chem céle nectisrtiredle pdl | shiyngbé CREYropér aby ora neyi ngddvantyagedus! y be
carried out g u obiai ned. . X il cC xide layer is
deposited on lelhceoor?d %?%%f a%@éS?lo c‘%ﬁeeg\%ul%)gt ra\gl[ﬂebé Q{{szia}'iodbgi I%c%ﬁewoxi de
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so as to;gbtain the 30 idterdmdiate |ayer 4 conposed of a material of the
phosphosilicate glass (PSG or borophosphosilicate glass (BPSG type.

Starting from such a substrate 3, the process
preferably continues with an oxidation of this
substrate so as to obtain a thermal silicon oxide film
15 6 on the face 3a, this film 6 possibly being obtained
in an oxidation furnace at a temperature between 900°C
and 1100°C and possibly having a thickness of between
0.5 and 3 microns. However, the film 6 could be made of

silicon nitride, of silicon oxynitride.

20
Optionally, intermediate treatments may be applied, in
particular an RCA chemical cleaning treatment and a
chemical-mechanical polishing (CRP) operation may
advantageously be carried out on the surface obtained.
25

Next, a silicon oxide layer 1is deposited on the
oxidized face 3a of the substrate 3, said silicon oxide
layer containing or doped with a high percentage of
phosphorus and/or boron so as to obtain the

30 intermediate layer 4 composed of a material of the
phosphosilicate glass (PSG) or borophosphosilicate
glass (BPSG) type.

To give an example, the percentage of phosphorus in the
35 material constituting the intermediate layer 4 may be
between six and fourteen and/or the percentage of boron
in this 1layer may be between zero and four. Such
deposition may be carried out using known techniques in
deposition machines of the CVD, LPCVD or PECVD type.



To gi ve an exanpl e, the percentage of phosphorus in the 35 materi al
constituting the internediate |layer 4 may be between six and fourteen

and/ or the percentage of boron in this |layer may be between zero and four.
Such deposition may be carried out using known techniques in deposition
machi nes of the CVD, LPCVD or PECVD type. 8 The internediate |ayer 4 thus
formed may hamiee a idtdEkneiss det wepsr ong apdubenserae@nsman partd cy ar, a

phosphosi licate. gl ass (PSG containin 5 6. 5% phosphorus nmay be deposited
in a PECVD dgtprbjs‘gfr?ed?? LIRS e Aﬁfﬁ%tﬁf’ e{%l?’iﬁyrb%t ain an internediate |ayer
4 having a thickness close to 1.5 microns. According to the second

af orenenti on step, .t above . 10 substructure.2 IS jected t.o.a heat

t r eat ment ine‘g1 ?%ﬁ#ﬁﬁé§%¥twae&%ﬁ%?éoi%iéc?éﬁp%}ﬁfﬁré§§§$méﬁﬁﬂfﬁﬁefghd
1200C, préferady bedsearr@®0Ggntiel 2BYCs ltedarn | @ UPECYDt kiedeeaitt itareat ment
may be carrief Gl &ty 190 foleUBELA W GO, [0, 930C AL LUR NOULA and in
an argon and oxygen or nitrogen atnosphere. nsi derrng € chosen

mat eri al s ment il aovdidudss legg to dathemtcrdns t he chosen tenperature
range, 20 weakens the internediate |ayer 4 by the fact that it induces,
generally in an irreversible nmanner, the formation of a gaseous phase

consi sti ng ofAGHXFBHDbIRsEhSr SEicONGe A4 A et jangd Stept ethediddiayd ayer 4

and, corpespasingiotu@ bNGleasenidctdd i ckngssr 2a-HAwiaiabiy, & he
intermedi ate | ayer 4 therefore _undergoes a structural transformation and/or
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or 30 microcevidd@s prefRpeil podthreaonmsid iam af2ddves . i nternedi ate | ayer
4 and on the conditions under which the heat treatnment is applied to the
substructure 2.

In particular, the heat treatment may be carried out at
15 a temperature close to 950°C for two hours and in an

argon and oxygen or nitrogen atmosphere.

