WO 2005/015631 PCT/182004/002969 METHOD FOR PRODUCING

WIRINLAYERS OF SEMICONDUCTOR MATERIAL FROM APCT/IBZOOJ/OU:!Q@

METH

DOUBLE-SIDED DONOR WAFER The present invention relates to a
method for 5 producing thin layers of semiconductor material from a
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DONOPTy%F@s described especially in Document FR 2 681 472) or the like,
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make it possible to take a semiconductor 10 thin layer from a donor
wafer. These methods a e print pally based on the use al of two steps: 1)

formation offawepkenschregion belew-ene., face of the wafer, at a. depth. _

onding ubstantially ta an intended thin-layer thickness,
etg?(ﬁgmen of%ﬁ%ﬁq I%\? retlrgm(f%e fafer St tHeE08! Jfae Teakedaem &

RGid tHe thin RE/RF bERiEE¥he part of the wafer lying on the side of the
weakened Xegion nextotbe faceonthe-detaghmentside, 20-This, cut®
sstepinethod is- ral ceded by a step of preparing or recyclin
%!?v%?{gr, hich is ?r%%%daég (Sg aéﬁ(i%éeillg s%?fa%g “r’éﬂ?j%ii'h%sg}%g?reﬁ%n f )
ofder cr.m%%  thBPfhatity SistIéadithe facé dtahe waferiomtiductor

Bétahienesider 26 Howlevery this feaycling operation does not generally
correct theraughiness syfficiently fo achieve. the thin-layer manufacturer's
see iﬁﬂi%atj%gesa %iyen that these prerequisite Toughness specifications atg®
establishe WIR a view to ensuring good subsequent 30 bonding of the
detached thih layeF batoi@suppbrt or arcthentayerrand/onin Bederto one
finally obtafn a layer withsadhicknegs unifgrm to royide 8 . ding -
igh-quality structure, especially in the case of very thin la &rs Stch a5 1T
HUAILY SYYCIure, IPll’%gg[ i
conventional SO strucflires™35 (§t& dﬁ‘l%lfBF 1SiEn BrimstREsT) A
finishing step fOFFGREHHESS cofrestidrhibntherzfore Aintmalihearriedeaut on
tthe fdoewaf theodongiewatenamthe delashment:side, dn prder fo corrgct the
O %%Q%O@%kﬁc-&gi%%o%{g%%g%gn the side of the weakened
region next to the face on the detachment side.

This two-step method is generally preceded by a
step of preparing or recycling the wafer, which is
intended to achieve surface roughness correction in
order to improve the planarity of at least the face of
the wafer on the detachment side.

However, this recycling operation dzjes not
generally correct the roughness sufficiently to achieve
the thin-layer manufacturer's - specifications, given
that these prerequisite roughness specifications are
established with a view to ensuring good subsequent
bonding of the detached thin layer onto a support or
another layer, and/or in order to finally obtain a
1ayer with a thickness uniform enough to provide a
high-quality structure, especially in the case -of very
thin layers 'such as in conventional SOI gstructures
(standing for "Silicon On Insulator®) .,

: finishing step for roughness correction 1is
therefore normally carried out on the face of the donor

wafer on the detachment side, in order to correct the
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_2 . excessiv_e resid_u_al roughness after the recycling step so as to comply
with the said specifications. The two-step detachment methed-igae002969

WO 2005 63
PP ut at the face whose roug@nqss was corrected during 5 the

gnlsgir:jg sttep, in order to provide ori the one hand a.thin layer, optionally
onded onto a support, and on, the other_hand the donor |
ey #7E HHEknESS @%ﬁg thirP I8P s a6 r%o@rrwat%glrecarlf f (\:gég!e} Fr%:ﬁsge%% or
sthead Ofabricatforyofa secontkthin lay ernget SiBREHRSH to another step
81; (;Sic(:jyecg&glegngmgd%%g}or@%i?@?ﬁéﬁheummwpe of mbthoddrasried
nuipe progress in the fabrication in '
i TbHERon 51 SO S e 18 St oo e raprove
tespeiallysiniaems bERficiency: SpsebarkHaBRCRiof tost arid iR 7%
Particulan toreduce the Bumbey obfabiieatiomsteps. Iewpuidithus bed oo
et to.substanially leduiag, the Dumber ohigeysing,steps rediitad: 26
& ple, it wou be conceivabie to form a weakened region on each
of thleefab8d Bf tHeY§dnor wafer, then to detach two thin layers

simultaneonsly, aspeaposedtor gmmpléheDoc?@mem@@@QéfBlzthe
”%';i%%@i%%&%%f" thus.avaiding intermegiate reeyeling s25 hetraenytvic:
etachments. Such dofuble implantation followed by such. double '
toRetBRRFTRAE, WSV e? [intGI98E eXHiA f&ehnical working difficulties such
the need taltinn tighdoridri wafénaver i brdePes fstfh th832coRd ovided
ggg@ﬁ%ﬁdp&%@d !ash@ thys incseasing the riskof cantatinatibayands, and
cal and mechanical damage, the need ar nsivg- 4
e&ﬁﬁﬁﬁ%}\%ft’p Bohdtwo reggﬁ%%%%a ers (sgl}?nu ta#legfsﬁ%%gﬁ%%e 'tw\g%aées
=af the doneriwalsre afie moFPBERTEuILCoorGiRRESH 6thE vaftous whrking

em%'?_’giskg?nér%?n‘%: ?:%é:ﬂatﬁliigé;gam angkprocessingtasksars incresiseéd atn
Reiicy &%g?gssriﬁcrﬁéll%%oﬁﬁ%q e forén%g}%fm%tﬂ%gggd}ptS%@p?éltute
: ) Tt would thus be useful to substantially reduce
thé nunber of recycling steps reguired.

For example, it would be conceivable to form a
weakened region on each of the faces of the donor
wafer, then to detach twe thin layers simueltaneously,
as proposed for example in Documents EP 0,961,312 and
Us 5,856,229, _thush.avoiding intermediate recycling
between two detachments. ’

| such double impléntation followed by such
double detachment, however, involves extra technical
working difficulties such as the need to turn the donor
wafer over in order to form the second weakened region,
fhus  increasing the risk of contamination and
electrical and mechanical damage, the need for large
and expensive equipment to bond two receptor wafers
simultaneously onto the two faces oflthe donor wafer, -
and more difficult coordination of the various working
steps since both the handling and processing tasks are
increased at the same time.

For these reasons, these latter methods do not

constitute technical progress in relation to the former



ones, but instead lead to undesirable extra technical difficulties. Example
embodiments of the present invention seek to improve the situation. In
accordance with a first aspect of the present invention, there is provided a

method for producing thin layers of a material selected among o
serRcondiictor histeRars fréffd ddrfor Wakshavityt fwosiairfadesshnical
characterized #:that it comprises the following successive steps, which

are sequenced without an,intermediate f%%c'ipgéée&ié?‘)if%@ﬁ“é%ﬁf Beek
first weakened region in the wafer below a first of its main faces and at a

&é’ptﬁ%ﬁ%@ﬁon&ﬁg stbstattiafyito althind&yer thickndss by & First
detachmentdf a fiest thirckayet from the: iafer at the level of thefiostided a

weakeneddegion, the, firstthiplayer being the partof the waferlying o+ 4
the side of the flrstdwe%kened regio__n r;ext %o the first dface, (C\Zr formation of
4'S8E6h P wWhakened® Fegci)c%'"n A the wafet befow a SR of itémaih facds 9
and atta ‘deptrestfespohdingSubsiartially to a-thir-layér tickmesss) the
detachment;of-a; seeond thin layerkomiihe ~nafer-at thedeval ekthe i thout
secon t\g%%lé%egtrggLon thgL isnecogg ethin layer being the part of the

arll i ; .
wafer ying on the Sidé of the Second weakened region next to the

second faé@! SéraéTpiéferied bt Ronfinditiig efBEGIRRMtsGIARe méthodhe
arefas folmas:w the donos wafer béfore stepr(a)fnay be anwaferregyclechth

aiterhaving been used during previgus c}hg‘"@}{%g@gygt&o”zﬂ@}&%s s,

method Fna%/ furthermore comprise at least one step of finishing the

surface cONYitBhGIARRTREycRY dBnof Wafdr befdrd stef i&r - the o™ the
method mdy foitherrmove comyprise lmestepl ofs tecyelingsthedomercwafer the

after.step-(d) nfollowed: by-a ; step of.finishing thessurfage ganditionefthe on
L T R e R
face,

(c) formation of a second weakened region in
the wafer below a sscond of its main faces and at a
depth corresponding substantially tce a thin-layer
thickness,

(d} detachment of a second thin layer from the
wafer at the level of the second weakened region, the
second thin layer being the part of the wafer lying on
the side of the second weakened region next to the
second face.

