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WD 2004/ 061943 PCT/ | B2004/ 000285 1 "RECYCLI NG BY
MECHANI CAL MEANS OF A WAFER COWPRI SI NG A TAKI NG CFF

WGEIRWOIYIRE AFTER TAKI NG OFF A THIN LAYER THERECFIB2004/000285

FI ELD OF THE | NVENTI ON The present invention rel ates
to the recycling of a donor wafer after having taken
off a layer of sem conductor material, the recycling

COHDTISIHQHQ
of the done*——&ﬁ =\/
(COMARIBIRG /BWF%T%U%#LWEW@R%%&-OFF A THIN

taking-o suc

and the Iayer to be LARER IHERPOFSXi al |y deposited

on the substrate. After taking-off, the taken off
Féntdy OFSTHEL INMENTEIDNV th a structure in 1o which
conponents will be forned, particularly in the fields

Dhe miresert| ineérition edates Qbﬂhé&ecﬂﬂm@%f@'d@ﬁb? WHfES aftéOhaving
the nost part. The |ayer to be taken off nust
t@ﬁ@?‘e@ rd layernioh $eRiCERdVeterImaterigliathe yecysbingr aemetsing a

t .
S SOOI IS, SR S| G503y on o sice
wheltel"tdaegabmglfofftli@kqaj@cpmrt that is, on the quality of
&E@@ I'—O [ i epitaxially deposited.
w&k@@ gquality substrate is
of t erB&BRPk&InGBH, SUENY HSﬁ?P@éfércéBrﬁﬁnﬁst gr&'b‘gﬂate and the

involving techhical diffrculty and a Talse econ
laperto tz-:etaklen@ﬂ @pltaamalkydieﬂosﬂed oorthasubstrate. r med on

Kk ff ti
compdife ity Hir behealidbvar i€ S Hod WA Rogtustiee i
\elich @bmpﬁjﬂéﬁlg Wilﬁbélf&%élﬁ\ﬂaﬁﬂnﬂé}lyﬁ%hhé'ﬂelc% éﬁ rhi&éé!é@tromcs,
which is often difficult and costly to inplenent

opfigs. @r eripstactioricsofasithe mast gaguf fer 1 ayer
SPecifyL @ LY 15H gk}aﬁutfff Hiust il?‘eergférfa' actgaét | eﬁp?uylevel of quality

i mpl enentdtl’l on.

dmdmmabd@rbcardum@ttsoné on rrhcﬂss%pebmb\mee"naa first
crysgr alline structure such as a sugport substrate and

a secdifdagalif Chthe fayer 4o beclaker ailarerly slepgnds ogtthe growth
SuppbH! RaisTOSH the iy O thBSsBRRE [P wiftkh % epitaxially

deposited.
The formation of such a high quality substrate is often complex and

requires particular attention, involving technical difficulty and a raised
economic cost.

This latter point is further confirmed on considering a layer to be taken
off consisting of composite semiconductor material such as an alloy, the
epitaxy substrate also having to exhibit a structure which is often difficult and
costly to implement.

Thus a substrate comprising a buffer layer specifically exhibits such
difficulties of implementation.

By "buffer layer" is generally understood a transition layer between a
first crystalline structure such as a support substrate and a second crystalline
structure having as a first function a modification of the properties of the
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WD 2004/ 061943 PCT/ | B2004/ 000285 2 material, such as
structural, stoichionetric properties or a surface
W@t@wiog1943 econbi nation. In a specific case of BCDIB20@r000285
| ayer, the latter can permtyobtaining a second
crystalline structure, whose lattice paraneter differs
subst antially 5 fromthat of the support substrate. A

st techni que of forning.a buffer |ayer consis
BRIal U0 S SO SIoIRRTS SoReRe o o Suliape atomic
fe@bMbinatignuct ure having a conposition varying
gradually i n thickness, the gradual variation of

conpdneatspeoffictdase tbfuaftmffera\a}yaf thectattecioag pPemnat obtaining a
associ at e W|tha r adu tion of jts .10 lattic
TRt Ehitaie Ayeridr viask s, Pagpeler qigpr. stbaartany
ftdia théféf&he's@zbﬁbrt(‘sﬁbs@ﬁtet aken off fromthe donor

waf er ransferred to a receiving substrate so

as t A firsh fechnige ofiéeimieg athuffer Uayer Coesists inheffecting the

GiBRN F shePessie ByREERR A 1l R B e BB ecifpdbition
valrgis Vﬁnaldbnllysﬁm ahisklesy, Ithe@adualndammﬁbﬁbbm‘\.pdn@ntshaf the
case ere the silicon is stressed in tension, becaus

kudter dayenthen el sirect assetiated it acgraskahyaription of its

dal, are then distinctly inproved. O her
I%@'Pé?%é?ﬁ%%uch as for exanple SiGe, can also be the

subj éktayef, o@:mrm&mi lageisafforynezhan tgobafferdayegeart be téken
nsf suc a s .ont ce nsb a
i B0 e pyogter YEbR snstarad R e o wing St ssoras to

fbhﬁsaewgﬁmlehﬁéld bﬁ"uéttl?e art, then permts structures to
fornmed such as (Sem conductor On Insul ator)

t r uddne of th@mammpwhaatﬂms ofadtteanséert afkthitg layefs édrmed on a
st,i cal Ig rel a

FREIREE oG ofbitoncer Byefe pLriettaly) Sifafed siicon,

éﬂéﬁ)é&ﬁalg ugtrcé/\telsseswn@% thd silicon lid §ipessddl inhtesioh, B8cause
l aced under tension by the [ayer of relaxed Si Ge. As

c@ﬁtaﬂn ofi dtsr RROPEFRiesasuek @aspelection Juebility imetheomaterial, are then
Oqﬁﬁ)%wf?@ﬁ&\;éthe 30 | BM docunent of L.J. Huang et

I nsul at or prepared by wafer bonding
and 1Gther materals esudroas forgixapeple GiGencan sy be ¢fié eabject of

at éL?t?sstégttla?Igl analogous taking-off.

A transfer of such layers onto a receiving substrate, specifically by a
method termed Smart-Cut® known to those skilled in the art, then permits
structures to be formed such as SeOl (Semiconductor On Insulator)
structures.

For example, after a taking-off of an elastically relaxed layer of SiGe,
the structure obtained, including the taken-off layer, can then serve as a
growth support for silicon which will be placed under tension by the layer of
relaxed SiGe.

As an illustration, an example of such a method is described in the
IBM document of L.J. Huang et al., ("SiGe-On-Insulator prepared by wafer

bbnding and layer transfer for high-performance field-effect transistors",
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WD 2004/ 061943 PCT/ | B2004/ 000285 3 Applied Physics

Letters, 26/02/2001, Vol. 78, No. 9) in which a
w@er@aes®43 s given for formng an Si/SGO st r UBCTIIER2004/000285

O her applications of growthyon a buffer l[ayer are

possi ble, particularly with Goup Il1-V

sem conductors. 5 Transistors are thus comonly formed

i R AR T ST o s

gﬁﬁq{ﬁj}lf@ ﬁ., %w stRéRlre G2As. For the main reasons
C

ost and fea il1ty, the chosen technique to
consiGther apptmatmﬁecvfrgrmyth on a bufterilayercars hossibie, pasticularly

r. of P__obtained by growth on a buffer
wilty G081V Tat o of Gaks Certain
L aki MyaAsistorBEh@dtus Serhmonty Rl e tecHnoldifies based on GaAs
"etch-back" type, then entail a destruction of the

ardasedianginBorti on of the support substrate and of the

et hd 5@%@5%@'035%&ﬁéﬁ#%ai‘%%pﬁhéﬁsﬁ%pﬁs@ﬁﬁe advantage
oveeddmy but the buffer layer is |lost. The techni que

of formation of a buffer | ayer i s conplex. Moreover,
t o nmiffrnthgemain rggg@nqy &Ps ﬁ?gtf&aﬁ@gﬂﬂhpm%cﬁ@ff@bﬁ%chmque

doRSistd mfcﬁﬁﬁﬁé{rﬂ{% o frfegél¥|mgy§ubétﬁatge %ﬁ%ﬁ layer of InP

consi der a Seve
obit@ineddyegrewtba aobtafmrdayermmé sappdrt aubsntféterofl@alms.

0 SR Bl o o fod e e

tﬁ’éﬁ Bfail @M@&truﬁldﬂi §th8%Efha| rﬁng E@thoincé’f' tAé siuggbn %ubstrate and

docunent 885, and S Its maln object
of the buffer layet gurirg taking- bﬁyer of Ge stressed by rreans

of a,Ce uff | a sIe IS based on.
epecii cenan ey Meifirs PHRhE.ofe BubPed Si68eaR s sqygled
bub ehedBLASEIRPESISQbSH enperature time, and chem cal
conposition. Wth respect to the first technique, it

has tlhe teahpiquead fermatiopr of gehufter Igyerps@pmpé,%rter and
o AR LR 19 e b b ifabi Bl e
tiliokmess af aobulfardlalyer ihgeheratly cbasiaierable, typically between one
and several micrometers.

The production of such a buffer layer thus leads to an often long,
difficult and costly implementation.

A second technique of production of a buffer layer is disclosed in
particular in the document WO 00/16885, and has as its main object to
elastically relax a layer of Ge stressed by means of a Ge buffer layer.

This technique is based on specific epitaxy conditions, specifically
associating the parameters of temperature, time, and chemical composition.

With respect to the first technique, it has the main advantage of being
simpler, shorter, and less costly to perform.

The buffer layer finally obtained is moreover not as thick as a buffer

layer formed according to the first technique.
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WD 2004/ 061943 PCT/ | B2004/ 000285 4 A third techni que
of formation of a buffer |ayer is disclosed by B.

whiodohaedes et al ., particularly in the docunmeneCT/IB2004/000285

entitled "Strain relaxation of pseudonorphic Sii_XGex

/ Si (100) heterostructures after hydrogen or helium

ion inplantation for virtual substrate fabrication”

(in Nuclear and Instrupents 5 and Methods in Physics
Resear’t il teehnigye (afptprmation - afea)buffar layasiis idisdesed by B.
r j | ast .o : r I : - 1 -
{RBHARR &1 85" barnEkiaRy S 1k 856 Thett ehiffed ¥ffbin fidketon of
ipseudntrerphin. SiTibe, f Sift00h hetgrostrictwfesvafear, hydroget loir rélium

9 Ao et ot i s Biteela fabfissuan it Biibsae and Thstruments
tR etHeRs inIPhy¥ics/ResdnémBt 18- 7 Qﬁg QS{?WQ of

i npl enent ati on.’ The method describ ific [y a
r el axat ¢ensisis of rgiaging elgstic stessesspresent inotierlagei tonbe taken

t hd [ for n_an.Si .supstrate. The

t ec@ﬁ!-r%éggﬁggﬁ%&n&ﬁggﬁPﬁ‘ﬁ?%\%é’?‘f’%ﬁ&%tforhydr ogen or

hel i umhuisdrsm this Pagtt ofvRws UhikaRrd Bichiifueséaregvet fdlftclose
in the Si substrate to a given 15 depth, geheratin

ser brfier layas preduced asmosttingde @ite of thenbwe prendous techniques
[ I ' . fornms a buffer
|weﬂﬁsgﬁ"é@gﬁ%ﬁ€%’ﬁﬁh§§e?kﬁ’gﬂémte? ?ég'g hent, a certain

r el axdheomethot hde§irbes apectificdlly @ trekixatigeof e£nSiGe layer

be | ess. long, easier t ractise, and less. costly
SHaRsehin aTHRIeSS N s (Ryes Deingt imgd @nuan Sbsubsials. 20

An ad t usi b S deChni ATYall I [
"t qr APe eRnRue B8 oM sl PIBMEIN S hircoln O Fltium
sansuthtrough the sutiacé abthe atressedfayer anfren8hsabstrate to a given

Bk, 4errsing Rerfeatons;n dhe hickRess P atet, auenplanted

bene f @ig1 thckAeBythen forM¥es . biFtdPURyEn ARy
accorcg}:1 ng to gne of thé | ast two tgcﬂni qugga@%?z%nder heat

freatinent, a.neria alexationef the SiGedayes. of recycling of

the d r a aki ng- of Techni ¢al ,

i 111 Al Fe\e@Ro G %%%ﬁe‘i?t §H‘§ﬁg J‘Ee’?%i FATR g%ﬁ??tf?&'iac”d less
oustly thahNheRIst@echiniGué WVDNTikd\a Dufeplag@ent 1 nvention

ains to inprove the situation, proposi ng%tSO accor di ng

to a fnradvanigae of asing isuteshniceywpuldgbe tadater iniggate this
AdIbged I"@'V'(Eaﬁgud&?él'%%&f fa%@r Lﬁﬁgﬁ (L:i{ Oértf@éﬁfrec EPthe' fA8rifation of

materi a osen from sem con
components, particularly for electronics or opto-electronics.