Considering the chosen materials mentioned above, such
a heat treatment, in the chosen temperature range,
20 weakens the intermediate layer 4 by the fact that it
induces, generally in an irreversible manner, the
formation of a gaseous phase consisting of microbubbles
or microcavities 7 in this intermediate layer 4 and,
correspondingly, an increase in its thickness.
25 Preferably, the intermediate layer 4 therefore
undergoes a structural transformation and/or becomes

Spongy Or porous.

The quantity and the volume of the microbubbles or
30 microcavities 7 depend on the composition of the
intermediate layer 4 and on the conditions under which

the heat treatment is applied to the substructure 2.

The microbubbles or microcavities 7 generated may have
35 a volume such that they are open on the side facing the
face 3a of the substrate 3 and/or on the side facing
the external face of the intermediate 1layer 4. The
microbubbles or microcavities 7 may furthermore,

optionally, be open towards one another so as to



The m crobubbles or mcrocavities 7 generated may have 35 a vol une such
that they are open on the side facing the face 3a of the substrate 3 and/or
on the side facing the external face of the internediate |ayer 4. The

m cr obubbl es or mcrocavities 7 may furthernore, optionally, be open
towards one another so as to 9 «constitute channels, particularly open

channel s, on tbfstetdtedgranaélkhe paftaciRairate dpayercHanides 1 he nethe oxi de
film6 my advaat eousl¥ gﬁnsti ut e rrier for preventing the

a 5 b
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substrate 3 and the internediate |ayer 4. At the end of the aforementioned
second step, ghe;gﬂgg%ghC%xfaé*¥qu %r§%§”%QYaJ‘§ e €3 §OEM, £

cl eani ng of the ypeé Known per-se, may advan ébeous y be carried out on
the surface o& theriem efomdpaevehbyag 4heCobpf Bneivmr bify,specimmy, ben

advant ageous tfQ.car , ft S eani t , a
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i ntermedi at e skhyerane A b@prbReanaeymedjerecdardratso be added. The

pur pose of these operations is in particular to pronote the direct

(ol ecul ar adhesi on) bondi ng provided |ater. 20 According to the third

af or enent i onefitst Epe t BB sPfucttdite PIAREMEEtHEheFFiPEthe $EEP owidg

nmanner, 1GArryhagi et tdeed@l AW thedtreHtBNttor 28xAR@18UPET St hah e May
consi st of a S|ngle-cryst §I|ICOH waf er, the thickness of which may be a
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mcrons. 30 Shavhkhbggésaslgudle acaupeest raie an t BRepragetsce poef etdl y
continues mnth Qrgéégggéonl%%e%s t49.ob&c?’r'n;r)]lementarily, it may Dbe
advantageous to <carry out, before or after this
15 cleaning treatment, a chemical-mechanical polishing
(CMP) operation on the surface of the intermediate
layer 4. A complementary layer could also be added. The
purpose of these operations is in particular to promote
the direct (molecular adhesion) bonding provided later.
20
According to the third aforementioned step, the
structure 1 may be obtained in the following manner,

carrying out the following treatments.

25 The superstrate 5 may consist of a single-crystal
silicon wafer, the thickness of which may be a few
hundred microns, for example between five hundred and

one thousand microns.

30 Starting from such a superstrate 5, the process
preferably continues with an oxidation so as to obtain
a thermal silicon oxide film 8 on the face 5a, this
film 8 possibly being obtained in an oxidation furnace
at a temperature between 950°C and 1100°C and possibly
35 having a thickness of between 0.5 and 3 microns.
However, the layer 6 could be made of silicon nitride

or of silicon oxynitride.



a thermal silicon oxide film8 on the face 5a, this film8 possibly being
obtained in an oxidation furnace at a tenperature between 950C and 1100C
and possibly 35 having a thickness of between 0.5 and 3 microns. However,
the layer 6 could be nmade of silicon nitrode or of silicon oxynitride. 10
Optionally, an RCA chem cal cleaning treatnent and a chem cal - mechani cal
pol i shing (C\VPptopeadlypn amyRCAd\GEEagedustyebringr rirethtonintonahbe surf ace

