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W@E 401964 N LAYER THEREFROM' The present

WD 2004/ 019404 PCT/ |1 B2003/ 004143 - 1 "RECYCLING A
WAFER COWPRI SI NG A BUFFER LAYER, AFTER HAVI NG TAKEN

relates to the recycling_ oi a donor wafer conprising a
5 buffer layer after transter of a thin sem conductor
I aymﬁv(amg WaRER @@M@RISINCHA BlETHR/ LAYERUBSTER! e.

{ranst t RV Sl Gl O TR Fa el FEREPRAT

structure such as a substrate and a second crystalline

str %Ie :ﬂfegerﬁeh;(\tegﬁon Gl tﬁ@re@ﬂ&ﬁ%’o@g Rhor R é’dn‘i}ﬂnsm a

properties o mat eri a as structural

tsiffor pércafiet thesfarafpethin emi@ndationiyger Swnf the aelonor Wafer TO a
recaonbi [%atl on properties. In the particular case of a
TR SYOsYAF- the latter may nake it possible to

obt &g t&nﬁ‘e&ﬁﬁg la%;‘i’géeﬁt:ﬂallﬁ EefSk hél 6 titdhtiod b@eﬂ wrivéesiea first
paraneter of which differs substantial Ié%r om t hat of

aryrealBnebgtuchire suchoast thiubsieael and hesemtdfwstal Firuegye Havias

5
s, pERR AR oAb Bh Gl o Rt PR erdo b B stmgpropa) or
dasitHiemetria yeIpettie Br Bohidsurfdtd ﬁeéﬂlbhna&ﬁgﬁb@:rﬁ@ with a

gradual variation of its lattice paraneter

al san ks Barticyay ease oy eudier davier-sthe ﬂat% ‘%Pyvléﬁlfeattlﬂﬁ?ﬁ%lﬁ to
GRAROS LR :%ttaﬂn SAhRD! G BliRe Farshdl LPWEKiSH QOfrEYs

the rate or continuous”j unps 1'n ~ conposition,
sobssitially fioambhiedfelk subktrate const ant conposi tion | ayer

f or fainin 0 defects. Mention.i.s then made o
af?otg E télgl]?fl grrl)ayqréwrha&a a&f)mg()ﬂg?rémg]ﬁgﬁ’-ages gragluazﬁy

&i‘ﬁbﬁﬁéﬁ@é@t thesgfgdtlaﬁ@araneﬁtoaeaﬁﬁsﬂeﬁtseo%teamffer Riyeeea bepn
the buffer Iayer, a layer or a superposition of |ayers

dieytipassotiake withfaf gridvahyarfationl ofisy latiist @rraistesr der to be

transferr dtoarece|V| ubst te 0

or odu Y e A PR Sl TR ME S PSR f Sitbostin

Wwigplal oatdbRN$atef a tdigh sheEdidm of tthd: ﬁatbaMeﬂﬁccfrmmﬁmd mmE in

buffer |ayer Telates to the formati on .of str{al ned

@mnoat}ﬁnt reyably. complelgdpitha GongianiomPOREPR YS! IARGPRIATITS
Qined” in tension or in conpression if its

qattl ce paranmeter in the interface plane is

r es pdettiondb yhegrradeesf ometadrphés sbttffqaa)“ﬂayxtrsmmf @i methmorphic

Pﬁ@@tlce par’z;rreter q{&;arvvl Sse, a layer is said to be
diggntzsueh gy 2 spmARREFRIERYi f the latter is
subsirgiice@lonyine tRser 1Qef, tﬁla?&”br”@'suﬁe@ﬁdsiti& PR nfdy, be
a nomnal lattice paraneter” being the lattice

tpkenanfBfrem thé dorve vraditran owder forbe transisuielt td areseiving substrate, in
& el'llri tt) ippordiugga particular structure.

One of the major applications of transfening thin layers formed on a buffer
layer relates to the formation of strained silicon layers.

A layer is made of a material which is “strained” in tension or in
compression if its lattice parameter in the interface plane is respectively greater or
less than its nominal lattice parameter.

Otherwise, a layer is said to be made of a “relaxed” material if the latter is
substantially close to its nominal laitice parameter, a nominal lattice parameter

being the lattice parameter of the material in its bulk form in equilibrium.

i NVenkPCDIB2003/004143
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WD 2004/ 019404 PCT/ 1 B2003/ 004143 2 \Wen a |layer is
made of silicon strained in tension, sone properties,

WG owh/0sEo4 t he el ectron nobility of the materi aPCT/EHB2003/004143

clearly inproved. O her maé erials, such as for exanple
Si Ge, may al so be subj ect 1o a substantially simlar
t akiWi@n @fthyer B AR® 7 ARDh BErai@éd MUSHEiIdA YGRS pRPétieq such as

recei ving substrate in particular by a process called
tigradgotron grobdity ofihe niairsiah areoclearlydmpEyedki | [ ed in the

art S_1| Si -Br 0 e C

e RUiD SR IRAES alch o PRSP LR HiBEPIHE RS BYRMIER 10 o
stisstandxinginéar akibglofft aki ng a | ayer off rel axed Si Ce,
the_structure_obtajned 10 nay .then act as a suppott
for T‘B? SaPHer of srdolfyers; ot 3t ‘I‘?éel}ﬁ‘&ﬁisﬁ FUALS, 1} P@i“?‘% by a

PPAEATBIE! SRbrt Ll A KRENASNE p&Rod BENGRHTRO MY Fhen makes it
content) Is greater than the ' nomnal lattice paraneter
pofsitdé | toc produgy owubtugss sichi eorSObr{Sethisostaolor On  Insulator)
ﬁgitl i con- Ger mani um On I nsul ator) pseudo-substrate
SgBt"Wi®ed nakes it possible to provide the silicon

| ay®br stdnailé)Osftek RallifNai18¥br oEDrefcedBiGk] thststatin@nobtained
exanpl e of such a process_is described in the |IBM
ngpydhereast ata suppgrt feqgagingsilisbn. (" Si Ge- On- | nsul at or

f [ . .
b R isE ool ly REIRHIR AN Si0RYEneplia 2 ppimagium
cBiwyst) GsSgredtert thei she @GMi02) 12604 paramieter ¢Bs5ilim, gBywihofwhicoh
oBiBS SRR 45 it RGO L PP BT Poe B T F SbRisdrgakes
i%po\é Ple'td Pfo@ﬁieq EUITEM Ja trgiQQ@fnquEsﬁﬁﬁ- Q her

I catfons of metano pﬁl C growth are possible,
espésial lpstration, as emimoplecifciuoh e whedshds Hescribed imiheylBM

Thus, tr Istors are.! I r oduced, ,usi . V
deciens b Bl b o iR IR TR ar e e e gpd
18)e@ Gt o PRF fIENBEESmah AP b efect UbaTsairdal AgsheanPagtes

over R@AAs, rticular, a conbination of an InP

As I n pa
Letstsr 2601200, IVﬁEiY,&sNQr 9 inavingh payethodrakpiduging g sySHIA
sEchthf@qigr;égen?éacht ron nmobilities. However, the ability
o nar conponents using InP technology is Iimted
30 fAmotdr véxampledAsf tchnodl mgsess piar tivewl iar khe idocineentsUS
2@{) éost, avai l ability, nechanical weakness and the
ZB0ER1pul k substrat es (the maxi num di aneter for |InP

tGgRg?ﬁér' YopliPRiddd & LRERSIPIGOREHEA aW hbssthid, NGB&Salfyokvith

semiconductors of the III-V family.

Thus, transistors are commonly produced using GaAs-based or InP-based
technologies.

In terms of electron performance, InP has a substantial advantage over GaAs,
in particular, a combination of an InP layer and an InGaAs or InAlAs layer makes
it possible to improve electron mobilities.

However, the ability to market components using InP technology is limited
faced with GaAs technology, particularly in terms of cost, availability, mechanical
weakness and the size of bulk substrates (the maximum diameter for InP typically
being 4 inches compared with 6 inches for GaAs).

A solution to this problem seems to be found with reference to a receiving
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A solution to this problemseens to be found with
reference to a receiving WO 2004/ 019404

wWE@ANBRRO3/ 004143 3 substrate, an | nP | ayer PCEHKEN03/004143

of f and obtai ned by netanorphic epitaxy of a buffer

| ayer on a GaAs substraté. “Certain taking-off

RQERS 38 30P BY6aRe ¥ BAO6BERe®by hitamcplab epigsdy "of tayipeter

then lead to destruction of the remaining part of the

ley onnadiadsghbstisie. t he buffer layer 5 during

t akifg- of £ - h i.ng-Qf ¥ C

e Ll ink B0 Flen b pRRER Jr B EAROREY Bk

leatt tdt dtrictfohest thayemainiag lpagtof thiosubsieate ahdef et buttar ghyes
roduction_technique is conplex. Optimzing and
Badkngefuch a buffer |ayer may therefore involve a

10 lgn | Rfidigd ' OBBALdED - process, the

FurtI e}wrrrlnt@%/gfhg# ﬁ%ﬂé%gjl&f @??@féﬁ?%ﬁ%ﬁe‘éiﬁg the variations in

ssposistreaynledhyt thabsiéer leyee idpgear ance of a high rate

of stalline defects uch as, di slocatipgs and point
def g‘%‘g .Ve%lﬁlée%etf”???@%?fa?mi?c?lgp ﬁ%’f’m ﬁed]%tcﬁ}é] %? ore the
genepatthiemgOindd efRGtisg SWBY D BuffdSlagém iy zierefore involve a

1partl cular by increasing the thickness over which the
epgthy.cbfficplh pacthestrensiveeneadion| t is mainly for this
rea t t. r : : e
thi corebdfe s WS e YRR IR ASRDA RS cous
fhe wppdaemoeref & hiph reve\ceystal beodedets seridast dsibertions and point
restraints limt some essential properties 20 of the
tf%r | ayer, such as its thickness or a certain
ST UBLUL e QMR ﬁéb,t ¥nd FibetBlel HeNESRABASOHNAcROBNEhay be
others. it woul'd b& wse to avoid conpletely form mf:;
aibmiedr inl ayeiculaf ther ireacisinge thec Hiickgesst ovére vhidhs thaatettice
The gr esent invention intends to achieve this aim by
PHEIFE Yg'SS-according to a first aspect, a method of
recyglid Agin®y #RMA5 r#R6:L hadiletufanidyag vsakBnprofiicedtare thick,
| east 25 one useful |ayer of a material chosen from
withiadymenl dtidmesrareging from eiedo 401 MIFAMSIEIL onpr i si ng
suc lvely a bstyr . St.r u i
Dot BN P shgfo Rty e AU At Y i e b el propertcs
6P biBdmayer Sl ad itOthickuds ton certain stniveursi abenpdéxityhe

donor waf wh t he taking-off k pl ..
char Bt Eh [reeaitearonsronar Pas 1 OHBIA P ofis LB SOmPILTYy
f&ﬁ%:g Poltier is?@{ %i%eé?%%c}gﬂjﬁﬁﬁg%ﬂﬂé%h%ﬁté emai ns, this at

east” part o er “structure can then be
r eusEk prsseat bykhtém imtends taurddieve this aisw bs eeuéding.pseqrding to

la?%set raslt)e%tlanlg_et?lgg ‘of recycling a donor wafer after having taken off at least

one useful layer of a material chosen from semiconductor materials, the donor
wafer comprising successively a substréte, a buffer structure and, before taking-
off, a useful layer, the method comprising removal of substance on the side of the
donor wafer where the taking-off took place, characterized in that, after removal of
substance, at least a part of the. buffer structure remains, this at least part of the
buffer structure can then be reused as a buffer structure for a subsequent useful
layer taking-off.

In a preferred aspects of the method of recycling according to the invention,

a protective layer is further present in the donor wafer so that at least a part of the
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In a preferred aspects of the nethod of recycling
according to the invention, a protective layer is

part of the WO 2004/019404 PCT/ | B2003/ 004143 4

buf fer structure underl yFn@ it; the materi al ~of the
Wit efldive UndX®ind @i A BRSNS the protedtivetiaydribemg chosen
mat eri al s such that neans for renovi ng substance hﬁ}s{%g

faem ervetalling mgieriedy sugh it negns (5 SEBAYIPG PYBHIARFS pasr B!
ol WA SRyl REREERY b Ao phorchfle e than
fanthe nhaitisial of Alaet dne of flertat adjabend zoek cmtiithue is ahle (eadpeedtc

subst.ance. According to a second aspect, the invention
"b?e&\ﬂl‘éee‘@mﬁvﬁt?gﬁ%}&taﬁe-produci ng a donor wafer intended

Lo D QUIdE @ USESHd ash@Y Ghe BNekii (76viaéS 2 ABGL0E 3P BRIdEciaL

being recycled after taking-off "according to said |
plabewafedinedhd b mhHvidee yedfiligyer by tekingeff and eapablg of heipg
It mpri ses.the. fol |l o ng steps: t] :
by Bl Tneios, pocarit Mooy eriiied T oo b re b
SRR QI in What & RRQHESGHhY BlloAMRIsteps: the first part of
the buffer structure, in a material chosen from

cr ystfamation ofafistt pait 6f a buffes SHBEHIEIHIIGSUPHE S ot ect i ve

| ayer t he cse . t i
stor (PRAH O ATEE s 3h he Breb el BF 18 el iR, fn
of t hmatpidthekh enl ayeillindmattiblst antial ly the sanme as

that of the first part of the buffer structyre.in the
vi ciriPEgation anHbe profBte 1AVEF e Fecont Bat of ﬁ’ﬁl’%‘lgfe&&f%ﬁt‘%r%
aspegy, it ISENaHRR REAYdEER Be TRGRBH 0O Thet Bleb@veofaler

?h E}Qﬁ?
a useful layer on a donor wafer in order to be i
t r anssbstamslly dheasanecasi thatrnd thaifisst pait of thedivdien sireqtyre dg the

in that. it ri ses: 20 (a) bonding the donor wafer
to thVéCJPlé‘é%f’g?E t%cﬁﬁgialygte_; (b) detaching a usef ul
| ayescdpnseth 4 hitdhBpsecBt wivegt t1da¢ & nfetianh dffeking off a

donor wafer, (c) recycling the donor wafer accordin
pssfid dayer g ehdanop vafas g ordango be ArpsleErh P & acesiag sEisirate;

@%p%%ge&?%%ggyétqg&u%sdggg .provides a method of cyclically

| ayer from a donor wafer,
char act &f)i teedirigrthé Bator wafet anpeirsesvisgwdsabtest eps of

taking off a useful er, . ea of, these. ste :
conpl yi Y %ﬁcﬁlnﬁﬁe‘lsej‘;‘yﬁ’eﬁ@?‘ﬁ% ty the rgﬁ?lﬁ’é‘gﬁfl%imte from the
Accor di gendrQvfed i ft h aspect, the invention provides an
application of the said nethod of cyclicall

. y .
- taki ng- 6freqycling the ensavafenascomdthesp spidknetbodbgfrecychpe.

2 SSHELH 0 FHLASH eSO ELRR A0 PEBBU S et
taking off a useful layer from a donor wafer, characterized in that it comprises
several steps of taking off a useful layer, each of fh_ese steps complying with the
said method of taking-off.

According to a fifth aspect, the invention provides an application of the said
method of cyclically taking-off or of the said method of taking-off, for producing a
structure comprising the receiving substrate and the useful layer, the useful layer
comprising at least one of the following materials:

SiGe, Si, an alloy belonging to the III-V family, the composition of which is
respectively chosen from the possible (Al,Ga,In)-(N,P,As) combinations.

in the donor wafer so that atPCEERDI04143
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conprising at |east one of the follow ng materi al s:

SiGe, Si, an alloy belonging to the Il1l-V famly, the
weeovposi4dd on of which is respectively chosen PCDB206B3004143

possible (Al,Ga, In)-(N, P, As) conbinations. WO

2004/ 019404 PCT/ | B2003/ 004143 5 According to a sixth

as p@ehordinB o b RKBNAIPRR, E RWeABSH FRMRIEs WEioR Ma G BRhplyiig

with the said nmethods according to the invention.

votHbe sad pethpds acapidingdnchedoveatiomges of the present

i nv | tJ L. beco [ r

rcagtis Pty i CHRNEGIRER 8k oRERRERR, Ml become
mgre ickehily @ppaerit b8 padihe thieefdll omeinp aldgileth desoiptiong bf eperbiyng

way of non-limting exanple and nade .with reference
t?eopﬁef%éfeéaﬁ%hf@édh@? WBW@g%V Varhplcpen-pgineexamg ade

- yaneferdRe & th@&@%?@ém?\k@é feymeh:or art.  Figure 2

shows a donor er aft taki ng-off. Figure 3 shows a
dondiguwal ghrovafatdenoawifer stondagyte thengiegtgp. 10 Figure 4

sho a first donor f cordi.ng to the present
in'v@?ﬁ“f%%?ho“ﬁi gt ‘gg}gﬁ%{ﬁ? 1 "%S'nd donor waf er

ac ¢ Giird siovstaRnbF R8P Aftdr A\RALERBling fikgure 6 shows a
third donor wafer according to the l;1)resent i nventi on.

Fi gdigared shvoves fitsedopgr afigsacsewsing tofthapiesnhyeiodor di ng
: . ; . - Doy
of TR B YR ReorHRSERRME PRI o) b BN AR

of Fierdesawwswahid daddr@fafdrakiédigingid the Phgeitdnventbyp.ect
of the present invention consists in recycling a waf.er
compbrauET hhers drer wrioys sises of & ethed agRgrdig gt igvention

SQ@&?SE\MB? c@ﬁxpﬁﬁiggf%géﬁ-lo@/ SF )z t {Jtlt%gerafrogleﬁa%no? NQafer and

use aye taken o e wafer so as to
reqyckug efttbe ddrios wagefafibr takiag-eff. i nt o a semi conduct or

strycture, the recycling jncluding at | east rtial 20
¢ ecODBUBrOWRS HuFeRCRET HACHRER SEMTHEN | FOEHRE o WoleT
coRpESiHg h BuffeSHRSRHUIGR! adydichib@irdObdhaving RS a Haffel 1nRE), alteng

operation nust therefore conprises a suitable )
leaskamaraseful lower das dewstalion ofdhagafatsol asdetintsarete s vyedol
f. t LuGt ur . St. Ur e I :
DAL, 8 il MRS P AEOBI8 AL S ! b
reliosbigadthedngiter whhctle @ thapit e&zhagateas@hd aisnbdeqase taikmdmfi.e
in i nportant manner 25 en energy. i s su i ed on
¢, Tos is&ldJRBiCgE CBHIRHOD FBYY HIETSoTs FoPHESTRad Sw?a@iﬁ Preavpsnt

] e [ . For instance,
S P CEE S B PRI PP BRI RN, 2t o

t enpatead, L eufldr str8&0E, ustHBC antaibs Ostatlogagtie defeultsmisuch as
ARG, Lt RS S g SR P e
viaRareaele® it Spliod oA Mg 115 akirdy Edul@brovide from thermal treatments,
chemical process or mechanical process. | ‘

For instance, if a buffer structure of SiGe is heated at a temperature of
350°C, 450°C or 550°C, the structural state change with respect to the temperature
chosen (see for instance the document “Structural characterisation and stability of
Sil-xGex/Si(100) heterostructures grown by molecular beam epitaxy” of Re et al.,
in the Journal of Crystal Growth, vol. 227-228, pp. 749-755, July 2001). With the
increase of temperature, the buffer structure will tend to decrease its internal stress

by relaxing them in slip planes, stacking defaults or other structural relaxation
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30 Sil-xGex/Si(100) heterostructures grown by
nol ecul ar beam epitaxy" of Re et al., in the Journal

wo@Roo@oysval G ow h, vol. 227-228, pp. 749- 755, POTiB2003/004143

2001). Wth the increase gf tenperature, the buffer
structure will tend to dectfease its internal stress

thyes! Bhig ¥d tde®Mel fOtusd AiPdHtaR QS theShRkdengitld feaigbublager
ot her structural relaxati on WD 2004/ 019404

tpp/ fompabdy Gothem dmpetant yp&eep theses ingerpal titierigcagidingd in the

l{ulflgeygﬁc |dficulties at the interface with the useful
ayer 0 be fornmed. It is then inportant to keep

t heRecydlihgrmadt théd easicdonfti ined manntd) ewitlb uflipged means for
strycture. Recycling nust then carried ou

t.] .
TREGHRS: 50 fF tprairah patlimE dbsestgsionspt thesg ewmﬂi,ngggesg_sm%e
tRE BYEH strAl el \kfﬁq{c% gﬁrg g?rgae‘érqu&tﬁ%reﬁerﬁés LRERBiCE CYP iRk ldaR@ge

stress inside ucture which can damage
the propertgreefitheessefin thywhfochedamitt hus danage the

properties of the eful layer forned on.it. ‘1
v aasatty, O TG el AR oeOiPioaad bructure wiich s
subdtadtalll 8g5aRMne/of Withehid Sot¥Rbraty infmbes WP straudirhibddidcts on
rel axed and/or wi thout a noteworthy nunber of

the suiteeeir al defects on 10 the surface. A "buffer
| ||“ H \ f H . . .
h & hﬁexa%ﬁ% ' i%\% n%geﬁhéo E%ng d gn%gp géen?HHﬁy 2@2’}4: it s

this ocume
dvonmpentsed in the buffer structure and has at | east

one of the two follow ng functions: 15 1. decreasi

t he AARpgpuyy, HaHEE fayer iy cPRrisdda ﬁhql‘axfér ?tﬂ%ﬁturﬁﬁﬁiﬂ%@
1&gt ' r o crystallographic structures
%St ﬁﬁetd(%f? et?@nftgﬂﬁg@%iﬁggd%}gr)aneters. Wth regard to the

second f inctécnersimi thehdenkitf fbiefdctsyiarthe uriper lag¢rt er i s an

20 interl t .the t t puct d . d
one of i s FBEIE ¢ i Buprret of e erEBIBRPRE B tres

substy@i difbdeNt h@RPbieakict0 that of the first structure
and around its other face, it has a second lattice

paraneter substantially identical to that of the

sec : r I h t this. d ;
o g A (6ife stbnbMEnlESH, o tnd BUEOGHTRRL gfePis an
igerieyealbesoirpltie v Rirbftuss)| @id aoullibheof tayfedes iHhuew dirst

the present invention also relates to any buffer |ayer
I§ficapgramgier gpbstagtigllicidgpticabo e b it ST are g RRRE 1
Jiikrth&, Fosts Eggég.gﬁ(?lla i ﬁmetgﬁgﬁb!g%ﬁm’yleildeﬁﬁba?&ﬁ%k of @fe

a nmethod according to the 1nvention w be descri bed
sbedndwirué¢tned udi ng recycling a donor wafer of a useful

| ay Th t}? retstao tﬁ@ _d%fchhent, the buffer layers or structures described will in
general comply with this latter buffer layer.

However, the present invention also relates to any buffer layer or any buffer
structure as defined in this document in the most general manner.

Furthermore, an example of a method according to the invention will be
described below, including recycling a donor wafer of a useful layer by taking-off,
the donor wafer initially consisting of a support substrate and a buffer structure.