Some preferred but nonlimiting embodiments of the
method are as follows:

- the donor wafer before step {(a) may be a
wafer recycled after having been used during previous
thin-layer production, and the method may furthermore
comprise at least one step of finishing the surface
condition of this recycled donor wafer before step (a),

- the method may furthermore comprise a step of
recycling the donor wafer after step (d), followed by a
step of finishing the surface condition ©f the donor
wafer recycled in this way, in order to be reused during

subsequent production of thin layers,



the recycling step may comprise the use of double-sided polishing, - the
finishing step may comprise the use of at least one technique selected
among mechanical polishing, chemical-mechanical polishing, sacrificial
oxidation, chemical etching, plasma-assisted chemical etching and
annealing in an inert atmosphere, - thé method may furthermore comprise
two respective steps of bonding the donor wafer between steps (a) and

(b) and betweehnistepsscyand (d), Espectively atitsfirst and séecondise of

fases.1ante fwasrespective tagget substrates. - the method may
furthermore com ris%a s;es%of formin% an insulating layer on the wafer

before step(b), - the instiating iaysrmay Be'a RyEPof- 2 mad by °f &t
thefhal GXiGatior-ofd gillicors surfadesor byradepositiohof 8162, -rhé ishing,
formation Df atleash one weakened:regien) may be carrietsout byx: dation,
mplantation afalpe spegies fiuoudh a pspective face of thewaferat g
the depth of the weakéned region, - the formation Of at Ieast ohe g @an

Wweakéned fegidh Fhay Bé Earded 6d By psrosification of a surface layer
of the material ofithe domonwaferyand theassaeiates ¢hin tayepisifesmed wo

by semicenductor material, depgsition,on the,porosified layer, - at 'efal;%ween

one of the thin-layer detachment steps may be carried out by input o

eRefgy” - thE methBl may furtiBifor8 Toliptise thé Sfoflowing stepsd (),
beforestdp (1 y inspectingthé fuality ehthe secondifade: ot the wafes, two

andsyttheinspecied guality;of the,second face of the wafer is less than a
minimum agce%ablemg%%lit value, T;;arr\t/mg out a step of correcting the

uality of the said second tace. =5 ~1hé& bonding interfacé tayer may &8 °©°
%@m&i—m@ RYer aFidlthe findshitg stepthaf be sefdcted frofp simplesp (b},
removal of the ingulating Jayerang removal okay be a layer of 5i0,
formed by thermal oxidation of a silicon surface or by
deposition of Si0s,

- the formation of at least one weakened region
may be carried out by implantation of atomic species
through a respective face of the wafer at the depth of
the weakened region,

- the formation of at least one weakened region
may be carried out by porosification of a surface layer
of the material of the donor wafer, and the associated
thin layer is formed by semlconductor material
deposition on the porcsified laver,

- at least one c¢f the thin-layer detachment
steps may be carried out by input of energy,

- the method may furthermore comprise the
following steps, before step (d):

- inspecting the quality of the second face of
the wafer, and

- 1f the inspected gquality of the second face
of the wafer is less than a minimum acceptable quality
value, carrying out a step of correcting the quality of
the said second face.



the oxidized layer followed by thickness correction of the second face, -
the finishing step may be followed by a step of re-forming the insulating
layer on the wafer, - the re-formed insulating layer may be, a layer of Si02
formed by thermal oxidation of a silicop surface or by deposition of Si02, -
the finishing step may comprise the use of a technique selected from the

group which_copprisgs meghanical.polishing, chemical-mechanical | ¢ ; ¢
polishing, sacrificial oxidation, chemical etching, plasma- assisted

chérical etéfifig antf anhéaiing i ah inerEatniosphers, - e metHod mayor
furthardmoreccomprise a Steprof récyclingthe waferyearriech dut:afterstep of

(. Embodiments of the-presentinuention alspirelate 40 the-application, ¢
o%hee rggthood da%gggned above to the production of
semlcond%c?or-on-lnsU_Iat_or structures Other aspects, objects and
advantages of thee piesent imveatich-will Beeomesmérelreadityapparentstep

onf reagiig the followirg detailed:desgriptigr of anpreferred embodiment

of it, which is given by vga:%gf %Qﬂo.nlimdtirég:%ample and Wgh r%ference to
[ ¢

the appended drawmgs, in whi :lﬁ}gures i5 10 Ih"describe s}]ep-gy-aste”ba .

nethod ForipiBBaEIng two thi s érsaccdrdingto We GnvértsitFigureizce
repreisgntssa pelspective ¥iew of the polishing or CMP device used in a

method accarding o Afie-layanfion. Elgure.3 fepissents aviewdrom abeye

of a_polishing or CMP device used in a method according to_the .
i BhIEQuUre E 18presentsd Gidw froifi abB¥EoF a CtP Hevice TiBéd 55
ima hethbdadccoming tothednventioe MM 2608/01563tal polishing,

P&HIB2004{Q02969, 6: dt-will be noted here that the drawings | plasma-

representeg b%Fi ures la tog are schematic and do . . , ,
assiste nemica etching and anneallng in an 1nert

atmosphere,

- the method may furthermore comprise a step of
recycling the wafer, carried out after step (d)

Embodiments of the present invention also
relate to the application of the method as defined
above tTo the production of semiconducteor-on-insulator
structures

Other aspects, objects and advantages of the
present invention will become more readily apparent on
reading the following detalled description of a
preferred embodiment of it, which is given by way of a
nonlimiting example and with reference to the appended
drawings, in which:

Figures la tc 1lh describe step-by-step a method
for producing two thin layers according to the
inventicn.

Figure 2 represents a perspective wview of the
polishing or CMP device used in a method according to
the invention.

Figure 3 represents a view from above of a
polishing or CMP device used in a method according to
the invention.