5a obt ai ned. 1 substr.ugtuure 2 the superstrate 5 are
j oi ned toget h‘é}?e%gg%rf?‘ﬁég%%n% %loxi%d?lzleusg’”fr{ e ég:p%f) t%%egﬁéé?rsltra“tlaeYS into
contact with afieanhagemedl vt ebel ayarrdeso amitt o obt athedi sectfawendisa. O her
bondi ng 10 teghpigyes coul d be enployed, for exanple anodic bonding or by
bondi ng using an i1 nternedi ate adhesive |ayer. According to the

af orenent ioned optional fourth step, 15 it may be advantageous to carry out

a conpl ement atyerbgptet! CAHERNEuOS FhELSEE U USRS L dHRUNEEP LB R FHIr NAACE.
This conpl enentary heat treatnent rraégf,or exanple be carfried out at a
1

t enper at ure bR¥fesfipedctangtispoly RAipdr theurxidigrd Hese thealfent may
be carried outh@t supeaeseitet esParAtdr 8ohact Wiyl hand rive @k @rgen and

oxygen or nitrogen atnosphere. IS .conpl enentary heat treatnent pay in
particul ar 252%&We?t IF® A pbSe &t 3itfcr g PRREAERSr g tEETL RPTBHTE  at
t he bondimg itéenhageeof tbalatr et uremdidyus, assenbkeedmpnd censddidites a

| i dat i heat 't t .__Thi | tary, heat .t t t m
oSt bly | nOURE G BBmAeniRt AP LreneROF AL Bh b ECRBSS 30 F nCARAN o o | ayer
4.

layer.

According to the aforementioned optional fourth step,
15 it may be advantageous to carry out a complementary
heat treatment on the structure 1 mounted in a furnace.
This complementary heat treatment may for example be

carried out at a temperature between 200°C and 1200°C.

20 In particular, the heat treatment may be carried out at
a chosen temperature for two hours and in an argon and

oxygen or nitrogen atmosphere.

This complementary heat treatment may in particular
25 have the purpose of increasing the energy of the bonds
at the bonding interface of the structure 1 thus
assembled and constitutes a consolidating heat
treatment. This complementary heat treatment may
possibly induce a complementary transformation of the

30 intermediate layer 4.

The thermal oxide film 8 may advantageously constitute
a barrier for preventing the diffusion of species, in
the example phosphorus and/or boron, between the
35 intermediate layer 4 and substrate 5 and/or between the

intermediate layer 4 and the superstrate 5.

In so doing, what is finally obtained is a structure 1

made up of a silicon substrate 2 and a silicon



The thermal oxide film8 may advantageously constitute a barrier for
preventing the diffusion of species, in the exanple phosphorus and/ or
boron, between the 35 internediate | ayer 4 and substrate 5 and/or between
the internediate |layer 4 and the superstirate 5. In so doing, what is
finally obtained is a structure 1 nade up of a silicon substrate 2 and a
silicon - 11 suppertsiatet 8 Jegeparaid@dbyamni ntd enadth ot el hgyger 44 magde of an
electricallycgpsula %@anatgriaL The struct%re.l has the foll ow ng

advant ages. e STCer medi aliye J1n§3}l A% "RESFERed but remai ns
sufficiently strong, and the interfacial bonds between the internediate

| ayer 4 and, %Q%u%Q%F?aﬁqha%h%im§%§ﬁhkgﬁﬁgg @antggvgpe ot her hand, the

superstrate 10 are sufficiently strong fo ubseque nmechani cal and/ or
chemical and/or el ectronechanical and/or el ectrochem cal and/or

mechano- chenitgal anf/mddigimal 14y&at nent 5ot o,beapphi edyto thgstiucture 1
in accordance with the processes nornmally used in 15 m croel ectronics,

wi t hout howewtE fd€deadilg $oPnSi gAlfi C&6t Iyt dGiedr nenas e beiyeens and

said interfagical jheadseaTheeoXigdpef i lamBafiganc8 eaBstbhst endipriehg for 20
preventing the diffusion of species, in the exanple_  phosphorus and/or
boron, bet wesi&atst ef @t at €1 i ChehdPaBA t HdOnBURGRAtTRR® Substrat e

3 and, onot hereot haif hiadihnthe Sepebayr atford dsubseqidet subseauantalappl i ed
treatments. 25 cordir}l t.0 _ane ggggﬁinent t he substrate i na% ge
consi dered ad™®/&fpport bs eHEMET t r eI REhT S GeY2RbE2 Lar r P8G/88t on the

superstrate zleAtta@ctienjcd and/or mechano-chemical and/or thermal
treatments to be applied to the structure 1 in

accordance with the ©processes normally used in

15 microelectronics, without however degrading too
significantly the intermediate layer 4 and said

interfacial bonds.