With reference to Figure 1, a donor wafer 10 (donor of a thin layer by taking-

off) included in the known prior art consists of a support substrate 1 and a buffer

structure 1.
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30 the donor wafer initially consisting of a support
substrate and a buffer structure. Wth reference to

wOor@ue404 a donor wafer 10 (donor of a thin | BYEIB2§3/004143

taking- off) included in the known prior art consists
of a support substrate I” dnd a buffer structure [. WO

200440 4§H 4 2o RS AR ORAEA B0 inm thé prddest mpaltioaas itiem of

for this donor wafer 10 in the present inventio

takiaer ofb# usefiel Ry frshf the pers éfomhel tanffer structugsd andéor ghy ’?’?S"l’a’&f
o%%gqu/Lejfg gl %rnhgcénu{h% urt%p Eheaﬁufk"e?taﬁirﬁl tg % ér}d-t’fshaﬂin mn

ove d on t e SUI‘ ace O

FadurdI Dt hllr(ﬁddr t6¢ Bégrab o iarstru&mgmueh 39 an $@I shmd’elre to
integrate it into a structure, ch, as

an .
st r B¢ grenors sutsatg uh oS rtbe <lopet P"Q & 10 G?mP‘Pﬁ§S o%nIS?St one
s%ﬂc%d&gr ?@Eg a flst R8RS halRterSE I GROHE (ih thayeffer

aving a attice paraneter at i1ts interface with
stri@duto Uf f er structure . In a particular

con urati t substrate | jcansist f

ci it & Pl sealBrIhabt A RPRe Prres 1T GRRRECT £l
s&tﬂfc@i@kﬁhfaﬂiﬂ%h{é fastlati&d peandtbgur at i on of the buffer
structure

| atter consists of a buffer gg
The Tiba fifse configpeation of hedmfferistorrture b th‘tﬂ@ﬁ@ifr‘ion%lﬁ"é@f ﬁz%‘ e
la ?n this case makes it possible to present at its
Vit face a second lattice par anet er substantially )
di f fTae eotfer Iﬁyﬁm tdvatetli onsthe kayipottombgit@tEinehis ohse mekes it

substrate 1, and thus to have, in the sa 5 .do
PReslde to presgnpat [iayufase ¢ sg¢rgpddatiige BUeTEGE [5\3;6 'ﬁx&(ﬁ\lﬁf &ifferent

ffyxﬁ i @{&f 1okt n&?ﬁn&ércﬂqﬁé ngb%trate FUTahA $RE06 Sravé, N8 tHéJ khige

0SSl I n sone appllcatlons
dfomsr Wdfec m; ewd» lpiyerg llaagr élrestpectpzleb/vlemngtdn@erhlaﬂﬁéﬁe pargpeters.

h f d t b
o ot PeeBd, 4 PHBELEr 2 Reh b PE W SO apo R
£8r ﬁ@)bvgﬁ%‘iﬁ 'latyepﬂﬁﬁ'b%n@ thel 18tt&0MEm 2BRbingAtd Biph defedOdémity

the ov | ayer to have a good surface condition.
and/ogbﬂegwbﬁoﬂmnm@ﬁbéﬁrsma%ﬁér 2 has a lattice paraneter

whi %{1 S ???Zhetg&?fflelﬁ%}leYZ e}”ﬁalt{g] tfpﬁgs?l?lg 1&1%091 da‘g)ghéa@ions,

estab F ansi tween

fpetha bRdrBiisy laftab haved Byoed sufaganeadiabhy cal I ed a

hic | 25 Thi ~adual ch f th
et 46 Benepc Bl e sy 2585 pBURISITROR T Hco Py PP

\;Vr%ah? t% Bk elﬁs br tt@ spal’ém}? Fthé "’\Yﬁ%m%n Wilveshahd &by lattide

e carrle in "stages", each stage being a
nahaimetetrayer VVI t h a subst anti al I y constant lattice

par %msltl ayer s genera ly caflleg g(rerﬂzttamorpfl tyelo f the

This gradual change of the lattice parameter may be produced continuously
within the thickness of the buffer layer 2. '

Alternatively, it may be carried out in “stages”, each stage being a thin layer
with a substantially constant lattice parameter which is different to that of the
underlying stage, so as to discretely change the lattice parameter stage by stage.

It may have also have a more complex form, such as a variation in
composition with a variable rate, a sign inversion of the rate or discontinuous
jumps in composition.

The change of the lattice parameter in the buffer layer 2 is advantageously
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underlying stage, so as to discretely change the
| attice paraneter stage by stage. 30 It may have al so

whawe/0g40mr e conpl ex form such as a vari ati onPCTIB2003/004143

conposition with a variable rate, a sign inversion of
the rate or discontinuous “junps in conposition. The
€van 0§ iRfeabing theadit, i seetinafaneieyubittd hen byfddedl thanper, tke
i s advant ageously WO 2004/ 019404 PCT/ |1 B2003/.0 414% §
fseRiTabgn phatleaskinegtontie element wiigh isinehcaniadprdyp dhe subsirate
ubstrate 1, in a gradual manner, the concentration
of at |east one atomi c el enent which is not contained
i n tHess fhstxaaple, a buffdinlager 2 prodexahmt e, substtatef 1 enadeaglen

2 .produced on substrate 1 made of a 5 unitar .
H’HE‘& {“ﬁieﬂglcf&}l@%énqqlga a gpalaf, ISFHFRLY-ivateAty Qg?&llgfher taterial.

quat ehRaky QhmPledNVfBRIGE! Alprodul&tlisn of RbsteX@Mhade of a
buffer [ayer 2 produced on a'substrate | made of a

binawryaterie epildbe podd of dertivgd quaemarytas highgyyaterial.

t high terial. T f 2 i
O By D TG0 e e lon
sutaghieal for bxaryslE bR WEARRY Cushit laRiwnaushniquss agh ks cherCVD and

techni ques such as the CVYD and 10 MBE techni ques d
MiBIDr teghnigmesn dalibseviatiche nieral “Chamisal  PaswEi Deprtighy an

2 i : espectively). In general,
t ellegglg# %%arﬁg@gdrgg r%%ééﬁgﬂgl%r oduced by any ot her known
met hbdgeneial) tior bleffer tayepDhaiyrve froducek yrphyesther Inoffnemethod,

ayer 2 consistin f an . allo f variou at.om .
B BREOSTOIS, (R R oL BB ASFT AcoRTGECRan e SLaeipus
thaisubstr@te 1 underlying the buffer 'layer 2, for

exanpl e by CWP polishing, may possibly precede the
pr oddoninonsterf of fitkishikg ithe enrfacgyod thepsubstratey yadeslyang the buffer

configuratio f buff.er structure | 1L :
PR e Btgle By GoVE ppUSRE Bt PG s iie fhddlction of
@Qﬂﬁﬁﬁfﬁg@ﬁla buffer |ayer 2 (substantially identica

to 20 that of the first configurationL and pf_%p
addi T arsasondspafiguratiorhel shedpulfes rsmcinug brand Wiy rggrence to

ortsi ! iafly ide@fic)fo
(R EEm P TE ERGeE Sobi R L By oeREs
teat bf the lfizst coffpmrativh) andaddh dditiahal layget. 4 may

constjtute.a second buffer |ayer, su a utfer
| ay efri“?rﬁ‘ifﬁ af {%Y‘ifoﬂs%‘%g%{’?&e%ﬁ?is E%@%fqe%}%stfale Eﬁﬁertel AU b
éPot ﬂle"tﬁﬁélol‘éfertlbﬁs SowatiRklgurer qual ity of a |ayer
produced on the buffer structure I. This additiona
| ayen & first partleular cage.sbis adtidenal dayepriemey SBPSITHEA FAgFoRd
BoRS lgpetr, fRh &S Ia%uﬁ%roﬂ?eorsrlnaﬂigg it possible to confine defects, and thus
to improve the crystalline quality of a layer produced on the buffer structure L.

This additional layer 4 is made of a semiconductor preferably having a
constant material composition.

The choice of the composition and of the thickness of such a buffer layer 4 to

be produced are then particularly important criteria to achieve this property.

Thus, for example, the structural defects in an epitaxially grown layer

* usually decrease gradually within the thickness of this layer.

In a second particular case, the additional layer 4 is located on the buffer

layer 1 and functions as an upper layer to the buffer layer 2.
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The choice of the conposition and of the thickness of
such a buffer layer 4 to be produced are then

w@aootiocabar |y inmportant criteria to achi eve thPGI/IB2003/004143

property. 30 Thus, for exanple, the structural defects
in an epitaxially grown Fa?e? usual | y decrease

gr adpgls| wmxyﬁiuhe sddofd laktice lpR@aRtpl this layer. In a
secgggdgartlcu ar case, the additional |ayer 4

| oc o pettieuliyLdasea the add;t@nalllazemé is lnsated @nglea@f%h layer

B plab i 1 i BBk oy VY B efipd Qo 6 B iter 10,

hl&htaisﬁ&ikﬁ‘igl’-cﬁﬂﬁtl@ﬂevel nathird particular case, the
add|t| onal %/)er 4 is |ocated on the huffer Ia%ei:\rl 1
and Bt W&a faey ﬁlavrﬂésq Briengeveml funeipns,ispeh gy functions

Eisbi ﬁg&n%e e tfulgg er 10, such as a

t aki ng-o i'ts Feve he additional |ayer may
al solnhawv edveetagroab cbmﬂgntatmnsthesmidmoaal leyerct isolesated loostbn

L0 g oo Bt e, Dot er et EreBh P, b dtdaftge

Fﬂﬁﬁkt@ﬁoﬂﬁdd}]@oﬁﬁkﬁsﬁﬁ&l' ayer 2 and has a second
attice paranmeter different fromthe first lattice

par abvet mﬂl@lﬂartcm of p tattt:r @Qmﬁgtnraame the adigional lgyer 4 is made

Iar case r,.CO
B bt ra DS ool Tl B e @bl sl
t he D ificﬁllitldnablﬁyerll, 1sadalda1h@g&ot1§l¢ pEglacsidby adobwitic en the buffer
a ter The addi ti onal er 4 |s advant ageousl y
E’ﬁ’ S EXBPPI§ Y FPHRH 8fch’€h@ﬁi dorMBE 2 for exanple

e% ) mtaelm H%P tH% g@é@?cﬁ'f t ddlh!r)‘na"ll 15}}& Stis carried out

ment, gr owt rtional “layer 4 is
n'asntu; dmbctlyx ﬁn cohﬁnuahos ivtith, thel lﬁrmratldnyof the ooderfymgatifien laget B,

n of the underl buffer | aye t he
ﬁ’ﬁﬁ? Sr?afe‘rﬁeglg(?gié’@t%yoﬂggg 3&%’8{%05‘7%? or med
by | W@§ec@ﬁ@%ﬁ@d1ﬁ1@n‘caﬂ§%§m SIThO Qélcﬁﬁ&ﬁal 1dyBe4 G eamtiba efit
the additional layer 4 is carried out after a mnor

aftesp mﬁncfru stpsof figjshing theusrface obfthe wedenlingr buffendaysuf dor

Lol B 9P (BRI Bl PR, AL B iR AR
thas ktlec dislo@ﬁtﬁonamﬂldodith@f defebiautdBaitanimiine duffer Ialyer 2 don’t

buffer |layer 2 don't propagate, don!t |ncrease
BIOPREe dodb cteass Bae 3l loB Tt icpals aay SLp p@pase ﬁﬁaﬁlgng defoults

Qxe&ﬁéij deSan it Rﬁﬁ’éhfl h d E{)Qéé' th e be &@"ﬁn‘%ﬁﬁ&ﬁ‘@%ﬁuétﬁ% I thus

quality o urfer structure thus forned.
fdmmed.aki ng-of f of a useful |ayer fromthe donor wafer
10 '"F

i D ROE {)of P eRL B B B clBer (e Thr P peted

Rabidid totda8 oRARIFE I ARAY nlaBYR6d:

(1) the useful layer to be taken off is part of the additional layer 4.

(2) the useful layer to be taken off is part of an overlayer (not shown in Figure 1)
which has been formed beforehand on the buffer structure I, for example by
epitaxial growth possibly preceded by finishing the surface of the buffer
structure L. .

The donor wafer 10 then functions as a substrate for the growth of the

overlayer.

The latter may comprise one or more thin layers depending on the taking-off
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(2) the useful layer to be taken off is part of an
overl ayer (not shown in Figure 1) which has been

wo coometP4bef or ehand on the buffer structure |, PQF/IB2003/004143

exanple by epitaxial growth possibly preceded by
finishing the surface of the buffer “30 structure |I.

Them@@@ﬁlﬁﬁ?ﬁfd@ﬁ cd@o tdaen functions as a substrate for

t he growt h of trhe overlayer. The latter r%ﬁ?ﬁ}’oﬁg”%
oneFathenmore, ddvamiageaysdy.dt leie pdaiticarngrameter §uost gli5pYe
2004/ 019404 PCT/ | B200.3/ O, - der fthturd 1, Jush
desi9 9t ¢1dhq e .Xe(leaeﬁ%{r fotﬁé?r%%f\?gé?gg?gus.rly, it has a
| at 4§ £ GyBRsRMELEicAURaERN] dranbiiel datialodiich would hate 8l

the rel axed material of the free face f.thte stw‘{f&r in
stroctweme [of #ycrysiallogmphigy sfruchire o5anegn ¢ 5

mat er i alo. s Qr i iadse W GheswWolattrpve all 5
or §§)rrl%glle%sf0q\’l’ ?‘?ﬂg%@“&@% aprsﬁ c st?ir?el?ct ure strained in
t engi arpadiculan embatipestssfi the dowor wifer Kb 9bf ARIIOEH IBFLIAYers

these two types of .qaterial.. l.n a parti r
enb @t Weheigre llnFFé’teegg eeg\gtpeel?uf{%ﬁ’s c?uerg(ll)%ﬂmeeoverlayer n

I nt el AErhis offisd iHfetRRL IMe Aol REOVEEd between the
buffer structure | and the overlayer. |In

t )
(Di Thorusthubdayer it be Itakparadf & parhef theepdsiiagal %gr( %?asﬁh@
ful .l tq.be t FE. i )
oy aver i i85 AR FshflRing s HiEI TSI

i dentdmalakineemoti). t hat described in the second

t aki ng-of f node). \\hatever the (tlaki ng: of f mode ?h?saqs%r
and Whattver dfecielingefh mots glinsen, 2nd Jpthdpferqagg {1, 84T = 41

in th j.0rd t . b &i6b iAgs PREAG o/ Ruginghag 7b
t?lng% ﬁ%pegl?tlg tﬁfo%aj%bt}gg%g%?s’ %rﬁcg%cﬁiegtpak? ng- of? su?l:‘ﬂace of
dpipearfoartid @king-odsehcarite reiinidghdanot wiienyl.of f surf ace

inrelief' helongs.to.a_post-taking-off |
| oc atiagtakingpisusiges erqlgfpl?ez?}@s ?(Qz} p%ﬁ—i%g{mgl & ?arye17 7 located

@%%Ef}k%hggra9érf2_l ayer 7 consists of all or sone of the
ayer 4, possibly one or nore interlayers and

possTHib yopaakinpéif dayeoVewnsisiert abparamadt die b +AePHEY
e
s€RE cRRLR BoiNBe Bied freviswly disensedd thkieg-ptfsnodeaki ng- of f
t o Tt pemsaendoraeelst agesr Al ob A HEEER Pl MO pgT
SRETF nB, ML 0hL R pUBLB0UAY oiond iuidlgrye
tihéngemking@fisur f ace of the donor
e Thus, for example, a taking-off mode currently used in industry
consists in taking off the useful layer not over the entire surface of the donor
wafer 10, but only over part of the latter (which is generally a substantially
centred part) leaving, on the surface of the donor wafer 10, projecting parts,
such as those referenced 7a. These projecting parts are generally integral and
located at the periphery of the surface of the donor wafer 10, all the proj e.cting
parts then being known in the business as “taking-off ring”.
o Thus, for example, known taking-off techniques such as, for example,
those that we will study further and later on in this document, such as the

Smart-cut© technique already mentioned, sometimes cause surface roughness
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wo bw4oudbeace of the donor wafer

wafer 10, but only over part of the latter (which is
generally a substantially centred part) |eaving, on

such as those referenced Zﬁ These projecting parts
are generally integral [ocated at the periphery

of sidh@s 4t feBzénced 76 &ethemg-m&ﬁfacao all the
projecting 30 parts then being known in the business

as "Qusrithgytaking-off isgearrierhem; recpyling,aspqariag g Hespvention 1s
(%}%Qté&qn%ﬁfef foef%{l&g% ecﬁ)n§ﬁ$9fepf0 for exanple, those

further and later on in this
docLﬁ@ﬁﬁally,&ﬁ@hhﬂ@cdrﬂmseﬂmrstepsut (c) techni que al ready
menti oned, sonetinmes cause surface roughness WO
2004/ 0% 92ROV REDFABGD3/ 004143 - 11 such as that

ref.erengﬁ?orlzga?ﬁagtlﬁgla%%eﬁgn&f\{fa f4pf ace.  Once the

t aki ng- carri recyc i'ng according to the
| nveTtel fst stsp of pesyalieg a¢oordinglér tieopresent oventidnecatsisgy in

waf er 10, rally, recy g cQ rls two steps: 5
FERSPE A 16%%%&%1#&?@3“ &h’ (gt?“é&m pa'rt of the

don thlé’\’?efnﬁfvall& subfifnckiat&drdink &P ulf m{r&ﬁ}éﬁ: b Glﬁra'ié‘di gfcﬂl tha,
to the present invention consists in renoving a

afwaﬁte remeval gdtilet mq@he?buf&n dtrgured hiowaing, nvhmhgq;névezxﬁed
s renova e accor&i{gg to the invention

%@Pgﬁé}&e@ﬁgﬂ%ﬁ]ﬂg O%no(%fdleg'flisg € renoval , at |east

par tTHf refnbRidpUbdrest Gk ugetiEitucturé €nafied Semoval oh swistinbe is
used again dur | ng subsequent tak| ng-of f of a new

haeregycledayplike timknovarseyeling opde Prigfart he buf f er

stryct € f | d mod
r ecLiglalejzili st %arflaﬁer Jta e%é%m e%n%t:{{a ﬁ&%ﬁﬁg ﬁ%eh%ldpgre:aglﬁ glrot e
dfﬁalané-bffﬂ) frapild de bavanegseusad ch@@g’e lhld@ﬁssaxﬁ the overlayer so

onc rni_ng e. sai d second ki ng- of 2

that, gl It%}“%%og s Aerajeie o 8?&‘?6’8 ygr{ 1 2@@(@%- ﬁﬁ‘t‘f)@
&Y ‘H}JeﬁW? bs RPnovEd %Ensteﬁxﬁ&ﬁrm&ﬂﬁhﬁgl Rtdns b ?en'i&zlﬁ?g ﬁhb@ﬁmce
part” of "the overl ayer (which is the post-taking- off

$ua15.r es pdljshing meanpvedMby withawidemaving sthainesafromrslamzals bitfer

st ance g nmeans or CMP,
SRERLD D Is baRSE: pe AR AR R LY Toh0t 1 o
Str uctTfigknkss dMdnhRys] PEASRIV alutiig Bt kdegclbiyf fer standard
structure |I. 20 Thi ckness of material renpved duri ngn £

npeiapisal weaglilesy palishingais dypisdibhah pegnd r%ela\#%orrl?% ev
@eh@@v@ﬁﬁfn%latt sXx&}e‘é@g {o%edth tﬁﬁﬁ&ggarguﬁa £ ‘?({il‘@ﬁ'x even
| ee C

curre evel opnent succ s to rea Ckness
ar ounda teavhd rpartiiar .caten of rayclong apdrcbhamhiag tlmsmdcﬂecond

RS0 308 R PO b oot ¢ TRReSL of e
(S\leﬁifé}eaﬁé oPlhel fMitional layer 4 so that, after taking-off, the remaining part
of the overlayer (which is the post-taking-off layer 7) and at least a part of the
additional layer 4 is removed by standard mechanical means for removing
substance, such as polishing means or CMP, without removing substance from the
safe buffer layer 2, and thus preserve the entire buffer layer 2.For another
particular case of recycling, the removal of substance advantageously comprises
using of means for chemically attacking materials, such as chemical etching.

The etching may be solely chemical, electrochemical, photo-electrochemical,

or any other equivalent etching, such as the etching used during

10, proj ecti ngPEEIB2803/004143
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W@ Mdvisokr4)E t he post -t aki ng- of f

25 overlayer and of the additional |ayer 4 so that,
after taking-off, the remaining part of the overlayer

part of the additional la er_4 is renoved by standard
mechani cal neans for renoving substance, such as
phémis#limeahaseah poloshingVP, Wi t hout rermvi ng substance
fromthe  safe buffer |a el 2, t hus preserve the
ont | ISPy BN s BinE e BRIy ©cace
of 1 eRYCIn PABticuladR 8t I PORYAL tolfse avEShiAN B8 dAMBIB tAGH LSS Yr
conpri ses ~ usi ng of neans for chemcally attacking
e lp@)l witable &ir canyioBeont eskictive etrhing of Fimatesat i byromgyed
i el ro
£t 8 Bl O3 Eeteay LS G lameing to adfocent avers, 0
eliad hieﬁgateriﬂll chbagcydieal ibhﬁhamgclusteﬂ lafet, thug effiently taking off
2004/ 019404 PCT/ 1 B2003/ 004143 - é 1
albe FptvaAveale DEPsieRitiglayar o Snregurlethiragdhyghemica
el&l,ng node, selective etching is carried out. Thus,
in p§rt|cul ar, it is possible to use an etching f|UId
(t hafThé gropertys af/sedectjaiy between feltwb inpriabuinen fbeetamle, be
i, ut, selecti eIchln of a material to be
Pgﬁﬁégb‘g geaﬁ?%(’i%?ﬁaﬁé@?‘i“&s%% ‘be recycled, the two
mat et kgltwvo RekQnRG RYdtRradioacent |ayers, so that the
material to be recycl ed forns an etch- stop layer, thus

efficientt 5hetta‘mm@eraﬁﬂ$ corttéia afsamrie etqments Wiaigh wesosuhRienially

prote the cyel om t he chem cal
et chi ﬁ%ﬂp‘%ﬁexce tofs}elgttlf/aso?ne at{xg%:te \Illl(fae b O etween the two

mat er i al s- f@Ywo hedterR¥adrp lsﬁastehﬁallylﬁemtwabneﬂ Jéast aute atomic
| east one of the follow ng cases: - the '

nmat erj al.
are delemspigntone gpaterial Bas 4nwomis @HF%H@U%P{@MS i iﬂ“&gﬂy
el emenif, M kG RhF W%dnﬁk %])émeh 16 Md GBLr BASEL orf OF

at | east one atonmic elenent; or - e two materials
are subst atieiteb Irryatardxhrhawcéifferdmnporamt}d @astle&;ne atom c

15 e one an atonic, concentr

uni ol P LRy dparer. ot 14 BRenE From KAt S figing S
SANE adbdiiich SHRARRY LénpdiRdOthed BBKOH @hotasSium Hybﬁbmde
two materials have different porosity densities.

leploativityf afr abewta il 08), NI&IH Srrmonimelvigsoxide, seletdptyl %@é‘?out
d
S0 SR el PR bl R8O 0" S et vl by of

abouti it:kKhoGh, fdxH&eddplea mhmp rvtiem Jigd hax |a®rmsmhmc¢dnvd:m§ation
of about 1:100)_ or TMAH (tetranet hyl jum. .
w%ihaa@f eqy tq L %oribRFNAVESAS ASIOPIBTE Wh(:ﬂ a&c %G%P@ng a

R Ot P b aih A SR for Qi
feamipognda such as TMAH.

It is known, for example, that if Si is suitably doped with a doping element at
a selected concentration, such as boron at more than 2 x 10" cm™, it behaves as a
stop layer when etching an undoped Si material with a solution containing
compounds such as EDP (ethylenediamine pyrocatechol), KOH or NoHp
(hydrazine).

It is known, for example, that porous Si is etched by selective etching with

respect to non-porous crystalline Si, with a solution containing compounds such as

KOH or HF + H,0,.

| ayer 7) and atPCEER03#004143
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ger mani um concentration | ess than or equal to 20%
wWith a solution containing 25 conpounds such as TMAH.

WO 2ood®1MoWn, for exanple, that if Si is suitaPdTIBRROEBAN4143

with a doping el enent at _ sel ected concentration,
such as boron at nore than 2 x 1019 em 3, it behaves
as aThstiofs payible totselactetebhétoly treraddidoa dalyesid wigh easpegt to

i t.h ol yti on containin conpounds ch as.kE
e g R AP B PO OB VR By g Dol laver
@Ry HeaokdB} intddaybs known, for exanple, that porous Si
is etched by selective etching with respect to

non- Bbisaersovat P& sublstangeebySthemigal meanssBa alFobe aEATRRARES §Y

conpounds. such a .or HE + 004/ 019404
BEUTR PR e Jor AR e er o DY 009404
sel et pweEibyactichs phgivhded caronabt Chffepolshivig With e pdedtive
to the buffer layer 2, and/or the possible overl ayer
whemicpleshiesofiionrhe additional layer 4 or the

Do oiflserbiil LRNEE mallii% bETREBdc: BUGRLRABPR Difoval of

em cal neans acconpani ed by 5 usi n?_ )
iselosivané opdratad &p sndcbaniedl inzeks nfjersding tsabstaace suadt dsgrolishing,
neans. In particular, it is possible to carry out CWP

SORHLg; aachen by Y OLIEREMPe  cheri cal et chi ng sol uti on.

Thi s £ h&iRl€ ahe ROV sUBNarRk Sy REmPfigc@uRthngTothied nleaneol
by a renoval of substance operated by nmechani cal

mtackéngofubsipnndi qagaldel b teamyengstbsiangs pigious perprjetelyqigking off

rindi n t,t ack or [ ymeans. In general,
%H%H%?%%iﬁ l%afsggaﬁgo ttg%l%ug@rfrﬁg&%orﬁ%’ri se usi ng any ot her
mean®nebf thatfbldsiihy sutstinsd RpRealcaaibisshatlotenedi ng
substance w t hout conpl et el of f___and_ danagi

takin .N
at |east ffart ofemoNIgRAt @?&tﬂ%‘c goff laysie/ G'me’ﬁgng at

foll o;{\gagtqhg,%ggﬂgge,araﬁ?g%a& nodes 1s therefore used:

15 (a) renovin ret o he post-taking-off |ayer 7
conpri si n(p)at  teeawingthe emtat pedt-tghkang-off Fayenhicbr7b; or

(b) renoving the entire post-taking-off.layer 7; qr
(c) removi®g t hEmAYIRE g‘e e E%ﬁaﬂgﬁ’aﬁ 13&5@ Z ran% p&ﬁdp f the
part @ffthgyerpuffer layer 2. 20 If the post-taking-off

| ayer 7 conprises part of an original ove.rl.%ger, t he
subs Ifatheepasetabsingtoffrbager (agommises paieo ealtigined pyeildEs the

%8 alm%% ?elerO\;a? lérilolag (:%f t§1e1t1 %{e%eraﬁy %roxln%yl?ers cBﬁ(pie’tely taking off this
overlayer part.