Figure 4 represents a view from above of a CMP

device used in a method according to the invention.
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not reflect the true situation in terms of spatial scales, as they have been

produced with the sole aim of 5 optimally explaining the priq%qJﬁB%amz%g
according to the invention. I%ef_erring to Figure la, a donor wafer

10 of semiconductor material such as monocrystalline silicon has faces

11 and 12 from whi 2 thin layers are to be 10 taken alternately, as wi|l be
described Bglow‘f"ﬂ"ﬁ w::lggr 18R5SR ty ?ﬁefhiclﬁ?@é of bafvedH BFUFS
tens obmiciens dnd & fespsilimétes: Thé faces 21 antBadfithe wader do
Ad-have thes typicalcharasteristicsrefa wafer whichdsfrgshoer 15 ther
raw.state, that is fo sy a wafer which has not be.etrhu%%d sinceits_. ¢
%aﬁr‘jca‘cﬁbn. Figtire fa représents a wafer 10 i the raw state; Which Has
Spiatactérsfics GiStdmariy'encdtferedrafi@ctaBrigatiof fnantely apiwioc
;ayetags: 20y raughtiessionis froahface (face 11 in Figure la) and a large

average ruoPDess of s sea fage, (ace 2 in, FIGUie (). fLshopld he o

pointed out here thatthe average rear-face roughness is moreover often
PEARPTH 25 CAEE BF HiediL SizetWaldISTRATIAG Tor éxatmple sl toon
rdiamdter et200Imeandharein frevasedidargezsized. ayafess (agingdorbe

example ]’?‘H@%@QE%}?,?’%”\HM in gae padicuigr configygation of the

wafer 10 (not shown), it may nevertheless have other 30 characteristics
such as t c8815 and’12'88cF haViRg Sarge aVeragE Toagh igs s {is™
cexizanple after hdvingcundergoné grinding wad labpitgeperations). The
two faceszdeang:k&mayin Hysicasg bereatified gurng a1recying stape
for example,by carrying out double- 35 sided polishing at.the same time,
R i DR REILr CoraioR o aiaior 107(0al shownge NRAE et

ifacéd 1 HAH 12 Witta WOR2005%0 18633 5RC HIBEODA00206Y 7 oy 1ot
haveiage epughiness (thet igto-say-elosetq the specifications necessary

for good bopding). The fage 11.ofthe donor walpL 10 mgy Pgn be. 1oy

state, which ‘has characteristics customarily
encountered after fabrication, namely a low average
roughness on itsgs front face (face 11 in Figure la) and
a large average roughness on its rear face (face 12 in
Figure la).

' It should be pointed out here that the average
rear-face roughness is moreover often'greater in the
case of medium-size wafers (having for éxamﬁle a
diameter of 200 mm) than in the case of larger-sized .
wafers (having for example a diameter of 300 mm).

In one particular configuration of the wafer 10
{(not shown) , it may neverthelesgs have other
characteristics such as two faces 11 and 12 each having
a large average roughness‘ (for example after having
undergone grinding and lapping‘ cperations). The two
faces 11 and 12 may in this case be rectified dufing &
recycling step, fLor example by carrying out double-
sided polishing at the same time.
_ In another particular configuration of the
wafer 10 (not shown), it has two faces 11 and 12 with a



"t

10

15

25

30

35

flat enough to comply with the customary .5 specifications, in terms of

w(g%ga%e condition, so that a thin layer taken from-the wafer can then be

dhde hﬁﬁr;loperly onto a support or the like and/or in order topcfi?{éﬁfpﬂﬂ 969
a thin layer which has a sufficiently uhiférm thickness. These
pecifications relate inter 10 alia to the surface roughness, and they
IVISTEHEE orf e FhREFRss GFRE thiff layets 83e prddired. tRor the
ifstanté Lhese specifications genératlygstipulateral maximum acceptable
value of suface fouahnegs.delawavhictifie syrfage. cqniten of fese .o

fe%ces 11 and 12 must lie in order to be able to start the protess o

orming thin Tayers as deScribeGBBIOW. Thé raximunt&itface TGS
valge id isadiiyadefined by teroughnéssstahdarl deviativnivalye ep ft-hat
RMETI value {standing dor "Raok Mean Spwars”) 20-detarmined.onthes. 5
E&%:%QM u hlqggs Qea&urerygntg talé nu in(gsan ator?icﬂfor,ce or. AFM
mic scosfe%tanding fOrFEAtOMIE Force Mictdseopyy/ Fife raxmaat to
Séeeptable Ve ofthetrblighnbages typitaih ahRMS zoughtdidssobnt 1y
abddi-Gangsttanisps2=measised ingoegicn Measyng 1amicen by heer
igron he. In the majaqrity,of cases, especiall
e oy oy ot e
Wardrf0, the SUHEES rétfgiiissstorithe \ateE S0HD Batibtowigeed -
compared With thissaceptable vhkies andgkis iifereioreaxpedignide sanry

st gustepeof finishing the surface condition of the face 11 E;fftheéﬁlalf Lee
10. This flnlshlrggéte is carried out by using a 35 fine roughness
con Yo filallyf Eorioly With StHE <petificGRivns stiphlakt bylipee

CofrBction S6 as
raamFadtlirerrSevialectiniques whichday be asérkforthiie finishingrt

istep witthe daseribed-helows WR:2005/015631 PCIL152004/002969. - 8

The wafer 10 after the finishingfstep is _Illustrated in Figlure Ib, Referrin? to
Figure Ic, the Tolghnass bf fig 13Ce  roughness value is usually

erouéahnesso hé
defined by a wroughness standard deviation value or
TRMS value (standing for "Root Mean  Sguare")
determined on the basis of roughness measurements taken
using an atomic force or AFM microscope {(standing for
"Atomic Force Microscopy").

The maximum acceptable value of the roughness
is typically an RMS roughness of about 5 angstroms,
measured in a region measuring 1 micron by 1 micron on
the surface of the layer. '

. In the majority of cases, and'especially when a
particularly thin layer is to be formed subseguently
from the wafer 10, the surface roughness of the wafer
10 is still too great' compared with this acceptable
value, and it iz therefore expedient to carry out a
step of finishing the surface condition of the face 11
of the wafer 10. |

This finishing step is carried out by using a
fine roughness correction so ag to finally comply with
the specifications stipulated by the @anufacturer.

Several techniques which may be used for this

finishing step will be described below.
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first face 11 now being acceptable for the formation of 5 thin layers, a
step of forming an insulating layer 13 on the donor wafer 19&

WO Hiodhta¥eously carried out. For example, an insulating layer {5 rEIe

may be formed by conventional técﬁniﬁues, such as thermal oxidation of
a silicon surface or deposition of SiO2. 10 A donor wafer 10 covered with
an insulatfiée layéf 13%f SI62 isthRobtaiigd. FHishidtidthg ByEF13*°
imayconsistof Matetiglsrathebthan Si02, for example Si3N4 (the

msulatlngﬁ@ﬁeéljjgi%n @%tngg%gleg, for. exampple, by, Lo itriding.a siligen

surface of the donor wafer 10) or SiOxNy. |t shfould be noted that the
ORISR P e IRGIAG 1B LS B O el OF tné SEcontF It 61
rthedohoy wafer 18 isgemeralfy devompaniedibyi 26 altahdatdonleitbe 13
LAverage soughnesssunder the dnsulating dayesd31 at thedeyelkofdhe.

interface 18 with the underlying.semiconductor, material..This. is. bec
the formatiow of the'iR éltif%gr1 Ig%rsﬁgagéﬁlgraﬁf fas a p%or?e%rtysé"ﬁ ey
remdsthinerthésverage 25-domace roaghResaI For eRFple 28xid&FdT el
Jhesacond fage 12 satlenuaiesits faughressiammensotately mare when
the thicknessglihe insulaling agdedayer Ly baing fprmed isaiges (hiag
property is' moreover used in some 30 applications solely as a smoothing
lechnighe, Rfeféf2td & e PiGie' 6 sacrificial oxidation”. Referring

to Figure fich fdirst iveakeaednggion ddsof thexwafen®d is tioemforated oL

Rpouithedisidage 11 andat adeplh corgspondingsubstasialy to bee
5 thickness of the thin layer which Is, intepded to be _obtained. Al

IR et B CKIREE DrodticEa HingShRS predERFhetHotraccorting To e
rihventdmtypiallyi W 2005/01568¢ PCT/IBRO04100RI6IWILelesl 0) or
chefween a few hundreds of nanometres and'a few micrometres. A

% L .
Weaksénedz£eglsokqsaf§f|n§g ar?oikae\.@ gt\%%%kerche formation of the
insulating layer 13 at the level of the second face 12
of the donor wafer 10 1s generally accompanied by
atteruation of the average roughness under the
insulating layer 13, at thé level of the interface 18
with the underlying semiconductor material. This is
because the formation of the insulating layer 13
generally has a property of smoothing the average
gurface roughness. .