The oxide films 6 and 8 constitute barriers for
20 preventing the diffusion of species, 1in the example
phosphorus and/or boron, between the intermediate layer
4 and, on the one hand, the substrate 3 and, on the
other hand, the superstrate 5 during the subsequent
applied treatments.
25
According to one embodiment, the substrate 3 may be
considered as a support and subsequent treatments may
be carried out on the superstrate 5. According to
another embodiment, the superstrate 5 may be considered
30 as a support and subsequent treatments may be carried
out on the substrate 3. It would also be possible to

combine these two embodiments.

To obtain, at the end of subsequent treatment, a
35 treated thin superstrate, for example with a thickness
lying between a fraction of a micron and a few tens of
microns, it is possible either to attach a thin
superstrate 5 to the intermediate layer 4 or to attach

a thick superstrate 5 and then, as shown in Figure 4,



anot her enbodi nent, the superstrate 5 nmay be considered 30 as a support and
subsequent treatnents nay be carried out on the substrate 3. It would al so
be possible to conbine these two enbodi nents. To obtain, at the end of
subsequent treatnment, a 35 treated thinsuperstrate, for exanple with a

t hi ckness |ying between a fraction of a mcron and a few tens of mcrons,

it is possibleed@iddietts otiaitiandsa. t Buth supRiskhabe Teldacthen magr mrdi ate
| ayer 4 or to_attac

a thick superstrate and then s sho in Figure 4,
157  educe | 1T Ehnedat | sitn HBRRP ok Rbes FPalct Son Ty be. SRATE out by
means of knowstagmimgli og, cobéentgalmeehghingl opodhehiingl tredtindniueal pal | shi ng
techni ques a may A s be i.naed cl i eqnghgwe or xanpl e
by the pr oce%&nomﬂt ogjaey 839%‘%@% ag‘}éngarlk @%/néa\??n%ﬁ : rqunén‘i ngé)oxgerati on
coul d al sé beexampledbyutthe tHrecesnmpeksovat eBlagy &y t vhebttaiadesdgds of
hi gh quality.gl0-dhg,structure 1 may be used for the production of

el ectronic or optoelectronic or MEMS-type integrated circuits or conponents
on the silicon superstrate 5, as such or thinned. 15 Having for exanple

produced suchy ctiedhifg bherhtedhetofiuPessibabe L3N ddegubecsenaiat ed. To
do this, forces may be applied between the substrate 20 3 and the
superstrate SS,UFEﬁ/r%W%ﬁﬁ%%%St%rRP‘?%n 6D L B IhsErd by a thin bl ade

bet ween tifpge substrate 3 and the superstrate 5 or by a very high-pressure
water jet, which thus nechani call¥ ggeaksés;gef internediate |layer 4, this
br eaki ng bei ng*% ad U EE 258 bY2Y hePPr 6565 ce I6F t hBS miRFobubhtidy it

m crocavitieselfectronic or optoelectronic or MEMS-type integrated
circuits or components on the silicon superstrate 5, as
such or thinned.

15
Having for example produced such circuits, the treated

superstrate 5 can then be separated.

To do this, forces may be applied between the substrate
20 3 and the superstrate 5, by any known means and for
example by inserting a thin blade between the substrate
3 and the superstrate 5 or by a very high-pressure
water jet, which thus mechanically breaks the
intermediate layer 4, this breaking being facilitated
25 by the presence of the microbubbles or microcavities 7

in the intermediate layer 4.