With reference to Figure 3, the part of the original buffer structure which
remains after substance removal is referenced I’.

It consists of:

- the entire original buffer structure T when the substance removal mode (a)
was used and when the latter did not involve taking off any part of the additional
layer 4; or

- the buffer layer 2 and part of the additional layer 4 when the substance
removal mode (a) was used and when the latter involved taking off part of the
additional layer 4; or -

- the buffer layer 2 when the substance removal mode (b) was used; or

- part of the buffer layer 2 when the substance removal mode (c) was used.
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Wth reference to Figure 3, the part of the original
buffer structure which remains after substance

WO 20mmoed404 s referenced |'. 25 |t consists of -PCHEB2003/004143

entire original buffer st_r%[lgtyre I when the substance
renoval node (a) was used~and when the latter did not

| NVOTTNEsetaid feeycihf s@p YoRpfidesftet the fRsidedychidtep leRyiap to
4; or - the buffer Iayer 2 and tﬁart of the addltlon?
Pubplapcureiord, tHhermingaitla someof the faygss| takenpdl duaye g irst
d and when the latter involved taking off part of
the additional layer 4; or - the buffer layer 2 when
t he Biudyof alcandriarsestaih casedgeit (i) bwa&fmrmldp fouish-the surface fof

t.he buff a n the subta m)va no
kdronstrTenid Yt s Fobgep g g e FyeSge
$18p Mt ﬁl@c‘é)’Q AQ LR GATRIubBRSs wﬁfch%ayt Hh@e fa%);feﬁfed during
recycling step relating to “substance renova

ﬂl@fS@bSﬁamgrmowabast some of the Iayers taken of f during

the fifgst Fi.rst N .cC

i | O s PP srreitpl PV bplifR aheRE kMo ERgner

dasethingatamide Wwhebe ubdiesuet hbitane eisl@anval adpahat édaults

duri ng the first recyclin step took . place, so as qt%at
f

P@w@e ] th@rbyfﬁebagm&% damT erepRgAe. 18V é IREHTRER FetzeRRd
Ft iﬁp%hﬁfﬂ)‘fﬁﬁ%gsf%}ér 5de n?gﬁ% Bl SthEGer: Jl&fwﬁ&?@z}{h&ec%e the

or '&not h snoot
Qezdhmoﬁuhebmfféﬂsnbetutesled such that the dislocations and

ot her., defaults O confined in the buffer struc
don' {rhlﬁ PB";S’&@&?C@CII ser mvabies Kstoring thy ﬁﬁu%rﬁtl%rom the

edreAtif FYres Isﬂrﬁ’ctﬁlealne%he@b%@ kieNde %ﬁfgﬁlu bEFQT stRlch8s T was
def aul %s whi ch can decrease the quality of the buffer

samayet dueng the Tinstseayelpeghden: ecycl | ng st ep i nvoI ves

restqring the. buffer structure

b 1 S0V e RRR by R pabe thper AECbRF 4l SR e
$drile@lthé Rittkr WaSbstabBall LimeMed] thihé Bfgibileufter ﬁiuc’m@&':ycl i ng
st ep.. Advant ageously, the restoratlon of the buf

st r ulewpeer) 1 3 pagfioylar eabodieis 1t MEH hedpossible 10a%1%gé‘rly jadfer
§6{9§ %ﬁﬁﬁétﬂ)}n{ ﬂérek@e\?%\% grf (?Jdmt B otbﬂﬁn 2 Eh@%rr&ﬁjuct%ﬁ hich i 1s sl ghtly

strutture I'n a particul'ar enpbodi nent, It
differeri éropotisiobiginal. ¢Fos Iexghplb,ythalcmmemsamms pf ocitait ¢mpounds

arameters [ r to pbtain a buffer structure |
?E]ﬂep@l ] tﬁ’r?:ﬂg t%’ %lﬁ?r?fff ferent fromthe original. For
exanRkforidd e HRARCE BEERLL qnﬁv&fzesq%fohﬁmg 6.0 FRAMRE artl dF the
material wll be slightly altered
buffer layer 2 when part of the original buffer layer 2 was cut away during the first
recycling step.

Restoring the buffer structure I involves reforming all or part of the
additional layer 4 when all or part of the original additional layer 4 was cut away
during the first recycling step.

In this case, it will be possible to produce an additional layer 4 with a
thickness substantially identical to or substantially different from the original.

Once the buffer structure I is restored, an overlayer may possibly be formed

above it, which overlayer will at least partly comprise a new useful layer to be

taken off, possibly with one or more interlayers between the buffer structure I and

the overlayer.
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Restoring the buffer structure | involves reformng
the renoved part of the buffer layer 2 when part of

first recycling step. 25 storing the buffer
structure | involves reforming all or part of the

addi TheDle}l’eri aiycgglbﬂf vibgredaldurifg  @ar tse@hdt i’@ydtﬂgglstb@l are
additional Ia was cut away . during Be first
aclé/@yfegwglyswﬁwed by leygrrevsty on their WHGP“‘@ém FoEnplagerp.dor

4 with a thickness
Sl,?gg)t ti aPadg % %m%l tog\ﬁ%r substantially different
f r onint feirsir ¢ wge natl lfaas’ﬁ mnaﬁethbshelapm’s figrgretm detitu; elitectlys in
tored n rl a ssi bl for
?qn tnygioghv Ty, 819 tayBatiog; gt the u eﬂw&s% ‘p@rWR}O 3%%9‘2%%2\0

paNg Beatdin thﬁ%%e &Qa@%eoﬁ@%@@la?&f groR®Ssi bly with one
or nore interlayers ween the buffer structure | and

t he b\mwoaybﬁasevwl@@ommfghm IRETY s BROUBATY f1mBIOr Step DF

d d
R R s T e S L A

gdsmmdg Eeféat h’éﬁhfemf @SPRS tshvethingdecinijuag shdyiisthe fislocations
CVvD or MBE epitaxial gromh. In a first

s anﬁeraiefwagenfawé ipthe tbﬁéféresmu dandt pypRARRLes gpndjipgrease
%Ady ddnnt crg’at H}'; klé}&‘@%{]&”mﬁél&xﬁ%&é}&uﬂsg Rl QBralfs HARN

yi ng tter bei ng
6mdtetdra$enhé huaﬂltpaﬁthe huiﬂﬁarstragemdsl y by layer growth. In

a1 o MG piiime el o Frengegy REnLaY Fobe b p i is

WB@? Eﬂeydoﬁgr GERM O sIRHRPAH gurd Ofis ﬁﬁﬁmt@mf%ﬂ G the exception
pol i shing, heat treatnment or 'other snoot hi ng

oémhdnﬁqaims desinetl andh earriedheut diy sl psosaniskied mh«ama ot her
def conf i bu fer_ structure

or op s RS EGhRE 1o AL I e SO ek of the
afYingll Hupfep ktame Isdrdakéra@raiafiadst pat of thebkighaliafttuldysr 2,
whi ch can decrease the quality of the buffer

whichapakes itpossthlgdo 2¥0id o 6Pmplsice fengthy iRl eRpgugive reformation,

§§‘\9§§tﬂgké 1) Yhe! %' %thﬁﬁgm&ggdsorlgl nal, that is to

say t onorvva I'n Flgurel is finally
obt aDomst, wafdri ]td;lewbmh:e@hl be redelatl aow@adifig ctat thenparticular

d d d out b illed Ln the.
SRR e YIS B YRR Le i, DB e

flst $188S HoRRhdnt Qheyf Bvide rpbﬁﬂcﬁl@hy REtdiRk pRdikdohUbeatlleasBpalt
therefore at Ieast part of the original buffer |ayer

of the Wwhiferrstmmatues] qhtrmgmﬂb:ﬁeeth%/m dits conplete,
t o Lo aEar iy Reh Rcetvhgf B da s Rt tiire
Gbdtriae 1108 Yy Wutldr aacalrei Nige tie doner Wafet 1@ shodn in Figure 1.

Each of these donor wafers 10 further comprises a protective layer 3 located
in the part located on the same side of the buffer structure I as the interface of the
latter with the substrate 1.

A protective layer 3, as defined in the present invention, is made of a
material chosen from crystalline materials, such as semiconductors, so as to have
the prime function of protecting that part of the donor wafer 10 which is subjacent
to it, and which comprises at least part of the buffer structure I, during at least one

of the substance removing treatments used during the recycling.

buffer |ayer 2 was cut away duriPQI/IB2603/004143
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operati onal nodes of the recycling nmethods presented
above, are described in the rest of the docunent,

wo bey/opod/i de particularly effective protecti oPCEB2064004143

| east part of the buffer ructure | during matched
recycling. The donor wafers 10, which are shown in
Fi g uwkdvantdgedmisian the@roteauh layev 3l iv @r@duCQcBbxs tdyett grawéh on abed

ffer structure.l, waf er .10 hovvn in
SrcBilrng ot ditinpons ot sirGioh O DU REPE SR
CONk itSe %oﬁi%%!-&ioﬁ C&dd\flﬁ al fAvi®hse3 tﬂeogiaﬁrﬂﬁoﬂ the f)ﬂ&&:o@@d Tayer 3
located on the sane side of the buffer structure | as

ns lsertied pulr i aife, difecihin continuagien Withrihe fesmatignaafihe layer which
%rﬁem tr\g/?ext ltﬁé’ l%{te dls n tﬁ”gf %s@%g%ng ;It.hq sgﬁﬁ)#rpgc;n by layer

@rbw&ial l'ine rmterl aI s, such as sem conductors SO as

to have the prine me function of protecting tha ar
t he B@n%S’POIWa?%% the guvtB it RQlsFacRYer 3 5 qafﬂedafﬁﬁ el

I\IMHO? bre Bﬁﬁﬁlkﬁﬁ% 1RlsultERr t 5} er Whléhh? s%{c%ﬁrto fl forekdHhSle

durin ast one e substance renoVing
by é?MRnpnhSnn@ éldatdnnfratmglttdn @thee cywoihing teiDiQee4sBh Jugsthe

/1B2003 41 dvant
ISR gut g qetanis conmndainane RO Thbeons Dyt wreres
Wﬁhhﬂéhﬁ%ﬁn%ﬁi&%ﬂ FIMRREde arfyodlipeianm! SadkindIéPn W%Eher
epitaxial growh. In this configuration, and in a

defaddis \ﬂn@ecantdqeregqedhﬁ quabfy afiles T sevdtyell ayer 3 s
di L l, t
? g: :T% | erézfl o?ﬁlée Qrg‘fegtllvle\rl\l%c ﬁ)is I osgn Suc%qga?teﬂlh?«?{sv&t Eegst Jﬂ%

fnbhs|fad ﬁeﬁfovﬁig%@b:ttﬁhc% nllaslng af abilligi Potacly ﬂﬁtrﬂegﬁiuh $d>rynmg the
f or med | ayer In_a second case, theag
wpteetie lamt%wbicb ds IS‘HJ;?@PU@Y djtfergnt frem thematgriplent af least She

face of the |ayer which
@gﬂg%ééoggsngéj?&h{%%ﬂ#@% teg;genl% e3 by CWMP pol i S%I ng,

he atAmd Bahunmapahbes ofbdpfeeating amdtcttmagubmﬁw rgees]. such
that_the 10 di sl ocati ons .and r. def ts, confin
P BT S SR WS DR ELS g b o ast
SRUTERSBIbWing sERcaNubfhde r&h&@ gicdBy sl ip pl anes,
stacking defaults or other defaults which can

dec re@&@étlvm@nmaﬂ dftthe wateripldn thefzoae adjpeagt tothe potectipiplayer
%m 1cF foca%ed tehs?d rfotflee 8stelﬁ}1 ?aHJ %{V?ﬂ’ch%ag %ec%qgl?c%rbbf %Hl Ire%'ét
ere or ‘renovi ng substance
foake p@t@nva ll)ay|et Bythte @rcaéctuaze Raylehe fomhiap iaastorf laydri fogsitbisance
15 protective layer 3 which is substantially different
A®N?% he material of at |east one of t he two zones

adj ac [gch%@re%%ap(;fQB@ﬁMeﬁ df@}?{e\e;ﬁro?éc él% HRYSne adjacent

capab operating a selectl bst ahce’ r enoval
ke poteetive layestibsd boated pe ttevsade aftbe substratat! astke protective

El%ort e tpi}]\é/legglda e?%w%gin,sgéﬁﬁmgg%%ope of the foll ow ng

It is also possible, in one particular operation of selective substance removal,
to combine the successive operation of two selective substance removal modes for
the same protective layer 3.

Thus, the layer above the protective layer 3, then the protective layer 3 are
selectively removed.

Whatever the selective substance removal mode chosen for operation during

the first recycling step, and intended to remove that part of the donor wafer 10
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20 - selective renoval of the material in the zone
adj acent to the protective layer 3 and | ocated on the

with respect to the proteclt7| ve layer 3, the
protective layer 3 formingd stop |layer for substance
recatdadn; the sigebeik itaken bETBRYRI 1apér, thee iFalQkt @bpifg ubstance

protective |ayer 3, the zone adjacent 25 to the
5?‘8?\?@ {(the @rqteqlixe layend in the catecrd thn fitsh gelegtiye seistappreremoval
HRBd ek ada@it 1 ﬁlepﬁrgkeﬁ{é I‘é?er 3 3y &kedaSod 'ﬁfer@ag% Qdé @Y Sie
st oppi ng substance renova is al so possible,
@n@stqa@rt ag thegrotogardbyend infthes edse of itheesesatliistebntiee substance
r enpy to conbi ne the successive operation of two
EPEE |ve substance renoval nodes for the sane

prot gt MBe kidy @hyes act3@s hiagriertthehd ALk RROMGEOGnd in the
protectlve | ayer 3, then the protective |ayer 3 are

SaPe BRYMEPipcts élm@@lnalmﬁme@aémndﬂéh@m@tqt&ﬁ@vs lavett “aerdach
atyon durin the first
BB SFR pEROF AR b ARERRL 4 ;

te renove that part of

the dmrsomev\wfsesr ﬂtG;vﬂMbe’ZQl@ﬂfe@lﬂﬂﬁ%d’%técﬁa@qaf&oﬁmas not
cated on the side of the taken off useful I|ayer,

tSH‘éSPél’ﬂ? Y ghgtugh dhe g%ﬁa]é?g{gp}% parcawee! the adipeant dayges %nd 'in
REALBRE MR il @%E" ogdltsﬁrﬁ {1111@ c‘é@ﬁaﬁn&f b I the ﬁnc%ﬁgﬁ%tléyve? to

Jubstance renoval one a acent t
e dorowd] the leltmeqma%ndt@cﬁménhhanuithe nsanesss, sebstahtiallyecomply

su@stg e 1 as rotective.layer 3 in the case of
& Bl raburte og PedumenaBand e pasiesyit ;ayel‘rhus the

st op ThRV& pd&t & AficAladP ab6tank YhbA GedlrbRGlveQhyer 3 is located
substance, and in the “sane way, protects the material

é‘?ﬂlet‘i’éffp%ﬁﬁtucww%@shmgllfl@ereﬁb otective |ayer 3 (which
Conpﬁ"hﬁer%sﬁ{ 1s a%ﬁséli/ffcp %ccor é%f‘:’r L g%v?u; %ﬂ%%g%t grtﬁl g)oteclhr\}e

SOMEe "Cases,
layges, a%edpleﬁledlbélowio substantially disturb the

crys a rap g structure of the ad%acent | ayers, and
b}a ‘urﬂg odipyeat of theqejatectivy layps Bufhs pisciive layer 3 s

%sﬂ*ﬁ,ttéﬂ {ol lﬁ%r%ﬁ%%tlﬁcé) artaﬁlx@tef‘ RAsH bﬁ%}}gldleﬂﬁlc%[ 10 tﬂlat (Qfeﬁle zones

formed, the lattice paraneter o
maresm&teahto &), leyerc mﬁﬁeynomnntth ldttiee pza’aﬂnetes of these two

ar ter qof t erI the r ot ctl e | ayer
BARGRGR? a@uahpaorepbign i P iy eotBuRe ThET Sen ¢ he
pr ot EGlointEn kayifiond nnfst IHREASR Ye nJeS forihik REerttidd ®lsucceed:
structure | (shown in Figure 4). This result is

achi evedﬂ@d@medfil‘rﬂgnqrmnslamemter@ mtﬁ@lah pmtm‘svmfaytmand of the

0 SE A58 8 TR BB Wl B bl g

| ayseras3doiasoid the appearance of defects (such as dlslocatlons or local strains)
in the protective layer 3;

e the protective layer 3 must be sufficiently thin to prevent progressive
relaxation of the strain in the thickness of the layer and/or generation of
defects. For this, the thickness of such a protective semiconductor layer 3,
made of a strained crystalline material, must be less than a critical thickness
known to a person skilled in the art, and especially depending on the materials
forming it, the materials of the layers which are adjacent to it, and techniques

for producing the strained layer. Critical thicknesses typically encountered are

| ayer whi ch has been takenP@f/iB2003/004143
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restricted to having its lattice paraneter
substantially identical to that of the zones 20 which

wae@sadidecent to it, even if the nom nal | attiPR€&I/IB2003/004143

par anet ers of these two . erials are substantially
different fromthat of thelprotective | ayer 3. Two

ma&ﬁhsq&a%a&ﬂoee@mgevérmuﬁa&aangﬁoﬁ@t for this
operatlon to succeed the res ectlve nom na

par a$femfe|esarmple& o€ “ptﬁmiﬁei:tcrlwallt igkpesg” s#Y b foyndein Z gk
o) Vi

]gﬁngﬁ mgt ic oLy cﬁ” ﬁm‘éﬁ%%%héﬂhéﬁ r géxgl\'rjcgfngi%tor Science

'ﬁé&hﬁabgﬁcm QD97J}eIf5@§I154£()such as di sl ocati ons or | ocal

strains) in the protective- er 3; the tecttlv

| ay el aFeprpsenthodipant P@rh%ﬁfqtiﬁhf’ﬁ er B appalkre 3 chosen for fhe

@?}9@?{12@?12&93 wfﬁ%h?fé@g hORindf 1akR8 p%fa%%‘teﬁ‘ shibtdnB 8Ly bsekiBana

yer an r generation of defects. For this
vihihe tria'temiahefsaning tisuohesavipclotre atljavent &eiti conduct or | ayer

3, 3 rrade a strai al | i

| ess ‘ﬁaﬁm}i rﬂi“T g © r\?ﬂ%ﬁﬂ‘ﬁé’s %\%og[r%p LY %@c% %6t B
ﬁx‘i)'téch%jla'y&jﬁ@elﬂiédan%ﬁﬁcﬁépec' al ly depending on the
materialS formng it, the materials of the |ayers

whi cho dhis @‘di aakpatsotin qrcﬂer tanatisfych ﬁnﬁzg@g of sglectivity during

%)li})ﬁf%%‘% F ﬁé Eafge(ri 2(? Tin %rsj%é}; Eﬁg i&hhh%ﬁgﬁeﬁ &Rill, for

%ﬂl@mwﬂﬁ&e protb&wetllaylé:r 3. @8 $eatthar donsteunmalelenwnt of
several hundred angstrons. Sone exagrpl es_.of "sta t %}
Bihichi léailff%rﬁmcﬁz@f@sthf)secoiﬁh%@aﬁfé@#dw ehag gaceph erﬁ?

?&%ln%ea Shdie 3) er QAosEd G F h}]§%ﬁﬁ£éﬂt %Bnes this constituent
cond C|ence echno (1997)

B ibnatliS 419)s. thd:'miam demet @V]mclewﬂbdhtmnne e selhaivipy ovidciepRest
| ayer .3, a material.is chosen for the protective

foe pdigsphlayRt MASeHioRoni nal | atti ce par anet er
substanbh@khbr EAs@SSo &&sﬁﬁéﬁt el@herdt e tihekiial & thopridagve
the zones which are adjacent to it. Thus, unlike the
fayes ienfowetl ivethe, mtamaljc¢(3n§t1&1|tmggh%QWﬁﬁenétZP%ﬂnYPb’eéfln the
ctvela r 3 .is 0 To
ﬁ:lectlvg ﬁvgbs %8 reélilovgy %16 tgvro dnatg %gé(%?hlﬂs’s]&o@ie?elf t@féf%reé% of

sel ept ianbther dpsitidigar aasbsteaacedlffefmvaiongpmmt demeidr ofgthe
theflrst recycling step, a nmaterial wl

| :
é;p&ffﬁf}p@ aysa +He8erespest t@ ng pﬂfl@fi%l‘gt 7008 1Y (.g}g?c{ gnr t}gt selective
# fom t o%ggtg tlhé}“&mm £la Qf e10hent¥i bk BlchRnCihfshia &din the

materials which are adjacent
hdjecent yyewidniquestioneepi ng a I attice par ameter close to

t hat _of the adj.acept, zone thig consti
el enbht e?‘%‘“?ﬁuét tVﬂE PP Ssq’l%ntv?n ORth B O & Ye c]ié%er 3ilaging
thRBEhRE tHeViahe Miteh phRsRes s tha offie affhcaerinet &y es notnto

-questlon In a partlcular case, no_constituent el enent

stbstandan distirathivietticn pargmetes efiprdoping.

If the protective layer 3 consists of the same material as that of the zone
which is adjacent thereto and involved in the selective substance removal, this
doping element is the element which will then determine the selectivity ability.

In the case of doping the protective layer 3, the thickness of the protective
layer 3 must however, in some cases, remain less than a certain critical thickness,
known to a person skilled in the art, if it is desired that defects, such as

dislocations, in particular of the screw type, are not to appear.
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layer 3 is found in the material constituting the
adj acent zone involved in the selective substance

WO o494 the two materials are thus conpl et el BCT/IB2003/004143

different. 20 In another particul ar case, each

di fferent constituent ele t of the protective |ayer
3 wihh thispadbdinent bethadirateaive 12y 6, ihe\salfxedfianprevieusly
sel ective _renpval of substance nay he an additi onal
Brdvrsd daysr isappdg parpeh in oFGdP KT 3 BRFP¥HI@YeTad] acent | ayer
AL b8 | Grriciloufitly! anBGizRRRS bPlifiplaftalOR T
a p?%?i%%@\gllgcgg{?e@ég%ﬁg\g/m% Ou25blysal]}bstzant [ aPIlypt hea sane
dteninici specigm pabEeaeroths pohuatficafiort teehnigljcaasatescribohder sampde,
not to b i,ally disturb this lattice paraneter
lgf‘{‘)é?mﬁ&ﬁ%@é&%‘t protective layer 3 consists of
the BRBRIAT pRbusdHateRal nRy dﬁrb&céowen\%ll@dﬁt bfe adjacent
adj acent thereto and involved in the selective,
walssalanaeundsnayya belecting substinps pigack|deteamined by pisaitabile agark
which will .t hen termne the selectivity ability. 30
?ﬁar*sh%prgkaegt Yo Y%fg% ng the protective layer 3, the

t hi cRiiepsotedtive repB af peifdritsty bedyeen tBo atlatenndayensethat isnto
sonme cases, remain less than a certain %riti cgl b
1 heRyRes dhe lagsiowlese sprficp bpsshren oriasiisd apda {aygr pped py the
aber! | g tial MBI reSlicitiReAbibgRs, N
iggﬁq? gﬁg"rs Egd?e r{aﬂgltaélgf é%%%a;ﬁa%ljﬁlﬁar e norteg%eolappear. W
2004%i0d04Bel FEdsitly BAGG3 OO0 sb¥Santiallg Odisturb ah¢ hirysgallographic

mbodi t of th tecti I 3, .th f f
SO HE hyse Brootrse PEgersirlya Rl tib IYESS PP eIo 85
i&%ﬂhﬁ‘al%ﬁh&% th@¥%$§btalldBMphidQFRal bLhE Hobr WYer®.

carri ed out anodi zation, by inplantation of atom.c

specTlass, a ostallogaghiosthishurp sy aaingdclar therpreteaiivailayge vaach
described, for ex l.e,. o cument  EP 7
BRI HPE iyl T ORR B igemice Dot BT s oA g eyt
theRsd, 1B Brodetiiae eiler 3 rMdrefor@hondiytuthisie g gstdRigephi \of the
substance attack determ ned by a suitable attack
sreeyading sgp@vigct i ve | ayer 3. This protective |ayer 3

| S PEEkEFRDLY ofie! WREY it W1 A g&gﬁ‘}ie tRYSfeSa pE&@étivla%a&& 3

10 say between the |dyer whos urface has been
rotigs sdmethfamkesor dip dattito paethet®n of He surmyeding ftrpuresishe

mat eri al, having .substantially i i cal respectiyve
cTabar raelaBye S ie HBRoR: e ohE T PRues SR R o) fythen
@g_‘%l@r&f bR WS HRl h@adaPMyers ShoWES tiHM @eRf pdriage taws, a
adj acent | ayers, such a protective |layer 3 therefore

preperthensidsigdss aping af mjnidivst bansfit fos therdpsingirsagyrrpbisaiéon.
stru .he donor 11 N h
. ted at th

o1 ST ke SRR PRSI BBl 8 s o e
poakaed layer 3.ayer 3 which is very close or even
substaptially identical to that of the zones Lch.are
adj Ao diist selective substance removal technique consists in applying friction
forces to the protective layer 3 in order to take off at least part of the substance to
be removed.