However, in a manner similar to the first technique for forming a buffer
layer, a buffer layer made according to one of the last two techniques is
removed during the known techniques of recycling of the donor wafer after
taking-off.

Technical difficulties of implementation remain in carrying it out.
SUMMARY OF THE INVENTION

The present invention aims to improve the situation, proposing

according to a first aspect a method of recycling a donor wafer after having
taken off a useful layer comprising a material chosen from semiconductor
materials, the donor wafer comprising successively a substrate and a taking-
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materials, the donor wafer conprising successively a
substrate and a taking WO 2004/ 061943
weub8R@04/ 000285 5 of f structure, the taki nBeDiB2004/000285
structure before taking-off 5conprising the useful
| ayer to take off, the nethod conprising renoval of
substance on the side where the taking-off took
o5y R P befohe SERBYH eqtprdtiha s

layanteatakefoff thalmethodecormprisingsemavphof sobstehee on the side
ture remai f

ki ng-of f st , thi N t
whiete | e 1gKBBIOTE Ak  IPEST PR brr FEt B reryat of
sQB@taﬂEQ%n\’ﬁr%feﬁleHﬁ%?Lng hBakakies rﬁ@aﬁ@%@ﬁ?é’ﬁ faftféf' téthoval of

recycling, W thout™ a supplementary step of reform n?
sabstaete] al lagst a padad thie taking-off treicthird regwins, this [t least part

o SR RERER bR bt BRIt e
tHACBAN| BE takBRSHF dbfter eEGYCRAG CWithedt ia) dupplerhéntary step of

conpri ses: éurg bondi ng the donor wafer to the
refegeing ayse Ehte on the side of the useful |ayer

corprrE8i iz slind BBt I AfartBh BloroRts s method o
talongoffiafugeful (ayerrfesnicd idogot hafeioy transfeeringitcior alireceiving
to the said recycling process. According to a third

suBplEzle, charactarizef in Jiptpr GPBREESa et hod of cyclic
t aki 'l%rgdiﬁé{ tlﬁ%ﬁt%ﬁglt"lw{étféy%r tHef l%'&bﬁ/if?’@@ﬁsﬂ’ﬁé%n the, side of

characterize conpri ses & succession o
st eptheofisefaklayer tof be tdkea af§ef ul | ayer, each of these

ccoldl Sr3EunErBS gleetuyshscambrizedll HRciaingr A Syelfe o
ogﬁ\kga&h@ﬁp@%};&t he i nvention proposes an application

a meth cyclic taking-off according to one of
t he fr)aecytlingshaidenor waferaccardingth the saitt reqycting process.

di . f clai ; . ' .
o PR e sSpEre Tt kB pihehg B LR pEEvclc
taieg-offe of s fugkfll Auper fidhe aisiinor whfey echaitparizednin ahat it
| east one of the follow nflgtpmat erials: SiGe,

campsigen @ igeRgionof atenspof teking-afheta L@@Fh_ﬁé%xet?} é@f?hngf these
S{eGE A Bhthe it S e et REckfiRg atcBiding o one o
ckirhsftfhroa&ect, the invention proposes a donor 30
waf er having provided a usef uIi VI %}/ierr) %/ taléi anrgéOfI];dation of
and Agpansing &1 ageurly aspect, the invention propose pp
a method of cyclic taking-off according to one of the previous claim or of a
method of taking-off according to one of claims 17 to 23, to the formation of 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 Group -V whose composition is respectively
chosen from among the possible combinations (Al, Ga, In) = (N, P, As).
According to a fifth aspect, the invention proposes a donor
wafer having provided a useful layer by taking-off, and capable of being
recycled by a method according to one of claims 1 to 16, characterized in

that it successively comprises a substrate and a remaining part of the taking-
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recycled by a nethod according to one of clains 1 to
16, characterized in that it successively conprises a

weutstrmite and a remmi ning part of the taking POI/IB2004/000285

2004/ 061943 PCT/ 1 B2004/ 000285 6 off structure having
provi ded the useful |ayer, characterized in that,
after taking-off, the remaining part of the

Ki n -of f structure is still sufficient thick for
o SBRHITRGhAYINg cardvideretha: Hepfuldayar chajasteizsdin that, after

ttaﬁiﬁgrbf?’fthe r%ﬁ{aﬁﬁ nm*: He Pk Jﬁf‘% @Wé g\{ BufflclsRE thick

aspécts, objects vant age res en
fonventziring at least baetoeblnerbﬁerb.umamnarberttakemdffeadl ng the

el AR o G FREMVElo o TP non i m ting.

HI A\ | \4' LAY VUuo C

exa”@@]ea%ﬁﬁf’ee dbjé&srﬁoeéﬁi?&rﬁaggs drehacsReBaHVBAtion will

dravvl ngs, in which® Figure sho he different steps
ef hecdroe appaest rap treading theofollpwmg |dmauled0|dpscrmtmg| of

KRR e B, B bl A 1 F Bredrn
éxaloh 516 -apidf maBE Wih-iFe leh S8R thE ﬁ%o@?péﬂ%d iR GENh Wl*ﬁ’ch

princi pal purpose of the present invention conSists of
recycﬁ@w@ d shawertheosiifarentngtepst akiangnethed saeapedingeto the

|ﬁvé oh ohﬁ?ﬁﬁn@ﬂ?sﬁf@ slé|on ¥:9(méto|?fa$féﬁ?lp)léﬁ%gﬁgrge%donor

onor ayer el ng”taken o

Waﬂeeandfa‘recyclmgdeﬁthbajom*eg:fatazftérhakmgtdfer into a
cllng bei ng

5& LED DES EMUIEIN portion of the
t aki ﬁ%eoﬁfmégél“ﬁ a;sbg?cmhe éééhtnwé/mﬂ)% Borti58k & rbBYkAhg a

inalater t after recyc
wafer o@rm»rlslrgoa Mklmgab{frsmumgna arﬂ;en‘atl Ieastyrme usefuhlaqer ghat is,

6 orien AL Fonpr Gyt Reindaken Bl Rabiteeh ket in Sider to

iMdgFdte ﬂﬂaeSIaﬂé‘lt ifRUL s@%&fﬁdﬁfcﬁir‘ Qftubluré @l‘i’étﬂe%g}cli?\ being
the taking-off structure in which the useful 'S

implanoerted such that the tremaining Portian of theetai«mg,»oﬁ@mcmre can

S5 Pha0 o0 198 1 f BN et AR B ot e
uskicfta seprofaeférakeg aidefuldager, suclvabt stepsoftpydtamae gréwth

to have a succession of several successive
by8Qit3%¥- of f, bet ween whi ch a recycl i ng net hod

accor

dva rﬁ%‘l Blin Lé Hc{;tﬁd ps&fe%ﬁ'&é e¥ con nrjés%tn 2 lgutatr)lgstrfatment which
doestriut amserdert/aﬁexratlbﬁ ofsa pontivhi dsftlhedahMgaoff structure in which
the useful layer is included, so that after recycling it remains possible to take

off the useful layer.

In a specific configuration, there could be several useful layers which
can be taken off, and it could thus be possible to have a succession of
several successive takings-off, between which a recycling method according
to the present invention will advantageously be used.

Referring to Figures 1a and 1b, the donor wafer 10 is constituted by a
substrate and a taking-off structure I.

AIn a first configuration of the substrate 1, the latter is constituted by a

single crystalline material having the first lattice parameter.
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30 substrate and a taking-off structure I. In a first
configuration of the substrate 1, the latter is

weoeogiostous ed by a single crystalline material POBYB20GH/000285

the first lattice paraneter.7W 2004/ 061943
PCT/ 1 B2004/ 000285 7 In a second configuration of the
substrate 1, the latter is a "pseudo- substrate”

St nchu SEER Pabiteh & BR S BETRRET o Tae e dp g oseuoe

DSt Unatiftuté@ b\ Sprst subidtiateand ayslifferstruefurethtarfaced
"buffer structure It advant ageously has at the

‘é’lﬁ'ﬁmﬁéakﬁ‘gﬁﬁﬁfém%@ﬂ aphic structure whichis
subst %ﬁuc]:tt\ﬁré Gefa\i Tavilig %Qgﬁ{ﬁér?%)é&\; Fne%na Wefrcsgrﬁg{u?e".

nunber Struc geousl

buf f €t abw!iagmwyahab attlie surtacef a thetatnogreipﬁld: oW nglructure
functi ons; reducti on ?f the density of defects in

WRER 5 SUbSERUAIY Tolgties el SomitEoHtag ARrpdallgeR Ember of
%ﬁ{df@,%mdgfggtscryst al I ographic structures having

ferent lattice paraneters. To performthe second
f unctAdNantag&DUslly fthe buffee fayeadasiat least omesofjthteotwd fmdidwing
fo @ne of its faces, a first lattice paraneter
UDBYhtially 15 identical to that of the support

substr pddiclBA of the BEndI8) GRS WPthedlippdriagdrner face a
second |l attice paraneter substantiall y i dentical to

t hat -of adrptatigerofod lattise paremejenbetween dwar erystallographic

el e e PaleMeSl "t he i atrer 15
constT¢é up&forey the detohd fwidtion, | figebuffé® HEyer brb§erin the
| ayer, situated on the support substrate, permts the

rpﬁl@%@#fﬁ@@%rpfapnet%f gorfase® affirst |laitice ceargmelaisubstantially
|§ﬁ#ﬁ‘&&ﬁ‘%{ oy trgé % @%&PEUM ahae?n ltr‘?é bé@ﬁbBth%'B%toq’rl ther

e suppor aving on 't
facem secomd latticer pdi@metet alybstamadiyngeatldattblthat of the layer of

meter_differ fromthat of e ort
Eaﬁ% Ingoff stwttrrﬁ%@@r QVRV%WQ&RP@R@ stf Ulguf f er
| | | -
aye n GPfirst th@raﬁgﬁ o?%érbhfférh%g?togﬁ? lé(t'té}gisn%ptukéh by a

av0| cont ai ni i gh density ects a
mmgierbglﬁengiyeubst antial stresses. The buffer layer can

furt e ?I‘ePeIraymert tsnjtqt?ate rI y fhed slu%%ort substr ét apermlts the
presentation at its surface of a lattice parameter substantially different from
the lattice parameter of the support substrate, and thus permits having on the
same donor wafer 10, a layer having a lattice parameter different from that of
the support substrate.

In certain applications, the buffer layer can furthermore permit the
overlying layer to avoid containing a high density of defects and/or
undergoing substantial stresses.

The buffer layer can furthermore permit the overlying layer, in certain
applications, to have a good surface state.

According to a first technique of forming a_buffer structure, a buffer

layer is formed so as to have a lattice parameter undergoing an overall
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applications, to have a good surface state. 30
According to a first technique of formng a buffer

watoosime, a buffer layer is formed so as t OPCTEHIBR0@4/000285

lattice paraneter undergoi nggan overall WO 2004/061943
PCT/ 1 B2004/ 000285 8 progressive nodification over a
substanti al thickness for bringing about the

transition between the two |lattice paraneters. Such
PIRGERSIE RAUHGATOD PUa b S UBSRBlEBIGHPSS e BRGinG|2post the

t'ﬂ?rﬁ’élﬂd)ﬁ%tvﬂibrpfhetm ﬁﬁf&lﬁaﬂgﬁé}gmer can be effected

In a conti nuous manner I n the thickness of the
buf f eBUchy:’eiayeas genecally teemetifaemetaintnphicslages”, each

Patyi Dsphdtibeitn' &Y fher taifod nabmesst sen ke SR
éﬁiﬂ%bﬁbﬁﬁanrﬁirﬁﬁ theé thidkhelss drrwé BMfférhS%érat tice

paraneter in a discrete fashion step by step. It can
al so @avtecan bereffented byx'stepst each step heingra alnlndayeﬁ W|th a

34PN o ek A Al e 3Ll Sl

stbp, $u agtessidify thé ldthes batdrheter pos arkeiéte fhéhlbl'i‘gté?ﬂw Step.
Iayer i's advant ageously found by substantially
pr ogribs@an 50 hgjteedt imara emplexclernr suclonas Herariation of

000 L ATALAPCHREDE LoEA 8 o g R i
jemnpsaftcompsiticaat.e.  Thus, for exanple, a buffer Iayer

for on port s bstrate of unjtary materi
coul d @'pgées%mrbrqf H‘Q/\,hl?g!?el Qafﬁrﬁﬁt@)‘? in dpei E\ﬂ'@fe" Iayer is

r r T,
S oy ALY |y ppomentng e
comeentratien there, esttartp'Igefroluy thei $wpgorusubgtratbe df netweast one

RIS R G Rartrasis3 i he eupBaF Slbidtan
" Mol eIfHUSanOIB%QB?nEIE tél)@(.lfﬂar |&stefoRinkd : on *ées@;%cfr?rsub@t}‘% of

can be forned ot her Known nethod, 1n order
wiesy matedal Bepf aamaigriad whiely i bl.ansﬂerltlaned]uajeraary or

Aot raputel VER a8t AeGafual Poldsd BV dlaMiieh, Fyfpror

substrate)ffbeexdrapke) byfepitagy aspigethbykricWh RehhRileBGuchds CVD
i f necessary precede the form ng of the buffer |ayer.
¢

and  MRF hesikenivegabhievistions hef buhemical ayeport Bepesitipy” and
"Mefeddi&rBeAREMAYS.