Chemical etching may also be carried out, in a bath, on
the intermediate layer 4 starting from its edges, for
30 example by means of a solution based on hydrofluoric
acid, which can easily advance between the substrate 3
and the superstrate 5 thanks to the presence of the
microbubbles or microcavities 7. To promote this
chemical etching, it would be possible beforehand to
35 produce holes 1in various locations in the substrate
and/or in the superstrate, reaching the intermediate

layer 4.



in the internediate | ayer 4. Chem cal etching may also be carried out, in a
bath, on the internediate |ayer 4 starting fromits edges, for 30 exanple
by neans of a solution based on hydrofluoric acid, which can easily advance
bet ween the substrate 3 and the superstrate 5 thanks to the presence of the
m cr obubbl es or m crocavities 7. To pronote this chemcal etching, it would
be possi bl e bEi®r ebapdrter3dbepr @uceahol esldon veei ouegaaGaiddnsbi/n the

substrate and/ar.in the superstrate,,reaching.the.i.nternediate |ayer 4. 13
Ong%l%r%/l%rf sobe saeparPS?léanbf/a; EEHAS on 6 lannecaﬁéfi cal

The superstr ate
br eaki ng act idreranchl cheidicialg etahhi ndeof ittt rmstdEratedi dteydrayer, 4,arahd
optional ly of

t4 i cul ar way of separating the
substrate 3 aor%&%}ﬁa{e%p%sdt (r)éa}%eeé%a%vi Clpéa{n(%)r\&/v be described with reference to

Figures 52 6 and 7. 10 As shown in Figures 5 and 6, conponents or circuits 9

arranged for gxanphethBulaSauale BRI Idep AN SRACEHe aRMdord®Y Be pipduced,
by any known process, on the thin_or thinned superstrate S. Next, It is

possible to YrodEeRST$oFae&abpMd 1By Ny tRd| deerEHPeAl WatdhineferBNaf ooves
or etched fealdiresydfed st wp f3e4 pendi cul ar  directions, reaching the oxide
| ayer 8 and allowing the chips 11 having the conponents or circuits 9 to be
singul ari zed. 20 Next, as shown in Figure 7, the structure 1 thus treated

nmay be i muer segl sRo@nsdint dilomdeat e f and eherdcldneredchbngctire uikergredi at e
| ayer 4 and the om%e Igyer 8 |? such a way that thg yarious ChIaPS d11
bearing the VTHEECofnefi¥@™BLeci teuid s S§ugrge matrix and spdce

apart, may be produced, by any known process, on the

thin or thinned superstrate 5. Next, it is possible to

produce, for example by suitable chemical etching,

15 grooves or etched features 10 in two perpendicular
directions, reaching the oxide layer 8 and allowing the
chips 11 having the components or circuits 9 to be

singularized.

20 Next, as shown in Figure 7, the structure 1 thus
treated may be immersed 1in a suitable Dbath for
chemically etching the intermediate layer 4 and the
oxide layer 8 in such a way that the various chips 11
bearing the various components or circuits 9 are

25 separated or individualized. This chemical etching is

facilitated by the presence of the grooves 10.

Another particular method of separating the substrate 3
and the superstrate 5 will now be described with

30 reference to Figures 8 and 9.

Through-holes 12 may be produced through the thin or
thinned superstrate 5, reaching the oxide layer 8,
these holes being arranged at will one with respect to
35 another. In one embodiment, the holes 12 may be
rectangular and arranged in perpendicular lines so as
to partly define volumes distributed in a square

matrix.



25 separated or individualized. This chemcal etching is facilitated by the
presence of the grooves 10. Another particular nethod of separating the
substrate 3 and the superstrate 5 will now be described with 30 reference
to Figures 8 and 9. Through-hol es 12 may4be produced through the thin or

t hi nned superstrate 5, reaching the oxide |layer 8, these hol es being
arranged at Wdxt,ores wirt ithespest $loodd anoFbgurel N, ohkeeshadicremnie, 1t he

hol es 12 may r I a ange i p_per jcplar lin as to
partly defi ne@r\?/{lo .ufr%ésgpdﬁ?gt I?iggu?) %d.a%na a s%ctljagg gngi%[r]:lq{x.yliﬁ Cheeﬂ%,scaggyi n the
case shown i retRilgure the tingemedicttie eldyex hWusinreatkdanapybé&hiapmehsed in a

bath for cherd galdot r£1CY NG L&A DL €LFRLAAL 8oh§y§£uée'§naﬁug Saataed hat the

superstrate 5 i's separated and constitutes an apertured 5 wafer.