These friction forces may, for example, be applied by a polishing plate,
possibly combined with abrasive action and/or chemical action.

The material which forms the protective layer 3 is chosen from crystalline .
material so that there is a mechanical substance attack method having a mechanical

attack power which is substantially different for the material forming the protective



thereto, the protective |ayer 3 therefore not

di sturbing the crystall ography of the surrounding
wG@Reogo14n£. However, in other cases, it w |l DbECT/IB2003/004143

possi ble to have a protective layer 3 20 having sone

i nfluence on the Iatticé‘&&réneter of the surroundi ng

18Jef BCHdh §8r tHeNBateGATDY B RaQonkedfodht MRoSiohéd Adjdent to the
rel axation state that the protective layer 3'is then

peipriye daysr % aansli hys tbeingheapalel aufeenterdting et sleash 9ng , selegtive
thﬁsezgaﬁt'cul r, cases, a property considered as
e %C f /‘}ﬁlkﬁ]il c?ﬂ benefit for the downstream

appithe atle@ie HEMAMIRA SBkEGhdNRl Bulisletne ené efitivafollowing

techni ques may be operated at the 25 protective |ayer
5  mgpchayi¢yl pligckgudthadsi ve substance removal techni que

consi gt &ivk %@cﬂﬁﬁ%%ng‘tatzﬁ K tt.;lg ?rcl)at%rga{l go?gtpf% Qohd8djacent to the

prot éctive layer I'n orde at least part
podtedtive 151eb 3 taadh dezated onlbilee sideras/ibe usefhidsger fwhidt hasbeéotakes

...1or exanple, be | ied by a polishing plate, 30
Ogtggvéﬁhﬁs}’egéﬁg{%r?éﬁe%vﬁﬁggb?asi ve action and/or cheni cal
act ifpB . makd] RUBE btiectie Gyel OF iMBs hRE pRHOIIBS bf ethbay@hg
3 is chosen fromcrystalline material so that there

10  nieshaniend ehieoki whith s lsslstantiellngreatek thae ithibe rewian Wejclalies over
itmachani cal attack power which is substantially
different for the material formng the protective WO

200400 4 drpb¥e] 41 iBROENO @t le&kdmpte Btharded )y pdtdctian ldyer 3
the material of at |east one of the two zones adj cenL
with yepect for e ererRe laagetn 3 maane suidle By thymedaisrbattc

%ﬁ%@%}é@%ﬁg%ﬁéﬁﬁiﬁ ?/geqlﬁé £GLive mechanical attack

ani cal attack nethod is.
15 t heMatigr foronanple, t ineis f laidvaniting casbameetali, caith at tgokal C

met hods: -_sel ective hanjcal attack_.of the. nmateri al
caﬁceelﬁéﬂ%#&e%ﬁeaéé/h%ni%%éaﬁéiﬂfﬁ?f&?@&%féﬁf%‘ﬂ51- 3 and

| ocatseflc Rt EREh-BIERaRkt dTanb $efidtal R YS! piicale RFS: BeaRr
taken off, wth respect to the protective |ayer 3.

ZPheadiatest foghe piotecties layotdentd lvent¢dagrethe 3amhside plihe substrate
roperti.e f withstandi 10 nechanic attack which
R PR T B mithsrgs BRELT ol AHRTLE el A0

20 lies over it. For this purpose, it is possible for
exaqﬁge to harden the protective layer 3. with respect
to tihe walsripl o fhe ayetective, layepshhes mopetey of rwithsqnging

ARG b2 S 10368 oSBT IS, oy e
zon¢ bbiatlied oGirit.wi th a typical C ’
For example, it is possible to soften the protective layer 3 with respect to the
25  underlying layer, in a manner suitable for the substance removal technique chosen
| to remove the protective layer 3.
A second selective substance removal technique consists in chemically
etching the substance to be removed.
Wet etching may be operated with etching solutions suitable for the materials
30 to beremoved.
Dry etching may also be operated in order to remove substance, such as

plasma etching or sputtering.

Furthermore, the etching may be solely chemical, electrochemical or
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concentration of between 5% and 50% is harder than
uncar bonated Si. - Selective nechanical attack of the

Wihi084/P1H040f t he protective |ayer 3, the zone moi@e6U3f004143

to the protective |ayer 3 2 d | ocated on the sane side
of the substrate 1 with'r Sa?d to the protective

bmexeleam‘,@,émcag an etch-stop layer. 20 The material of
t he Erotectlve | ayer 3 has properties of withsta d| nt%
mechabf dedtertal teliRh Tapes dipausiastivg eisbol, charee e

§1§@t§.&ﬂ@§ﬁa§éﬂa}é sh ?}'?a‘cf tﬁep@ﬂ ALy hgk“g ﬂlé %%Q’Q) %Qo%ﬁ@ﬁ) lﬁ‘{/ﬁ{g an

exa possi
phnhtyemt etMethle ayzﬁénaﬁ fmmilhg ks pextdetive ldybe3 vbchu rsdmblstwlm@ly

L 1 AwoRBAIL 31 Ve Reolpih: WY PR I BRI K

SREQAYe ?a%zlaﬁ gt ém‘(iethﬁéJ %&h@ NGapathe %P%@&yﬁx@ ShiNARt GABSERESYe
In chem cally etching the substance to be renoved.

V@hmetrmhhmig may be operated with etchi ng sol uti ons
suitaple be. r

ot chl Rt leeive g Bofiou St She sttne Bugie iR pE o Rbds
subst gdMefive Stdkiflg @5 thePhasHA oftihiond adjﬁceﬁptd)tth@ ptor&g:nve layer
Furthernmore, the et chlsgggmay be solely chem ca

aiane {ocaieA eniteaident B0 4ae1 9dirh Ipehrandelmayih Miurgspect

T BRR B LG8 BEE0 G e oyl 2o o Ao Tl e

mat ellf beAdcsive etchlhgbf tH&eﬁﬁemailoi Ithee;irmhcmhlﬁjfem i3dtheaogasdjarent
t ty t t t

o ﬁ@lfe?ﬂ@ E?%lgépﬂi)@cataiy o the WG A <01 O SH BTGl it

resPlci {Fhe ;ota‘cﬁ@m 88 i%%ﬁ{g ﬂetaf stfp lay§ast one of the

t wo zones acen? to the  protectivé |ayer 3, and
t husWi‘@teng ﬁap@ltﬂcavcofet@mg }Kleﬁg)dohﬂteljatto I@asperajnd; during the

Rt it 8 1R OOREor D b R LA vty TGl Aed on the

§£héi‘§iﬁé et iglnndf afethingydratiRld BlantdcH-fi6p ZgBE (tﬁ@l patetive
to the tgrotectlve | ayer 10 3 and | ocated on the side
boer i the easglof theyfapt wmg]nwﬁ@d@é&ﬁ: Zo8K afjaesnt to e ppptective

Fagglgf %jca‘%eh AnliRE seprﬂeogl?g hf g}%o . as Mé?ép e \?eclta&éfe_% in the

orning an etch-
eztseloifthgsecfontilaeleaate@td}ﬁhgmfethbh)e pr ot ective Iayer 3, the

zone_adj ace to the protective |layer 3 and cat ed
oot BB Brertan oo fett A actR R BRI phiRPoabbtt f game
Lae RbRtiehd YiirdAY OF Re HafMd¥glRFRe ahe Prstt@Rel 18y&r3 (which

comprises at least part of the buffer structure I).

As has already been stated above, the selectivity for removing substance
between the material of the protective layer 3 and the material of the adjacent zone
involved in the selective etching may be obtained by the fact that:

- the two materials are different; or

- the two materials contain substantially identical atomic elements,
except for at least one atomic element; or

- the two materials are substantially identical, but at least one atomic
element in one material has an atomic concentration which is substantially
different from that of the same atomic element in the other material; or

- the two materials have different porosity densities.
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15 Whatever the selective etching nethod likely to be
operated during the recycling and intended to renove

wo bat/opans of the donor wafer 10 | ocated on t hECT/EERN€3/004143

side of the taken off usgfg% layer, there is an
etch-stop layer (the protettive layer 3 in the case

of tiethf fefeséncet ohFipgrentttho hrotectieelazans @dyaltente tiouffer
the protective layer 3 located on the sane sjde of

sttt s theadenor wafer HE Prvtcopprioes pasjaptuy popsisHae ofgthe
tﬁ)ﬁléﬁzis ];%)EF CuREERRA 8L 6L ISM oftt &lkie TEL MR - pafiMSof the

ayer acts as a rier to chem cal “etching,
butter istiudhine I stherprotastiye layateatdshe tngpenpared’i eflthedfutfen strpcdvie
fnderlying the protective layer 3 (which conprises at
"east part of the buffer structure I). As has al ready

beenyst ahe dr AR 1layeP 8 npREE GldoNdibiY 1d ?fotefc?ﬂi@\lb\ﬂ& part 2” of
substance 25 between the material of the protective

ihgyefletmpra he materi al of the adjacent zone

i nvolved.in the sel ective. et chi-n . t al.n .
| e RS utNE BERETHGE T BERAP Y ARG R AnREE, Bfin
b Ifist ktep, ilbdkand Stk 611 6PIME phit IGoahatloanhd @lneysidects tid wppkr part 4’

atom c_el enent s, exce&g.for at | east one atom c
ef tprbnfifer shpcige Lastheeprpigetivede¥sidal s are substantially

I de nAJI[ ff)? Ipﬁoégcll’ige el £ se?é%ﬁv@%tﬁ)@aﬁce bﬁ% NhodeRs ANEast one

mat eri a n atori ¢ concentration which'is
siihs talvtwiag defectidé ffbetaac refiooahhddet: of the same atomic

! ' her. ial; - th i al
have HIOFEr Bhinc, SRS rodierley £PB% OF S 28047 G oAGH! o The
eldcliB2 08/ _Q,Otﬁé-?n?btec'tivg ZoyeVBhigh %rlﬁibg%]t:oﬁpﬁin@tﬂél Fe@ndhial of

he protéctive fayer 3 I's within the buffer structure
dybstahee; donor wafer 10 thus conprises a structure

consi sting of the ol I owi ng, four, successi ve. | rSis s
Che supisar SmpEE e B St SR8 gpf pEUR fart 2
bajhdearf t(Stthél?rHﬂ'thi\le, 14yBE 3P Fheed iav By ¥Rippidgaihd teh@val of
upper part 4' of the buffer structure 5 1. Here, the
prostaees i ve | ayer 3 nekes it possible to protect the

! OWEW}B%(I& the s&%cti ?gb@éﬁfcg ‘f%n(%a‘i ﬁﬁ)tdtg glgel 1o B@??%Jﬁéeﬁ Quring

such a donor wafer according to nventt or
thensdysiisg antlintended @ feinose tist @t 47 adjdcaktito gheqirbteative loyer 3,

he part |ocated on the s side of the.upper part 4'
5t adtver Bappias therpreyd) FESYbsizace f eaﬁﬂgﬂ%&%’% fléx}é case
3f thBlrirdt el BE R KB LthYR thRAY A1 rodel JFEhS LR GIf NeCp-SUP SHpRER: to
renoval node is at |east one of the foll ow ng

thel peeieétive layeb 8t mrtbecase obihel seerpdesslectiver whignge rehoya) anode),
{E%ts earcjtigé afs Py altn%re t§ osﬂgstzg)r{cet ahc?acg aorrt eté}'lingdin%c et antlé'] Svay
protecting the material of the lower part 2° of the buffer structure 1.

So that the crystallographic strudure of the buffer structure I is not
substantially disturbed, this type of protective layer 3 must have its own
crystallographic structure which is substantially identical to that of the zone
adjacent to the buffer structure I, and must therefore be produced according to an
embodiment which makes it possible to obtain this material property, such as one
of the three embodiments already discussed.

After the said removal of the substance lying over the lower part 2° of the

buffer structure I, the recycling advantageously comprises production of a new
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protective |ayer 3, the protective layer 3 formng a
| ayer stopping the renoval of 15 substance; - renoval

w@boonmiend al fromthe protective |ayer 3, the RCNEB2003/004143

the part 2' adjacent to the protective Iayer 3
formng a | ayer stopping t renoval of ' substance.

Wiat e bheeSRIFRE kirv@uS UD sh@ PERible 6DY akwiipdkectivekialst 3
to be operated during 20 the recycli n% and i ntended
¥

vbere mmthﬁ%bm”?mﬂveda@}‘ﬁ%ﬂ@ seesnel [seleive sBRYMEE Ay
l?xtbﬁe xtngﬁfo e(ﬁ o@e ofgygé }rﬁ%}&@ﬁ)ﬂ J¥ ﬁl@ﬁ)r GSH%\?@% tﬁ%flay%lx’ }g?t ance

e case e firs o
sel éﬁiese/l%.yéw b&h&tnc fay @egvain imode ooaftérhennongepdf filighing

B curtipe ShbecBRony el 0coT DS e EneBly vk alste, for

LDMSHIA6) e @3115%11%2 fEAtGFeatiRert WR DURR GR 0B IBCKCIRfiques, such

etching, and Int same way 25 protecting the
that ém disloationshend other dp@ultts Qénfmrtd tify éhdabtﬁff@rst@t?w{ﬁ:ﬂ hog’t

at, the cr. sta hi c str 0
Bopiae 86 Liop G 13178 nd oS ikl 3ht B M tpdkMgpravtes
biNdtBertd¢RaltOFhih @M@éckéége {h8Y84lit$ oﬂuﬁmuffavsaucmse own
crystallographic structure which is substantially

i dentheclower pagt 5t ofothet hydfes @ﬁ"ectu%@d} ixc therelers HfFﬁér‘EGf ding
feg{/ég?iltgg%ﬁgllﬁbs gg?%&%?@ V\\/iyll{tlji]ﬁnré% B ds! ?t}fé (S)s 99%3? d accordi ng

es [ e to obtain
t hi slnnmpaticdhr pdopdiabirgedily Qionﬁgurﬁmm opthetdomot hafee 10, the

embodi nents_al ready di scussed. ter t said r I

et Rt 3 bt B S greien HE" [ty oe Sobst TG X G the
I

Bl Sh i n oot Lo

P@Td acmtﬁﬁ@]l laﬁ@tﬂéﬁhown niBlgm;qo}pmd isoussedabayfe. t he buf f er
ure ., and

t t.
oher it R GRoRaatanhl e alvibte B Plofiby heuBHEL iifer
selirgtis Ve sSY RS PARDITBEBYULLr stiiRbge MBIt Regknahlly &hemost
by a treatnent Suitable for renovi ng this layer 3).

Jihiaeidt, thefenesstang tef most gupensve &0 BARAYGSH situ or after a

f it
B L N e S
eithfixke playmevR (padh e&lfbﬂ@;arﬂmathetcbmmmtm (nfrth@tlhmlents to be

snpot hi ng techni ques, su that the di ti ons..and
-Bﬁlﬁéwﬂaﬂéfoam the eBRETaHEg tﬁﬁplfeﬁsélf% (5 FOSR S‘P - gty GOpit Speed

SQrate, e Oﬂl@gé"ftfcvlf 180 Butfjed BFfaﬁﬁ‘ﬁf%ff SuritlgaBe aBFlof@RINk off the
create any slip planes, stacking defadlts or ot her

e eraftiorh shendrinoh wefom 1Gepuotmseg ﬂhseadqiytmrlat layerr4’ thiyethe prategtive

gatyr'd}c@urerccﬁn ﬁ ge Aﬁ)e L& of the buffer

e TFYCdE ARFSEI° Feenb &§¥ed duri ng recycling,
whi cHotveveOin bi®hé&apativdlhh cédiruimiohosisthef ddnbe vaiferot 0, the
art. In a partl cul ar and advant ageous configuyration of
plﬁ)éecgw@yervgaw@rbeﬂgcatqqq@lthm the additional layer 4’ in Order to protect at .
least part thereof.

And in another particular configuration, the protective layer 3 is formed
inside the buffer layer 2’ in order to protect only part thereof, for example the part
which is most difficult to produce.

With reference to Figure 5, a second donor wafer 10 according to the

invention differs mainly from the donor wafer 10 shown in Figure 2 in that the

protective layer 3 is no longer located in the buffer structure I, but directly over the



10

15

20

25

30

| ower part 2' of the buffer structure | is a buffer
| ayer, and the upper part 4' of the buffer structure

wo 2008/08m3040ddi ti onal |ayer to the buffer |ayer, PGUIBROGE04143

the buffer layer 15 2 an 4add|t| onal layer 4 shown in
Figure 1 and discussed ab . This particul ar
lodfek btgietae i.on has the advant age of protecting the

buf f er Iayer 2', that .is to say, that pgrt g{.thg.
buf fidwth §mm%taameqlamh?éwre§en@ en dieanpigotiedaygy Sy in which at
Whd %bﬁ Wk Euséfglela% 1204 JfP 8? ‘E@ﬁstfere(?f%eﬁ%r\’f?orﬁ ®he donor
produce. SInce itiona ayer I s usually
Wnﬁmﬂd by epit axi aI gr owt h, conbi ned 20 with fixed

ters (such for Le the con entr t i op_Q
Fhe Dranenedtoromidie el B 1R avererS vif be
$IRBREIREMISs orf A€ pRYESS WRtridalSh RS TBSRRAGER préfeeied ieaitis
speed "and rate, etc. Y, and is itself the subject of

desitpchig obtain inhe pest-traesfestsepetote. t aki ng of f the | ayer
fro ! he fer prot e [ d 2! e
| ayg‘l; e 4matg Qﬁf ﬂ!x\% 0% rlz@%x V5€m8 ai%}é £ %n%@ l’f‘avg%rfé%ﬂlﬁﬁl frz]iglce

p@ﬁﬁetﬁ%bﬁ@&mm @db@ﬁisea iy thal&f thb%ﬁﬁfﬁf siructﬁrealrlﬁtlhqjart adjacent
articular configuration of the donor vvaf$ t he
grtb? Betertes lpygy ér So3asda Rraserve 8 swstatioht 1eiae ﬂ@lcture

addifjong n%jlagiefhls oy rﬂ?@f 46hay 9159 NRLVE Clor 3kampRa 8 Indd@hAl

t her eof. articular caonfiguration, the

kattmt: @mﬁm\mr klay;zmntlﬂlyl chffémnﬂ@cﬂn thansf the buffer dbunffuey I inagselart
order to.protect o art .thereo

R P LA SR RS R R b A ]

Soether £ RaSid ﬁefe'r%@ 1Rtic@pRaReRH o AR WuREREctd® 1 in its part
according t invention differs mainly fromthe

afipavont twdfeenrotwwﬁ@wn 3j andnhgaheestrzlneﬁ that the

protgctive.l.a | on 196 i
Pt PR R ¥ s rtfrs mRY IR B GRR b Gl e Ser
18Ch4eB2 ORBL N4 1k Srmediald bebidehes shingdtdifuetuke and a relaxed

Furt hernore, an overlayer 5 is present on the
HrstiEeti ve |ayer 3, in which at |east part of a

usefyl dggved;ﬂ :ge(gds ggjﬁgagﬁenoﬁﬁ %%@mf@ recﬁuc@dlt@yﬁfyer

fromt e dono e conposi ti nand
oW, ﬁcbrle:xgmp]prhydl‘élbrouMBE epitia g'rcswhverl ayer 5 wi I I be

cho d|n on the i cal ,. elec

oo B e B euRter 0 R HBR oy thegughibat fie SBEaTh 5 i
éalaﬁecp&ﬁtm saRskaly BtdodgheHiRn Wittethe @b datioh ofthd diper part of
overlayer 5 may, for exanple, have a nomnal lattice

tfbarbaff@n @ruc@m%étthﬁﬂat@r fry thisiease jalsal being advamtaggouglyeformed by

Q? Shwit ructure | inits part adjacent 10 to the
otective | ayer 3, so as to preserve a substantially

r el axedsesbidicdst e gidvathratthe badrlagér § N cartivd vhtagfear aSminor

squy ofa 1nslghlrr1]g§a t\ﬁ% surffgcre oef tﬁg‘g}l)peer sgrfa?c% rgf the! underlylng buffer structure
I, for example by CMP polishing, heat treatment or other smoothing techniques,
such that the dislocations and other defaults confined in the buffer structure I don’t
propagate, don’t increase in size and don’t create any slip planes, stacking defaults
or other defaults which can decrease the quality of the buffer structure 1.

With regard to the protective layer 3, its role in this ‘case is to protect

substantially all of the underlying buffer structure I and the substrate 1 from the

substance removal operated during the first recycling step.



| attice paranmeter substantially different fromthat of

the buffer structure | inits part adjacent to the
wee@tecudve | ayer 3, and have a thickness whi cPCT/BB2003/004143
suffi ci ently small so t—hatS i—t has to preserve the

Iattllce arre er., of, the b r struc
e ety

par h R gobe o et b URayiafs Rtk

&B f8dnh &t NR Ckhe ThReraR: es,i éénsﬁfs tdatifg Qv girtamep, Wﬂ&ng off
sygal n be chosen, for exanple, in order to have

stengially ell; qft the pedtilagatedoon Weesane S6e &f H@dogqr}aw%ft % g the

a} iaverl%jea structure. In an advant ageous
B2 |gur atfon, the overl ayer 5 is produced by |ayer

20 grtakd ﬁioteé’t@xfe 18ycaBpihe sélyctivYButatanbBiengyaliraxdeis agieastohe
In this configuration, and inp a first case, the growh
rthg f?@oﬂ\ﬁéﬁ?lﬁ‘jﬁé’ﬁ sgbtance gARgvabRo ‘éﬁﬁ in situ, directly
In c PR 3,
FREO QAP LOBat N of B8 A1 ) RlaPl I HOREETRYr
ﬁb soidsEvagyadvianhiagadask ytoppingihet repoval ailmbstgn@w h. 25
In a second case,. th rowt h .of .the pv er IS
car ri’&Qo;°f, ’F’?@Flalaoﬁ]ﬂgfo proteqiiye, I@F’rf:{) t?' Oﬁﬁ ?t5 buffer
ﬁHﬂ:fu?&Fa(ﬁioehﬂ% tH@Bfé’iecﬁUé fa%@x% efrmlil¥en 1Reesibping e ytmeval
structureé , for  exanpl e by CWP polishing, heat
efrsobttansat or ot her snoot hi ng techni ques, such that
t he sl ocati ons..and, ot her def ul t o
pur 1 Sp A6 T SRR Gtep® St 16GH bR bpefdd oring

Rt ¥@ing Ned daRnled f€ adrfov@nthe SlkeinBinlgabeglayst ackiengis a layer
defaults 30 or other defaults which can tgecreas€ Ee
the st

Hiorping (he gemetad %@ﬂb%ﬁmg (e Prefp@ive Jaxar Bhiny BF &R ¢
t 1l
:%58%%19& ﬁb\ét.ecm%ea%l a(#; he iopﬁ ot 'Jfr?]% g:??& faag”[ Eg the b ffer

shctned jradjacerdno thmprowhmt ieqtzlei% Jinfthe wasehd ths u@@néml@ctlve

r noval operate ring. the first rec lin

S BRG LSMBY P BB 6 o agbarier g Sk B AP e #er
SHGH 1R dae Q&ray‘fﬁ&@&m%%e AbieBhl & thSRffitk stradt@e Thas been
taken off ffromit i'n the overlayer 5, consists

dur i gtharnidre sif reayepe admn@@ki)lrﬁgth@if the prolseivenlayen Byiogq; pot
Loyl b 5 afibrdilfe SRR pF B Al AT Rl er

staeie B and Beessot @isfuit/ e SHRallaRGe 0w\ omldﬁlgl avedayer 5,
| east one of thefollovvlng sel ective supstan i
b D5 he Miliaerap! BF stREUSERTdhs Rptio stpygaire 1 on the

UL 8Y ke g?’%fyg@lc§ﬂ(%m$ gﬁot\)\;})empcf ﬁttﬁé}&foi’eeadvgﬂfﬁéeo%sly Préaced

protective ayer stopping the
acenmiitg] to ofie sﬂtﬂlstlaae;embedlments\ahbadgfdlmwed| al of the
yer 3 ne of t

Bt r kg tiS poiditheaher & EREShRovedTingdnt B Soeps e
RcY@NE adSaRRRbLAGY tHRPFAiSI¥Sducing a new overlayer 5, and possibly a
new protective layer 3 in the case where the latter has been removed (during the
second selective substance removal mode mentioned above or by a treatment
suitable for removing this layer 3).