Generally, the buffer layer can be formed by any other known method,
in order to obtain, for example, a buffer layer constituted by an alloy of
different atomic elements.

A light step of surface finishing the support substrate underlying the
buffer layer, for example by CMP polishing, can if necessary precede the
forming of the buffer layer.

In another configuration, the buffer layer formed by the first technique
is comprised in a buffer structure which is constituted by a buffer layer
(substantially identical to that of the first configuration) and an additional layer.

The additional layer can be between the support substrate and the

buffer layer, or on the buffer layer.
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is conprised in a buffer structure which is
constituted by a buffer layer 30 (substantially

wodeansmat to that of the first configuration)prPemnuB2ou/000285

addi tional |ayer. The additignal |ayer can be between
the support substrate and the buffer layer, or on the
buffer |ayer. WO 2004/061943 PCT/|1B2004/000285 9 In a

first speC| fic case, this additional |ayer can
constInt atfEstaspeebin ¢aseuitie addiipaal layescanscensityteca second

A1559EE ik 19 ELAG Bl iR 29 W gonpreo. s
|stprumhgrt¢1el criyetaflire qualitpeof thef fakingsdff wtitugtuze I5fofimed on the

drgtl on? | ayer is of sem conductor material,
byTtarstwisiyenaving a  constant material conposition.

The W§3@det%@§é§e‘r‘?€gﬁ$gm§dﬁn%8ﬁﬁ Qt(erlélu"ﬂ?(la%ﬁ ¥|havmg a

addi tion ayer ormed are t en part
¢anstantamatecial cempasition. att ai ning this property. Thus

f th t t f ect t
| oyerT TR BARSS CompsstEheh ) Hidass o shfhat BbaihaL gver to
188 fdried drattRén phfticul SRCeAEbraRe efiferia fsaéﬂamt his property
additional layer is situated on the ?/er and

=)

has al hitsndemaxample dbe tstisistusal d@ﬂeatsam amewtaal layer asstially

cféb‘ﬂéaéé d‘&%n %dthicg\ﬁ,qgrkgﬁfﬁﬁ%%”%g The addi ti onal

ayer- c als ave such as

f unctlh Qﬂ§eco‘rﬁj M%céé@ﬁh@fmdﬂlohbﬁﬁ?et Wosituitéd on the buffer
specific cases. In an advantageous configuration, the

'an%randoh% alCWéFaﬂté?Om%&lO@cPfdﬂ'axﬁﬁén%téflﬁ'er | ayer and
Nas 4 ¢4 I STPAEAIRLRE 1aDS paftmatary di fferent from

t he attice aramat er su port substrate. In a

S peC iﬁheca@cﬁ'eenajﬂayén cancalsahbag seusrat funfatigns aduchinas fuimetions
of material relaxed by the

ddi tional 20 Ia
@mspg,frqnégg}ongﬁl? &WP??%?QPCW I9¥&@8€%-s advant ageousl y
formed iy aef/QH\‘ageBGs tcBﬁﬂﬁWaftl?ﬁ tHé‘)ﬁﬁ%ltlgﬁQIrl ?éf"ﬁi%ﬁué}éd on
epi taxy by MBE. Ih a first I "en
the dwiffler dayerh@nd\dnasta dattice Ipayametes qubstantially differest from the

di.rect e t|on of the underlying
I%@F?&a%’g?%r o(ﬂﬂdﬁ%gwé‘?‘?% SZEH B'% so bei ng advant ageously

f or megl p¥pkaifiercadeost this BdvBhtageass: cdnﬂ?Qra?ti%ﬁO‘ﬁﬁ’e additional
enbodi nent, the growth of the add| tional layer is

'%Yefré%Pémat%@éﬁ'aé(egtté/ﬁh@fbuffﬁghi)’esurface fini shing of
the l’f'?\%eééic}’ h&galk?é'yér% d@gﬁ{agegﬁély formed by growth on the buffer

layer, for example by epitaxy by CVD or MBE.

In a first embodiment, the growth of the additional layer is performed in
situ, directly following the formation of the underlying buffer layer, the latter
also being advantageously formed by layer growth in this case.

In a second embodiment, the growth of the additional layer is effected
after a step of light surface finishing of the underlying buffer layer, for
example by CMP polishing, thermal treatment, or other smoothing technique.

A second technique of forming a buffer structure is based on a

technique of depositing a layer superficially onto a support substrate, this
superficial layer having a nominal lattice parameter substantially different
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exanpl e by CWP polishing, thermal treatnent, or other
snoot hi ng techni que. A second technique of formng a

woodkes193s ructure i s based on a 30 techni que BET/IB2004/000285

depositing a layer superficijglly onto a support

substrate, this superficial |ayer having a nom nal

| attice paraneter substantially different WO

2004/ 061943 PCT/ | B2004/ 000285 10 fromthe lattice
ﬁ%& e'? @P PREmRiel o ihe rMpishharing mateti@le 0k tppopupport

SF,_\.B& face. This deposition of the superficial
aye |s pe ‘ormed in such a manner that the

deposThisdidpagitionicf the atpiedidl fayerde performpd alsts'uch a manner

efects such 5 dislocationg. This s rf|c
{154 o dSAeteBalayBr 45 RGN TirenTToim PlRG: O6legts syigh as
dSlokhfibhd. N contact with the support substrate, which

confines plastic defects such as dislocations, and -
a secorisg SppetﬂcmhJayeeIlaioemedrsqmtwmavee\h/hmﬁnisyedhe

first portion and to having no or fe | astic . .
det oct SPotripn PB; cortfed Bith el Fusinch, SEpREE. Which confines
Fadey defecl) suohya dislkeatiphsydnd he part of a buffer

| ayer, because: " it confines the plastic defects in

or derd ﬁ@cwdssp@rtm tralaxed curepavdptretaxed kyf thenérst portion, and
15 A it adapts the lattice

%{3 o‘?’p Szlksdlﬁ)&g& icial layer to that of the
substTat ﬁrst Byrtionco“ffthél deposited suparficial lahat thbhq:lar%@ﬁtk part of
ngbgrlt% heqeglastlc defects are found int
g Prder B 8% iP§RAUSEIe second portion of the superficial
| ayer,

it SoRfiles ﬁ%sﬂééﬁceaé(fgf:fseiﬁ cfrﬁé?mfgtﬁjﬁ?%rﬁv% etpglétecbﬂg grortlon

concentration Is co eéctron
Qiphelsuaenﬁomlay‘éneardbpom tion techm que used for

formn suc fer Ia er i ncl ude
vari at' @H?ppsnﬁ\\%% q}p%og E'é’i Yayer fo that of the

sudepafd tion tines of the dep05|t|on I's thus
possi ble to succeed in formng a buffer | ayer having a
25 climicoafinemeptss meantdhatsthargreall myjocitynot thet plesrm defects

2 a0 Bt 800 2K i B o ¥ b B e s o
ab%@lutéw\/\ﬁé@rfroh\e defé@s C duattpdirbednmeratibs BUCHRIpatible with
microelectronic applications.

The deposition technique used for forming such a buffer layer
advantageously includes variations in the temperature and chemical
composition times of the deposition.

It is thus possible to succeed in forming a buffer layer having a
chemical composition substantially constant over the thickness, contrary to a
buffer layer formed according to the first technique.

One or more layers can, however, be intercalated between the buffer
layer and the second portion of the superficial layer.

The buffer layer may furthermore have a thickness less than the

smallest thicknesses of buffer layers formed by the first technique.
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| ayer and the second portion of the superficial |ayer.
The buffer |ayer may furthernore have a thickness | ess

wo baa/ot1ve3 30 snmal | est thicknesses of buffer |BRgEIBER004/000285

formed by the first techniqyg. WO 2004/061943
PCT/ 1 B2004/ 000285 11 The docunent WO 00/ 15885 teaches
an exanple of formation of such a buffer |ayer

accordl ng to this |last technique, perform ng a
deposihe ﬂcwnemsv\@OQHS@BSch@a mafsHamplesebformatiorsof such

009 o By B, R, SRR S8sion o

SiGenr affGa ohep nririocoystalfingrBhegppmt slibdtrre Ce i s
per f support_ substrate,

d | Si
Dy LR ehaneiBPRoal iAgRoskiepssan. alsa Ly afisciash fon example,
dcRBREA ttHea%o?e”WWlbfﬁtél H!?P&é@éﬂ'&fo'ﬁwmtéllme Ge is

substrate at a first predeter st abi

pesforeredt om @ pond0GGtalline5 80 8uppdrt supstedter bl usidB e following
460C, "~ chem cal vapour phase deposition (CVD) of Ce
sigP ?he said first determ ned tenperature until

obt aisni Ng statiRaRicnANaEnPlera®rd Bf BNPoRSENStElline silico rt
substrate, of a predetg‘ryr% ned thi cknedg(gW oss than & PPO

substrategat afigst predeterained stabilizeddempsratune oGéOG?Cem) &A0°C,
shtion 15 tenperature fromthe

p}ﬁ?@@%‘ﬁ'&&% §c}8?1%‘r6 {’: tenperature up to a predeterm ned

second t ermeﬁaémr\@pbenghage fdepam?éﬁ%w 8c';'fQ§e at the said first

referably 800C to 850C, and ™ proceedi ng
mleaqi teamm@tumawéﬂ ebtmlng.awaée fener o 55&1 on the support

SPE) gdél%?fﬂ"‘%}‘ %ﬁé%%%t“gﬁ detsr}gsqﬁéi {hickness:

fhlc NeSsS 1S alne for he su I Cl a

| ayem of nrmreaselsbal theneGee. chdmicalif {@podraystiases ddposition
' [ i nterfaced

dep whi ch
PRIt SaBLE PRGBS Hiod {RPSTRIsR Wh it Sqvedeigrmined
sbb?ﬁéf”t% ér@fure\ﬂfyn@h]g %n’i ap g °ef t&W@G‘@T'he ﬁEBM 800°C to

ects i's greater [iTmt val ue ess
860°€Charsd buf f er | ayer can speC| fically be of the order

f 0. 5 25 t whi ch. | t
Ohi otnes . PepCastitl " o) EhémicaR yaBolr pBA% ripesitiopeat the

shid predet6fifingdesechnd RhMiRirafPé turdin tRé de'éﬁ‘ebeﬂh%'l thiekdéss is
| east a portion of the taking-off structure I.
obtained for the superficial layer of monocrystalline Ge.

The buffer layer is the portion of the deposited layer which is
interfaced with the support substrate and which extends over a thickness for
which the rate of crystallographic defects is greater than a limit value.

The thickness of this buffer layer can specifically be of the order of 0.5
to 1 micron, which is less than the thickness of a buffer layer formed
according to the first technique.

The other portion of the layer is at least a portion of the taking-off
structure |.