chemical &tcHafeys ffadisl | CReBdCBy t AEChpresehte fFcilhid st ds 2. tbe course

t he substrat gggeg@keb%ﬂjm aaidy a3 support  for a new superstrate 5. 10 In
anot her enbodi nent, the grooves, holes or etched features could also be

produced t hrough the oxide |ayer 8 and reach the internedi ate |ayer 4. 15

The inventiomf scqardd curad | suspprd €abt emdp bdeuspaodyat hoasofs habl e
structures, tge substrate and/or the superstrate of which may be chosen not

only fromt 3 MA'C A BFAIE DWW al so especially from silicon

sem conduotor materials of I11-V class, 20 silicon carbide (SiC) or gallium
nitride (GaN)._ Cohviously, throughout the faoregoing text and in th appended
clainms, the tIé} mangggxggr a?“ébogln Yhe t%i5n 9x§§58?$t r%?%esar%r e&&i‘%& ent and
may repl ace dadtures could also be produced through the oxide layer

8 and reach the intermediate layer 4.

15 The invention 1is particularly applicable to the
production of detachable structures, the substrate
and/or the superstrate of which may be chosen not only
from those indicated above but also especially from
silicon, semiconductor materials of III-V class,

20 silicon carbide (SiC) or gallium nitride (GaN).

Obviously, throughout the foregoing text and in the

appended claims, the term “substrate” and the term

“superstrate” are equivalent and may replace each
25 other.

The present invention is not limited to the examples

described above. Many alternative embodiments are

possible without departing from the scope defined by
30 the appended claims.



25 other. The present invention is not limted to the exanples described
above. Many alternative enbodi nents are possible w thout departing fromthe
scope defined by 30 the appended clains. 15 - CLAIMS 1. Process for
fabricating a structure in the formof. aswafer, conprising at |east a
substrate (3), a 5 superstrate (5) and at |east one internediate |ayer (4)

i nterposed between the substrate and thaissperstrate, characterized in that
it consists: - in formng, on a substrate, at |east one internediate |ayer
conprising at |east one base 10 material in which what are called extrinsic
atoms or nol dcul ePrarcesd star Hisked, cathiese ai $feuctgrér dOm the fatonmefor

ol ecul es of ¢ h%ﬁﬁeﬁe ”Béo‘?@ga:ﬂsifé) g;ﬁf L?lse£€§5t£t “%Sbgt%{%t r L{%iur ea( 2);

in applying a ba €at treatnent” t substructure (2) "suchthat, in
t he tenpebat wwprarstgatef (Hhiandhezlt iezslt nene, inherpedsahee lefyerhd4¢hosen

extrinsic ataqng dyg(fcyée?eéﬂ_ El?l%' chosen-base st end a'sg%%g%_"’c%a%e.

structural transformation of sai internedi ate |layer; an I'njoining a
superstrate @pmwstesiigafedn thadatidd domsdrshsdi ate | ayer (4) so as to obtain

said structure (1) iih thefordg of onhwaf ersugstPaegessaaccordcng el aiml,
characterized in 25 that it consists in applying a_conplenentary heat

treat nent to WHiSFTQHGHeur el24§T cEMEBLIFATIIg 2he BEAFL bePRHRenPRKE
superstrabe (Rteidisaif whiehedhat e ardyefal(dd @RdhQmsiRdugt s aor
conplementary strugtyral trangforpmiign of sald interediate laver (4). 30
atoms or molecules of the base material, so as to
constitute a substructure (2);
- 1in applying a base heat treatment to this
15 substructure (2) such that, in the temperature range of
this heat treatment, the presence of the chosen
extrinsic atoms or molecules 1in the chosen base
material causes a structural transformation of said
intermediate layer; and
20 - in joining a superstrate (5) to said heat-
treated intermediate layer (4) so as to obtain said

structure (1) in the form of a wafer.

2. Process according to Claim 1, characterized in
25 that it consists in applying a complementary heat
treatment to said structure (1), consolidating the bond
between the superstrate (5) and said intermediate layer
(4) and/or inducing a complementary structural

transformation of said intermediate layer (4).

30
3. Process according to either of Claims 1 and 2,
characterized in that said heat treatment causes
mechanical and/or chemical and/or thermal weakening of
said intermediate layer (4).