For example, oxidation of the second face 12
attenuates its roughness commensurately more when the
thickness of the insulating oxide iayer 13 being formed
is large; this property is moreover used in some
applications solely as a smoothing technique, referred
to as the technique of "sacrificial oxidation®.

Referring to Figure 1d, a first weakened region

14 of the wafer 10 is then formed below the first face

11 and at a depth corresponding substantially to the

thickness of the thin layer which is intended to be
obtained. _
A thin-layer thickness produced wusing the

present method according to the invention typically
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and/or fewer inter- atomic bonds than those found in the 5 rest of the

wiwater/atisliis therefore a region which tends to fracture befoqectnﬁ;%ﬁ,&]‘z%g

the wafer 10 when external energy.is applied. The weakened region 14 is

advantageously substantially flat and parallel to the plane defined by 10

thei tace 3d: Two-preferred ways-of argducing tﬁ%%é’&%"é@?%ﬁ ”%%8” 14 few

will e qn escribed below. Referring now to Figure le, a first thin layeér

detachoe ftom the wafer 10 at the level of the 15 weakened region 14

the thin layér 2195eR7g fé parpidiothe Wafetdyihgdétween theface kleangd

the:deakenedteginn b4: - Q@d@@%&f&g %ﬁﬁlthﬁ@%ﬂ%ﬁﬁdﬂ qn the
meg after.h eviqusly carried out bo e

fac@il%%tlgr%ﬂlya‘ggop\i?gd\ivath ﬁg msulatflnﬁllgy %(ﬁ/hl%ﬁ%ﬁﬁs yhich
g inferfdcey Aitha i §ersubdtimta2at inthe ebentthdethe10 when

'kﬁa‘rmﬂrgzaiten‘aeergysumtm@tayeéds is present on the first thin layer 25

ceament 1 A A S0t Sarte SULn order 4 fomiaies T BAFITELY

out in or

o sly carrie
G S Sori g i B s e Uz aInsuatieriaper. by

ilﬁJéfaﬁaQ‘ﬁe Hetached first thin 30 layer 21 is then obtained. If the
detached fmﬁ4hua@@é§%é%maq of sican.ang,if ihe insulating layer 13

[ ck eno ovide sufficien ectrical msui'atloﬁ then a S|Tcon
§€I EL art}(L)Artj s Pucture EB&#@%&&%B&’ '35 In all cases, the detached

flrst th|n laj&r L %ﬂé&gth@ﬁvbe%r@mdéorlmckrmsﬁ andisurfade layer
riughness: paciodarly Bynneans ofone-orporg:treaimentssuch as .y o

| [IB2004/002969 -
D el o 2Hion (CMB) PsacHicial DchioRS chemiaats® oo

10 mechanicaf planarizati sac

Réhing s ms &%té@@ﬁ@ﬁka%hlﬁgc%n@ah@m arperveakened
atgosphéreé.(particularly in

The detachment of the thin layer 21 is
performed after havihg previously carried out bonding
between the face 11 optionally provided with the
insulating layer 13 (which forms a bonding interface)
and a target substrate 24.

' In  the event that the bonding-interface

insulating layer 13 is present on the first thin layer

21 and/or an insulating layer is present on the target

substrate 24, heat treatment is advantageously carried
cut in order to reinforce the bonding.

A structure 20a comprising the target substrate

24, an insulating layer 13a and the detached first thin
dayer 21 is then obtained.

If the detached first thin layer 21 is made of
silicon and if the 1nsulat1ng layer 13 is thick enough
to prov1de sufficient electrical insulation, then a
"silicon on insulator" {S0I) structure 20a is obtained.

In all cases, the detached first thin layer 21

_ﬁay then be corrected for thickness and surface

roughness, particularly by means of one or more

treatments such as mechanical polishing, chemical-
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WO %F{)’%iﬁi&g after the first detachment has, according to the gonugnti@inali2o69
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etachment techniques, a ring 19a op its first face 11 substantially
constituting the negative counterpart of the detached fiest thin layer 21. 10
Before forming a second weakenegfegjon 17, as; wilbbe deseribed it
eferdnce 16 Figure i , an operation of inspecting the surface conditjon of
ahemteell 2 RadvEREageol sy TaTIEF DUt o pridii A “htas lﬁ%ﬁm%?
Svaduation of ihe quality afithet15 surfaceiparticuldysmtordeiforly  in
Asgerainine Jotegribafihe surface: Far Rsianoepis pessible to

easure the roughness and detect the, presence or senceaﬁf irst
scratchesT@8witradihg 8EfeEEs, dohtanmnants or 23 isorted paerticfes. T
dhe syentthat thisaseasurementgives a ghality cohplying withaReional

sbecifications andithersfare , making.itpassibleto detact ausegore thin 11
layer on the same side as this face 12, the formation of thj 25 ¢
IRGRF IR CAMIER oLt Ao b s T g e . o Rk
mvenftiachisdméasirenidnt 'givés &f irsufficient quality in relation to the
specificatigascireparticarecause-obdefeetss3((patticodatéon 17, as
contamination; minor seratches, ete.) which may havebeencreated  an
ke {;'rhg fhe p(rloedgu%ﬁén of the first thin layer 21, or becau e‘g{‘o‘,f roughpes
- - - \ Pre
ImigEm preseRtonitREREESATRCENS (SFERfTe RITEEEEER fishing
siep s thenicarried-vahire3forddnto correttetie surface comdition bhthe 2
Jage 12.and,in padiculagtobring the royghness.valug:to ithin the  the
specﬁlcatlons. WO 2005/015631 PCT/IB%%M/OO@Q% -11 T@lgi%ecor%%e
FIHHIRG steph8 BEVEMAGESsly tarried St by the samé feehnique as the
firste fimishing Steph Stikincthasstope of this second exemplary '
For instance, it is possible to measure the

roughness and detect the presence or absence of

acratches, downgrading defects, contaminants or

isolated particles.
Tn the event that this measurement gives a
quality complying with the specifications and therefore

making it possible to detach a second thin layer on the

same side as this face 12, the formation of this second

thin layer is then carried out as illustrated in Figure
1f. _

“Conversely, in the event that this measurement
gives an insufficient gquality in relation po the
specifications, in particular because of defects
(particulate contamination; minor scratches, etc.)
which may have been created during the production of
the first thin layer 21, or because of roughness 4
initially' present on"the second face 12 (see Figure
1a), a second finishing step is then carried out in
order to correct the surface condition of the face 12
and in particular to bring the roughness value to

within the specifications.
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5 case, and in the particular case when an insulating layer 13 is present

wopstiesusiace of the wafer 10, this roughness correction may-¢q84ahis652069

removal of the insulating layer 13, orjremoval of the insulating layer 13
followed 10 by thickness correction of the face 12 exposed in this way is

in fact the |@M@C%§%M@|chgggm%d @E reje). Etgﬁ]g@l% &eously
%eafol dsdorlnc ally.on th extent of theTou hness defects or oth
efe

cfs on theface 13, 15'5% redi&3iEd by FhEBisFementioned if_pedtivgst
gﬁéthﬁgﬁn‘ﬁhét?@ﬁ%oval of the insulating layer 13 is preferably carried out
by chemicatimeaans,iand Uhepa;m@gﬁﬁ usmgzcigggzglorbigggﬂfg%%egwlﬂ a5,
fluo cid jn ca a thi er2lo silicon
Bé%ra%:e réﬁid%{n t%}% w%‘e% ) m%y hehbe" carrledlou't”‘étfte]rltr%l3*atmg
ﬁﬁlgﬁfﬁg Steplf ar?rlﬁsqtﬂ&t‘mg%yeii&@ isSihterried tebe plesentddardel 0,
tdimm“a)bghdﬁs@antertaacecézmghﬂa@htyos@g@mggace 12 is then

obtained, g5, pafticularone hav R%M?Q’t%h% hne 58S |IIustrated
in Figure |f This step f finishin esecon “su séquently

making it posgibi&thcar§ outs §edoth%lute€%%3a|%ta%ﬁh”@ht GRin Byet oged
XNith réferencs to 30 Fitrre ig)front thendonor svafen] G ipsirapler: i Garrys

wal-thante: standard stepref fecyching EQ&QJISE@(S:@ 11, after tbe sgtilgi flr_st

ch t, which might be carried -out in order to prepar ‘it for a second
%d%% etac?tme_nt as is the case in the prior art. 35 Specifically, in contrast

to recyclingithec nishtmgdems néatra sudape 123 whidth¢heratighness

tinbunedi§imdaterfaee 48y M@f@éf@é@%}f&%ﬁ%@@#ﬁ%ﬁ%ﬁég 12,
iscontinuities.at the e such.as those of the