Such a method of deposition can equally be effected according to

alternatives — for example, those disclosed by the document WO 00/15885.
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Such a nethod of deposition can equally be effected
according to 30 alternatives - for exanple, those

waolpealoemesl by t he docunent WO 00/ 15885. WO 200B¢ D&29643000285

PCT/ 1 B2004/ 000285 12 In thiis manner the substrate 1

of the donor wafer 10 has béén forned, the substrate

1 conprising the said support substrate and the said
buffer layer. A third technique of formng a buffer

st r udndhis mannereitiesubstrater Liof theedomorowafier i19i hag béan formed,

Ut B i A bR SRRISCT 18 B outer
lapérs | ayer is a material having a nom nal Iattl ce

par anet er vvhr ch IS substantr aI I y di fferent fromthe
& g ifferastay wsed patastructure

v, e t
é’g Itﬁ% sgrrbtsﬂ'a énéﬁ%nd Eéy X/vhrt:f? égﬁddédhsrted on the
siibseateewl | ayer has a general structure of stressed

mat er, but, . can al Zoo cont.ai n _one or

t hi ckrh@s,sré%ieﬂ?' FRosan: &Onﬁgfytﬁjéhlﬁelmreéﬁ anﬁtaérm%tr having a
[ t faan

el Dattice pumend: SidD s SUBStar(Elly JiHEient FRom" " attics
parametar etnthwarrﬁacte of thes selstetatle.sols8s fto halve toalse elastically
the s ﬁtjressed a is advant%usbé forped on the
sdiqsse H?EOTPB?/S 9 Qfﬁ'ltﬁpﬁ'gnd’r tiete Ls epi t axy

usi NrHeNgMBsdeRr tayeﬂtre% a gfe%rammat&e &VEtraéssbdVRiaterld, but
obtain such a stressed |ayer wi thout too many

cany els@l cogtedpisine ofdner shicknasisegsoff mlamrqu ps@ugmtelaxed

fstefel b, FALELESUBREE baRieRa By flor lovs BhafREpt e

stieRséd laylerNgo thae tisel Rater adtaink @NevaraR sEbESsS st . ayer
(in the nei ghbourhood of its interface wth the

subst adlk capeso thenAlresped laxen i @dyastageusniarmnedogn the
f

sgr'(g)‘;srfrﬁl; e‘i‘cﬂg}lt ?rﬁlggﬁlﬂe gm@‘nf SLSE%%% R’aﬁ%l srﬁé k?rgg/nsfe(éﬂﬂfaues

far éianplecé:VDtahdlMBEe paraneter is typically conprised

25 betwe about 0.5% an bout 5% but can als
nave TeAPBENN Scted: SEres, Vg avtiogt toovAaY s aedogieehic

dgec, SOEH T 4B MGcrs B g s o

dicjatatiins| dtis adeantagaoes to c@mmﬂae dtrystauloatmatem%mrt&htutrng
tttt%?uggt}%tgg‘é@oﬁ 1§)Qrst?et(§§§§\}£\?egd(ln he nergR[)our §f [s interface

with the substrate 1) so that they exhibit a sufficiently low difference between

their respective first and second nominal lattice parameters.

For example, this difference in lattice parameter is typically comprised
between about 0.5% and about 1.5%, but can also have larger values.

For example, in IV-V materials, Ge has a nominal lattice parameter
greater by about 4.2% than that of Si, and thus SiGe, with 30% Ge, has a
nominal lattice parameter greater by about 1.15% than that of Si.

On the other hand, it is preferable for the stressed layer to have a
substantially constant thickness, so that it has substantially constant intrinsic
properties and/or to facilitate future bonding to the receiving substrate (as

shown in Figure 1b).
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30 substantially constant thickness, so that it has
substantially constant intrinsic properties and/or to

wo amilosoat e future bonding to the receiving subPST/IEDEH/000285

(as shown in Figure 1 b). WO 2004/061943

PCT/ 1 B2004/ 000285 13 To avoid a relaxation of the
stressed | ayer or an appearance of plastic type

i nternal stresses, the thickness of the said |ayer
shoul T AveidHFel@xasion &fithestiessed {ayen on aprappieasance of plastic

peHBETa, Lotz s, NGRS TR SO BFE) shELE RRFRmore

remaie igxsl thamtaedritieal thickaess od elzelis siresé.e the stressed
| ayer_and the said difference in lattice paraneter

from ke @ilisat thicknass of safastin siress RrincinpdlyadepeRds on the
ﬁrﬁf alt Mat lsfﬁéﬁn"ftot&?ns%ﬁhet@\ek #be Iayﬁé ghga he said
t hi | chis used for

ness o astic stress val ue
diffieresice érs tadticd pgrametéofromdthersubktrateat.eri al used for

th bst r at. . 10 On f th t
¢ hus eserSkiad in. Bhe, 2wt BT B e Skale i o 48 Kgw the
drifighl ﬁﬁcﬂﬁe%sgff%ihcﬁét?éésr ¢416e Wwhiemss LEEA hoghe ﬁ?é’ésréﬂ' layer

elastic stresses in conpression or 1n t ensi on.
formaed onudbe umaierial dsadifod the msb&tlrated t echni que of

for miticsh OHpA 08 pephier (S56F IhaSSnds o) iidd oferSmeter

subBtantiblip dibseeto dedt oF itd\ grewishbétiate 7,0aed Itﬁerﬁiefasniﬂdemal
as a zone having internal stresses able to form

edasticcatiasses e FOMPERASIAMer intepsiensur r oundi ng porti ons.

Thi s ' .
Sube Ol e Sruciind B oo HE P Febtiglyd B Rl 4 putfer
spraictireecomprisbe s ufifstcstepf of errmatisit ancéhel.subdfrafe 1 of a
met hod. of formati on of such an enbrittl enent zone

restwshationszone atg olyenAarth of at onmi ¢ speci es | n the
substy ?éﬁuﬁoa%ntzﬁﬁesié"dgflﬂééf &4 ﬁ?@ﬁé‘ha%b Mhtefhdl'sY@8ses able
ose of “atom c

i npl antat1 on ener iven
ta ferom etructhnala)epmmatmmlsan tlwbuMOMng pbrticmes.
tat i he atom c i es d co

nyelr ditn PRRIIRGHOREF s 38V aiagson e Tortiashon yBaiAaly al

the SURScE Bf tHENtratd @‘hrkf‘;%‘raﬁélr’f@ ithe 8Grfadd'orthea&ubstance 1.
stresses, or even crystallographic defects, brought

aboutA methee of ifepmatinreof suehian emérittiesnent zane comprises an
|r§8%21&§%oln' gfeato%té'vgﬁgmgg Jir'?f"ﬁwenéubs?ratteh T at'tid tsglﬁbgall\t/ér%) Hepth, with
a given implantation energy and a given dose of atomic species.

In a particular embodiment of the implantation, the atomic species
implanted comprise hydrogen and/or helium.

Such a perturbation zone formed by implantation then comprises
internal stresses, or even crystallographic defects, brought about by the
implanted atomic species in the crystalline network adjacent to the
perturbation zone.

These internal stresses are then able to create crystallographic

perturbations in the overlying zone.
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These internal stresses are then able to create
crystall ographic 30 perturbations in the overlying

wa ome/oe i 2004/ 061943 PCT/ | B2004/ 000285 14 FopCt/B2904/000285

pur pose, the buffer zone is rmed according to this
third technique during the performance of a second

step by an adapted supply of energy adjusted to

sui tabl e paraneters for: ”~ aiding the appearance of

per t uFBatthisnauipesenhéhe dyiffen zoner isy foredheccarding to this third

BERPHIRE e Bl B Beroun L 0s Bebaf s BY apchoddléd Spagy of
ancrly ddjastbdrtelsaitable pirasiktars fed axati on of the

stressed | ayer follow ng the appearance of )
per t uf BidinG1ae appepranes o PeRkrdaiansodethss regiem oxerlying the

?Q,Q@,l@étigﬁ ZoReragy is thus to cause an at | east

el ative relaxation of the elastic stresses of the
st r ess@ttreasiag the exterdrofttbesé pertugbatioingxe dhistaveslymg region;
| ayer. The internediate region conprised in the
§r&%strate 1 between the perturbation zone and the

stressgdubinyean atJelstCrRMttivBesiadfd f8hRattin bPehe stres?ed layer
di sl ocation“type; " adapts the lattice paranmeter o

folewingbiherappearance ofipentiwhbatians.| atti ce parameter of

t he e . laver: This internediate region can thus

pe. cohef BEPERahETeoss B Sy AErHPpLY & neray oS 6 calss an at
leaeigRiVe fefa)adivArifane elastiy sBesEey oFfhel sire25E8Nayle? in order to
%enerate, if 20 its paraneters are suitable, the said

waryielaxgheifessad laypent to cause these structural
nmodi f4cat.i i id - L reat '

o TSR pBe TSR ch619BY Ly HBL RS 1 between e
m@weammzeaemuahgmm%esbidldy@mr ;han a crin%i calf

t enper at uy e eyon ich a significant nunber o

i npl ahF%'alﬁQﬁ%a?f@C@&féh%g'ﬁ}\ﬁ’cht'oﬂépr;S degassed.

Starti ?Saﬁﬁ"sotﬁbiIQ&ﬁértféraﬁbfﬁ'%QﬁeisﬂB%ﬁgttep? k& W@%hﬁﬁbsl’ lattice

zone, local crystal'lographic pert ions are t
paraatader ofthetstraslsad lgydrecause of mini m zing the
in ther t he stressed |a

Ehesd N IsTrRcE: 58k S Bleibe consiasien s st puiter aver
| ayerp heat treatment is advantageously performed in order to generate, if
its parameters are suitable, the said energy supply sufficient to cause these
structural modifications.

This said thermal treatment is advantageously performed at a
temperature or temperatures substantially lower than a critical temperature
beyond which a significant number of implanted atomic species will be
degassed.

Starting from internal stresses in the perturbation zone, local
crystallographic perturbations are thus created.

Particularly because of minimizing the elastic energy in the region of
the stressed layer, these perturbations principally appear in the buffer layer
and increase in amplitude under the effect of the thermal treatment.

When these perturbations have become sufficiently great, they act on

the stressed layer, relaxing at least relatively the elastic stresses there, these
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30 and increase in anplitude under the effect of the
thermal treatnent. When these perturbations have

whewmaneiogaif ficiently great, they act on the SPCEERSC/000285

| ayer, relaxing at least relatively the elastic
stresses there, these WO 20(-)L /061943 PCT/ | B2004/ 000285
15 rel axed stresses being principally lattice msfit
stresses between the respective nom nal lattice

elaxedetsdiesses bREInwrncipally ofatticr msfésgﬁasseg/ebetwaaa the

teBeefie. b iR ety e hierlil. Y Befieg taver
anprat onthe Quibstrage astic type cryst alline def ects, such
as traverS| ng? di slocations, in the thi ckness of the

sai d eyeyer. s QaEﬁ'@xqtioé‘at%riPQ stiespeds layefiegpay also be
560%?’?@‘[55 ?Sﬁ?éﬁﬁga%c@ St fpmcrr?ﬁé‘lﬁﬁ td%?eégg‘@fcrh as

of t can
tedversiog des{mqilcm,s, Mhelrthmknesst of thbsandwkayea& ng the

? \%S:é‘ﬁ{a?’ &EF‘ "é%” tslton %‘Jgntalthe\%ttf&één%% yn*%%a %6 performed

tb%éﬁé’@{heorﬁurﬂsélsbftﬂ‘\e% d@\‘e%'té)cat' ons within which at
| east a portion of the dislocations is annihilated. In

any o%z§altablaetr@tmnt icanlbeymadeaiseeaf, forr example, shich permits

LR B PSR DB TR chEhHAES RBABEF LD imi
Jahidd, Qhe NiAfievaILeE dfini aﬁruﬁt@rvawb@érrsa@a:fld.alaﬁa%hs: Wvithin
has a | ow anount of dislocations prejudicial

wmph@ﬁ least afportien ekihedislopationsdggoniiated. n the
reI a)iﬁ%nﬁtcragﬁsﬁ*%ré ‘”f's}’ﬁﬁ?llyrgﬁtgmeglaa % e noP%?éiﬁﬁ)ér[e%)?e)ﬁelgyer

er can constitute a east
WI'aiGen gowiidal datticetparameter2is Et.@bstammydﬂffaidrﬁ frorefthe efvreinal
be nmade to B. Hol |l ander et al specifically in

iehige RasemelnT @i grewth sUbaiater Liaadavhish s a low'amount of
02?c1 s g%% Jﬂ%gfd.mé' th the %rmal’ orfS f%%bel@ﬁ#r@ﬁﬁ%&n"ﬁ?&rﬁn?é in the

en or ium i antation
relalxedrsa'eesé(htayecati on (in NucI ear and Instruments and

Met h R h . B 175-1
357 389 Saxed HE pEEHEGT SRS 1ot G HRAIEds %, eestia portion
dr e %ﬁ.@:ﬁﬂlsw@t@éﬁorm ng the buffer structure is

then conprised in the substrate 1 as defined before
t he Rofpmererdetaissnraierensesmalyi bl madenta b Pdrbllamlemetgal

S@F?EIS?W éfll 6%8 g%@angrﬁr %ﬂgﬂ%tﬁh%ltr%%e rgltax!a 5nmor}gpseudf)morphlc
Si1xGeyx / Si(100) heterostructures after hydrogen or helium implantation for
virtual substrate fabrication" (in Nuclear and Instruments and Methods in
Physics Research B 175-177 (2001) 357-367).

The buffer layer thus produced by this third technique of forming the
buffer structure is then comprised in the substrate 1 as defined before the
implementation of this third technique of forming a buffer layer.