35

4, Process according to any one of the preceding
claims, characterized in that the heat treatment of
said intermediate layer causes microbubbles or

microcavities (7) to form in this layer.



3. Process according to either of ains 1 and 2, characterized in that
said heat treatnent causes nechanical and/or chem cal and/or thermnal
weakening of said internediate |ayer (4). 35 4. Process according to any
one of the preceding clains, characterilged in that the heat treatnent of
said internedi ate | ayer causes m crobubbles or mcrocavities (7) to formin
this layer. 16 5. Process according to any one of the preceding clains,

characterized in thal.ddhe %HQ@E&%@ (8 andyorond P%fsueg%stb%@eﬁ&}lgare made

of single-crystal silicon and the internediate |ayer (4) I's nade of doped

silica. 6. Prledd$s AORAiNRF H2Ehnin ohBabf thife PREEHERY (3] arRgl/oT

char act eri zedHen 4 rét!l%tﬁ#bﬁfa&@e(%hd@”df@"siﬁ@?e%é@éi agg_le__é)mare made
of silicon, of a 10 sem condyctor _.nmaterial of II11-V class, of silicon

car bi de (i CPNG o gRUETIRCHRLE daYeEaNt) 25 Padesd S006AiSid 56 -any one
of the preceding clains, characterized in that the base material of said
15 internediate Ia%er(?%@ is silica and the extrinsic gﬁjom; of tBi,s | ayer
are phosphor §s or H&5675at 8RECTERNYE  FOr Y £PhoSHhosPFi cREECSGFAZS (PsQ
or borophosphedins,cattea i s i(BRSQn i bharmedticatsanbdyrerte 203 8. aRBgeess
according to Claim7 ctkagag_;:t eriégsad i_n_ that.the E_hosp Qrus concEntrati on is

bet ween 60- o "Afd S_L%/%r% K ac&6rdi n“éaqeb ai m°7, '¢PAact®riz&8d in 25

oce
t hat t helbor serdaorrshiatatr omaterhetlweert 0 BhU- V% c1®ss Pr océsssaddordi ng t o

any one of ”?:%tr%ri%%ed(is'l %Iraiorfsgaqtiairuq‘c i%ifé% H@f%at t he heat treatnent
u an

is carried o at a te?}:}%erature bet ween 0C, 30 preferably
bet ween 900C and 1200C.

7. Process according to any one of the preceding
claims, characterized in that the base material of said
15 intermediate 1layer (4) 1is silica and the extrinsic
atoms of this layer are phosphorus or boron atoms, thus
forming a phosphosilicate glass (PSG) or

borophosphosilicate glass (BPSG) intermediate layer.

20 8. Process according to Claim 7, characterized 1in
that the phosphorus concentration is between 6% and
14%.

9. Process according to Claim 7, characterized in

25 that the boron concentration is between 0 and 4%.

10. Process according to any one of the preceding

claims, characterized in that the heat treatment is

carried out at a temperature between 400°C and 1200°C,
30 preferably between 900°C and 1200°C.

11. Process according to any one of the preceding
claims, characterized in that it consists in attaching
the superstrate (5) to said intermediate layer (4) by

35 direct (molecular adhesion) bonding.

12. Process according to either of Claims 6 and 7,
characterized in that the substrate (3) and/or the

superstrate (5) include, respectively, on the side of



11. Process according to any one of the preceding clains, characterized in
that it consists in attaching the superstrate (5) to sald i nternedi ate

| ayer (4) by 35 direct (nolecul ar adhesion) bonding. 12. Process according
to either of Clains 6 and 7, characterijzed in that the substrate (3) and/or
the superstrate (5) include, respectively, on the side of 17 said

i nter nedi at e Jagiyer 1ﬁt4érm@dmeé malayed i ¢@n, 0 deheffal8)sil ldon PGS
according to Clm#E characterized in 5 that at |east sone of said

mi cr obubbl es G crocavities (7) are open cells and constitute, at |east
for sone of them channels. 14. Process according to any one of the