These layers 5 and 3 may be grown in situ or after a minor step of finishing
the surface of the donor wafer 10 on which the growth(s) will take place, for

example by CMP polishing, heat treatment or other smoothing techniques such

that the dislocations and other defaults confined in the buffer structure I don’t
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of substance. VWhatever the selective substance renoval
node likely to be operated during recycling and

WO pdoaotiaod t o renove the remai ni ng overl ayer 5, PCTIEB2003/®4143

a layer stopping the re %g of substance (the
protective layer 3 in the se of the first 15

PRIpELId, V6n 6 INoh@a izt @AM t (rede ady slipftﬂmlé@meacbﬁlgtdhﬁmlts
upper part of the buffer structure adj acent to the

BF ohercdefaplis whigh earpdecragsq the qualisieolghe b?féﬂr SErdwg 1
sel eﬁﬂfh‘é@fereﬁb%t% g 6 r %hnm%r’ 10t2{%&§d1ﬁ§ kb {HE 1fi"§enﬁ0n

barrier to su |ng or at

giffees maylypfrm ehetdongr Wh]iér mtlﬁrwmiln Iagure B dy e faet that there 18
struc Furt re, be adyan epus t hat
B i3 S et Hen e R S GrGHt HAT 2 1y

di st yhdeolpRsiEbY ShPhb ES5ARNEENHEE StkichiE 6f tafs ihbBRayRk Beﬁtl Ibg
underlying buffer structure I, and does not disturb

theser ps/a fuaktiomed the phytsteabfelectrisalondfor Weﬁ@awbpq‘ogy@ps that it

0. preserve the influence of the structure of
tlshdeSItrJ%(ftf)eFta ructure | on the structure of the

over Thy glatebiabéf 1h8 igledWfer Sndy, Hr tehansitoliae a nominal lattlce
advant ageousl y produced accordlng to gne of the thr

ENBBEichERIcE infubsianiallyiidentisalde thap gt the Duten fuclysg kin its 'part
LI, P{e%ﬁes Wpsk ?J]@i%sé?yeeg gﬁ(ﬁsﬁﬂhalggus £& Sfucture. In this

structure rec I'ng advant ag y conprises

pasedthel m@rlayem@Nmme rekamon of tlnthufferssiuotuye & whely may for

prot e |layer 3 case where e latter .has
PIT DA er? lwgcrm@%g?@ G ot grouh Suriia o the

5@&9&@,@ node nenti oned above or by a treatnent

suitable for renoving this [ayer 3 30 These |l ayers 5

and Bhermpteiel gf dhim mtnrlzsyet 8 wey alwehavs, fnrrmmmleep& peminal

Il Ittli](‘!es hi.n %&g Sv;hel Sl f BY gg’geréjr?g ?G#}Pé_ 9%&&%0&1?@ I

ﬁmﬂiesﬁm’tl’t@jacﬁﬁ&b nts ﬁﬁt@ifﬁ@nbn@ha&td‘lﬂﬁcl@%soﬁﬁitlﬂg; low enough to
techni ques such _that t he di sl ocations and ot her

davednpreservs Hiei latsige paramplsr piihe brten siyetors lon its gariadjaggyt to
%rétgc’ltg/%(?ﬁrei?ge{n SK\%%?S@%}&&B - 26 propagate, don't

ease in size create any slip planes,
st acki agy adedmagedss cmﬁgmtdtmn theef mnetrt@emvﬁl ahthgagverlayer 5 is

PERLr e el b st by CYTLaBRERY T

acc OIrﬁtﬂaﬁgzohﬁ%JrHﬁ‘oﬂ aﬂ&m d @Rt cAk fthe % SwWilRbNthY 14O duRetion is
donor wafer 10 shown in Figure 3 by the fact that

tcar@p@ opi in Btug dirgeityein| @p@nuaslobeuﬂe&w forvaatisuf plethe underlying

Iu%eﬂ?ﬁer in gxrllsgca:s% glsg aé)v altglféluesl al% e%f&r{l %Flay %"PWt}h i s

| nt EIri a¥edond cabd, |thdiigro“ﬁ1|il 0$ @it 1a§eraquﬂe§tidnoﬂ cafnetdh@n after a
physi cal el ectrical and/or mechanical rop |es ha% ‘
PO Pl SiniSBNE S IEsE 0! PHBPRYEFaPT BF U lying layer, for

ARSI ANEEMD PRYshideO e ATRhG of AMRr 3mROHR e chgddsC Such
that the dislocations and other defaults confined in the buffer structure I don’t
propagate, don’t increase in size and don’t create any slip planes, stacking defaults
or other defaults which can decrease the quality of the buffer structure 1.

With regard to the protective layer 3, its role in this case is to protect
virtually the entire underlying interlayer 8, the entire buffer structure I‘ and the

substrate 1 from the substance removal operated during the first recycling step.
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W0 nicgnigee,

10 paraneter which is substantially identical to that
of the buffer structure | in its part adjacent to its
SO0 as to preserve a substantial |y PEI/EBeewB/004143
structure. In this case, the interlayer 8 is an
extension of the buffer §tfdcfure I, which may for
exanmend gt iiRE 14;RE B BE ScfeclitesubbttifdedbhOeH] 2t & at least one
rigidity of the growth surface of the overlayer 5. 15
THéhenfatlewing belestive Ribstanes wmiozglerodgs:imay al so have, for

exanpl 1 nal_ . | ce .par | + Seps

S ber aipo ) POR Rileripl &b GEARRL 3MEEn 0iHE BrdiGtive tayer 3,
sh¢ proteutiv® lhyer BHornki8g P &iytr Aspapahd rehvallof siltacé;ace,

and have a_ thickness which is | ow enough to havy

et
pr esef¥eovehel thematesial phihe pEAtetive fayehd By s ofdhs \9&?@?’@
lQ Lk d t ' p [TRVA-E r n
chaDeh? PP RERRSE Tt 3 R et S e G E edov Ter
tdubstanwe.er | ayer 8 or the overlayer 5 is produced by

| ayer, growth, for.examle by CVD or | taxy. .

t iy o VB e s B eron g wpoe MRty SPhe SiHucd fodpe

tthe rdcgdBig dnfl ARSI BNeindve BRIMEMEHiRUSvellByedist there is a layer

directly in continuation wth the formation of the

Wteipingythe gemevay of subistiacd Ghe protective Hiyer & am éheggase of the first
; sly bei f or by | -ar

SR RER R SIS0 Aty BB s AL s At B e

qacteitded 1ouh 3aid el @se BT BRIsetdm@keltktitd RitsAahereldveal mode),
surface of the upper surface of the underlying | aXleerway

ftBYS aglipgras| @ bapsier CUPSUBSRICE HATPEDE 198 fitacks cud ignie

S TROL ' h that the

3%@]@%% t ongeeg%d&fglgﬂfﬁgg@g&ﬁ?g confined in the buffer
st r udnthe@moreddnntay her avagtageops don'the prutectise dayien 3silges not
and don:t create any sli l.anes, stacking.defaults. .
FOPS I ey D ey EATE e Re 2L b HRHA kg gpe
tike 1Byt BeindSddey GbLdiSutb thVithBtallBgak SlvihbftheoREIPIRC I vieM By er
| ayer 3, its role in this case is to protect ‘

\is rin paderr yio tiseriat the enflreges b thegstivgtuee (of sy ingerlaygre8 on the

' ffer structure.l and th 1.fr.

CRULLE, 3 e PUREE o1 S, 2R3 ot RRE A Breg bt ABltucea

ragcotding goisd he WO BB AG QA PCIisti32aD3/ 004143 27
At the protective Iager 3, the selective tgllsjwbst alnce 8. th
r enovHier Bl aaids regrovak gF 1the fubstagce 1qystlyige) B griayer 8, the

S6LRERS F&gﬁﬁ?ﬁi@%@r{ﬁ@yﬁgdggﬁgﬁ:neiN sRmmyals ahd Hh&ibly a

materi a rl-ayer cent to the protective
|reyvepro®ctivet lagerpt ot thetdaseewhery élie Bitttohasi begn acthenedr(during the
stoppi ng t.he renoval of substance;. 5 .- renov of, t
SEPER, eelpS hETReRegerdampis Bentonh By by % fien
i SRftsulé AY e¥moin@diiseeatat o the protective layer 3
formng a | ayer stopping the renoval of substance,

Vhat é¥ese layrss § end g be atosiairisdn or ABan misd step; K dinjshing
URe Qgrfé)c@egfaﬁlg ddo%'rr \Wir 10 on which the growth(s) will take place, for

example, by CMP polishing, heat treatment or other smoothing techniques,
performed such that the dislocations and other defauhs confined in the buffer

structure T don’t propagate, don’t increase in size and don’t create any slip planes,

“stacking defaults or other defaults which can decrease the quality of the buffer

structure 1.

With reference to Figures 7a to 7f, the various steps are shown of a method
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the recycling and intended to renpve the renaining

overlayer 5, there is a layer 10 stopping the renoval
wo@Rogmbance (the protective layer 3 in the cBGSEIRN03/004143

the first selective substagce renoval node or the zone

of the interlayer 8 adjacent to the protective Laxer

of taking offe birskeyof frerh énd of srsdcling e denayevalpbt} sprpprising @

r val nogde)... . thus .acti i

TR RAoRT et i 4B D DR Sinl BRLANET

igakiedli talthfdetdniBed ubdve rwist fefaénte ao [Figutd 4 Fand twigehrtheeeforet

may be advant ageous, that the pr oi ect i egj ayer, 3 fjo%sin

copprises iwih epference it Fignest far hsubpEate f1p0d 210 g Sygfuge T with

. I f.actly underlying interlayer 8,

%@Hg%ﬁeéég%g{meg?%%ﬁggf he crystalline growth of the

ovellh fereyampleriagtewe wall study, dhafproteriaveplages S takestafba buffer

i nfluence of .the structure of the ipterlayer 8 on the

layer gap F"éa‘gim‘fnﬁ 136?fé1rlpgl§?é1”f%r %&Cﬁ‘éegr own, and nust

t heng{ips &Ry BRHOE dccotdin@®aBé HivagidnQadeeriafer Sies baen

enbodi nents already di scussed. After the said renoval

agfled dhove thssdditioral dayer 4.yi ng the interlayer 8, the

recycl i ng adyant ousl. Ll j.: .
v e o B VZR AR ER K SR RIhE e RIARUSHTGpRCTE Widng
dfhparEeBe YhiRtidal Agerl4aint ©F theaseldgensr emoved (during the
second sel ective substance rermvfal node ﬂﬁmi oned

above tsrsamy veyiand a o srugmral gontigsratiopet hig ABRAT T i %
'tg%%é eﬁla};‘)‘)b'e. Je@@l%g oléf%ffag/%l% ‘éldagﬁ BB PSR Wl feldt tio BE

er a mnor st finishing "the surface of the
deriayersmidgrosdbly partwi itendtitiend layer B @)thesk Inaytbgloe QrREE!

for. exanple, CVP polishin at .t.rea nt , or

ot SERabE ot eeiRE ety Bier BEbRERIBREAY ¢ e
di sIRE@EHARS BRDHRKIBEsH8 ahdve LRy Madplotectiielaber 3:exs
30 structure | don't propagate, don't increase _in Si %e
dreddyi enpleined eabowe,atop  idkpapprateedye lasendkicpydgfiaenesthe

.her_def aul t.s, wWhi ¢ | ok
o 0F pedthE ophrutl: S HETLRARE ok dep el Lrelh, Do
é&@mple diflbeatioas, oo tiangéscinshednics pawmeiefs. a met hod WO

2004/ 019404 PCT/ | B2003/ 004143 - 28 of .t aki g
t hi iFar dbier the tepknent obthe maetgeivierdayes JaBHe st

@Axlai’c?gérés ?%d%hig{ i SlidsHEb1k BN woulllbe ©BtattRAS thidlarer

yer structure substantially o
i derfFliesafout taytisadt 3 Jbacti e adbroiagemishhbecaffemesddy qpafaxial

Figure 4 and which therefore co i i
FaP) Gt Bphp corgatt e paiaeLy T MhE (o
st rugt Ufigt basdi bihleist one \WRiERe FRRNEyerSisdprpwatie i, whrectly in

layer 3. In the exanple which we will study, the
poméineafonveith gheeforpationkefsthe fipderlying grorth [SapRort, sheglatferypiso

Qeqlggi 1tnI tglr:]s%lasel a%)(/gr{taé‘éoiuﬁy tﬁgﬁleg lﬁfyfle%rer EltoWﬁ.t ure I.

In a second case, at least one of these four layers is grown after a minor step

a]% faf cné(lical

of finishing the surface of the underlying growth support, for example by CMP
polishing, heat treatment or other smoothing techniques, performgd such that the
dislocations and other defaults confined in the buffer structure I don’t propagate,
don’t increase in size and don’t create any slip planes, stacking defaults or other
defaults which can decrease the quality of the buffer structure 1.

A method of taking off a thin layer is shown in Figures 7b and 7c.
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In this exenplary nmethod according to the invention,
an overlayer 5 has been added above the additional

wo 2001019404 10 The renoval that will be carri ed BPCK/1B2003/004143

during this nmethod wll Ig} te to taking off part of
the additional [ayer 4 andof the overlayer 5. In the
SameA\tiay pwféi‘rédr’talﬁh@@ff S&b fofl el fr@dntioN bdisBtsria cieatsy ofragite
donar wafer. 10 may be several overlayers and
% ip ghe; adgitionpl 1@&5 I4d I, GFASF (p SRIEY €Vt SHORRIICR IS é%ﬁﬂ and
the additional |ayer 4, or there
eé§g9%€%$@g§gg&®15 and the taking-off mould t hen
r eI aeyemab teohhiguesathtt cin ehepesadell 10 orvate suely arfragile zone are
Furthernmore, it is often necessary to have a fairly
Pﬁﬁﬁ€§#5¥ectlve |l ayer 3: as already expl ai ned above,
100 kMrGkie@nnduR! B ke EndAUR®, Budittdla ipBisby SRAE i e art
crystalline properties of the buffer structure I, such
émdg@nenﬁmnmgﬂdehehtsmyﬂmrﬁma&auphenmﬂstaﬂawpﬁnsmﬂ@ﬁng

| att t 2 t h
FRTIR b i YT EeDROE Py, e s oo oRed e
§’pe@fek (SlU@l@laS hycﬁbgéhnigﬁé VARV O paHivhliCdhetdyan Widke 36 ERBleen thls

fects would be obtained 1n this case. These four
M@y@ﬁ@gkname 4 and 5 have advantageously been formed
byel I Q cordi ng te kna i £
ey R BB RRRIR Rl Pag R MR w A
ofie ﬁdﬂ@&&a)fe@ s deqryi®ed for Sxgipdvih dodusbAtEP- gk $Ot188. in 25
contjinuation wth the formation of the underl}gg§
gr ot Sagiforene afwnfagequsly forwed aseqrdigeity 9 8t dise tWo

ANANRUEOWS | dfisT &emg)%rf Xnétﬁ'é/cf accngr i‘x\% No the Bvafean Qreated

case, at 1east one hese four ers Is grown af
betweenthe stvafmyeraf arfd the sddittugal llagershrrhaﬂle adflitibhad layer 4.

ool | Wrgthe HRRHr chiBIR BB rE BT Grey be formed

HREMIIA lpb@ﬁmuﬂ? rthRrifeg GHCRhdBake 5N81a3Q TbslsREadf 088k of
and other defaults confined in the buffer structure |
Woerst propagate, don't increase in S|ze and don't
Crea .

o aipdzehes o PBRCR, aSLARK S SRR il o LBy toyer

sdnsisitin agachingA xﬁedlhﬁgl silstrita kit gleqy‘uffa@e dmhenodeawsrr S5.s
shovvn in Figures 7b and 7c. WD 20Q4/ 019404 h
PCT/ Hispiseriyine 41betrate. 6 fogms A qchanicq) suprort which kigig-pTe

5 8ol kR HANFBIAE, RAPRY Sk o HRPRLIBRoAILAH), hfd o

in the ition ayer 4, r to carry out
prosagbit égmenty ethagibatstraips esmling tiivnsthsepidat e t he
eral .t echni

desi ed | a) er(%% e ues that.can be

oper BN Tie ShHETE Haia Tk FXGPPE: DomAtSpLRgn o of quart
B Ef900theckyPebLmatlrifll r st techni que, called

Smart - cut{ known to a person skilled in the art

The recelvmg substrate 6 is attached by placing it in intimate contact with
the overlayer 5 and by bonding it thereon, in which molecular adhesion is
advantageously carried out between the substrate 6 and the overlayer 5.

This bonding technique, together with variants, is in particular describgd in
the document entitled “Semiconductor Wafer Bonding” (Science and technology,
Interscience Technology) by Q.Y. Tong, U. Gdsele and Wiley.

If necessary, the bonding is accompanied by a suitable pretreatment of the

respective surfaces to be bonded and/or by a supply of heat energy and/or a supply
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(and descriptions of which may be found in a nunber of
wor ks covering techniques for reducing wafers)

W@wgs1e4 in its first step, in inplanting atPei/oB2003/004143

speci es (such as hydrogen 4pns) with a particul ar
energy in order to create in this 10 way a fragile
giamerddifiosd bdidr. t echni que consists in forming a fragile
interface by creating at | east one porous |ayer, as
descri bed for exanple in docunent EP-A-0 849 788. The
fragihe, Zengad aneaageaﬂﬁhtyaﬁpﬁédremuaécmojudﬂ afeer tiloe boveling
these two  tec ues is, in this exenplary nethod
Biekesntpasgbledo siHiEen bondpdepngqtions-ed 15 between t he

Ovefh?evse;@rgamyuk% @g%ﬁﬂoﬁgélbgl mﬁm : @%yef nsuw s silca,

addi t1ona ere t verl aye
em’rmgrheth'eﬁ tliercafgﬂh}&r 3 andren@yinp sulistmiessd havuxkgp%mcmlar]}'rhlgh
S.is the case where the overlayer 5

c
%géfﬂﬁgéggﬁﬁﬁk of layers. Wth reference to

Fi gUAﬁva?l?a peushe GROGha3d 2P félﬁhﬁ’é 1RO bbRidg2 dcB Bfotht racdiving
I ayer 20 consists i n attachi n%a recel vi ng substrate

alhs@att: temdior freaeaterial ofithe bordinglpwer @ssméomﬂsle}s\ﬁlwgwaﬂy

rat.e 6.forns sup ot [
ERERBRE S ohaBoRp Rt ool Ay PG i MEl, off 1 e
&drhicdridubiot NEelon e YOI Gfuchie tlﬁiﬂcbeﬁﬁg tha r(ﬁféﬁ@}ter ist trénstemed

an mechani cal strains con1n% fromthe outside. This
oF vithgutpaBof thetaddigonalyayes br exanpl e, be made of

S i1 88%1 ARk .ﬁ]&elvg‘%as[tﬁgtratezg’l on@éd ?Qﬂ’%bﬁ*{e dto}{&ew’c%r 10 is taken

mat er| celving su stré I's attached by
pifacihedragtle roneifoimeadticfreland, dytdetiching itt he over | ayer 5

and by bonding it thereon, .in which ecul ar adhesi
i's 15%@8% spidc Hyst Fe@bma\aﬁ (%e% ‘3%5 We? SEfR8 F%P

Hagical
ﬁﬂﬂﬁﬁ%%%%ﬁ@%@h? e b e e
teatmientybr ethér sibglgl of Geengy; anekdert tordetAdli gt BodidpigZone.
(SC| e and techno| ogy, . I nterscience. Technol o
v. iy gcasw% dosgie Saihie (vPeli e eeue J5 % e o
Heeﬂhnw {rSatRE KRR 86 Y oPertiidyl, 3DbRIcPIRIdiRAtINENhe Bhgile
the respective surfaces to be bonded and/or by a

pply of heat energy and/or a supply WD 2004/ 019404

PCT / B 3/ 041

for DEAaard fileic 20nd adior il A ARAL ot Oftiiguel BitRes
af pesibldéo bﬂ{édbffgmoﬁakieﬂlel wafR@SIP), bh eortfl@ ®i bf)ﬁ‘amn at dumcture
bonded connections. 5 The bondi ng al so

EYRPHBPG BeFsIRy theseiaf A hugyléfftrucg{y@ b %ogqqa;ygas any bonding
h%éﬁ&ﬂﬁﬂeﬁggwﬁgembgguqyerIayer 5 and recei ving

substrat particularly high
A step of finishing the surface of the structure formed, at the taken off layer,

is then advantageously operated in order to take off any surface roughness,
inhomogeneities in thickness and/or undesirable layers, by using, for example,
chemical-mechanical polishing CMP, etching or at least a heat treatment.

A post-taking-off layer 7 forms the part, after taking-off, which remains
above the protective layer 3, the entire wafer forming a donor wafer 10° to be sent
for recycling in order to be reused subsequently during another layer taking-off.

The recycling steps are shown in Figures 7d, 7e and 7f.

With reference to Figure 7d, a first recycling step corresponds to removing
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wewsntave 6 and/ or the materi al

nol ecul ar bonding abilities. Advantageously, the
material form ng the bonding face of. the receiving

possibly formed, is elecgr%ﬁqlly 10 insulating, in
order to produce an SO structure fromthe taken off

Vayesall iR ppertagiandehw 7]aay @bssitly tdngovhd the protective Byer
then being the overlayer 5 transferred wth or
Wi thout part of the additional |ayer 4. Once the

" eCelLNGicaH RS LA abrbGiaRBRIG PRl b AiaflbqrAARRE may

I's taken ragil e zone forned
b@ﬂ»behmﬁrst oy atlebeaceirated lrt ord&ﬁ td mmdve medsd tbé reshep! the

bl P ogt Jesa B o1 7 sz P RO HV bR
§Hl‘i3slhﬁfgt et Q:hé’mf&@laétc}ﬁﬂgj /h@£t t[@ﬁﬁ@ﬁ laf@kmodthig tpaEBimedasuch

ot her "su pIy of energy, in order to detach it at the
thaagha dislooatns land ot daBeltotonfined dnjthe beldes Hructure I don’t

echni t he fraqi I S c t
Rgogﬁ%aﬁ? gigp tmcge&s%gixze aﬁnd %%6 & Freétﬁ aH? Jsl?p ]?lgﬁjes sQacklng defaults
of 6kBEr dePaulke Wedh dah dedredsb thefquality |oé the%ffhﬁyxecmre L
Det achnent at_a fragile zone according to on? of these

two itetalpe prreblcinkesyeraf of therganarril P‘&hlﬁl& RBAHCK © “%“fto
bBCoMBLEH ot follby %BQ?L otfie?, QPh Q'# for @x lf:’%tshhrc@ssmn of attacks
conprising possi bl 0

e rest the er structure
bychmﬁmﬂwﬁmhgymﬂb5cmdhy bonding |ayer and the

recejvi substrate 6. 25 A step af finishi t he
sur f lngqasetsh thegfi ?]fsﬁ CEYF e StFPré’Gﬁlpﬂ?eSt Wé“gt al Eﬁ“o%e of the

%élé’&fve suﬁs%dnwfeﬁlﬁgwlﬁmeéafgeﬁg%éd/amsrat ed in order to
take off any surface roughness, inhonbgeneities in

t hi cRVidesfaentt do Figuteeraad|’é 4 spendsrecysjing siepgorrpgonds to

h
G B IS N N e T
Befotdd faRing REf, Rahtihe REpeRfivd Birhtbnebf an wdiitidhal layaidn and 80an

above the protective layer 3, the entire wafer form ng
8vber S'waf er 10' to be sent for recycling in order

to be Lg #@%&Tﬁ%ﬁ%ﬁgﬁﬁp& %%mgﬁgeg% ﬂﬁagtgﬁroﬁ ABlective layer 3

t aki ng-0 he Trecycli teps are shown Fi gures
Hherefthe Binelr Whs reM¥ovéd.r ef erence to Figure 7d, a first

recygling step corresponds to Vi n 2004/.01940
PCT/ &E §fso@ﬁla&1§amage§38 y Wsmra%%wogquﬂg {3njayer according"to a

RREhigheknRg- 1Q§1Ibs‘!aﬁ®f:§fy iderfiRfl tB@8S bPhYse'RAMVd Mghvehe
protectlve | ayer . "Mechani cal or chem cal - mechani cal

at t adke dayess %’umdabl @tam@hohﬁmdmwai%é@ "bpip noh @eegspaly
ey D3R B B 5350 BN GB350 B
hay@rshdwn SHEIRUuRSTdab hack aBWbgiatd Wt 6ier types of layers.