A fourth technique of forming a buffer structure is based on a support

substrate of the buffer structure to be formed, the surface of which is in relief;
and a deposition of elements constituting the buffer structure on the support

substrate.
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substrate of the buffer structure to be forned, the
surface of which is in relief; 30 and a deposition of

webmamemss constituting the buffer structure onpd1EB2004/000285

support substrate. WO 2004/161943 PCT/ | B2004/ 000285

16 G ven the non-flatness of the support substrate
surface, the deposition of the elenents constituting

the \feﬁrtpgtr{oiﬁi%bgﬁsg e, fq?prpgz?t?%llggggggmf%%{tﬁg deposition

fashi on W

afthk eder@pntsscoMstithingané Q)Vuffei5 Q@Gd:tmélsﬁ{] ﬁ'\"eb‘?ﬁ a?rbrﬁ&ﬂroplc

ff % med buffer structure. fourth mode of formn
gshions with sseletiver Qroﬁ\dhsefﬁ\:éalmdclopebhqalqaeesnceesnwmch confer

t t bth bt d
AT DEDES ¢ e Blined el Bt o opond o
pr opekhis ér.wrtﬁ rrmiefmfrfemﬂm@ @bufféb’%@dtb@;ﬁtﬁ@@p%cﬁ'i@ft@f’rﬁrg ues
order, for. the_takin %

structure

3} RREATBRtEr dnty st %tq%uthai rthe eljaingdeprapartigs qlithe buffer
Oof f 1

a8 g horid tebiepRrtiellof Soniefhat ferh BIddRBM Rtets, i

t he support su
order toithe ml‘{i@g-@ﬁcsrhrmtured wihich Will paerfdrineed 8h thé buffer structure

b BRAECASH At Bl Stdutinol o surtace of the
suppQite &hdigé IGtitRe tbPo t hg %?Pe[@@%?f;é&ﬁst*a‘té |§fofn%°<§1f the

on the whol e surface o or exa

%é%@%'ﬂ%@@tqtﬁﬁlélﬂ@e@ud}kmmﬂwt bands, spaced apart by
hy i n bands, and

3nglerﬁg)eﬂi arn’ %etgggg qp E'gﬁ’f&?‘%’rﬁg&ag e jchogen mgﬁspwiqﬂcally
remeated mﬁérnmowﬁh@mmﬂé isOEfatd of ﬂ1e3§LgS‘15§>]51 Qﬂb‘str%ft O|F1“?)rder to

i taxi al ers in the nei ghbourho
hgﬁ'ﬂ’g&é‘l'@ '&JP%‘?‘FKPW the whale @@Irfﬁée of tite waterbands. The

the o ranle-qhe Supfort BuRHAAE el el il sPacsd ppar

bblafgleenkjes;mnce For this specific support substrate
spaced bands over

surface topogr eriodically

t he Eﬂ&%"@‘u% QBBX%PDB Ins Rsuiss  andbsundare cettain Isepdsition
céviditior®, iR BBESFBROGSEY Sih!

mat eri al forﬁms on a scu starlgt%dﬁgﬁgtr?ﬁrﬁ@ ﬁi#+%PP%g°f§he
epitatalf tayersdnnthee neighbouttiani of Ithe |l bareds, b@wcﬂﬁﬁﬁﬁd:dl@l% the
Cé\@]r ?§O¥F{h éﬂq}e&{e may be intercal ated between a sol id

5 Sthe relief structure an internediate

] ayeTh@f tHickiisa! bf "eMBhRIr 4 GAICH MHe 28 Ydtion of the
dislocations is concentrated then constitutes the buffer layer.

For this specific support substrate surface topography in periodically
spaced bands over the whole surface of the support substrate, the bands are
advantageously constituted by an insulating material formed on a substrate
and thus constituting a mask for the materials which will later be deposited.

Moreover, there may be intercalated between a solid substrate and the
relief structure an intermediate layer of crystalline material serving as growth
substrate for the buffer layer, the insulating relief structure then being
sufficiently fine to not perturb the resumption of growth of the buffer structure

on the growth substrate underlying it.
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substrate for the buffer layer, the insulating relief
structure then being 30 sufficiently fine to not

w@eoot6143 he resunption of growth of the buffePCT/IB2004/000285

structure on the growh sub Lrate underlying it. WO
2004/ 061943 PCT/ 1 B2004/ 00028 17 This technique is

al so terned epitaxial |ateral overgrowth, or "ELCG',

and is. principally applied to nitride film deposition

by MOGWIS {eabniguedspiad dern@teapitatial\lateral @essgsiwthpn) "ELOG",

B Bt naibRY Gpby o By Bt B2pBRES b3 MERUT IR oroanic
Thevizall¥aSor VepesTrord%epifiRy. 5. in the article by
Shuj i _Nakarmura entitled "InGN GaN Al GaN- Based Laser

Di oded hei taoukth bres tisaet a8l a_ibpsisi rfer examplgethe Rulletin of the

1 .. j 0 N d .
ORERE 2 L R Bl JoGEL BB . 5. n e
sarﬁcilqlemyr Shoj}! N’ékfl?dn*imar’aiditledcm@éNQB?N/AIGitaN-BQ%éd I&E?%r Diodes
t echni 0 fer o structure formation by E

iy 2 Etated e ting, & Longarinan ouUi Rourhin vebighsrawth of
BN PR A aed SOt SR, i §POLUIB B 1€ i e

st r ucAuste)cturehef SaNdfosmedctacoading ta dinis tfounth ésthmque of buffer

crystalline materi xhibiti f.ew qr, no . .
ShjEk e oBRafii SvBiod Wi be deSorSe dater s is dpgument, in
ExbAipl@goe wWith the taking-off structure I. At |east

one portion of the different [ayers constituting the

t aki nYVheteversthewritugtural configusation effbeusibgtrater tfethish does or

OB o OB, £ HReF Hrtchuslhe I8 CRa e R e iiug by
anyistdllinedmatéridl Negeibitiay few or ho GHstarédrapARMdfactsl inthe region
directly in continuation of the formation of the
phiferintagfacenvith tgplakingrelf truetties |.i e t hem these | ayers

| i . ..
Th2 BEASR U BORRRCHE e HIGEER, o YK g or
atrpctute bis advantegenulshyferset by grewtloontice stibstratei ght for

BuaBale vy BPUoDr e MLt MBE For oxarmol € by OB
P s P BArCBRAAABATERbCEy SIS LR omese ayrs s
perfainedijn situypditestiygn icaptingation ofdthg fomhatioreoftieclayedsswhich
respectively underlie them, these layers also being advantageously formed
by layer growth in this case.

In a second embodiment, growth of at least a portion of these layers is
performed after light steps of surface finishing of the layers which
respectively underlie them, for example by CMP polishing, heat treatment, or
other smoothing treatment.

A taking-off structure | is finally obtained, comprising layers of
crystalline materials.

The taking-off structure | comprises, before recycling, a thickness
equivalent to or greater than at least two useful layers.

However, the taking-off structure | very advantageously has a

thickness greater than two useful layers, in order to free itself from the
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The taking-off structure | conprises, before
recycling, a thickness 30 equivalent to or greater

W0 b@n/oeto4d east two useful |ayers. However, thePCT/IB2004/000285

taki ng-of f structure | very_advantageously has a

t hi ckness greater than two &geful | ayers, in order to
free itself fromthe WO 2004/ 061943 PCT/ |1 B2004/ 000285

18 thicknesses of material renoved during treatnent(s)
thinknessesl ofumatgriak eepoiviedgducng| reatmant®yf petfermed during

creat ed st of the tinme durin ki ng-off.of the
eaAlTe by er Op defeots piRated mdi o fie Fiiechuriiyfaiisoff of the
ugdtgmagenei ties of thickness, 5 structural defects

and/ or” defects of other types, at the surface of a
donorlt isvdindeed aisugt & findk raughoess, inhkmagessidies of thickness,

SRR S576b4 3y 9BL1S B S0 Vb KOG Yt o Bonor
wafer i 00Saften takingaff, akkee rthbeki ergcoudtdred Nirt NRe I pstaBKIAG-off

the taking-off surface of the remaining donor wafer
stricturg Iriseed igunsctd)i ci al relief portions which appear

on t f pnt i Ng- qf f C T
ori noa ey e AoipciRo 4dibough ogphdrtioatl Sppear sfter aking
afhim thakegipnadfithe éakimg-gtfesunfaed of theTtamsainingrdenoa wafer 16

% S rdicH, S . i e

takiRgcorf dirhasre @@rh%%a%"ﬂﬁpené%ﬂ‘@fee aHher BfttakiRbYoff BRTon
a portion of the latter (which is generally a
tbatakingioffterynigeatused. portion), | eavi ng projecting

porti | on. the surface, of .dongr waf 10. , Thes

pr oj egfﬁll‘@ fﬁBr%’?ameafaek'&gn%ﬁ gqqﬁ'@g'ﬂﬁn%irﬁrﬁ{ycu%% in'industry
consistd fltakfiy o BialisefuPrayeR S0t buétR WholkRRurfdeB T the donor
waf er 10, the set of projecti ng_ﬁ?ortl ons then being
wafefret0.i But reniy ¢ frgm @alporliproraf Upiter pghithuis gemerally a

SRRy S90S by SEBHBT oL B 18 st o
the ddtfr@r Svafer miuﬂ(rrésfe pr@pémihghbm:rﬁd)ma@/r an?ﬁaﬁgmﬁdm?lifthic and
onetj nes, cause surface roughnesses, e taking-o
é@?lﬁﬁ lﬂeé'Phe[?i'VoPB V‘@KiSHg%?ngft g donen| watesyt0q the set of
iCk K
irBEEAg rthsheh BBRl e 3 il Yk B b
t hi cleness Tinasgifor esames ckrdiwry talingJoé techniqwespsuehiad for

Smgle hEEP Yo Sl o RS HR b e B K e cure
tb&hique already mentioned, sometimes cause surface roughnesses.

The taking-off structure | before taking-off thus should have a
thickness of at least two useful layers to be taken off and a thickness equal to
or greater than a thickness margin corresponding to the minimum material to
be removed during recycling(s).

This thickness margin is thus typically of the order of a micron in the
case of recycling after a Smart-Cut® type taking-off (discussed hereinafter).

However, this thickness margin could be reduced by using efficient
recycling techniques such as selective chemical etching.

A principal treatment implemented during recycling according to the

invention is a treatment of removal of substance adapted to preserve a
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case of recycling after a Smart-Cut(r) type taking-off
(di scussed hereinafter). However, this thickness

woreogion1se®ul d be reduced by using efficient 3 BCT/IB2004/000285

recycling techni ques such as _sel ective chem cal

etching. A principal treat ment | npl ement ed duri ng
recycling according to the invention is a treatnent

of renoval of substance adapted to preserve a WO

pZﬁwdmk Qﬁl?\?Bthﬁﬁ@-bﬁZQQﬁﬁ@@OF&gzludiag mtlr lelash aobthelnh euseful layer
t.akj ng- tructure | including at | east another

Whigh ganibg ta en\ﬁ%ﬁ%ﬁ?rdﬁﬁy%@gt aken off after recycling.

Thi s/ e 7518 [ f

(he daneroser STHGIAR) of mATBHAYiL B cRAOlfel i HeTRtha? ater
10, dleatsisr frathe regiarhef thekfrer soiffaces bf thet takeng-offistrabturé | which
remai ns_after taigi ng-off. In the context of the
rpm?éqﬁgfaﬁr,tag P%&noval of substance includes the use

of MR RRGIEAtextRAMTe fr@@nﬁ@ﬁ}’éﬁﬁﬂerﬁ@&éﬂdf@ub@%‘?‘é@ iASludes the

polishing or lapping). This treatnment can
yser obr meghamnicaheneans dee remgoving wealgriabr(suctp asemolishigg or
'@ﬁﬁﬁ rficial portion of the taking-off structure I

0 ich the wuseful |ayer has been taken off, and

I N patHis ardatmeperaan der pervmhedior the uefdcechnd is used for
t hi ckness contaj ni ng,  surface defects whi ch have )
repoviice@ auperigial perliany obrthe talipe-oft strugtiure) || Bemaphich the
L{%%fdlulra%}; '_Itﬂégs b8bn! Refl! St OGR! AN ?Rfcu%“ ﬁérmifgefr&‘ﬁto%l of a
ype. I's treatnment can advahtageously be
speeffimiatetickneste pohtaining Isarfasp @efddts whicte hate appéded during

t aki ng- of f, t echni que used generated def ect resent .
taidgt, sich s eRisAlingtaphis Perurations ¢ dhe digibeatianseor point
dRréQsypgue of renoval of substance by mechani cal

nmeans of the polishing type currently used consists
of diThimdreadmenticresr adsiértageouslyt beeperfaronenl jroldeptih Ny the

BEF T et R B8 BlipBd BaohBldiis f S RIEISHER, fgsent

deebep i the trkAeSS 6f theatakidgldfbSiri@urd pt e are
substantially parallel. Aforce applied to the

pol i gniteghmeur dhpiemaval i esubstancenay eneganiegjamesnst ofethe
LR 5 cBlebiie e ins8 st I B B Bbrweer
aopulsaing hedd agd apaishingasiateokhicheadaotate wedeid 4 ArivasHaft.
thus h%l Irc‘:’shpeesctive principal surfaces of the polishing head and the
polishing plate are substantially parallel.