%gg%eﬂg%r%%%s? §;de‘u'tﬁt':tl[éhr%sgnt : a?t%?l v i5 RS IR eRE A e

level of the THsul AFRPIEér 13’faftetr11% relgialating  layer 13  is

‘preferably carried out by <chemical means, and in

particular using corrosion by an agent such as
hydrofluoric acid in the case of a thin. layer 21 of
silicon. A step of surface re-oxidizing the wafer 10
may then be carried out after the finishing step, if an
insulating layer 13 is intended to be present in order
to form a bonding interface.

A high-guality second face 12 is then obtained,
in particular one having very little roughness, as
illustrated in Figﬁre 1f.

This step of  finishing the second face 12,
subsequently meking it possible to carry out a second
layer detachment (thin layer 22 with referesnce to
Figure 1g} from the donor wafer 10, is simpler to carry
out than a standard step of recycling the first face 11
after the said fi:st detachment, which might be carried

‘out  in order to prepare it for a second layer

detachnient as is the case in the prior art.
Specifically, in contrast to recycling, the
flnlshlng step treats a surface 12. in which:

- the roughness is buried (i.e. interface 18) ;
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than in the case of the surface 15 after the first detaéhment, in particular

o %@gm@lof the natural smoothing which is provided by theromarewosnotocs

orming the insulating layer 13 (as explained above). 10 However, in an -
extreme case in which the surface condition the " requires an excessive
~-1V11 of Ligcg 12 a.7. 0.~ MUyt of Wark, Qrexeessivelyrhe  edge,
time-consuming work, in order to be compensated for %y a finishing %teg
StpRbwaRr 10RMRerPLent RSt récyRfing! Y2t iPRH thé'ds haNGing T 2t° £
d!@rmahtimrs:have b_een taken, such an extreme case will occur very
infrequently. Referring:to-Rigute if; @ seeand weakenedsragien-17:is thene
formed in_the wafer 10, below the _second of its fa(f*%serlz and at age%hl

| L &3irdspBhding'30 aBataRtialto ARYTENdet thigkness of the thin ayer

tioalme distachbe. Thespaydf whith tris:séesi®l weaketddregibRa 7 4 st

- dormedypay be the,sampeasitbat used todform she fiest weskenedeagion 1

14. 25 Referring to Figure ig, a second thin layer ' ched fr
BT 0 8 (e o BT U Lo oAk S 17 e Secoad e
thged REUWRIEhIS depitedBeinlG e BRADFRRAWARS T Iying /
substantiathwhetween the seeend facerknand thessecond 3@ heakenédie

Jegion 17. Thestechnique or technigues employed,in.order 0 detaghdhise

LV It ey P i v

second thin layer 22 may be identical to that or those used to detach the

REfHin RYerPE X witR B e REAtiTa Lelontareat Libslide 8. 35 AT
osetand istruciareRftpesmpthisidg therseepnd: tafgetistibengitestean the

<Gpieiplagy ot n doectel s iz e
ed. -1 ew - .
R e EBAGRBA ST 0Re S8 B ol fie gy Dahich

‘ . A layer 22°is treated may be t
ceamevasitheowayin wich thefsurtatenéilivie first thin layer 21 is treated.
5 The dongs mafer 19 remaining aftersthefirst a second weakened

region 17 is then formed in the wafer 10, below the
second of its facés 12 and at a depth corresponding
substantially to an intended thickness of the thin
layer to be detached. ‘

The way in which this second weakened regiocn 17
iz formed may be the same as that used to form the
first weakenéd re:gion 14.

Referring to Figure lg, a second thin layer 22
ig detached from the wafer 10 at the level of the
second weakened region 17, the second thin layer 22
which is detached being the part of the wafer 10 lying
gubgtantially betweeﬁ the second face 12 and the second
weakened region 17. _

The technigque or techniques employed in order
to detach this second thin layer 22 may be identical to
that or those uéed to detach the first thin layer 21,
with attachment to a second target substrate 26.

" A second structure 20b comprising the second
target substrate. 26, an insulating layer 13b and the
detached second thin layer 22 is then obtained.
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detachment has, according to the conventional detachment techniques, a

W?iﬁ%ﬁ@g‘fﬂn its second face 12 substantially constituting thd’ﬁ@g&ﬁ&lﬁfﬂﬁz‘)éé

counterpart of the detached second #in tayer 22. 10 The method '
according to the invention therefore makes it possible to produce two thin
layer-s 21 aft22v#omithe wamhdarios wafer A9 witheuidhe {aer of  the

needingitothe subjected ta-anigtermediate recysling. step, given th%tﬁf’gtclqe

cli | slows the rates 15 of fabrication, in particular when
v%‘f{:r ﬁléqe%t?{?o}é%%e%%ns%%ﬁ%%qg aFecydiifig Site Shidhiay ever 21 is
§§@Eﬁﬁicauy separate from the site where the thin layers are detached.
Merely a siffipte finishing stepds om@ongw\gglgég%goug fg%}%m&&% m%w%rs c
Rugh corgection. Referring .to Figure |h, the wafer 10 reduced by
the th?%(i%s%gs ofﬁ%%t'j[hin%égér "Ard 22 Tay bé KubjectedtERt Lonal
rscyehi &b duffigWHidRtne FoughHA@sSERef itsmewtfacesetand f6ce
afe coreeted)25:44 that thes mthad ean besepeatad-and twonewdhi, .

tayers,eambe praduced psfpfethe nex %g&(clglg. in particular, doublé
[

polishing then be carried out (that IS to say polishing which aff_ects
both the .f;%?se 1@%?60 fce B HEGOnYt wiatel 19 30 BifRuitaTsbUSlYg IR fore
GifErto Earrp @Bt iapid réeydingdoicthe denorwater 18y Rreferred ang 22
ﬁednniqurﬁ‘s‘efor é@g(ﬁfmicaloj{a@lem%nggtion 9hthe method according to glg%e]—:
ARYeN{ion will new be descri e%z 35 Afirst preferred way of producing the

weakened regions 14 and 17 mvoli@s & et SMAe ‘Shsrt-Eagy ciieg

$hapis tF 87 8pddies arphplaser eirough dAerase &1 orthe-face A2refs
cthe ﬁalmﬁihtéspﬁcﬂﬂalygﬁéﬁ ZQle%/Q%i@%ﬁﬂeﬂczﬂééQg‘yQQg%%%td I41E'c?
L =2d region 0 corresponding ,supstantia
e pentriaton donth T hesperbey At ale 8. THOhbie by b2
<4 }fi%ﬁ%g?)]réf%raﬁﬁﬂ%%?ﬁ 5 paficUtéchydideen idrsyevhicharechin
lipystarsied by adddnched. Merely a simple finishing step is
optionally carried out, invelving a wminor roughness
correction. ‘

Referring to Figure 1h, the wafer 10 reduced by

the thicknesses of the thin layers 21 and 22 may be

subjected to a recyecling step during which the
roughnesses of its new faces 15 and 16 are corrected,
so that the method can be repeated and two new Ehin
layers can be produced before the next recycling.