In the exemplary method according the invention which has just been
detailed, the taking-off relates to part of the additional layer 4 and the overlayer 5.

In parallel, this example may be applied to a taking-off concerning only part
of the additional layer 4 (the donor wafer 10 not having an overlayer 5).

In parallel, this example may be applied to a taking-off concerning only part
of the overlayer 5, and the recycling then comprises removing the remaining part
of the overlayer 5.

In the exemplary method according to the invention which has just been

of the bondi nBCT/EB2003/004143
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pol i shing, CWP, chem cal etching, heat treatnent and
snoot hi ng performed such that the dislocations and

wordenidef aults confined in the buffer structuP€T/IB2003/004143

don't propagate, don't ingsease in size and don't
create any slip planes, stacking defaults or other
dethided, tie pableattvedayer 8 écloeatskbdtiveenctiiabuffar layer 2 hed pdgifienal
?tru ture I. 10 It is also possible for several of
material etching or attack techniques to be

conbpBeugy, thie ckRhAIOW PPRcaBRAUDAH casssitherathefppstc@i@iplee
a succession of attacks by chem cal etching and by

BnNglocated wl the buféredayer her injthesadditioagldpyend- st ep conpri ses
usi ng at { S L R %ak
oot Bnetef ks R el ik Bkl el M ARGR 1IR U
doreted fin the baffemdctugcycl i ng step corresponds to the
restoration of |ayers which are substantj al |

i dent ¢ dpscaptiameisiae wpthad acgpraingdo t %naﬁléwflawﬁhbef%ﬁce to
?é\ﬂest"ﬂa? d ?f’ Hﬁﬁ ' V nbO WAL 1 19NshoRh 1B MFigEE Qtdaﬁrhfl’sio baxsdily

nd o ayer 5. Furthernore,
rtles:tposaittodnnmromﬁe:rsé@shmnfor mati on of a pr ot ective

| ayer 3 2 ere t nmoved,, Th er,

o o U AgEAueryE AE e b ot ATgon eyt e
ARE BletvebayieP 5 Fnstdal ‘éh ?]aéﬁkig WIGRA tHeSuSidPSinafikd Rklleflayer then
i dentical to one of thesé detail ed above, The | ayers

Jpemart@lkes\ ofﬁ lat dienerlafer t5h shadtakong-afb pb the 1gbstange don Freycling

TR Fhiostvs 5O of e ch b AE s TR R o/ Dfer 3

wad/er irs @ﬂwlvie retdig b thédpiotectied 138r 8 it sdspadt o fthe buffer
ot her types of layers. In the exenplary nethod
éE@BWHlng the invention which has just been detailed,

the t gkj nges ol f dﬁﬁ'lg%ﬁltér{%%&aé tto‘?{. e H\or apdht I(P'Bﬁlloéa@iﬁgrlt

4 and the ov par al , this exanpl e nay
ﬂ»etveepp ltheelol:ffen s‘aucttmiellmgd dtief proteater hayeng”ﬁ thel lyqu demg tefen off

ah G, BTy S 0] P TBTe ek BB L ey e

%%iﬂgedf thd o@erﬁa%"r' N1tR tdspe@nE BlePrbrgctBR1¥yep3 rahd/ oP fn §eﬂt€2t1ve
overlayer 5, and the recycllng t hen conprises renoving

tetvénngeﬁahemrntgctp\e@rlayeréfwmlh]@sméioltb@/@ﬁerlayerlf?n t he

E B 658 0B e PR Rt o

dekiag bfEd uséfiElapir @b teh b€ opayied agains | ocat ed bet ween

the buffer layer 2 and additional |ayer vauﬁgfgﬁq
t hi s T8%adpPe 2 @niagprys capiest of the myeniioas 8 Sy isapginodaf taking
%r@:{eﬁﬁtlhye? Jff¥%&fonos V\}a ll‘?ﬁ?&%}‘hlﬁg‘ td iR Rvddi®h ik ¥pefated, by

I'n the additional .
making the following succeed each other repeatedly

e a taking-off mode; and
¢ arecycling method according to the invention.

Before operating the cyclic taking-off method, it is possible to implement a
method of producing the donor wafer 10 according to the invention with one or
more of the techniques for producing thin layers on a substrate, described above.

In the remainder of this document, we present examples of configurations of
donor wafers 10 comprising buffer structures I, and capable of being operated by a

method according to the invention.
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5 1n general, this exanple extends to the case where
the protective layer 3 is located in the buffer

to the invention with reference to Figures 7a to 7f
usi ng a donor wafer 10 shotwh i n Fi gure 2 can al so be

easith artfchRA SROF B hrt R RefialyahehTad ddvahapedubly be ked in
Figure 5 by locating the protective |ayer 3 between

suok dpperfxafersst ruct ure | and the overlayer 5 instead of
placjing it W tNhi e fe r ¢
R e G e
Iattice Rraafefer Ofas t M6st softihi¢ ainee theoprime dyetiomgf hevidg mgsecond
sel ective etching of the overlayer 5 with respect to

letiise prameter P/ is fregf8fe-3  and/or in sel ective etching of

t he i i . . f . % 50
L E S S g ani e e
productendr mw@hiap of Olakycelpomatetang it  bet ween the buffer

strugture I. and th rotective er .3.. the layer. .
bl i o gros dfteR R LRie e Wi, iy s
SUPSHARE @ fike rL USRI Ne N ichbidting Sst 8&tial @tongit Célemgnts
of "the overlayer 5 with respect to the protective

¢aymsising: and/ or in selective 20 etching of the
tective | 3.with t to the int
A er ¢t ertiig oot Blsmsh GRS i s g GO are

i nyeptd on, a nethod of taking off a useful layer can
then be operated again. Thus, in an advantageous
cont ex® afleashent aiesnicjcbament, egnel orc verstliid) ob whicdkisnig ths

f ul off a d f er. : \
- roubvsn G a Rp g BoBLind drRGAR B O tiiess of

sugigandfeeasbr Dt her repeatedly: a taking-off node; and

a recycling nmethod accordi ngi to the inv?nti on. B forﬁg

oper Bid &gdudh sorseatration; efidhisgelepent i theobutier dayeg 25udl by,

5:Qin S ESTRRY o ua'ir@ﬁe{}lgg o?fhe%‘tﬂ?«ﬁﬁ&&ge&hﬁ 1RORRTer 1BELD, AQ

according to"the invéntion w one or 30 nore of the
tewhorduemafustr. producing thin |ayers on a substrate,

descyr.j bed ove. In.the r i nder .of this docunent, we
prese fW%P’é@%ﬁm@oﬁ"iﬂgﬁn&%ﬁqgﬁ’gﬁfﬁaﬂﬂﬂg%%l}& fers 10
ConphehiBfid EnBks ShéseRttor @8 dompEitlos apaklsabafatdeiang for
operated by a nethod according to the invention. WO

Q@@nffmlgmﬁ POTYd BAPENOGudws S10r88. | n particul ar, we
sed o ghien T sp iSO I8 Rafrt BEAHER HRIAK oES; and o
bliffdrdiyer @ thadersfdiGe it Ge suhshtration chahging pogeestivelytwith
thickness between a value close to 0 at the interface with the substrate 1 and a
particular value on the other face of the buffer layer 2.

In another scenario, the composition of the substrate 1 and of the buffer layer
2 may comprise pairs of atomic elements of type III-V, such as the possible
(Al,Ga,In)-(N,P,As) combinations.

For example, in this case, it is possible to have a substrate 1 made of AsGa
and a buffer layer 2 comprising As and/or Ga with at least one other element, the
latter element changing progressively with thickness between a value close to 0 at

the interface with the substrate 1 and a particular value on the other face of the

buffer layer 2.

The description of the method acPOr/uB20¢p/004143
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| attice paraneter has, nost of the tine, the prine

function of having a second 5 lattice paraneter on
WO e@®40t\ed f ace. Such a buffer structure | thenPCT/IB2003/004143

conprises a buffer |ayer % making it possible to

produce such matching of a Iattl ce paraneter. The

t echmi GuRpsssdn 6ff the Sutsipledy ad dfahe butirraer Buﬁﬂemmmﬁ@r

2 having this erty is to have a b

roisn e sty cbmesbok B S 3 tiobl Bribnesstio CahEY e 4Ee

one atom c el enent which is in the
C%%bmgdg? ron of the substrate 1: and at |east one
at OIBedmﬁlv&mffet somoeangles\od sychldonfigusatgswhi ch is in the

bst r at , havi ti h ' |
o A e dio A BRI T pypat Gl Ghafiuals!y
ﬁ%ﬁ%@i nﬁ@@&mtahaﬁ inQfFeiOthydr i Badel o SERY aridrotiieh éaybusfoff §i and

ayer be the main cause of the gradual change
dfSiGhe Iattlce paranmeter in the buffer layer 2, in a

met r phi ner. _Ih [ 1 f
put £ 0Pt R B perfiaiiiny bgh Th P PRC ARG T lafers o
£I618¥iGe slinsen td @bdﬁd’eGSGJ@IrrEOS bt $1¢ﬂG©r stiubteresubstrate 1
and for the buffer layer 2 be

Si dn tls. copiskt dheahpr ©f eit“ﬁmtgh ut@&% élgeq {“ @ed?.?gggl?lgfh @g
mgtgglalg(ﬁisé%r a}‘[oeqh ]etﬁx%e erif, epkhidéhid@iond UefpfaBlre draiBingZhese

concent ration chan

mmgme swil bekissad o chibgariendysativibtinegam ldemgieu mchidgd @ thg
at . the interface with the substrate 1 and a 25

&QPW&J}S&&O%&%@%&M ot her face of the buffer |ayer

2. In gnothey fllz fective® 8{1 solhﬁ@nscﬁmi)%hﬂﬂ 1&pe6xf tot $1€ie such as a
substrate and o buffer layer 2 may co ]ﬁg Ol
4

paisoltiof canprising ef leasmms offthet §pplewingl cogmpoyidsh

ggz%%gluph@q{?gd@a?gﬁ%t Eﬁ? glggﬂar@tslgﬂlﬂﬁns g\ﬁ{enﬂy being

subgldgict ecolmpimdg %%eﬁG@uc}ﬁoaﬁnHIngumsz@)@HF 2 HyS04,
conprising As and/or Ga wwth at | east one oth

el dhShb, CH®OHaHy@r avd Ennes exdHBIhE ﬁ‘re@sg“r(\rge%/ P23

w th tgl ckness between a value close to O at the
i ntf8Fface with the substrate 1 and a particul ar val ue

on t he sothegictanee@hingtelutibnd ferSiGayweth RspapDto Si such as a

2004/ 019404 PCT/1B2003/ 004143 34 . Th

of sphiios gpeprsing HE Hatly: (GG islacayity %%P“QP mt) oPHINA
n@% SBuord r& %fng%ggﬁl&%el enments of type I1-VI, such

e pOSSI Se, Te)
e Scl: selectlve etching solutions for SiGe having a Ge concentration

substantially less than or equal to 20% with respect to SiGe having a Ge
concentration approximately equal to or greater than 25%, such as a solution
comprising TMAH or KOH.

e Sdl: selective etching solutions for undoped Si with respect to Si
doped with boron, preferably at more than 2 x 10" cm?, such as a solution

comprising EDP (ethylenediamine pyrocatechol), KOH or N,H, (hydrazine).

Example 1: After recycling, the donor wafer 10 consists of:
- a substrate 1 made of Si;

_ a buffer structure I made of SiGe with a buffer layer 2 and an additional



conbi nations. Below, we offer sone exanples of such
configurations: 5 The first three exanples

wargiocdbarly rel ate to donor wafers 10 conpriBCTTB2803/004143
substrate 1 made of Si an buffer layer 2 made of
Si Ge and other layers of Si” and of SiGe. These wafers
13grgre particularly useful in the case of taking off

| ayers of _strained SiGe and/or Si_to praduce SGJ,
SO -érPosi-lakiagrotislayssch wadesof Yot oh Siéf 15!1“6{5 2‘?‘35&&,16 fage0t an

RVACT-Ia) ) Mol Lyt ised differ depending on the
r},atg);e?alaﬁ(lg?hggogﬁkee) f?fgq%e et ched. Thus, etching
sol uti ons capable of etching these naterials will be

5§ noT o LuIPrRRE retgepBiong Gerebeng oo S RebgErpeathe
15t @l i Era@d witth 1@ sERdtidlel RS ofdeF toShakél thd\SIFRIMEEE pArBmeter

Si Ge such as a 15 solution conprising at |east one of
qbpegefaslekpiainagaleyspounds: KOH, NHAOH (ammoni um

hydrgxi . HNQ3, qr ' [SRYA
o el M S DR g0
dda 2t 3ral HiaxatibrS@4he surS62nd GHERMthed2 B2t saezsbekdd@ wils

exBJ%ned, i.n docunent WD 99/ 5353%@0age 9. 20 S2:
10 Wepdirengeindaing pyamaientq Basheorepegh with respect to

o U, SR RS IR 02 G

layerd2of witlora cGei tonicentmtioni evhgbl i i admintagesedly wwfosmt japd
et chi.ng sol uti ons r. S hayi ng .a.Ge concentration
%‘Eﬂ%’i‘t A} @ts%trﬁ%‘é%eg?a}?ﬁ% ﬁ?aqtﬂ.belrzlﬁ%f\%et h respect

t 0 SiHeRoh@MirAShPof @R mARumAn GRIWifichi ithiR BRIeMk RS Eleylayer
equal to or greater than 25% such as a solution

15 4iokpmcadlyvgtevals Grank@d%.1 Sdl : sel ective etching
sol uti.ons £ or und dSi_withr . t.0..S| e
oL S Ry RSB S " SRR oy o SR
tstieigues, bat sa) bé hde tocahapgd iithondxDR W edaly | enedi ami ne

R O G RO IR MR
BB A o SRR a0 el | e o
20 2004h o4 WREE/ th8pa03400L e 3ayer 735 matlaylsi, 4elective etching
of the latter with respect to the additional layer 4 made of SiGe may
advantageously be operated, with an S1-type etching solution, in order to take it
off. ‘
In the case where the post-taking-off layer 7 is made of SiGe and where:
25 - the Ge concentration in the post-taking-off layer 7 is substantially
less than or equal to 20%, and
- the Ge concentration in the additional layer 4 is approximately
equal to or greater than 25%,
selective etching of the post-taking-off layer with respect to the additional
30  SiGe layer 4 will be operated, with an Scl-type etching solution, in order to take it
off.
In all cases, the last part of the post-taking-off layer 7 is thus completely

removed by chemical means, with an etch-stop at the protective layer 3 which thus
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- a post-taking-off layer 7 made of Si or of SiGe
which forns the rest of an overlayer 5 after taking

W@bdo4pe04 of the latter. 5 The buffer |ayer 2 PCT/IB2003/004143

preferably has a Ge concentgation progressively
increasing fromthe interface wwth the substrate 1,
fome b d®p l4yer, padtectinheheSir@erlyiap ldyees thr itdsaesard taprasegee. as
expl ai ned above. The thickness is typically between 1
and 3 micronmeters in order to obtain good structura

rel aEfi‘atrﬁlﬂé‘ZaAftEﬂ%c a8, doAdtOwhfer COR @ibfratithiglydedtichisto

assocliated wth 10t e difference in lattice
fhat arestnted Boetamgple § heythahe ekesptient of Heepraware pharotective

b iall | db h
lﬂygﬁe}zﬁhx@&;&v% i)émth a Ség igﬁgéln?r a%ll (r)ﬁ \%lech ?/st ©

advanhagerustdlawrisfensstend substantially equal to
that of the buffer layer 2 near their interface. The

conceﬁfﬁi%ﬂdl 1PIof germaniumin the silicon within the
rel axgrﬁjI 1Ge layer 15 4 is typically between 15% and
30% imtation at 30% represents a typi cal

l'i m t éroprdopdd $ihe current techni ques, but may be nmade

. ne P eSS0 g b ORal AP ot
Eﬂ?ﬁn&fiﬁe thevmfclan@stomefﬁloteemecw@sash&é et WRakcfbda aiital

m cron. In the case where the post-taking-off
Itlayleness7 i's made of Sl, sel ective etch| ng of the

| he .ad
s?t(;tewfl 8{7@;%? fj’g p{ptegcgge Saétrera ?)2 hdd %¥ %{ralﬁecg%g ?ns%ﬁed

BLSRbA Gws itk 1afers |r85;fé€tﬁi%ly hevih lee Gl t conedrratiom stlﬂsmntlally
case where the post-taki ng{ off layer 7 is made of SiGe
®

afepl ih’e,; the gm’uca{ ﬂ)éck@éssds_, gally gqqabﬁ) 3bqui {Lnanometres.
post - x% ?ms gqﬁgftge g@(e%rﬁvg 1dySr $ RS HeRlded twh % ee fahas. or

equa t he concentration in
addi Thiznalespeaially the caseapiproxienpbektive kyerad it hi)cdr:d between

% | h
S SRS SRS SYGF o . FoOScO PO TET ST £ P &Post
r% - 1dyR y 2hatfte WF §1GD6r RRBE AdsEthiin 1R 1:36r Hede dEe.

ng so ution, in order to take it off. In all
cas eSeverfldypeastt qtrémtg why thvs hgmmtfalkdengnmg o Hhpapatpriplof
t.hus ) Iletel renoved by chem cal neans, with an
él?e %f&n):% &¥e t3he protective | ayer 3 which thus WO

2004/ 0184 Dbt RGTE 145209 &/ B4 Strained8i: forns a stop
| ayer, protecting the under]yi ngGeI lg;ég(reguvte etc}iled Wlﬁ)anS2-
desired t§ pthesaeseng part madeof Si y
type solution;
and/or:
v after having removed the post-taking-off layer 7, the protective
layer 3 is selectively etched with an S1-type solution.
- If the protective layer 3 is made of SiGe with a Ge concentration
approximately equal to or greater than 25% and if the overlying layer has a
Ge concentration substantially less than or equal to 20%:
v’ the overlying SiGe part is selectively etched with an Scl-type
solution.

- If the protective layer 3 is made of SiGe with a Ge concentration
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Exanple : After recycling, the donor wafer 10 is
substantially identical to that presented in exanple

waoomo19304 he exception of the presence of a prRPCEIB20432004143

5 layer 3 within the wafer _}O_. The protective |layer 3
consists of: - strained § or - SiGe; or -

bor onubapeRilPless #anlok edddl ko P0% bed HitheghdeNgihg ldyet hees a Ge
case where the protective |layer 3 is made of strained
Si, teecerirhpsOBmaheeqyrlde e Bieder thay 8”3 here nust

not exceed e ' Stakih! & 7, SX@ PRIt
for a prot e%{t?{/%&?@gno%@%ﬂ%ﬁftag@?ﬁ%g S?‘ |§n ertelal/e
bet waayer Bvipschicfieelly @jvhed withapEci-typelsylutiavi ng a Ge
concentration sufstanti al | 15 .equal to 20% th .
cri tPChPEPRT ERGeds Potechys i § i haied :"8‘_"%&?{“ %@eﬂﬁng
SRPQIRE bfBan dRFideiJi $yefase, the protective layer 3 is
| ocat’ed between"two Si"Ge | ayers. This is especially

t he Baisds eupecially He @roicdeipraettivpdayes 3iis Ipesiest baiween the

ween  t llayers, of t buffer structuresl. -
Bt ] St et Rngert sidtyer gng b o b iflertayer ©
bRy £ post-tdkageo i ﬁg&w @in it poRetaR@gloft Akérobaivten AySiGe
made of Si 20 Several types of etching may thus be

peraaden Silagendi ng on the naterial of the protective

|2 S gt DR TLOASFHYE LY SRR i o

telpegtdiivellageed,ched with an S2- type sol ution; 25
and/or: / after having reno t he_.post -t aki ng- of f
| ayerfthe Rrﬁ@“b‘fe(}t%’éﬁil%@ag? aleg-%oeeq "sel ectively etched

with an S 14y RGedRhytdiofrt is slediRlyPERE&ELC Witheard &MLt
i s made of SFGe S\n&"?hélaI% C(I)Snce%traty?on apér oxi mat e?%e
equal sohgions greater than 25% and if the overlying

| ayer.has a 30 Ge cancentrat.ion substantially |ess

t han I&I eleBfﬁFtlYeola%;jl_SFlaBﬁ8P%\§%rl ying SiGe part is

sel ectively gd chedyindl $ihpad iSCieldchp@y &@ledt wah. arr Siftype
the protective layer 3 is made of SiGe with a Ge ,
conceft¥tin on WO 2004/ 019404 PCT/ | B2003/ 004143 - 37

substanti -allf l the éx%?%ch(z@ ‘ﬂifé@ i§ %Ja%% %80 WiNd def cohbhtration
underlying l'ayer has a
substantially less than or equal to 20% and if the underlying layer has a Ge
concentration approximately equal to or greater than 25%:
v after having removed the post-taking-off layer 7, the protective
layer 3 is selectively etched with an Sc1-type solution.
In a third case, the protective layer 3 is located between two Si layers.

This is especially the case if the protective layer 3 is located between an Si

| interlayer and a post-taking-off Si layer 7; or in the post-taking-off Si layer 7.

Several types of etching may then be operated depending on the material of
the protective layer 3:
- If the protective layer 3 is made of B-doped Si:
v the overlying Si part is selectively etched with an Sdl-type
solution;
- If the protective layer 3 is made of SiGe:
v’ the overlying Si part is selectively etched with an Sli-type
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concentration approxi mtely equal to or greater than
25% ./ after having renoved the post-taking-off |ayer

an Scl-type solution. 5 In a second case, the
protective layer 3 is |ocat®d between an underlying
Si Gesblﬁ?i?ﬁ' and an overlying Si layer. This is
especiall'y the case if the protective layer 3 is

| ocat&dr bet ween the buffer structure | and a

post-taking-off SI layer 7. aqr bet: ' .
interl ayé/? %&fgﬁlamg fﬁ%@y@q glﬁipﬁat;tg#n}"@%?f{% %/r?r'qge; protective
the pggt 3 iakiddbydy bich@ywith 4n bBtywRebludon.Si Ge 10 | ayer

and an Si |ayer. Several types of etching nay then be
oper at ed depending on the material of the protective

| ay 2. Lf t gcti 1 ks de of

B- d?ﬁ%‘%@% ‘%ﬁe% %gygl\{/n%’ ﬁ% idﬁ}é& iaq%rglrotgblnéﬁtge ‘ectively

et ched Sikdlstrae 1Shc-type 15 solution; - If the
protective |ayer 3 is de of _SiGe: ./ the qverlyi Si
par t 4 Ruflep pleedipsg énvﬂb%rrﬁg‘g P %f!l{‘ %e&?ﬂg%rr% Gy
4. 1T the protective layer 3 is made of SiGe with a Ge
doncentration 20 substantially less than or equal to
20%-anubst-fakingeofiiAdEn lapiend whigheforrhathe gestef an overlayer 5 after

canceptrati.gn roximately equal to or greater than
té]@%oﬁipﬁgtogﬁleﬂgt\%eng removed the post-taking-off |ayer
7, LheprBleOtRCAIOHA s 1hRY 8 pled f tBEhettdkned-yif@dyehd Wit h

an Scl-type solution. In a third case, the protective
|ayer 3 is |located between two Si |ayers. 25 This is

espegi.al he [f ' | . 2] .
o= G FRRely b, 01 QYRS ek ety
Pastthé aktemgreofvith She lsalysatte7], iarorider tohmako die- tattice graphdter

Si | 7. S |t f etchi th b
Fpeeatebeadyli o GO LR hace il Tt o Rg L SO RRE v o
| ayer, %'issclén_dl,, %rbm/%et%ugfeﬂé%f b Ve lRY&ncéhttaBioMBdRa® to progress

B- dope e overlying 'Si part is selecti vei}%e
fadro hagbutnilt o abo@dll 08%per makupieasely -arpind A8%priot serip

St RSB e WS S Bbh0n
PCT/1h B2R934:0R4 A the seledBive chemical etching of the post-taking-off layer
7 with a selective etching solution, such as a solution comprising citric acid
(CeHsO7) and hydrogen peroxide having a pH between about 6 and 7 (the
selectivity coefficient typically being 20), makes it possible to take off
substantially all of the remaining post-taking-off layer 7, the protective layer 3
behaving here like an etch-stop layer.