A force applied to the polishing head applies the donor wafer 10
against the upper face of the plate.

The rotating movement of the donor wafer 10 with respect to the plate
then causes rubbing on one face of the donor wafer 10, and thus polishes
this face.

In a preferred mode, the polishing head, accompanied by the donor
wafer 10, is displaced on the upper surface of the polishing plate along a
given path in order to best homogenize the polishing. This movement can,
for example, be a reciprocating translational movement along a given axis, or

a helical movement.
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this face. In a preferred node, the polishing head,
acconpani ed by the donor wafer 10, is displaced on

wobe+oppes surface of the polishing plate al onBCHIB2BG4/000285

given path in order to best %onogenlze t he pol i shing.
This noverent can, for exanpl’e, be a reciprocating
transl ati onal novenent along a given axis, or a

hel i cal novement. WD 2004/ 061943 PCT/ | B2004/ 000285 20
The p'816 mlia@ingl pladeiis aduksntagapesis icpvermdemath ai téxtared or
gxture I woven material. A polishing solution

% YR R, 1 ubrication of the rubbing actions of the

|O| at e Qallél'hﬁ%@@nﬂlbn\/ﬁérﬁf ttlﬁg){u@’fbé%h%%é?rhblblh@ actions of the
{ect ed. 5 ost - poli shing cleaning of the Surface

%thﬁacﬂ@iorvg%fﬁérrsaw gdvaintageogislydee ingartedt er which is

'”an :.Cé] g)st t-8fist u?ée e rﬁn&g A %\;sgh%gglcﬁ tﬁ%sxéa Gbgﬂér%ﬂy with
dﬁlemnedlwat@enlelbhhé jhjedted, carsfollowithe poﬂ@ﬂub@ ng a

suitable surfactant, which is injected primary
f uncth RPSEPolisking FiRgiRg oFaN ibe Pg ﬁwae@ab@twegnsp@h@ung neand

&@aﬁ.hgn{;énéaang witd &t wnhsm%%@gg;@g R@@e é;}r?a%tm' Which is

can c i nue 1o erode t and
injested: o The durirearyhfeinctiore pd $he isarfactant et midoeallydisperse in

881 isins SolfioR e AoV, e 6B oot taygfode the

durickal¥rthe é?l@éeéha‘éth&@@o PERIR W@lﬁ&%%&%ﬁorfgﬁtthe surface and

distributes the solution over e surface of
nemmltdbﬁlolevaalﬂaitonlo In a first enbodi ment of the

| f | j shing, i ns
P) e e, oh Tt BT IS soRBRnS e dyatlAtEouslyy ity s8 b to
vigsttth Gabrid couirighth enslaUwhichithis Bbst @l@tﬂﬁ&%@tﬁ@é&@ﬁbn over

devices with several plates are preferred: 20 In a

the vhole swifres eithe danor mafen tl.es, the pol i shing
funcy) ongig éMBBHIHeerﬂ of e gﬁ?éé Sth%? |$ufﬂbﬁiqrgsdggygﬁ%hmg,

functions of rirnsing and cl eaning

rigisirgy, anﬁldﬁalmgapmels areperfanidEinony Psingke pIEfH S
enbodi ment, i ch decouples polishing fromt

ri nsivg/el '&HHPM% tthBmVéHV'B‘néf (ﬁ'ﬂl%lW'i‘faeo'F‘eith%l #Ryicas, with
s'é%@gfa@és hidSicigrégP! ate which is "virgin" of all

particul ate residues which 25 could remain stuck to a
pl at ¢ a second embodiment of the plates, the polishing function is fulfilled
by a polishing plate, and the functions of rinsing and cleaning are fulfilled by
a single plate termed rinsing/cleaning plate. This embodiment, which
decouples polishing from the rinsing/cleaning, improves the quality of rinsing
by using for rinsing a plate which is "virgin" of all particulate residues which
could remain stuck to a plate.

In a third embodiment of plates, the polishing plate, the rinsing plate,
and the cleaning plate are separate plates. This embodiment decouples,
with respect to the second embodiment, the rinsing from the cleaning, and

thus improves the final cleanliness of the surface of the slice, using for

cleaning a plate virgin of all particulate residues which could remain stuck to

a rinsing plate.
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In a third enbodi nent of plates, the polishing plate,
the rinsing plate, and the cleaning plate are

wae@aneatsas pl at es. Thi s enbodi nent decoupl es, PLT/IB2004/000285

respect to the second enbodigent, the rinsing fromthe

cl eaning, and thus inproveS'the final cleanliness of
the surface of the slice, using for 30 cleaning a

plate virgin of all particulate residues which could
remailn addiien te poaslnmgsah@srweapertlcm sogu pecpatiges of silica

e PRSP e Foerc R hE aBE6K P B8R 02 can be
i nt r e weiRitionotol palishing, Tch@nﬁééla@enfb‘ cérﬁlﬁeﬁr&?@iu@d inldrder to
addition to polishin chem cal ents can

aGeePRAYethe meahgaic oatta&bc@ﬁ@%tﬂgi éherétthéhinsaplate with a

cted by the polishing plate wwith a 5
te?e@neélaqq{&?t ack. In an advant ageous enbodi nment of

renﬁualamfadsabt‘alt_;eolue émbaoalitrfent o:fmemovaafoersug@tame from the
anoc mca analzatlon aln terne

WQ frE §r |an'E‘ieﬁ %”%'10 ﬁm"‘éﬂ P?'lagzﬁwfhga?(%@é?%?d torsMP is
u%%bn Wi aan§pré 6P€vhRf | nC?rmgée ket PPledbStisAMG | Surface of the

pol I shi ng whi c s "abrasive partic
pwlishingablate sad aapelsbingfeidt which incddes @bramverparta:iascahd a

al i.s . the polishing fluid then conjointly
CEIF %‘?q%%rﬂgggf etching by neans of the attack agent,
and an rgfeitM Whecﬁbﬁf&hﬂﬁol@huﬁ@&ﬁé pﬁllsﬁ?h@aﬁlwethen conjointly
particles, of the donor wafer surface

epﬁf@r:t% Rbemicas etmsng o mgansf Ofsﬂtﬁsﬁﬁﬁ@b agayt aﬁj&i A mechanical

S5 B SRR P o 306 B G, 80 70 o e

polishéd.nsi ng can in some cases not only act on a nore
rapi d renoval of residual and abrasive polishin

part i [dEeEeMeyAl of| supstance. may. paainche B'JQW%Chlbbfg”%fd@Q Gnd/or
KT BPthe BishBE SBRBEL Lt e 8P D L ot ant |~

geneiltaisitp e ndtedt ihat ftiee rjnislingrnangmsscbmeloases mplodlly act on a
Ry RUBPEA B0 Y24 P RUSEBd itrears POURRES RAiGAISS  but also on
tREEREM P ghgnnge\gcﬁd,,l,l con, the chemi cal actl on is

preponderant over the nechanlcal action (the abrasive

part iindess, Ifztbewl@mldairatt@ktamnt usedwripglpcztihhing hefs a basic
pﬂjcb aSH] conduc ac{anqatggﬁeraallﬁ’/ a6id n% 91e polishing solution, rapid
stopping of the chemical action of the polishing solution is favoured.

For certain semiconductor materials such as silicon, the chemical
action is preponderant over the mechanical action (the abrasive particles
used during the surface polishing of such semiconductor materials being of
small size).

Such a rinsing with an acid surfactant, especially for the materials
mentioned in the last paragraph, thus permits the polishing action to be
significantly stopped and its effect on the slice to be controlled. In this way,
the post-polishing thickness is thus ensured and reproducible.

Control of the stopping of polishing, and thus more precise control of

the thickness removed, can be obtained in this manner.
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smal | size). Such a rinsing wth an acid surfactant,
especially for the materials nentioned in the | ast

w@asagsaph, thus permts the polishing action POT/IE004/000285

significantly stopped and i5§ effect on the slice to

be controlled. In this way, ““30 the post-polishing

thi ckness is thus ensured and reproduci ble. Control of
the stopping of polishing, and thus nore precise

cont rrarthefrmorée at progressiee rimjeotiend of cthe Hesiogt solatiah iwill be
this nner. WO 2004/.061943 PCT/ ] B2004/.000285 2

Rl N eapid 3oy BIRCUOE WA 54N o raid cagraassaatie PH of

the|pBlisRimgbILtIeE ankr €A% K @E8rtalPBaséP bl sBmitdHRtdrHaterials
woul d result in a rapid decrease of the pH of the .
spehi asisilicosohave dhearasuliaihat the esizaiiaf thesabrasive particles is

_ , . n h
AGERFEE YA nEBon S 1R erBTe e RN b En gamage
because e thare ingkieppartld agglentrativs. t here is thus a

ri sk of abrasi on damage ecause of these bul ki er _
par t i emRpflivent Axemle oftherwsei ek planagizatior offatlgger is

. . ; . g
AR orte HeD 15 pacty ueré ler 1 e HISTARE 12kt deltaly
ipcludessbiligon.i ncl udes silicon. 10 The solution suitable

i th 1D SRv g SunetiRdon Boiies Sibns Benael 2 band Ssuton
wittepAtiveah 286880, E%@r%ﬁ%@&&ﬂ%%ﬁﬂ%, the ghemical agent

ni trogenous base such as armoni a. The abrasiv

tiven preferablyabeingrafitiogehgus base aucin be@mrasniai t h

partiicl e , sizes of,.the order  of tenth of a mcrpon. ..
5" | The; apRSHE PREFTS 7 oererab, ofide malechje Wl particle
sieebfhé braerdf Pieptiebplnvicrdpet ween 3 and 5, or even
around 4, with a CMC (Critical Mcellar

Conc &t isafieeidpdde riseut urfaciansrwill dssusethwithi anpHopreferably

o5 Ral o oor Ve ROREE AN I LG GireEr Viicetar
Conchatratichesfi abdut Getordgss. particul arly advant ageous
in tti__fﬁ[econt ext of the invention for controlling the

'

quant!NEylirge of fhg Wrsiag stepulladvastpagously bser i t
oL RS 89500 bERBLpISRREIIRE. " (e 17"

f r omThiee d aremhanidat r ol Omeahano-chemical means are particularly
advantageous in the context of the invention for controlling the quantity of
material removed, so as to permit preserving at least a portion of the taking-
off structure 1.

But generally the removal of substance from the donor wafer 10 can
include the use of any mechanical means for attacking material, such as for
example lapping or bombardment with atomic species.

This removal of substance can if necessary be preceded by a heat
treatment permitting further smoothing of the surfaces to be removed.

Referring to Figure 1c¢, the portion of the original buffer structure which

remains after the removal of substance is given the reference I'.

It will be preferred firstly and in certain cases to perform finishing of the
surface state of the donor wafer 10 in the region of which the removal of
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25 include the use of any mechani cal neans for
attacking material, such as for exanple |apping or

whombasorent with atom c species. This renoval POf/1B2004/000285

substance can if necessary Sg preceded by a heat
treatment permtting further~snoothing of the surfaces
to be renoved. Referring to Figure 1lc, the portion of
the original buffer structure which 30 remains after
sutstarcetoak pidceswhichamas effectgd\dening ke Iﬁ&iteeeytmaglstep Iso as
Wi | | referred firstly and in certaln cases
tﬁeﬁemﬁ"rﬁg mr%mhﬁ@safwmﬁ% bodldr hasSepeaTed siuretnggrgtoval of
Wfs@sincdd in the region of which the renoval of WO

2004/ 061943 PCT/ 1 B2004/ 000285 23 substance took place
vvhi cHatdbisgfufrposech bieati treptmieat fvilk se pesfou_;mdadi rfor ex:mppl&so

h whi d
dur i (0 B Ro e rpd BT, AHeEN find'a oD SBMedising
tariay dff & Mineaferwind re@?clﬁ@ftﬁ@fdﬂih@r wiabdr FX afier l%cyéllrfg‘ﬂs given

exanpl e illustrated of an overall taking-off neth
Roigberesca do t%ﬂﬁéaoﬁ a thin layer and recycling the

r o RiRdRlHo, AR LAY B 1y el sibtaratcd 6 SBkRg-or
s;nmvunreijs*.iaﬁkestm&tn@ets @éaétr Lﬂdnﬁ%rﬁajé]anug) mt‘/ci ufé\/\gr 'ﬁgbﬁ Ie |
e I RVRT LapiRb-PRyBethoRs NySRtBRigaepdb and fc.