preceding 1 clal characterlzed ipth cl udes an addi tjonal step
of reducing t fe tkﬁTECr?esé,ss 0 C(sjgld&ngupg?stﬁ? 5%] andré© ea'ﬁlt?es(tbﬁnrate
(3). 15. Proddss acedr di Agast angooee obfthespndcedmmgrohﬁbhlasns or

char act er | zehdyddials diked nebydes: an ) LegRal SheP A v el o,

i nt egrated circuits or co I d supersirate or &aid
substrate (3)Leaks. fPﬂD@E§§ adcoidimg almrargd sone of the preceding 20 clains,
characterized in that it includes an additional step of producing grooves
and/ or etched features (18) through the superstrate (5) and/or the
substrate (3}4. 1Prooescesdcrordd@far 801 n@nY heoribstfr attdlcan®regeding

superstrape frQmdde SHactiys QR ai nedh by 1@91H69ﬁ§é§ aﬁc%QHQhE%nhQ any one
of the preceding cl'ains characterized in that it consists in ap

for ces betwé%@ﬁﬂﬂ?sﬁ@é@?h@% LBy &hd ctmessudr st id eSpByTrEbrase tl téxbreak
the i nter medigi® drakeli d 4upketregen (he 30 substrate and the superstrate.

18. Process for separating the substrate and the
15. Process according to any one of the preceding
15 claims, characterized in that it includes an additional
step of producing integrated circuits or components on

said superstrate (5) and/or said substrate (3).

16. Process according to any one of the preceding
20 claims, characterized in that it includes an additional
step of producing grooves and/or etched features (18)

through the superstrate (5) and/or the substrate (3).

17. Process for separating the substrate and the
25 superstrate from the structure obtained by the process
according to any one of the preceding <claims,
characterized in that it consists in applying forces
between the substrate (3) and the superstrate (5) so as
to break the intermediate layer (4) between the

30 substrate and the superstrate.

18. Process for separating the substrate and the
superstrate from the structure obtained by the process
according to any one of Claims 1 to 16, characterized
35 in that it consists in chemically etching said
intermediate layer (4) so as to obtain at least partial
removal of this intermediate layer between the

substrate (3) and the superstrate (5).



superstrate fromthe structure obtained by the process according to any one
of Clains 1 to 16, characterized 35 in that it consists in chemcally
etching said internediate |ayer (4) so as to obtain at |east parti al

renoval of this internediate | ayer between-the substrate (3) and the
superstrate (5). - 18 19. Process for separating the substrate and the
superstrate ﬂ@on1@hecsbsucﬁume<ﬁﬁpanuﬂidg/tﬁhe[Nsuhﬁmraa@coadangthe any one

of Clainms 1 to_ 16, Ghara erlqgg nS|sts in ing a heat

treatment 5 CABSTRY rag d 5 ernedlggﬁuf E? ?%%aﬁg n@@g é§ ES Sbr eak
t he |nternedﬁat@rﬁawgrt#ﬂ)amﬁtweenCﬂheraimsrateo are, thhaxapéesuzaﬂe 20.
Process for sepag g%‘tng ikhe syostrat e, ﬂ”da#ﬁgyi-é SHpeﬁé&Eat Eé?%%@eo 16

structure obtaine the process accor oné of alns
character5ze@aUﬁnth§ﬁud kﬁﬁﬁﬁ@ﬁ@;a&ﬁe&ﬁﬂ®¢n®4foﬁ@e@qﬁhmmeﬂathe teubstrate

and the supeisihyl & and el el cablyy Qhghit.eal:dl inl ecapdtabee! aver
and/or in applying a 15 heat treatnent to said internediate | ayer

Appl i cation &% kEepFyPesStEaessrding to any one of the preceding claims to
the fabrication of detachable structures for the purpose of producing

el ectronic 20 and/ or optoel ectronic and/or MEMS-type integrated circuits.
20. Process for separating the ubstrate and the

10 superstrate from the structure obtained by the process
according to any one of Claims 1 to 16, characterized
in that it consists in applying forces between the
substrate and the superstrate and/or in chemically
etching said intermediate layer and/or in applying a

15 heat treatment to said intermediate layer.

21. Application of the process according to any one of
the preceding claims to the fabrication of detachable
structures for the purpose of producing electronic
20 and/or optoelectronic and/or MEMS-type integrated

circuits.