In particular, double polishing may’-then be
carried out {that is to say polishing which affects
both the faces 15 and 15 of  the donor wafer 10
simultaneously) in order to carry out rapid recycling
of the donor wafer 10.

Preferred techniques for technical
implementation of the method according to the invention
will now be described.

A first preferred way of producing the weakened
regions 14 and 17 involves a method of the Smért—cut®

type, that is to say species are implanted through the

face 11 or the face 12 of the wafer 10, respectively,

£ T L B P,
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bombardment machine or by a plasma machine. In a preferred

w0 Bniodinient, and as described above, the insulating |ayerPf§/i§3%8{)ﬁ4[’eﬁé9§?

the surface of the wafer 10 before ¥thptantation. 10 According to a variant,
another implantation of atomic species precedes the implantation that
tfesmadpehweakened regidrei4dr 19y The mdin @im bf tiebyfporiding
s\fagiation; piefergbly ion impiantation Jar exapple of hydiegerpecies
_species or hydrogen and boron species, is 15 to create defects at the level
18f fHeutiitE Wediened region in order to trap the species which are
implantedrsebsequertly. imanmthst preterrdE eRboafEeM Hedts, 11
pHeatment,is %@}H@@@é&d%ﬂ@ arrlwdioicaﬁteaﬁre i?n%ag;ﬂem ob]}QOaﬁ(l)neiolil
species, in order to accentuate the w ning of the donor wafer 10 at the
PRt i?’s@vr%/%awgr(?gé Irléagigﬁ ?X or ﬁia%?e detachment of the thin la er ZC.;L
or 22 is thén @rriéé%ﬁﬁﬁ?ﬁfﬁpu?ﬁm@r@??)Fodu@éﬂjthe?ﬁ\alé?%Ié ©
abreferabhnky means:of heat reatmentin actemperatdre rangecty picalfy - 2
olying between 300C and 500G in. e, casq gha thin layer 21 or 22 of

silicon, and/or produced mechanically, preferably by meafscg tion of

mechanicdaF5E6< Belted Bn YRe walidr 10530 A SEcondrway of producing
athenieakenediregign ddeoreE7? chmprises thetfotrmhatior bR& pbfsis the
w%%@jacggllgfuq}g%@gglr qn eagh %ﬁfgcqgﬁa%mﬂ}?l w@f@r csé’f cmsﬁgllin@‘;hler
“material, for example hy anodization. A layer of semicondu e
A9BSR b 330 DO AU R o0y then pe oaHE e
offrotucetb by epitacor theogorbs Iy8e préfefabl By "By s, *8
t@c@}igggést%@@@gggr "Gheptieal Vapour Oepesidorth o2 0064HE68E

PC171B2004/002969 - 15 The wafer vid ith the poralislayer. 5
55 We e positsd Ia%%rjﬁao? 2%2 tﬁér% é)r'%éra Iyw%?(id%ze% aﬁﬁe ©
sstnfeceinrordEr to form the insulating layer 13, which will form a bonding

~ interface layer S-auing aiadtunerido sndtaijeesubstiateit treatment

ia carried out during and/or after the implantation of
the species, in order to accentuate the weakening of
the donor wafer 10 at the level of its weakened region
14 or 17.

The detachment of the thin layer 21 or 22 is
then carried out by input of energy produde& thermally,
prefefably by means of heat treatment in a temperaturs
range typically lying between 300°C and 500°C in the
case of a thin layer 21 or 22 of silicon,_ and/ocx
produced mechanically, preferably by means of
mechanical forces exerted on the wafer 10.

& second way of producing the weakened region
14 or 17 comprises the formation of a poxocus
semiconductor layer on each surface of an initial wafer
of crfstalline material, for example by anodization.

A layer of semiconductor material forming the
thin layer 21 and 22 to be detached may then be
produced by epitaxy on the porous layer, preferably by
a "CvDY" technique (standing for "Chemical Vapour

Deposition®}.

e it e et TR
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The detachment of the thin layer 21 or 22 is preferably carried out by

WRABMESE &Rdrgy, preferably mechanical energy by means of agatehiiido2os0

applied at the level of the weakened 1egion 14 or 17, 10 respectively, and
in particular by means of a jet of liquid such as water. R_eferrlng to Figure
2, a device Trecanyiivgr out afinishing.qr dmﬁI}%gegé%ﬁ%giiglg er and
ghness faces 11 an of the wafe :
A Piﬁue%% 28 manied? ' 8Fve BRafB0BPLY

I
represented. A poljshing head 200 mounted’on a r%_ta_ ; _
hoa%l§%§ﬁ§ c‘?‘z}fpa"nii‘éE of AT Fthe R wWaksierD. Pepdiishing-platei 1601 whithg
cativéiSo Be rotateti-bloseslthe Cavity of thepelishigg @el%@g@t%gyl qf%%r
essed;againstit as t@ epglose th fgr 0,20 et_vveen e plate
o tlte? hegq%. Thgﬁ%i%ptir% head 2oo%§\%adv§%isaﬁle8§§ﬁy covered with a
fabric. A force 1 applie 51%11(5 p6ifshingche b Hongatrrshak 600 béagst s

ieShafer 16vn esntadeditetvie 25 infealface ofdhe cgyity ehthedeash
pe by gy st it i s st
movemenis 2,and 4.0f the head 209{22%5’&; d%%%a%m 30-therefdte 17

the wafer 10 cause friction on it E?aa‘_ces : ‘
pofdITHesedades sHaditaieonsiy tica braferrad embodimet, fhejet of
polishing sead 2@0 aecempanied by the V\I/afer 10is mfeved t[)r\]/er: E)hr?jer -
er sur f olishin te 10Q along a specific path i ;
gggmallyfhggér\t%q e%tii:gleg thg %m?&%ﬁl%f 3%’theafat(a:c-ieeseff and 3. TR TYing
Povernent ﬂ‘i]af/gf&?%x&ﬁpl’é‘?%c Higveftem in'tramsiddon tosantsfroect
Héng-a'spboifie saxi€, ditecdmbmedimoxementingptation apckin. 1o 4o
seapeiasondsalral mayement: WO 005 013634, B H182008/002980 -
&5 I anqth%r;cpr%f%re%versmn, itis possmle_ to combine me_chat icat ™
polishing. &brasion By ifjetted abFadive p%@l@%%@ucﬁfas%ﬂkéwtlctésﬂ)
“SHeP Ehehlical Btcing iatcordinglimaso-talled GMP anethog,: 5 {tanding
ot éCkemical-Mechanical Blaparization”)y o polishing head 200 by

being pressed against it, so as to enclose the wafer 10

between the plate and the head.