11 usg ﬁ%ﬁt?‘?‘efe?reﬁ't?}dirnﬁsofﬂs aF4nd |ﬁverﬁio§1' oHsidts 'E‘:Fera%ﬂg an

t aki ng e 1 nv ntlon consists In crea

aembrittletneint tZoeaemlt then haking-offhstractisrend- of fordémr tu:telﬁfreet L'a later
and thus to

[ d ff d hi
delaigg and bogas fdior Hhesred BIGUDS Toanni aues
whi cfs&@Pamchrnau@s‘rwm%érpbeﬁmsle%&ﬁéej @5 8k &é%n dPsuch

an enbrittlenment zone are presented here: Afir
areemhritiiement Zohe @rsipegsentzd bete: known to t hose Skl I | ed

oot e el PG AEL R YR BB 18T the ar

(8AAOf Which I desictiptidng éhn Peefoundnin A EABEMEf VoPKE eoncerning
speci es ssuch as hydrogen ions) with a given energy

wafﬁr fedustionbeensigfsain Esbrst steriieimplapting diemicspediem such
Ao EIORHR SREF iy Yl LARE Ry 608 { ol 4 Bifbrement
zdescri bed for exanple in the docunent EP-A-0 849 788.

A second technique consists of forming a fragile interface by the
creation of at least one porous layer, as described for example in the
document EP-A-0 849 788.

Referring to Figure 1b, a second step concerning the taking-off of a
thin layer consists in applying a receiving substrate 2 to the surface of the
donor wafer 10.

The receiving substrate 2 constitutes a mechanical support which is
sufficiently rigid to support the second layer 3, a portion of which will be taken

off from the donor wafer 10, and to protect it from possible mechanical

stresses coming from the exterior.

This receiving substrate 2 may be, for example, silicon, quartz,

sapphire, SiC, or another type of material.
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Referring to Figure 1 b, a second step concerning the
taking-off of a 25 thin |layer consists in applying a

WO e@iogioag substrate 2 to the surface of the PBODDB2004/000285

waf er 10. The receiving subsgtrate 2 constitutes a
mechani cal support which is ‘sufficiently rigid to
support the second layer 3, a portion of which will be
taken_ off fromthe donor wafer 10, and to protect it

f r om P seagivéngessthsirateal isFAPPliedeys placingritrip intiate fentact

) LOf.: Thi i Vi bst rat.e. . .
i b otk ol REGELIS 119 2Rt 2R ERPGind EBAuPHonbRia, in, which
rhyleeuir amberdn&b.adw@nwéﬁlaﬁt&ﬁﬁéh@@ﬂmmm 24%and
The receiving substrate 2 is applied by placing it in

thadaiipgofcgricdere | with the taking-off structure | and
i n bryngi t 0, AN i ake :
norl18 B0 o BORAG, 4yl 8 QERACKATIS n pariulr
dasiosibedtie tie docdumehkeentitlednGearmitosduciot Waferd Bokdimg! Science

techni gue of bondi ng, a ! | ter ives, is.in
it deelingioy o SeBrcitive; TefRaoiadi B enlpRg.od. Gosdle and
Wﬁ@%ﬂ conduct or Wafer Bonding" (Science and
Technol ogy, Interscience Technol ogy) by QY. Tong, U.
GoselTheankbndiitg eis. adicormpanitchg ifi Nesessaryandyedan i appropriate
negcessary, an ropriate |lo prelimnary treatnent v
BT g ) e Reuliciiver Suliirelp diupohtgd aRdlor a
sUppR} W BhertiiR rrrg e ARHMF BHRVisidH oP ROYISTIeMeRfar® bonding
suppl enentary bondi ng agent. Thus, for exanple, a

- treatnment performed during or just after bonding

bl ¢ ¢ e . I

pe- 19T 1 spaffie, #n88 e tirk pSored R BFfLF e

bomdingahatiles tieboedntd be rigilifieny- oBbndihgwahwiso beand
trate 2 and capable of particul ar

the re %ivitg(gns_ub I)&_
@PF’QH@g @ Rending layshdius. aseiicaiinigecaiateyd batwgen the taking-
: . . . . ; _

diEiciate FATFHE ioblihd hsheRtlodhd HRL of fitigularly strong
rboledulag boaglimg. f ormed if 20 necessary, is electrically
insulating for formng,an Sed . .strugture startin rom
t e tiHatageBuslyy iR ik cBpetlg BibSndind e ghe
r{(a\‘i%ﬂ\éiﬁgqtu bstrated lélrnﬁllorttﬁé ABHAID thE bbﬁhi%@%lfﬁﬂ?ér feRhéd gn

he usefu ayer) of the taking-0

necesséry, is electrically insulating for forming an SeOl structure starting
from the taken-off layers, the layer of semiconductor of the SeOl structure
then being the taken-off portion (i.e., the useful layer) of the taking-off
structure |.

Once the receiving substrate 2 is bonded, a removal of the portion of
the donor wafer 10 is performed in the region of the previously formed
embrittlement zone, by effecting detaching there.

In the case of the said first technique (Smart-Cut®), the implanted
zone (forming the embrittlement zone) is subjected in a second step to a
thermal and/or mechanical treatment, or other provision of energy, to effect

detaching in the region of the embrittlement zone.



10

15

20

25

30

structure I. Once the receiving substrate 2 is bonded,
a renoval of the portion of 25 the donor wafer 10 is

w@eoktosrvasl i n the regi on of the previously forPediB2004/000285

enbrittl enent zone, by effe%g ng detaching there. In
the case of the said first chnique (Smart-Cut(r)),

the inplanted zone (formng the enbrittlenent zone)

is subjected in a second step to a thermal and/or
nechanithalcaSeeﬁtthelsa;d sezconmdhtechpigog) tkieofraglfe laper igysubjecrted
ef f ect Eet achl

th
BrbFechRBRahTCS N RO OB Shan Py P BSsskdeiashiag in the
rf%g r{‘?ftthé FASRIBIehgos@i d second techni que, the
agl

layer 1's subjected to a nechanical treatnent
or otDetacbmgphythefregioar ofyan enﬁfriﬁb@nedbzmw@ordmg focone of
egiqQn qf the enbrittlenent e. Detachin
880 Sodpehilauft Hermits FEREvab RS ook arrisT 8! thet Wafer 10 to
dtrame at \é!t)rut:ﬁﬁénb@#\@ﬁshgf fd SehiiMya opfthe FMePLoff taking-off
portion of the wafer obtain a structure

%mreéu(n@mm@uséﬁam@ats tbe usefuldayerhese), theppagjbleronding
h ful |
'%2‘%@?“5&& %%é&]hélgubgﬂggrfpresents t he usefu ayer

iig layer, and the receiving

substA giost-Lakifg-pfsstrictlsten ) - aristititesiaherportion of the taking-off
constitutes the portion of the taki

“off I
séqu}g?dr'@ma'ﬂ'@gﬁﬁﬁrﬁﬁklﬁgt(m thewhale g?ﬂ’?e W@éer\?mﬁpg‘go? donor
whRr el & b % 'Elgré’cy‘éﬁﬁkz?orl r&é- JS% gﬁs té@pb-c{{rpofa later

or oft-of a

recycling ater uring a ak|
laperer | ayer. The result of recycling of such a donor
waf er n Fi

d. It - f ,
e rasUR ! eing o flsh 8 ongr water BF s AR dh Fiopee 1d.
t aki ng %Worrﬁ%ré‘%ééﬁ‘ar{lcala&c?rﬁé&h%%ot&e?ﬁi@alo‘étté&l@ﬁﬁ the post—

already di scussed herei nabove, to renove a portion of
tekiagpb t stradtiirey - bf icearding uoe ane  Jeviboae  Birehdy qdissussed

idaineBun TPERayE s ARBRAN e PerlakBEFT by £
the Biferalt akthgiqoéé fIrr URE UkembvalC WTPIsuBSRINgV diyaldifferent
| ayers of different origin, such as for 20 exa

le
ru%h@@@k@@@% \RBraglsackS impleonenta chesg. gaﬁtpﬂuéarlynﬁ the post-
tg?'ggstg‘f SQ%(H(H/ oF %’é‘s ve?éltléi}?%a ({m‘é nglﬂagua'?ﬁs for

exanyiie sy suﬂcebswg ,atthebs by ICGMIP ramalt by ampﬂerponihm@
SSI er L n%@@?@plc gt?aclkdof rtngsenta Ic(:zlalrrm1 %eogr]:acgéedu él/ro?follllé)wed by
surface treatments, such as chemical etching, heat treatment, or smoothing.

Referring to Figure 1d, the taking-off structure |" obtained after
recycling is substantially identical to the taking-off structure |, reduced by a
thickness close to the mean thickness of the layer which has been taken off
and of the material removed during recycling. According to the invention, this
thickness is sufficient to comprise a useful layer which can be taken off.

The donor wafer 10" is then suitable for providing a taken-off useful
layer in the taking-off structure |" during a later taking-off without any other
supplementary step such as a step of crystalline growth.

In a specific configuration of the donor wafer 10 before taking-off, the

said wafer comprises a plurality of useful layers which can be taken off.
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recycling is substantially identical to the taking-off
structure |, reduced by a 25 thickness close to the

woread/ostmekness of the |ayer which has been takenignd4/000285

and of the material renpved guring recycling.

According to the invention, this thickness is

sufficient to conprise a useful |ayer which can be

taken off. The_ donor wafer 10" is then suitable for

pr ovi i thig sPedifie Aopfiguratien..and fosyetaking-efi strughirad -aseerding

t?)t F]HJeC'iﬁUfgtlbn iHUvhIs §ev§§fbséﬂ( I%ﬂaégfggn\gbép g%na&y between

pl Aeht ary ep suc

mcyelin;j Istems ecmmrng ton the Spesritfone is @l agvartagesudfcohbext a
10 before taki off, the said wafer

donor er [
rmm@goda'spvﬁe 1 P Jalgpg bt d9vars fpmnca denprpwafer 10
é Hlngftf)t é/\ﬂv%ﬂﬁ?% Qo Rera Wélk?%?@%%%[%%ccgéﬁéﬁl

eC| I ¢ confi'guration, aking
struc't lataklngaoﬁ‘qmrdce@ and the i nvention in which
several useful rg)é/:ers en off. bet ween

t
r ecyc] ichiFO¥EIEILPIOCES? GF?@'deQ ‘Pﬁge iINEReNon, in an

advargefaes uie ﬁﬁﬁlbﬁi@nté‘tlon?bﬁEH&cﬁk%ﬂm'gsofF?%besgf a process
taking off useful layers froma donor wafer 10 5

efcfoonitnanthe donarewafier 9t acgordingitbdhetimventionetan be performed,

R o By dfplsob BEE M Ak co T RS R n BURET G subifute 1
dsfcpibed theeeinapbwrent ati on of the cyclic taking-off
process, a process of formng the donor wafer 10

accor dien@ossibilifie of takingi off Q@é{ﬁr aldimpes fascaeding tpothgi present
|ﬁ{/‘§nt9fn rE?&‘ﬁngff{&nea tdﬁ)ﬂBP'v&Ll‘&sﬁf rﬁgrég?ﬁé %ﬂug{ur%.r] fdrmed on

ayers’'on su rate descrlbed erel nab

spmsmate Mi withodt hedessarityf foraive sapplemertadclages tgere cand/or
resent _invention, starti ngofrom a donor wafer

t.
wilioll pe388sarky BERALDO0 froRmeRdopisoovatag Phieasta portion of
t%témtrafbeqe SAhitd B {g&h%ﬂwpé Lmﬁhgnﬁ@aﬁanﬂaﬁaﬁfo? thERrall

/or 15 w hout netessarily per ng a treatnment
tabngfcﬁbomthodg an | esmiar anwdnmemiatlorh of hthes ulngthaat, eahd a

rmts ai n_of ne_of the | enent ati on of . th
Fefinopn? 168 AeVaiad FEetrunc st dBat 85 (sreReMesiqnof the
pHortafe nethod, and a substantially less el evated
econom ¢ cost than the different nethods of the prior

ar t . After s eartain nuaitesioh takingseeff @ndtcﬁke%@ynm petfatmed in the

r [ tru re_l.,
AUl B850 | HBT o ek AP, B el a uncion
df uhe thioknesef oft the 1aterg Klﬁ@fsérnéfniﬁql%ldlrig—bﬁfstrubﬁﬂe | is no longer
remai ni ng. taki ng-of f structure is no | onger
sufficiently thick to contain a useful layer to be taken off.

The donor wafer 10 is then only constituted by about nothing more
than the substrate 1.