In é second scenario, after removing part of the post-taking-off layer 7
overlying the protective layer 3, and for an aluminium concentration in the
protective layer 3 greater than 20%, selective chemical etching of the protective
layer 3 with a selective etching solution, su‘ch as a solution comprising diluted
hydrofluoric acid (between about 9% and 48%) (the selectivity coefficient
typically being between 350 and 10000), makes it possible to take off virtually all
of the protective layer 3, the underlying post-taking-off layer 7 behaving here like

an etch-stop layer.

| ayer 3 is selectively et cPETIBAIN04143
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solution; and/or /[ after having renoved the
post -taki ng-off |ayer 7, the protective layer 3 is

W@ ei0ao194v£l y et ched with an S2-type sol uti on. PGI/IB2003/004143

Exanple 3: After recycling, the donor wafer 10
consists of- - an Si substfate 1, - a buffer structure
I wihh tﬁi?d @e@%mp wfif SBssib?é’t%rm&eaﬂ'g s@BctAd @tchin(gﬂ Shccb®l each
layer 4; 10 - & post-taking-off AsGa | ayer 7 which
ftbemin ordes to egnovefat émstqmetrqfég@po%tmrtge@ff layai7 apd k¥ yemove
01; t e Ij’;\tter - a protective AlGaAs | ayer 3
%Fg{:oé%:wﬁ YHe post -t aki ng-of f layer 7. The buffer
| ay eThedupfeLtRicaRE Vishiass fResered and Brebmletedyrdcndedasi ng
progressively 15 fromthe interface with the
substrate 1, in order to make the lattice paraneter

cha . | t«brand that of
the%%@%ré@%g@é}ﬁeﬁnﬁowt ?issdéengfg SI n the buffer
| ayera 2ybstrhte 1Geomnmisien bt edt ame i AsGraphet tﬁoltspmbfgfa@s gwith the

%lggm about 0 to about 100% or nore precisely around
“r&;npl ete agreenent of the theoretical

| at ti geeRf e&b&f t%?feff&hﬁ:'idr@i fhad28f d MI-¥ rhaté:sdl; scenari o,
t he sel ectlve chem cal etching of the post- t aki ng- of f

I ayefa pstakine-off dolee @ tqomenemg i THgV sesitertal aichsepaptityies the
H807) and hyd
B en auefoT ngty B seh il et sbs i Brand 7 (the oo

selectivity coefficient typically being 20) makes it
possi ble to take off substantially all  of
r emal s Primp benefit ok iy beffer stagiare Iristp matehy e é%&l‘f%afame‘ef

Liat}ﬂg ﬁxa?’e dxa?gf RE Q@e\f a9 ﬁhg{heosé h&@ln%ma%é:lg abhR @ Sb %}ﬁgé'tronls')‘ to
posot ihakity (\Olfufse lnamaral Valu@meabbyttl o6 arigetrcpms)t e otive

| and
or ot lache ok By ) mgtgRlsntd by Rasr g% DUBIEty Yak A, the
Iah&"?s%és g&m\}w nf¥re W"(fele 5@41]%‘1518' Hethe lsa¥iRonductdritharet, less

sel ective etching solution, such as a solution
Gogijsr ins¢hagicdily, s matesal frouiroliitlu dre eseaditechpplogise avithagriact

h | ect ff I
BB AR e i OB L bl e ity
mieﬁemaﬁteyd51t4JallchanaH>u1kMP)t he prot ectlve | ayer 3, the
underlyl ng post -t aki ng-of f r 7 behaving. here %i k?
an efBrbe besiitsayhich cmbgeﬁfaveé@m& pé?ﬁ?@ﬁef@%f@ow gegrore

Seerl ere: this is because it makes it possible to produce an active layer of a III-V

material to be transferred with a particular quality and particular properties, which
may for example be close to properties that would have been found when
producing the latter material in bulk.

Ina particulai configuration of the donor wafer 10 before taking-off, the
overlayer 5 before taking-off comprised InP to be taken off.

Since the bulk InP has a dimension generally limited to 4 inches, the donor
wafer 10 gives, for example, a solution to producing an InP layer dimensioned at
6 inches.

A buffer structure I for producing such an overlayer 5 requires a thickness
typically greater than one micron, and which will be made to change towards

greater thicknesses, especially if it can be recycled according to the present



5

10

15

20

25

30

In a third scenario, it is possible to nake two
sel ective etchings succeed each other in order to

wo o4t | east part of the post-taking-off |BgEIB2603/004143

and to renove the protective layer 3. The buffer
structure | is thus preserdfed and is conpletely
159@(8 jed. 5 Exanple 4: After recycling, the donor

er 10 consists of - a substrate 1 conprising at
| easithe cap&ayAlegropzali techtiqiid ssually epbmtd tai prhduch sucth afbiugier

sisﬁltgétgugeg 4th}161v1%%ealtpg$}sct *aﬁ %ffo cfuga?%{; %L;%éﬁl%% gf{ g]ts;!tlh rel“ore

YenE@RkS 5 Mle B debdvel it FRIeSdt 'pﬁ‘lltlal/lg bG8 tHGRSbif tiehwsful lﬁg?er
rest of an overlayer 5 after taking-off of part of the.

| at t@vanﬁg@uplm the téestiuctust 1 compriges fartafes laperct gonsisting
attlce ar amet rial of

({fﬁ%&% ‘ytg)e?%ﬁ %on(:v%gdggnc afy. 1n e‘?v[' en% anhla %‘95 87

an?smecuﬁﬁf)a% E@cuisré E13 téllrtgrt ﬁlﬁﬁertd@ﬁlpﬁsﬁan éﬂhﬂiﬂgﬁl kmy:aﬂl falade of a

val ue 1 s about angstrons t he

WaVematarial, sl By BSHoS gr Phg n&rﬁ% Wi oS %W‘lé@e&on%tﬂ&

éoilzén%faub {tﬁéﬁtoﬂﬁga@% )§; more widely available on the

ess fragile nechanically, a
rrat eIn |aqianioudnmaumg bffiche, ttednbfoveraton 6laog) pw ofiibietadditional

t bet t
78 i pererdie T gHIG i BBy BCSI e S5 B Fnchos
' nStﬁﬁg iOvilbd P&s@fﬁe {ocifrom&nlaﬁg klectichl §h@edponRfpréerties

whi ch can be offered such a donor wafer 10 is
ftXhﬁémefoomenﬁwéWOHekeeo hiteridls because it makes it

possji.bl e 1o uce a |ve

ot ot poofe Y Sreilh A e e A sl el e dmrem s
Rk PRIMGaAY | @fof ThARE: ele@Gonivibatd dlsﬂ@)tmfmfes emasreph ehebbltter
close to properties that woul d have been found when
mafepinload drherentssmprored plogianas mabilitigs Wy hytakemotslayers.

par thgul ?c;ni%t‘aﬂafhogy bt e%n&f g/%%?s donRy pd@@fﬂ%r cdbpRei Lb@er

t aki ng-o over ayer ef ore taki ng-off
Hbmn@edrldsnﬁlchQSMItAabemedﬂde Si nce t he buI k InP has

a d| enerally |imted t i nches, dono
?Rig’§at19r¥§r gx | d3Yh rt?t‘i" n%o }#flgg & ng{ BT
@Hléhnﬁeh%/r? M TEN RN atand 3@ cterbinséiRn. Bivobhuf Tansistor”,

structure | for producing such an overlayer 5 requires
wspeaiiehylaysdudtippi cal |y greater than one micron, and

whi C(Elheétgg% %é%% glu‘é‘?r}sc DN%?C%I rtngyp Bas %ctw%r ?\ﬂfa%(f:? for removing

thic can rec
RBEONTVNgateAals Wﬁtlpfe@ﬁsaﬂto MEE200%/ 1@31914614 WlH advantageously be

PCT/ |1 B2003/ 004143 -
used during the first recycling step
Thus, for example, in order to remove an InP post-taking-off layer 7 without
removing an underlying InGaAs layer, selective etching of InP will

advantageously be operated with a solution comprising concentrated HCI.

Example 5: After recycling, the donor wafer 10 consists of:

- a substrate 1 comprising AsGa at its interface with the buffer structure I;

- a buffer structure I comprising InGaAs at its interface with the post-taking-
off layer 7;

- an InP post-taking-off layer 7 which forms the rest of an overlayer 5 after
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invention. The epitaxial growh technique usually
operated to produce such a buffer structure | is
wo eoottloexsopre particularly difficult and expensP@EIB2003/004143

is therefore beneficial to be able to recover it at
| east partially after takr%b‘bff the useful layer. 5

.he buffer structure | conprises a
t%%@éﬁf%&gggé%m%%nsi sting of InGAs with an In
coneenprogction layeaiginade 106 tlndin.8s,Bngd pabeslibet®ren thehgost-

LB AR A R T R A

InAlAs, with a substantially constant concentration

of the atomic elenments. 10 In a particul ar_takjng-qff

casdhigthipe phoneywafer @ (withoyh the pagtectiye layse3 g iair?%iar een
r,4 W taken off in order to transfer it to a

dreg%éeefnnéﬂag%%ﬁr ate. Thus it will be possible to

profit fromany electrical or electronic properties

exi sting between the two taken o

ff. ials. .This.i
t he [RA<ESt seeparigy Hnsplectiver PREALEFENBP! (Ph @O e AT
7 @ 2 L1l @E rétcgﬁr{% dcbutiohd sHEROS nglhﬁ@@&n%sé HENAlaRSS it

el ectronic ban scontinuities between 1 atter
poasiblei @l take @ fi mRPtuelpaileof ther wwwihieg eostrtaking-offoleyer 1. &

in the tak ff | .s. O fi ti f th
B s dehying BH HR mEra oBAFT ol ng ot her 111V
C ONMIQWNESondSitEhrRS attALASvA lof tiepdri &fthe Pyfitalahg-off layer 7

applications of such |ayer taking-off are HEMI or HBT
@Brlying thh pritective dayenBbitiei selectye Alqnied retchipgyot the protective

" Het .er oj,unct i [ r si_siorl, ectl : v

B8 PO R sl RS o0 Es o IBRRCCHMMEH Co

BE®cinaka, it passibibio@alfearfr viewmiy aifof the peotédiive MAyami.ehé hilyer

with respect to aother I'11-V materials w]ll

HsHrRE Jredusicst sdayes Sdghaing H%e fl[ﬁ%al? PERSIOPABEE| i ng

St €0y 22Rird Wkharib A is?&@ﬂplle% nhdle QW6 SEledif e LRINMLS sAdtetd Bhe
post-ta |ng-o1?u1;1 layer 7 without renoving an

anotter Inyordey thnGade: 4t dgpelrparise the posi-akates il fryeof andp pgpye

@dvan%?&e?usl be operated with a solution conpri sing
BREETMSIRE HCl. Exanple 5: After recycling, the

donorhdfiRF sthibnGe N $ thhSpreferdd andds dmisiteBirecykled.
conprising AsGa at its interface with the buffer

structure 1; - a buffer structure | conprising | nGAs

LpeLure s 2o O ot
R e L A
an ovesibayse 1zoabtising WOGAGORS DA WAGTH B SI00WEA3

- a buffer structure I comprising InGaAs;

- an InP protective layer 3 located on or in the InGaAs.

In a first scenario, the selective chemical etching of the InGaAs overlying the
protective layer 3 with a selective etching solution, such as a solution comprising
Ce" H,S04, makes it possible to take off virtually all of this material overlying the
protective layer 3, the protective layer 3 behaving here like an etch-stop layer.

In a second scenario, after removing the InGaAs overlying the protective
layer 3, the selective chemical etching of the protective layer 3 with a selective

etching solution, such as a solution comprising HF, makes it possible to take off
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taking off part of the latter; - a protective |layer 3
made of In,; Gal _XAsyPl y placed between the post-

wao adoisnp4of f | ayer 7 and the buffer structure |PCDIB2008/004143

the post-taking-off layer 7. 5 This type of donor
wafer 10 (w thout the prot%%tlve | ayer 3) has already
Pe@Rly Aesche Bﬁo@ec'u'i}e ?a?’@ﬂ'@ life thGalAR Bddrtyi % the ‘ﬁﬁﬁélﬁlk/@ layehe
sel ective chem cal chi’ng of the post-taki ng- of

bdyt@mg hvre\AnkEIan atCBetoedweve et chi ng sol uti on, such as a

et N T SN AT Al

hvylek m7ordérhe refi$RiRAF iR They Ak adl loebavidthe b@reenw legereth
etch-stop layer. I'n a second scenario, after renoval

of tiethpsemicenductos layses presgatadginghrs dosymenty othey, ERmRINTYLS

ﬁx?? bE LALGEL %! QYRMas Iarto e&mﬁf %%Qltbbﬂ QoA subbiahidig
e protective layer a selective etching

bed thiah @n eqsalab 58% ar moielmsarmlmmmthsu cugpc@rlaiion fesHASDAQT

ble to take off virtually all of the
f@é} Ugt?‘ iaysrrm@“e%wa | ayer underlying the

pr otﬁﬁsuw &hé %%@één@n%ﬁ‘t?éﬂ RO nbetifitel k6 @"l‘)uﬁtnc Brsdh@B 1, an
layer. I'n a th scenario, it is possible to nmake £ wo

pidrecdiniedaysr 8 mr ng svghxycle% thadmef mategely @reserﬁe@mdb(t exagnples

SRy PG BB Bpet OB SO TG R

st rugkhgd be bﬁeciﬂ%d&he@ fiRs€ aNSE mRdbd BinggMehetE€lgpaternary or

reﬁécled Exanpl e 6: After recycling, the donor wafer
8hpidegies: - a substrate 1 conprising AsGa at its

i nt f 2

ot r uDie St bt Bl byl it dovqiant® pibtin 18er 2 or

buffeersti@cluee athadmg ntherprioie filmetibm GA AsatcHimg shef la!tsie parameter

cenarlo .he selective.chenical etching of the
‘?}‘é(F‘FM% iggent strptures Wil § ﬁ%@.ﬂt eShrqiiye Jatle B%rﬁﬁne@fs but

ﬁ&&fyld%é‘b 9 %yl bh@&1ay ber BAfrEr QL PFY RPAB InShé& Qlost%éhlﬂ,‘ral
4, makes it possible to take off virtually a
mhmser riat tbe i sty deduprienty apthevhidto cpr deerstyaled ta@gwéc}mg 0 the
nQe,[protectlve | ayer 3 behaving here like an etch-stop
f% In a second scenario, after renoving the | nGAs

over”[]w B@udtlﬁl@s Al Gbtanged hRtefakihg-dfherds @bemmee elther to
em cal etching of the protectiyv

e |layer
SaPby ST GO Hirusgprsss Pt Bivetistsdhr HEM ) WBFHnsistors
conprising HF, makes it possible to take off WO
2004/ 019404 PCT/| B2003/ 004143 - 42 virtually all of
the protective |layer 3, the InGaAs underlying the
protective |ayer 3 behaving here |like an etch-stop
layer. In a third scenario, it is possible. for two
sel ective etchings to succeed one
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another in order to renove part of the InGaAs and to
renove the protective layer 3. 5 In the sem conduct or

wo 20080894 esented in this docunent, other conpPCEIB2803/004143

may be added to them such as carbon with a carbon
concentration substanti al I"yg 1 ess than or equal to 50%
or nore particularly w ch gwgencentration | ess than or
equal to 5%in the layer in question. Finally, the
present invention is not limted to a buffer structure
I, an 10 internedi ate |ayer 8 or an oqverlayer 5 ma}
of Lirdt eMethas! gfireyshingd donon wiaferotd Ahpftes havigs diken off gt least

&%tlﬁgﬂf l els Qf ta%%&li‘s? rchbé’e%eﬁoﬂf seﬁﬁédﬂ}dﬁct&f mhfc'nlal\{ tHel dondr

[1-V shou *f e)mfleg se allﬁyand
Wil 59) KSORRFIFE (RFGRERYED U SERHEAD: oF Biggp” Yighd
HEEEE @kinglHFE, epﬁﬁﬁﬁ Ndyet, M@ Rietted domprising lrémbvab df euﬂtshaepe 8]

tﬁ%éﬁﬁ agfkﬁe(iorgf){ Wa efe ( ? %ﬁe %xF:Qanl%x% ﬁff %’Jl{ ﬁ'éc ‘:ﬁzﬂ&&é’ﬁfcdlm
tbat; afretremovd) of wesrintayat kdptacpnt ofsthe llp@ffgw séglc‘wrrq ﬂ) remams

faft ?Ja?crﬁartroﬁl%et‘é;f# ¥§tr&c‘?ﬂr&' P?caﬂlatﬁ@rggé fhiSed BUbufRk SRucture

re ates to ayer uffer structure | as
@)eﬁorﬁé@smuem@e%we JekagRt. nanner in the present
docunent and whi ch can be recycled according to the

O The struct. i nal I ne
t o R o ecsiBed prodint TR the arecpdnd Qi Elibfled in
Bit] 5ok takingofflttesuffer sthactet (compesesf obufHENYea ) FdTn
B2003/0041.4.3 - 43
J&ﬁﬁ}éﬁg}%ﬁ@ H%e? %9%39#8/ %;%é a donor wafer (10)
af t er ~haathisknasakdichos grea&en{oggbj{o cogisin {pdestipnd/gyer of a

mat er Lal; Ghaseilt pRaaREr GANEHEabstamhRY difetent filoen that of
donor 5 wafer conpri sing successively a substrate

(1), a Hb??@@tf%tﬁd)cture (1) and, before taking-off, a
useful Iayer the nethod conpri si ng renoval of

the.side of do f
P URRERACBr P Tupls feRhabliif SRR AU bt ifims,
etfataetenrzedmuhm thod reswtyslt ﬁm@bsta@te CIO@@SI&GS&%WOV@? of¢gt of the

Qﬁfefrg{r‘?fer tf%ﬁn&?)aﬂéﬁt‘ﬁ@'tg{k% g-offhi s at least part of

tructu e (I can then be reused as a
buffer structure 10 (1) for a subsequent useful |ayer
t algi nMeﬁhf)fl oﬁrecb@lﬂ@oacd&dlﬁgcwcmaﬁlg AC claraliterizeti oint et the

rec ch ar

eg}?vﬁlgotj(}g?s({aqu éO’B‘BWeé lfernﬁ) taﬁ?tl Al (le%sp%aéf oibtﬁg gﬁcﬁ’uonal layer
@ fdneaining wher teAhg-affd an additi onal |ayer (4) the
additional layer (4) having : 15 - a thickness which

is great enough to contain defects; and/or -.a su tLat 8o

| at® | Methed refreevstingvascording te (Haipahtor 4 Icharasterizedeify tha
Fen @t d¥abb@ince comprises the removal of part of the buffer layer (2).

6. Method of recycling according to one of the preceding claims,
characterized in that, before taking-off, the donor wafer (10) comprised an
overlayer (5) which comprised the useful layer to be taken off, and in that, after
taking-off, the removal of substance comprises the removal of the remaining
overlayer (5).

7. Method of recycling according to the preceding claim, characterized in that
the thickness of the overlayer (5) has been chosen so that, after taking-off, standard



the substrate (1). 3. Method of recycling according to
one of the preceding clains, 20 characterized in that
wo b@4oerolal of substance conprises the renpovaPCDIB2pew 04143
of the buffer structure (lI) remaining after the
taking off. 4. Method of fécycling according to O aim
characterized in that the re val 15 subst ance be
’B%ﬁ%’f’?f’é SR OF RGNS GOSN oS FaPplsgig; figans, can
a@pdchitddi omntais dveuyzqrer (53 Glufify theermionalrg salbstaere, tvakiongrenidving
[ i.n ccording to daim1l or 4,
S%}%Sat?nﬁé?g?l tg%gufeﬁ)é&ﬁ%‘tn% (ﬂ renmoval of substance
conprises the renoval of part of the buffer layer (2).

5 3086 I\g@(ﬁéd“&’tdreé’icllﬁgﬁé{:ﬁldxﬁgtoa&@ QUALHY 2h@ 608 Rlerizbe in that

rec racterj zed in
B%mw?fg@%foﬁ“ theyyariapsr € apgisr iy i@sss '86% @3@3@%&@“ (4) have
¢ Ich@¥R Iso (tﬁét ﬂﬂéﬁﬁkﬁg%ﬁf :cs&i@darﬂhﬁedlﬁﬁlﬁall méany eor tendpéng
n that, after
P& pctih o8 Peliie ek, b Fionst O uf drephS GFARY 8
thiseadditjomnl (Gpr (85 diindviich oenafal rgcyubbtang, actopd |Iﬁ90‘f1@g
10 stuﬁﬁa e?x%ﬁfjﬂhgguﬁérq‘%};& haracterized in that the
t he ve

thickness o ayer (5) has been chosen so
that, after taking-off, standard WO 2004/ 019404

PCW lh@@tﬂ@cﬁ/ &Odéély%hng %orhdi@g: h@aniggal ofredes pfe@édlhg H?Mgmg
S ance SNl N neans., rate
Srretegedyh Ay Qyé?m?%? Sl St T R e

wi t hout renoving subst ance fromthe buffer structure

15§ o o 15t 10l RSB 90260, e, kb i
qha@meawrm (tlsa)t thermemoved of hibstanes&omfthe danonwaler (19h apmpﬂses

deR¥BVe ddhidAPUEnippeeN chosen so that, after taking-off,
st andard nechani cal neans for renobving substance,

such as polishing nmeans, can be operated on this
oveLlMy@ed 0B redBing®accotdihg t@adlh thanal, chayeterifed) indthei Hy

h | of b h
20 rtemﬁg%rle S\égﬁt?IgCﬁqf{s Up3t a &?%OF \Yafér 662 Q?I%Bgéé% %g%e}]e%gve fchenmcal
etdoygdf thy matwahdplnged io a@lreestqiarttdﬁ ehepadditiedtlray ez (B takgtive to

wbsLaGSrLkz8d in that the renoval of substance
con‘p%‘rsg}ge @em cal etching. 15 10. Method of recycling
according to one of the preceding clains,

chap.age@pd zg drebyblﬁ1§a§ccbhﬁng’ esovialm od, Stabsteaned ihrtm the

0 el ect. e, ghe
25 PRKTIng, PR B ASRB oy (14D SREBRIS R, ST LR remical
gtlangrofthe dhstmaatergal iizadatedrin tiratentabeng overlayer (5) relative to the
buffer structure (I).

13. Method of recycling according to the preceding claim, characterized in that
30  the donor wafer (10) comprises:
— asubstrate (1) of Si;
— a buffer structure (I) comprising an Si;yGey buffer layer (2) with a Ge
concentration X increasing with thickness between 0.and a y value, and
an SiyGey layer (4) relaxed by the buffer layer (2).
35
14. Method of recycling according to the preceding claim combined with one

of the Claims 6 to 8, characterized in that the overlayer (5) comprises SiGe and/or
strained Si.
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20 renoval of substance fromthe donor wafer (10)

conprises a selective chemcal etching of the
woredoeni®b4 i ncl uded in at | east part of the addpeT/Bra03/004143

| ayer (4) relative to the buffer layer (2). 12.

Met hod of recycling according-to C ai m 6,

characterized in that the 25 renoval of substance

fromthe donor wafer (10) conprises a selective

chasi M@ihod @f eé&yaglgoafcc&hﬁl ftb rtﬁé clamt ¢3 |c61|nbin6@ Imme@hel crf the
the r?e over 'o§ Iat to the tn’))n es
AR it & Pryteeiized P e VSERET 4P hgoPRys
Ab@amcﬁrﬁ@h ng claim char act erl zed | n that 30 the

donor wafer (10) conprises: - a substrate (1) of Si; -
a buffer structure (1) conprising an Sil_XGek buffer
| aylér Methpd of repycdingaccording enelpiat 1.shametpizaddn diahg prgtediive

Ials}elcmessmglt wé%t % tRNEbdr WaYe@l(y(%’ soadhgt ataeasﬁlazpayﬁeme

k}@? L%‘SJB‘?P‘% @E Hé? sﬁ; Elger g}%g gt ¢ %P@&@é@ ?I?Vé’r dPhiPRine

‘ chmtm frect onysitenlmmmteﬁﬁls tsbich Ghaimsmsdor mnﬁwmgfmbﬂaﬁ&rhaz ed

Ll i 5B B o B P E Dol B iR propective

mer (Wthan fordhe meicyiel dfrag leasiome dif Hyy tho adlseent lzgnas arg! ‘t_hus is
g}t%gaté"é §J1E090§reﬂ{oviﬁf]ﬁsu d4icps 6 to 8, characterized

, and In at t e overlayer (5) conprises
AsGa and/or Ge. 5 16. Method of recycling according to

cl &If7ITMI$tho@ bﬁfe@f&‘dli@xtgla&&ﬂcthﬁ@ td M prededih@CRGHI Mﬁracke&iiﬁed in(tBxt
ur resen I N onor. .wa
LRSS e T i S L R A
sttbﬁtanﬂmélynhﬂf@remtat‘ronmﬂxetliﬁecqapmlacttr oyfetsl wedyin@)aybe andin that
%‘%ctwe 5[% %2 t@klih G0 b@l %'fbsh&ﬁfy \/\ﬁ%ﬁ tPine

vin as a etc power
§’Qﬂ§§1yﬁlﬁt%’3rly dlfferent for t he rraterlal of the
protective layer (3) than for the material of at
east e.,of . the two adjacent zones,  and thus bl e
o IBMPREA of sspeiag eeokERGyRl OBt okt g Brceqding clatms,
Metrdvodized inrthatyhd prog:caccioyei (Apistwthetbnepsteceds Ay C ai m
characterized in that 15 the nonmnal lattice

parameter of the material of the protective |layer (3)
i s 19sMisthodnef areyeliog f fespeding ftoomatrhe 16 aent ilde apdr Ghdner,

élfarécﬁe%zb’(!‘gletﬁétXh@ﬂrO{e%M% }ay@i"@%isnn ealutfet RGeDPt ECLi Ve

| ayer (3) is thinh enough e mainly elastically
strained by the
20. Method of recycling according to claim 16 or 17 and Claim 2,

characterized in that the protective layer (3) is between the buffer layer (2) and the
additional layer (4).