The polishing head 200 isg advantageously
covered with a fabric. '

A force 1 applied to the polishing head along
the shaft 600 brings the wafer 10 in contact with the
internal face of the cavity of the head 200 and with
the upper face of the plate 100.
| The respective rotational movements 2 and 4 of
the head 200 and of the plate 100 with respect to the
wafer 10 cause friction on its faces 11 and 12, and
therefore polish these faces simultaneously. )

in a preferred embodiment, the polishing head
200 accompanied by the wafer 10 is moved over the upper
surface of the polishing plate 100 along a specific
path in order to cptimally homogenize the polishing of
the faces 11 and 12. This movement may, for example, be
a movement in translation to-and-fro along a specific
axis, or a c¢ombined movement in rotation ang in

Eranslation (spiral movement) .
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In yet another embodiment, the polishing device comprises a polishin

wo feach 208 which holds a plurality of wafers. A particular enRSddRTaH Y226

this d.evice is 1Q rgpresented with rederence to Figure 3. This device is
the Figuure 2 wi with a polishing head S 1.1II" ar to the one in, -- i 200

which thisitimg holds-threg-wedars<lfaviohsanth Jod dn aeprefemetble to

version, this polishin ad 200. 15 is moved,with.respect.to th ishi
Cﬁﬂ%?ﬁo alo %?digr%hgtrapggé %I%:rhlnagt'o-'an' -#r%%rlao;zlat%%al ?nﬂ%%?nﬂe%lg
@mm@n‘cﬁﬁﬁbmmith( e Potatiohal frﬁ%&é?ﬁent?@rlt“ﬁé%ﬁéﬁing an
cmﬁaqd 1@@@, _Irfp%ﬂﬁzﬁQSpe@Hmﬁm&ag moxenentstocthiel wdfe S apfophiod
an c wit respect to.the_palishing plate . ishing th
A8 et ot saspaoe s s pisangrhe
reference 8 Figilre ﬁ?%%ﬁ'?%r%ﬂ@ﬂﬁéé‘feméch&%?alpﬁ Ratization device

- Jonganrying out thel 2 finishitg:stbpas beprodentedoiiis davige Was kg

&olfgg%qulz_ﬁes 100a, 100b and 100c and three fluid injectors 300a, 300b
an c. Three polishing heads 2Q0a, 2Q0b, 200c, which a ect

together, &re %@bﬁﬁaﬁ@&%§ an“SGiA ﬁ%?é%ce f?c?m atvrkvgfgry s a%tq%éo 3%%
raft-ear moed \Mﬂtkespeéﬁmn%etﬁblighm’glﬁatés 1664 51 08B A icP100E
b}(r% P EZ%% @QA%@H@ @%@eqyely in-geatagt withi Hee: brushirgdevicésead

a, 4Q0b, G so that surface . resi ca 0 regul f
B8 plA8ET35 1 the KGing (o Son S oS A the. bote 1000 anc
1the head 200a take care of polishing the faces 11 and 12 of a wafer 10 in
the same way-asdhat expiainecinsFignre 2hihsaduitiorstoithis meslanicd!
¥ e ROTAGH Bl 82004003869 341 pishing, gheiecterol Maong
ay deliver a corrosive agent making it possible to carry_out chf ical

cetchihgmek aematiiery arfabriBiveagent ﬁ?efk‘?en’gg it possibie - to carry iy
nochanical etchingch, in combination with the rotational
movement of the polishing head 200, imparts regpective
spiral movements to the wafers 10a, 10b and 10c with
respect to the polishing plate 100, thus polishing the
faces 11 and 12 of each wafer homogeneously at the

gurface.
With reference to Figure 4, another chemical -

mechanical planarization device for carrying out the

finishing step is represented. This device has three
polishing plates 100a, 100b and 100Cc and three £luid
injectors 300a, 300b and 300cC. Three polishing heads
200a, 200b, 200c, which are connected together, are
separated by an equal distance from a rotaxy shaft 700
and can move with respect to it.

The polishing plates 1002, 100b and 100c are
preferably and res?ectiveiy in contact with three
brushing devices 400a, 400b, 400c so that surface
residues can be removed regularly from the plates.

In one working version of this device, the
plate 100a and the head 200a take care of polishing the

faces 11 and 12 of a wafer 10 in the same way as that

‘explained in Figure 2. In addition to this mechanical

S ———— R R PR I AR A A
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ishi N bri | with the second

5 The polishing head 100a then brings the wafer 10 level 7

(ﬁ{fﬁbtegloob, and finally level with the third polishing jptatest 00102969
by virtue of a rotational movement-ofife head 100a around the shaft
700, in order to carry out respective 10 processes of cleanl_ng the surface
OPHERATGIEL0 Wil thée of olearting dluidis injegtad ve nieclors. 3000
and<300cm@termeehatiieal 05 chemicalmech a%a'ca%mg mf%e%d%gr
may of course be used inorder to 15 carry out the roughness co S
of the faces 11 and 12 of the watet"rd/dn Bﬁﬁ%ﬁlaﬁ%ﬁéﬁ%ﬂﬁaﬁb@m_ e
M&dE BFSchtidial6a8ats chenaticalietghing, plasma- assisted chemical
etching andlé@rnegliig shandneHe émmg;%I%QHLZS&Z%%&%Z@%?&QQ fFor

cri nd yentionggd. above may in particular _ _

dli(?borlpg({jevfi‘_} y SQ as to carry%lﬁos%%ct?vcgf f’oﬁéﬁﬂgss@oﬁé‘%tloﬁ} that ised
say 4 di ?ér;?‘r’@&g h#eEE coitectibhisiithe dadesh ticandi k2 of the wvafersy
10, f6nexafipke asg aunictioalofr2sviatighpess Mmeasurergnts yyich pave

RN ' hich have detected
keen caykiediout pfpthese faces Reforehand and w L
some regéontgt at are rougher thagn others, which tay tHerefofsbective
23

5 t hewith
Subjected o ditferéntana- prBBﬁat%uﬁfg?ﬁe% céﬁéctwmée-fso T
Fé%entaiﬁ@enﬁbﬁ 'iscfevutsein rﬁwaglsllmlieﬁj@;ulf@@mtg@pyg@ﬁ%s Fhe

i i killed in
whichchavesbeen deseriberh and representeq, and the person s
thej(j:i will g able to make numerous variations and modifications to

.18 - CLAIMS 1. Wethod f6r producify thin FAifar e asehianical
é%ellgféﬁi&ﬁ]oﬁﬁgé%%nmor@ﬁat@ws%@mkmdoma&d{va:fﬁr havingrtwe o,
praim faces; charactesiaet i ﬁhath HoeRupr ?ggtrggfftoeg?le\g; S?I ?f]% gsgti%ﬂ\(/:?n 3

' ced without an intermediate recycl ;
fﬁfrﬁiftgg}%] ﬁﬁé’%‘ \%%La%%ne%nreg%ﬁ inth @\?a‘fer“iféﬂi\?vo_ﬁ firstof h_@ niEA e
taceS ARG hf AUEpth cBiedp6Ading sabstantaly tos thinstayer thickagss,

assisted chemical etching and annealing in an inert
atmosphere, ‘ '

The various methods described and mentioned
above may in particular be used in a more elaborate way
SO as to carry out selective roughness correction, that
is to say a different roughness correction on the faces
11 and 12 of the wafer 10, for example as a function of
roughness measurements which have been carried out on
these faces beforehand and which have detected some
regions that are rougher than others, which may
therefore be subjected to different and appropriate
roughness corrections.

| The present invention is of Eourse in no way
limited to the embodiments which have been described
and represented, and the persdn skilled in the art will
be able to make numerous variations and modifications
to them,




(b) detachment of. a first thin layer from the wafer at the level of the first
weakened region, the first thin layer being the part of the wafer lying on
the side of the first weakened region next to the first face, (c) formation of
a second weakened region in the wafer below a second of its main faces
and at a depth corresponding sub_stagutiglly to a thin-layer thickness, and
(d) detachment of a second thin layerdfiam the wafer at the level of the
second weakened region, the secornd™Tin layer being the part of the

wafer |% on the_side of thf second g\ﬁakenfg re(?ion next to the second
C

ce. 2 Methsd a%%rdiﬁéffoﬁéf%ﬁ 1, %‘1?acter|¥§' in that te ddor -
afer beforetep fa) is A wafst Ricyled Aftdr Havig beéri t8ed Hurifg™ ™~
Wrevfous Bl fayer prodigtion, aRaddf thafte AfetRod Fa/hetmorénat 1t
worpptises at fdast orfe Stepy bR finiskhingh@ssufface séGdition ofthis:  are
segyelededonor-ivafer before step¢a).3.csMethod deoordingato Claim 1,
characterized in that it further comprises a step of recycling the donor
wafer aftes step. (@) fallowed by.a:steprekfinishingnthe surace: sopditioniofs
his:recycleg-donor wafernin -arder to.bg ressed:dusing:subsequent onding
frgduction.ofthin Jayers, 4; Miethod according.to the preceding claim,

characterized in that the recycling step comprises the use of double-sided

olishing. WO 200S/015631_PCT/1B2004/002969 -.19 5. Method
g)c)cor‘é?r%ga %%%%tof, aifis 216 4- cﬁ%?arlctelrf‘z\é%ﬁn fﬁ:a?r%he%rﬁﬁsh‘fﬁ Febep?®
fdUmptsds the® Use of at fedstonE tEhRiGle SERCHAY anibig methanidal™”
polshing e EREmicakmegRaniCal pblishirth ‘SucrificialS oxkidatidit chiefiical ©
dtehifig; plasmzkassisted shemisak etching and ahpealingdn an inert
atmosphere. 6. Method according to Claim 1, characterized in that it
funthef comprises twd respeetivedteps skdendingsthecdononwafiee wafexr
hetween stepsda)and (byand 49 hetween stepss(c) and (d)s tespectivelyth
égég%wﬁénding sebstantially to a thin-layer thickness,
and

(dy detachment of a second thin laver from the wafer at
the level of the second weakened region, the second
thin layer being the part of the wafer Ilying on the
side of the second weakened region next to the secend

face.
2. Method according to Claim 1, characterized in
that the donor wafer Dbefore step {a} 1s a wafer

recycled after having been used during previous thin-
layer production, and in <that the method furthermore
comprises at least one step of finishing the surface
condition of this recycled doncr wafer before step (a).

3. Method according to Claim 1, characterized in
that it further comprises a step of recycling the donor
wafer after step (d), followed by a step of finishing
the surface condition of this recvcled donor wafer, in
order to be reused during subseguent production of thin
lavers.

4. Method according to the preceding claim,
characterized in that the recycling step comprises the
uze of double-sided polishing.
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and second faces, onto two respective target substrates. 7. Method

wazvdingsto one of the preceding claims, characterized in thatitdurthe2969

comprises a 15 step of forming an insulating layer on the Wafer'befo.re.
step (b). 8. Method according to the preceding claim, charqcte_rlzed in that
the insulating tayes is @d@yggrdpﬁ@O%gg_rg%@% bly\/ﬂgl%ﬁrrg@gq&%atlgrzoo% . rﬁ’
i rfage, r by, deposition of SiQ2. 9. Method according
?ﬂ c%%ggé%%ég%gl ci[l%lat% é)?or!r:nl%?i.orél O AT offe ‘ﬁ\%aEé)ﬁgﬂf_Fecg?ﬁn fghe
Usfried ot by impint&tish G%Bﬁﬁ%seééé%@@hmwespe@w&mm
thelwaletmag the deptin ofthem2bvveakened r@gioggﬁr{&g@qethgg@g%(@%%l
claim; 1, char, ized4n he formatign of at least one weakene
oo s Ao o0 By BoroSIHGARGH bf £ SAVE BSLF SUE T ar
ﬁwecg%r?gr ﬁﬁér?&ﬁ’@ﬁﬁ&%ﬁtﬁ@aﬁbc}é{%ﬁ%@ﬁﬁ}?@@?@ormed by
§emicondd@ﬁﬁhﬂdteﬁa10deﬂdxsigort@n mbaﬁ@mosifieddaimraé&e&‘_@ﬁ&ﬂ in
eeeerding to Elalml;chasacterized in thgLat Igastone 9{,%6 tﬁgna-gagero £
lglgtacn{:hmentt stepa is carried_out hy input of energy. 35 12. Metho
accordint to one ot CIAIMET 6 4 > ChiRRRerBERER thet It f@dtser (b) and

RehiprRes tHeeRGllowing stes, Hefbre stepid)WE=2Q05401563% first

(/1820041029692 26 dnspeetiidthe guality ofthe second faceof the
wafer, Ia&nge-sif the inspected quality of the second face of the wafer Is [ess

than a minimum acceptable quality value, 5 carrying out a step of

orrecting¥Ré& udlity 3F #rr SeRPsecond fase: 130 Methdeeaccomtingdd ng

Claims 7 anﬁél:@atakeﬁrir}a@mma&mthPCtgd@%%t&@@éBg§gl@g a
IS, £aui and s simple removal of the 10 insulatin

%%é%r i r%rﬁ;]%‘\%lllt%f %k?é iﬁﬁ%@%}gﬁ%ﬂ%}ﬁm%%‘% c‘;”oarr%eec]tio%eﬁ? =

Stﬁ)é%eag% d face.

8. Method according to the preceding claim,

characterized in that the insulating layer is a layer

of Si0; formed by thermal oxidation of a silicon surface

or by deposition of S1i0,.

9. - Method according to Claim 1, characterized in
that the formation of at least one weakened region is
carried out by implantation of atomic species through a
respective face of the wafer at the depth of the
weakened region. n

10. Method according to Claim 1, characterized in
that the formation of at least one weakened region ig
carried out by porosification of a surface layer of the
material of the donor wafer, and in that the associated
thin layer is formed by semiconductor material
deposition on the porosified layer.

11. Method according to Claim 1, characterized in
that at least one of the thin~layer detachment steps is
carried out by input of energy.

12. Method according to one of Claims 1 to 4,
characterized in that it further comprises the

following steps, before step (d):
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14. Mefhod according to Claim 13, characterized in that the finishing step

woisiiRlinwgg by a step of re- forming the insulating layer on thecwageno d/m2969

15. Method according to Claim 14, characterized in that the re-formed
insulating layer is a layer of Si02' formed by thermal oxidation of a silicon

sur Ry depasition §iq2t 6. Meth %ac rding,to pne of Claim
12 to 14, Zolczg%racterize(%gin thaﬁhg’\ﬁnisr%ng s%e%ﬁ: %%prgae%etheoﬁseﬁ&f
" ethnidtB®%Selected from the group which comprises mechanical
-polishing;ehemicabaieshanicall polishing, saerificiatoxidation; €hericahe

-Riehing ; plasmasassisted ghemical gtehi apnealingdn ap, 25 Inert, |
atmosphere. 17. Method according to one of the preceding. claims,
AR tHt f KR moreEarIeayy o bk frey g e the
Spafér serradiofeaiter step (d). 30 18. Application of the method
zaccording e ene@f Llamsilile 1t thepraductonof semiconduetar-gnr
dg%gggg§¥gg?”%%aracterized'in that a finishing step is
carried out.and selected from gimple removal of the
insulating layer and removal of the insulating layer
followed by thickness correction of the second face,

i4. Method according to Claim 13, characterized in
that the finishing step is followed by a step of re-
forming the insulating layer on the wafer.

15. Method according to (Claim 14, characterized in
that the re-formed insulating layer is a layer of 8i0,
formed by thermal oxidation of a silicon surface or by
deposition of Si0,.

16. Method according te one of Claims 12 to 14,

- charvacterized in that the finishing step comprises the

ugse of: a technigue selected from the group which
comprises mechanical polishing, chemical—mechanical
polishing, sacrificial oxidation, chemical etching,
plasma-assisted chemical etching and annealing in an
inert atmogphere. ,

17. Method according to one of the preceding
claims, characterized in that it furthermore comprises
a step of recycling the wafer, carried out after step
(@) . |

i8. Application of the method according to one of
Claims 1 to 17 to the production of semiconductor-on-

insulator structures.