21. Method of recycling according to claim 16 or 17 and Claim 2,
characterized in that the protective layer (3) is in the additional layer (4).

22, Method of recycling according to one of Claims 16 and 17, characterized in
that the protective layer (3) overlies the buffer structure (I).

23. Method of recycling according to the preceding claim, characterized by an
operation of a selective removal of material of the zone overlying the protective
layer (3), the protective layer (3) being thus a stop-layer to this removal of
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W bat/o1daes prot ecti ve | ayer (3)

underlying layer. 20 18. Method of recycling according
to one of the two preceding clains, characterized in

structure (1). 19. Method of recycling according to
claim 16 or 17 and C ai n 24 tharacterized in that the

¥ect|ve layer (3) is in the buffer layer (2). 25
ﬁbb Bt hod of recycling according to claim16 or 17
and Claim?2, characterized in that the protective

Z@t P’%ﬁpé)fl ?C‘fa &X@% aécggl %Ef’cé %Lnte:qg% (ﬁéef %3 C@Q%dh%e clalms
a aresterizad hYoala:mpwu_ns obra Bgleetive CmEvah 2f e material of the
?ﬁﬁécﬁ% FA?érZ@}j tekohd aﬁd(e:¥1§7ﬁg w&tr%ghﬁsvaest&;a»é%r to 31)6 defnolvAl of

e, addi tional |ayer hod of recycling
ting to one of Claims 16 and 17, characterized in
that the protective Iayer (3) overlles the buffer

| |
ﬂqgﬁ; frvfé%ghg)g( 0 reﬁyglmr% aceh %% dtg er eF Xﬁe 't\%g ]gr%geﬁﬁ;% %gan]h?
aharedterized ve thaé thevselectife resooynl aﬂ sub‘stamq:eat 20 m@arothe rargtieetiye

1er @9 @&rﬁﬁrﬁéey §eleclt1§¥ RlecKaRical étﬁ%k Rﬁ@ﬁﬁféhhlvﬁ tﬁ%l%’fecﬁ@ layer

ng’ t a_st op- er to t remova
2736&?%%19‘%%% iﬁsém/ FIB%%W @@Aq.rxﬁésl Such 4tbatv@§ﬂé§fﬂéﬁlc@eamzhﬁs an
I&‘Eiqu;g_w@f sdb@l‘éﬂt@dl]yﬂﬂffﬁ@ﬂ%?ih@ Qndteg‘lag Bﬁth@fprdté‘t&wf, Wyer (3) than
r ecedi characteri.ze an_pper a
BTG 8 (st opf OEYE ShE paifrey MeS PrebPES BrebRllorbofie
laaglestive 3echdriien! aitack. under | yi ng it being thus a

stop-layer to the renoval of substance. 25. Method of

rec cllng according to one of the two preceding.
Joniviethodiof resyeleng aseerding te Hietpreedingeilaiey ehasacicsizgd i that

q{e s@lébt&teaﬂ&%aﬁt:al QftadkE8h Bhﬁmﬁ%’ PLRMIY ¥énbiA&ld WAY efe 4cBdn of

ri.ses ctive ani cal attack; the materi al of
EBB?¥ﬁ ‘F&Eapﬁﬁﬁﬁq%%§ bei ng chosen fromcrystalline

naterlals such that mechani cal nmeans has an attack

B(r)\(l)?,re b Iﬂgfét I g t ﬂe@}lrcb%% d %{] o%rn%?ttof ?{% et (#: ttl{.éatc?epﬁ@l 29f add 94,
chatagterizne i ﬁhatt e selgstizielfaneiat of sthstnemat erhugsr iﬂse B}@Fe@twe

tlzi?,'elo ré%)hffarls@s §%El%@twevﬁleﬁﬁ&am% ; f e hﬁfélﬁa}j &P tbprotective
recy cl.i ng acc 0 recedi

B5b8pe SR Fomearoia Lo PORrER TR R e T s g1

eh @opzei subldiangallypdiffeichl for clurinateal off thi ptdiective tlayen (BF than

for the material of at least one of the two zones adjacent to the protective layer (3)

and thus is able to operate a selective etching.

28. Method of recycling according to the preceding claim, characterized in that
a mechanical attack of the protective layer (3) is operated in combination with the
selective chemical etching so as to implement a selective chemical-mechanical
planarization.

29. Method of recycling according to the preceding claim or to one of the
claims 10 to 12, characterized in that the etch selectivity between the etched
material and the stop material which “stops” etching, is obtained by employing
determinated etch chemical species and by the fact that:

—~ the two materials are different; or

— one of the two materials is doped; or

is in the buffePCT/IB2003/004143
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w@ebamrmacuetsi zed in that the sel ective rem)val

an abrasive and/or chem cal etching. 20 27. Method of
recycling according to one of the clains 23 and 24,

substance at or near the rf[ tective "l ayer (3)
conprises a sel ective chent'cal etching; the material
of the profecti :
crystal Irﬁll n{g\?rraa%{‘?1 f‘lgl §¥§ub5?1 z’?lﬁa)Yt ldgﬁtécagt cﬁ:*r?]% flgagﬁn& N atﬁmlc
an et clelepwwerin s oies meateriah] hag ai fﬁt@mesmcommratm which 35
mat er | alsul%ianhﬂ?y BERLRCH N Bhat BVEE sdrd atbBRILIGRent B thE Bher
material of at 'l east one of the two zones adjacent to
the prof¥&iaiér| ayer (3) and thus is able to operate

a sel ectliew@ogiididtialthave diffeldt perdsisf densiysc| i ng accordi ng

to the preceding claim characterized in that a

nmechani cal attack of the protective layer (3) is
opelalilethod nf mopdingatiwdingid the preecdiBPclsimh ebtradterized in that
| -
gm'f@hg(g aféhﬁ ggggg oﬁﬁa%%glr'{xfg goe%'éﬁn@f Oxge (?fqil@ﬁﬂlo%ﬁq% double
|S‘1*4g ac ording to the preceding claimogr to one
of the clains I&cHe@ mberiaf hal act &5 medribin that the
etch sel ecti ity between the Stcgea 35 material and
the stop materdlal which "st op4%p¢ 2 hi ng,—i-s{obt ai ned
by enpl oyi ng | glet er mi nat ed et giechem caI spéC| es and

by the fact t . - the two ferrals are dijfferent;
or one of the ﬁn materials ]S dOpEd; or D

LA~

2004/ 019404 H’(SI{JCEZOOS/ 00414BSi1_-yGé3.7, with § & tjwo
materials are substantially 1dentical, but at |east

one atomc elenent in one material has an atomc |
corddeMethadi off whydingi sccedibgt tntdngl lof dhef freasdingf rcdmms,

bRz e& tﬁ?ﬂ‘fa@q?ﬁﬁfl])gfnc&nﬁll&g%nét 3f tffﬁ?shﬁlghﬁié surface of the

mat eri al vvormerl have g@g

feop diafey (B a&ex the step abremos mEGRIbHInCE SOyibe Agnoa b dil My
to the preceding claim characterized in that the

et al dthe s material. are together .on
of %?ﬁgleﬁig %\n éycggxlgmagcorﬁ:ﬁg efd % Bt CIHS%%H)&[ eclJall
sl’_taam‘tﬂnntdam thht it SirthclopetbriSes, Sfter$haGaep & I@&loﬁmg s@hstanyGlom
B! don&Bwafer (IW),tabs%p Q¢ 1‘01’111}1% layer on the side of the donor wafer (10)

where the removal of substance took place, so as regenerating the donor wafer

(10).

33. Method of recycling according to the preceding claim and one of the claims
4 and 5, characterized in that the step of forming layer comprises an operation of
forming a new part of the buffer structure (I) above the remaining part of the buffer
structure (I”).

34. Method of recycling according to one of the two preceding claims and to
one of the claims 6 to 8, characterized in that the step of forming layer comprises
an operation of forming an overlayer (5) on the donor wafer (10) so as to form at
least one new useful layer to be subsequently taken off.

35. Method of recycling according to one of the three preceding claims,
characterized in that the step of forming layer comprises an operation of forming in

the donor wafer (10) a new protective layer (3) according to claim 16.

OPCT/IB2003/004143
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31. Method of recycling according to one of the
preceding clainms, characterized in that it further

weowpoiges a step of finishing the surface of PEEIB2003/004143

donor wafer (10) after [h%8sgep of renoving substance
fromthe donor wafer (10)."°15 32. Method of recycling
according to one of the preceding clains,

characterized in that it further conprises, after_the
st 8p Méthod whvcenglinglrscadivg torenn of Hee donopresedingr Claipy,,

Ao RAzAH in iRl TAyRHs) R Y& meAMutiRe RISt Afforklify OBy wastelr
(10 where thée renoval of substance took place, so as
FeYenerati ng the donor wafer (10). 20 33. Method of

recycling according to the preceding claimand one of
th | aj d.5 h terized | t f
P Thyer B BB, B b b prslidies BBl
Paracteafed ethsutifeedonst viafirui8) (oppritss b laakfeoneelas¢infurger
Qi isf?lé chdd8n B %ﬁ(zenﬁ%ﬁi!ﬁﬁ' gb%’%?tizﬁllk'léss tem oigé%uaM%; Jwogl of

recycli"ng according to one e two preceding clains
and to one of the clains 6 to 8, characterized in

t hag, Mb@ost 6P REydigs Mbdtgrdigy o GAEPHF SBE pRGeddRer dhinoy

Foraefree fh e sttt Siagtm gl et S et Bt RruR?
sulysBipgeatboy at akeremfaion 8ibsBbtiallyHedsabhnadr ened ycdtong

according to one of the three preceding clains,

characterized in that the st eg@ of form ng | ayer
coRprMetbed ghpiodediag i danastvate(hngtended ippaovadivpsehg ferer

D S GBS e e oot
%@9@ pf rﬁ@ﬂiie& BFOTHBS 10Pr6198 Hgrclms 16 15, ﬁﬁaé'e%@?%%g il
&Indirives the CGhlRNaed @epszed in that layer(s) is forned
during the step.of. form a 1)
37 Wt RO SRS et ol Adeb g Yacliih I o fipdin:
precedi rigrodtainm,a pokstiactagei @ednithe fitra patt K2 ) 9 rilesy buffer
waf er ( 1)k ?@,rih%%atéﬁal LERsh foRer| @M Bhe hehner

conprising carbon at a cqncentration substantiall

| ess t haiiBftigg e the profgtiye !I?CXCIB@S Nethh SEeB W@c{?cf?%ﬂ“e
acr:]cor di Ibgffélostﬁﬁﬁ:reog), tsh@htﬂﬁﬁcmsi aﬂEtt?b ph ﬂﬂfﬁ)( cter in the vicinity of
characterized j.n at ono er (1 C [

at |east eopfggchy,eefay?ru@& I’?@?S an@Sﬁ%:ﬁfaessiaﬁg %Sgti‘%‘o%§ ﬁzﬁspart
concent K2 bHthe duffet srurfued (Tyinlteswicinftzot the peejectivefayes6d)-

40. Method of producing a donor wafer (10) according to the preceding claim,
characterized in that the buffer structure comprising :
— abuffer layer (2) ; and
— an additional layer (4) having a thickness great enough to contain
defects;
characterized in that the protective layer (3) is formed:
— in the buffer layer (2), during its formation, or
— between the buffer layer (2) and the additional layer (4), or
— in the additional layer (4), during its formation.

41. Method of producing a donor wafer (10) according to the claim 39 or 40,
characterized in that it further comprises the formation of an overlayer (5) on the
buffer structure (I) so as to form at least one useful layer.
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39. Method of producing a donor wafer (10) intended to
provide a useful layer 15 by taking-off and capable

w@Rookeia recycl ed after taking-off accordi ng POI/IB2003/004143

nmet hod of recycling accorqhyg_to one of the clains 16
to 28, characterized in that it conprises the

follow ng steps: -formation of a flrst part (2') of a
buffer structure (I) on a substrate -formatlor%u
of 42. Meboéof preduting & doyg wads (N}éaemgrlgtenéférw sypply a gpetul

Iﬂg@r lﬁ“’éﬁﬁ% off?a:ﬁg gﬁlfrag{et d—frb%m% |récycl'eﬁ' afer tRtiRE-bAlacR@iBg o one

f;ffom St ﬁag}’étact(egﬁeddfla‘taﬁé C%fae%ﬁtahﬁgnlt“(‘ag ?‘e%sr t he

buf f er Stbﬁﬂéliouroéa(bﬁiffcr stucathret(Dain asubhtate @);| at ti ce

oot anParfen et BRI o) BF B SR Bt 4y
of the matdrial clmwwﬁ@rulce'stallinem‘tqrwés vicinity of the
prot ect ' ﬁnét?ﬁﬁqgfaﬁ%)/erl &51h thyﬁl;d?&@vé’fa y&r@gluci ng a

donor accor |ng to the preceding claim
character| zed in that the buffer structure conprising

:h -43aMéu1foIt1§<5f B¥&ind 8)donodhdfer (at{m addidiigonabnd af dre {odiy
av I cCKne rea Q C
et dabas, PR a 11 PRAPCeHes B B dkfpo®e R

(:(ﬁh)troﬂlsd floringdts forniatioh sectbthf the foayet ploRriivellaytng)iis dhin
Exgdf gﬁttd ek ub?trantlallg%%\éﬁ&ﬂytsgﬁn@g}r %uﬂd@% (a%):r and the

|ona onal | ayer
(4), during its formation. 35 41. N@thod of produci ng

a dﬂ”l@{etﬁéﬁf & &a&am@@cwngf %fetrqtoﬁ Qcdthd@hgnt@dnerof4le five
cterjze r co
p{?f: g ¢lAlmss clgaﬁac&;gpcﬁ wggt tﬁ@sgonaﬁthrh(geﬂ% ?egﬁv elﬂ(er C(?Lls a

Clybtabgrodsh.t o form at | east one useful |ayer.

2004/ 019404 PCT/ 1 B2003/ 004143 - 49 42. Met hod of
produci ng a donor wafer (10) being intended to sup Jy
a utSeMethod| afypeoduingtaadanaywafef (14 @cqpa@agatcethéﬁ)rqséqhﬁgc aim,

Eﬁzﬁ%&ér?z@d ah bkl { ARG -BhbridGCRr Qﬁ&ﬁl&looiocﬂtﬁnngoﬂle%rateﬁﬁve

char act erized I n_that nﬁ ISE F laver
taapt &RA wgh éh%g& Pt DI OF aaresw et L PURDINS '™

tdater@D a substrate (1); -formation of a protective

.layer (3) on the buffer structure (1) with a materi al

chosen fromcrystalline materials; -formation of an
ov efdl. Methrod( 67 pootiucing  prdonerc twales {1§yei|cc<(rg1pg to the claim 44,

characterized in that it further comprises an operation of porosification of the
protective layer (3) such that its underlying layer becomes a stop-layer of its

removal.

47. Method of taking off a useful layer on a donor wafer (10) in order to be
transferred to a receiving substrate (6), characterized in that it comprises:
(a) bonding the donor wafer (10) to the receiving substrate (6);
(b) detaching a useful layer bonded to the receiving substrate (6) from
the donor wafer (10),
(c) recycling the donor wafer complying with the method of recycling

according to one of the claims 1 to 38.

48. Method of taking off a useful layer according to the preceding claim,

characterized in that it comprises, before step (a), a step of forming a bonding
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10 43. Method of producing a donor wafer (10)
according to one of the four preceding clains,

w@ehbaracues i zed in that the thickness of the preCEIB20032004143

| ayer (3) is controlled déjcfl ng its formation such
that the formed protective’layer (3) is thin enough
t?oebe substantially elastically strained by its

nder | ying layer. 15 44. Method of producing a donor
waf er (10) according to one of the five preceding

cl ai ri [ I i €edin
or o a3 BB ELE BRE kMg @ oBL] 8 fRte ffeds
elpinsy ehprctsigedindB#for waf er (10) according to the

pr ecedi uthé cBinpria®, Béhﬂ? ateh €)] Z8eb éfimphating dtoitr sltplaeiES
conpris a er 1 on opl ng.t protective

(3P sucnph HRreuRateons B <oabh e fp s ESrinkeis) FYEF
its overhyétng (Deater determiretd ddpth, 46 ordvietchfamof fragilsdarse g

a donor f ( ording to the claimd44, 25
il , .
characteri zg{gh’lar}llgtz%glt%lt further conprises an

oper at-i % stsp (pbis@picd Ay syaplgmetenersy i Seelonpy, walep(Hp in
(3) suchratidldeiativa HREAIE YorRgHdiR/BE rREGRIBREbIAate (6) and the
stop-la‘%/e ?f its er vaI.l 47. Method of taking off a
usef ul Sﬁb’é ayShatéhed’%%gFZ% &¥°(10) in order to be 30
transferred to a receiving substrate (6),

chana 1,2 0t ' [ ” [

oy et e o bt E IR R E b 3 I B Ny 48
elesracedrizad imthaisef ul | ayer bonded to the receiving

subst r.ag i} obhftiRes, Haford 9P (aWaERP of ?&ﬂﬁng{]&) porosification

recycling the donhor wafer conplying wth t had. o
recycl i hfvenn the é%rroaiw@ert(é%%ﬁowd g]ﬁé géwﬁwg arllgﬁf% (*3@?05”‘
43. Met hﬂﬁb@ﬁn&flﬁé ﬁ@ﬁﬂflz‘;]yea aﬂaed@dclﬂélgmrste@cmp; e p@rdsified
tepreell LCl al ., Cchar.acgerl ze ‘nt I .1t .
compt | Shec! Bape 8 By FoR) PSSR AR AR} sphgne s ana
bondi nginWRt2004/ 019404 PCT/ 1B2003/ 0041. 43 - 50

| ayer ._ ftakl g f 10) i
215 oS SRS ctotealll e 10 o
char act @fpiiedleagh  pggoturs compyising theferevdrmpibpisale (6) and the

bef ore &de@if) 1432} at tRe HAER 0he iov@l anti ng atom c speci es
t hrough the surface of the donor wafer (10)

nei ghbouring the buffer structure (1) at a

detdr Metmtleofdeldhf offi musefiddayer acéonding 40 bnagf Chimoré tat>0,
| Y aA0M defaciiddGs | SipARR" Ak e th

HiR 00 5 080 b Ber defatuRbERich B e R ikt e

butfer structure (%.

52. Method of cyclically taking off a useful layer from a donor wafer (10),
characterized in that it comprises several steps of taking off a useful layer, each of
these steps complying with the method of taking-off according to one of Claims 47
to 51.

53. Application of the method of cyclically taking-off according to the
preceding claim or of the method of taking-off according to one of Claims 47 to
51, for producing a structure comprising the receiving substrate (6) and the useful
layer, the useful layer comprising at least one of the following materials:

SiGe, Si, an alloy belonging to the III-V family, the composition of which is
respectively chosen from the possible (Al,Ga,In)-(N,P,As) combinations.
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w0 p@giolgozone | evel .

10 order to detach a structure conprising the
recei ving substrate (6) and the useful |ayer at the

| ayer according to one of the claim48, characterized
inthat : 15 - it further eénprises, before step (a),
a step of formng by porosification a layer in the
donor wafer (10) followed by a growth of a |ayer
( whd4 pplitatibn o denmethéik ofisyeticdllyl akiag-offf dcesrdule i@ divi Gpim
t b ket | .| aye ] fragil
323 B theghtthol 1§ BEHPRIT Btk bt B Tasthy hr' 03, o
Prulucing Zemideaduptespnipyuliter gpshas,cdsush tupiBleysaneprisigr By
ket ShOGRRKe WHAAT the 4V)fulilAyerOr der to detach a
structure conprising the receiving substrate (6) and
the wuseful layer at the fragile zone |evel. 51.

Met o doabr walkt (19) hé\ﬁngisupgﬁédlb ubcdiyldiiyea ¢ M{ﬂiﬁk@ff mﬁl capable

[ 710 25 C cterized,in that t .
ot R ek boRlie oSt PREREREY Pyt DRl e i
gtccessevelhedufpgisest substrate €1)(dnyl.a S@ainkie ravicbfdhe o istudting
t(gki ng off a useful |ayer froma donor wafer (10),

characterized in that it conprises several steps of
taking off a useful l|ayer, each of 30 these steps

congy. Poﬁ@r Wty gm:)t f&%&l&lﬂe géccbﬂﬁiig_n% ahé AeRed ;;]Bfngec%/ﬂindg
one al Ny . . catl on O .Nne, e
3o fo. 84 3 Qi B it e Petoshi b

preatmhinthedbffeherarerd@d of taki ng-off according to one

of Clains 47 to 35 51, for producing a structure

conprising the receiving substrate (6) and the_usefu]

| Sk Doppioweise (L) aFenyGine o s prssadipesaiaime abragiprizeg rin e

{bﬁfoke?‘.ml _ém,t BEl alff{eitr] s@héebre @ fpﬁpﬁ@fsla%u@ﬁl B9 Y 4@ an
. - , e conmpasitionh o ichis

g et OO rpCRT IR o8 bl o

( Al —Ga tHicRnetNyRCAS)large shipattd onsain WTe29040019404

PCTLI | 43 - b1 4.. [ i f. % t

of Gy rnddieafte faranedtpnichis CRFGERY PRy AR GRS

of t haulsiete@l); of t aki ng-off according to one of dains

4a hhkhe fiQfecti A RABNG 188Maconduct or - on- i nsul at or

structure uch ructure conprising the 5
recei Wﬁab@@wﬁa@ ?6) and the useful |ayer. 55.
Doner bavetat the bAjfertiae () adpipd ddddionallses @); bayer by

t aki ng-.0of f d a of being recycled according to
one o K 3‘?@?01??%38‘?%? characterized in that it

successively conprises a substrate (1) and a renai ning
pardg, OondNGaftf (187 r&yEi6leUbSuplying with the method of recycling
according to one of Claims 16 to 28, characterized in that a protective layer (3)
overlies the buffer structure (I).

59.Donor wafer (10) according to ome of the three preceding claims,
characterized in that it further comprises an overlayer (5) on the buffer structure (I)
80 as to comprise at least one useful layer.

60. Donor wafer (10) according to one of the four preceding Claims,
characterized in that the protective layer (3) is substantially elastically strained by
its underlying layer.

50. Method of taking off BCTU/ER2DH/004143



10 (1). 56. Donor wafer (10) recyclable according to

the nmethod of recycling according to one of Clains 16
W@ 20028194¢har acteri zed in that a protective | ayRCT/(EBP03/®4143

present in the buffer structure (1). 15 57. Donor

waf er (10) according to Fhézpfeceding claim

ch terized i hat before ta

st lcPuE e Bbritstging r visr of PR MY prighingnClefis,
elddactérondin thaythe protertive lagerd@listdopadlal | ayer (4) havi ng:
- a thickness which is |arge enough to contain
defects; and/or 20 - a surface lattice paraneter which
i s 63uBereirvalen (19) ascording e thersshpreReting Claing chaiagisrizesk
fokd ¢ the?[’tﬂedtﬂe tasvat@ ReanfeQyraghions nlatyRlr. (3) is |ocated:

- in féer layer (2); or - between the buffer

| ayer (2) and the additional layer (4); or 25 - in
the additional |ayer (4). '58. Donor wafer (10)

recycl able conmplying with the nmethod of recycling
according to one of Clains 16 to 28, characterized in
that a protective layer (3) overlies the buffer
structure (1). 30 59. Donor wafer (10) according to
one of the three preceding clains, characterized in
that it farther conprises an overlayer (5) on the
buffer structure (1) so as to conprise at |east one
useful |ayer. 35 60. Donor wafer (10) according to one
of the four preceding Clainms, characterized in that
the protective layer (3) is substantially elastically
strained by its underlying layer. WO 2004/019404

PCT/ 1 B2003/ 004143 - 52 61. Donor wafer (10)
according to one of the five preceding d ains,
characterized in that the protective layer (3) is
doped. 62. Donor wafer (10) according to the six
precedi ng C ainms, characterized in 5 that the
protective layer (3) is nade of a porous nmaterial.