In a first case, the donor wafer 10 is discarded, and the whole of the
substrate 1, which may be complex, long and costly to produce, particularly
in the case where the substrate 1 includes a buffer structure, is then lost.

In a second, more advantageous, case, at least a portion of the
substrate 1 is recovered, by implementing a recycling method.

In the case in which the substrate 1 includes a buffer structure, three

types of recycling of the substrate 1 can be implemented:
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sufficiently thick to contain a useful |ayer to be
taken off. The donor wafer 10 is then only constituted

whyooaloersss not hi ng nore 25 than the substrat e BCT/IBR064/000285

first case, the donor wafer 530 is discarded, and the
whol e of the substrate 1, @i ch may be con‘pl ex, long
and costly to produce, partl cularly in the case where
the substrate 1 includes a buffer structure, is then

| ost .- renydingmnnrisim@ﬂm mamlazjéh@who@gétheahuﬁ@ﬁnucwre

rtio. .of the rat recoyer ed
R recbiifh sPsen Ao Y B it et porich SE . Sl supstrate on
vHIEh Sk Bluffaf etrliciufe w&eﬁ)rmebufrﬂ@fre@dlﬁgtalM@ys bt the loss
types of recycling of the substrate 1 can

of ipeepartioa el the o vmlbggnﬁ@rwmbgomwbdam@st apg¢ the most
SIS O Ao Al AT e A By ISy st

of eeffrmatipardéfi @ budfer stractune it tis ebbéd afop exampld, whrdfdven a

ffer structure was forned; this recycllng al ways
S&Eﬁfaates 9HEIVﬁ!L§?§1§t0 Bt PREOTBEREYIRTor the substrate 1
gener. [
form %bﬁcl&ﬂéﬁﬁéﬁﬂy tnqjgrié tr Mb(/ala?fj rmﬁr@lgr?ﬁ tﬁ? %?f%a k%stiu@ture,
asdp peenittiniga pye saregtioro fof rtbéosupnorbrsub‘stratebohfwhlch the buffer
tructure |f i s desired, to reform a
BBt s Pra AR poltpn o &eb@f%reswwa Syl as a buffer
Iéﬁé?}(ﬁtlnbﬁgs 'cB§iN°'§B BEbdu'?s@ H@I‘Tﬁg |n§ heré iceidobe #)@ﬁormed
fer structure, and rmiting preservation o
f@rupmplesab@ adaaeta@ﬁouﬁib'ca sefectivef rTemoval of stibsianoe stopped

7 5 AR ), RSB HUeH 8 omentr

sty oNGeforriieg lanluffémgtrr@ctowhsj abeamgééﬂﬂ?dmplérﬁénted if it is
exanpl e and advant ageously, a sel ective renoval

degised afit dPartieypeato Befosmspopubsiiate | ueswyaast yo that before
réff)ycﬂﬁged in the buffer structure; a supplenentary

S reformng a buffer structure is advantageously

[ WMeeyaerahallﬁduhg the rémodeakof atdeasia partiorcof thie, renmainder of

eform a substrate equi val ent .t.o that befo
ﬂa%eyennaﬁgakmgﬁ c%IEHCﬁHS ARE IREEMHENG the Qfﬁt?fs%ts"at“
: N al
to SRSproRoRid, AR B BRuBE M ool RipIBMREtor surface
finlsdamgjltMrrasteoﬂ the dabegfnﬁsskuowde Id(for eyamplsy blyi QIR heat
lL,ement,ed for, surface,20 finishin

st coul d .pbe | t he
alRef; Sprunak FRYSETT. tormER T O SE" srauiiao Byctniaue)
aftyfor gEeRIrmitd 8&elBdtive réﬁféﬂlbfbﬁé,@stéh‘déj%ldﬁbbd by a stop layer,
bonbar dnent,” or ot her snoot hing techni qu
for example JUdICIOUSly situated between the taking- o structure | and the
substrate 1;

After recycling the substrate 1, a new taking-off structure | is then
reformed, in which several useful layers can be taken off according to a
method of the invention.

This new taking-off structure | may be substantially identical to that

before recycling.

This new taking-off structure | could have a structure slightly different

from that of the taking-off structure | before recycling, by slightly modifying
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and/ or perform ng a selective renoval of substance,
stopped by a stop layer, for exanple judiciously
watatmd3 bet ween the taking-off structure | aPOT/ABE004/000285
substrate 1; 25 After recycljng the substrate 1, a new
taki ng-off structure | is then reforned, in which
several useful layers can be taken off according to a
nmet hod of the invention. This new taking-off structure
crermry ragametars aoft farmagionde fior cedanaplet leancemtedtions of certain

cli 30 _Thi of.f. structure | could
U3t amafhat iERe SEHDRENERE T om that Cof he
t akr ne adlfcask! ﬂfé@kﬁrg'—ol’ﬂ@fr@ét@ré RCAdIdnfdheduslystorget by layer
nodi fyi ng WO 2004/ 061943 PCT/ | B2004/ 000285 28 certain

gawtneekexanpleryt ﬂmtawd)y E¥P anMBBl e, concentrations
of C?ﬁ ta?ir@ﬁ c&égmﬁé‘ rlﬁ%t g@is? ro'n@lc%fw\é ﬁaryﬁég g@@%&éa in the

takimgﬁfﬁastamlsreyl rfso‘bmadd lin/sittayﬁrrectlgrim\obhtrmfalrolgeofahplfernbatron
case, the

Qifth%r#”ﬂ@ﬁg‘ﬂgo‘?ﬁ’ém&ﬁ '?M%f Iﬂé%‘r‘tﬁer A rS&’PQQdaﬁ’Y?’ttﬁ%egous'y formed
f‘ ¥ér9%r3f/rfthﬁ4ﬂ#r’§5ﬁ§éa | is forrred in situ, directly in

ation o e formation of the underlyrng
suppd)mta Issepend case,| thet growitths of i legstidrenohdbesa|lgyers is
r,owm h t hi a se

d, b . d
RedloBegnatey Bulfdntoret: o slacs, Tl ptdnd, Eerlmg, arowtn
slfprBﬁr for mngbtisy cvp 'pﬁ)héhrﬁ@eﬁeé’tf tréatmare of bfheﬁf‘érﬁ@othrng

t he underlyr ng gromh support, for exanple CwP

teohnigle.ng, heat treatnent, or other snoothing

br esdnt et PR, LR ghih B, B BRer Brapeny of
cOPARUiasibAg of doH6E Wafsts 11 Ovddripriging alictupy el with stvefiltayers,
capabl e of being used by a nmethod according to the

ansveapablhof tejeg .ursree ayrq/me\r@d/@qzqorgrnast@rrhe rm/re@itlpar s
‘f’g' ¢ ‘é%ﬁrcgﬁ% 6\?fﬁ° EXnPFn Icrﬁg,?ﬁ ?ﬁ\%{ta&@&f‘sﬁ? be

SECCer € exanp
el dn satle dbnoowpfarsdg. a buffer structure and a

on " For G sAote SEplen GoteIHb. B FabSERieuA: crEptees a
M@F‘sﬁ@éﬁr?@%ﬁé a $dpgdies st &Re HffeP sfEEurébeing formed on
the support substrate.

The buffer structure then possesses, in the examples concerned, a
first lattice parameter in the region of its support substrate and a second
lattice parameter in the neighbourhood of its interface with the overlying
taking-off structure |.

Such a buffer structure comprises a buffer layer permitting such an
adaptation of the lattice parameter to be performed.

The first method of forming a buffer structure (as discussed
hereinabove) most often used for obtaining a buffer layer having this property
is to have a buffer layer composed of several atomic elements comprising:

= at least one atomic element found in the composition of the support

substrate, and
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first lattice paranmeter in the region of its support
substrate and a second lattice paraneter in the

woedglhbous hood of its interface with the over| peTgB2004/000285

taking-off structure |I. 25 gych a buffer structure
conprises a buffer layer permtting such an
adaptation of the lattice paraneter to be performed

The first nethod of formng a buffer structure
di scUsalelgashepeiatamis €jemest Nef ©OF FogEeal.f @P”@Uf‘atihﬁl MPO'T

SR I R PaoR ST NS0 hicnss

of thpbuffenigye80 ~ at | east one atomic el ement found in

t he nposition of the support substrate,

2004/ 1@@§%@?PPB@M@%@8@@56'6§@?M iy the Q‘é@?ﬂ%}‘@ will be the
pfi‘Fn%lsﬁa‘F ElSEESK t?ﬁz"@rad?fal ?ﬁ% fe8kion HOHY dtficd gﬁrér%{é?rlh the

substrate, and Ing a co centratlon progr essi ng
bglffadlm/iei'w ametamarphicknasser. of the buffer |ayer. The

ayort N B8 CUGERt R, BT e P Fcibslly g i

pr ognw'a%mréf etéiﬁeﬂnat théserPabANRE eéomﬁo§|h§n Suthersupport
| ayer in a netanorphic manner. Thu in this

sgbairatguioathe buffer ﬁubstatela@fdetpf the lmfﬁen(bammg,y b i Groyp IV
tg;{}apgglkﬁrgscﬂeare@gnts chosen for the conposition of the

bstrate for the buffer substrate and of the

buf f ¢=ror |e&¥ﬁpréTHMeh=Bcc§lfld Beoinfthis\taseta bypsort subdtrate obiSi and
For exanp there could be in this case a

asw&f} By LBt é/vlth adpe gapcentrasion: pogrespivelnevelving, with a

t
e GRS DA 0 OB R N o oo
ankdea sprific t/aleammatmhera‘ade@fﬂpebmﬂferdayeﬂ ue on the
ot her fac of t he thffer ayer ot her case

ShowiN aHRNGIoRARS: TIAToiE KOMAGSHIGN: L dRe  SuRpoT. Substrate
aRBHr Ut tﬁfe Hufer p&jfefr Phay @bfﬁl’brﬁ@)é ;%/élF"Bf bftfnig elethentf of Groups

atonmi c el ements ‘of G oups , such as a pair

I|¢~Nosselnhf390mpaumig>stenefrms&nbng the piossibte combipations4Al, Ga,
In) lgN P, As). For exanple, there could be in this
)a_s ort substrate of AsGa 20 and a buffer

| ay eFof @XBirptd, tHerScanld/B inGhis\bade atsuppaftisudRtatt BEASGa
el emrent, the latter el enent evol ving IprogreSS| vely
e

apdian bgffemaygh@ggmprusm As gad{r Ga ayithpat least one other element,
the latter element evolving progressively with a thickness from a value near O

at the interface with the support substrate and a specific value on the other
face of the buffer layer.

The composition of the support substrate and/or of the buffer layer can
comprise a pair of atomic elements of Groups II-V], such as a pair chosen
from among the possible combinations (Zn, Cd) - (S, Se, Te).

We present hereinafter several examples of such configurations:

The first three examples deal particularly with donor wafers 10
comprising a substrate 1 of Si and a buffer layer of SiGe and other layers of
Si and of SiGe.

These wafers 10 are particularly useful in the case of taking off layers
of SiGe and/or of stressed Si for forming SGOI, SOI, or Si/SGOI structures.
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at the interface with the support substrate and a
specific value on the other face of the buffer |ayer.

wabe4merposi ti on of the support substrate and/ BCT/oE20041@®0285

buffer layer can 25 conprisg a pair of atomc

el ements of Goups II-VI, such as a pair chosen from

armng t he possible conbinations (Zn, Cd) - (S, Se,
sent herei nafter several exagﬁl es_of such

re
confl\éﬁg sRkhereafier seyerahexamplesafisush gegfigurations:

particularly with donor wafers 10 conprising a
substrate 1 of Si and a buffer layer of Si Ge and ot her
| ayerBExaple30: TheaiodootvagirCH) isTdorsttuled:ers 10 are

par |cuI ugeful .j he case of taking off |ayers
Lﬁ?ﬁﬁ%&ﬁcﬂ""ﬁ'ﬁ“&éed Si for fornming SG, SO,

or Si (/SGO byph s uggg,& 2Bbsifledt®}/ 061943

PCT/ 1 B2004/°0002 30 W present hereinafter several

exanmpfes diy 8uuHfes siuctire aafi Sk forrE)edrqﬂoe)rding Todhe saat first
0_j ' -
oL B S ol GRABRLDG 6 her oy g

éumf@iaméyercture of SiGe formed according to the said
first technique of buffer structure formation,
conﬁhasﬁah@gaofgmmetm hgempPERigaNCeansl POoSiblY angyefrmore fine
18Yerd dridibdftaff Susbediespire | comprising Si Ge and

pOSsi bl'y one or nore 10 layers of elastically
stresberl Buffelhéayenf frrefdrablgr sl ar aBey dwmeatréiion which

concentr t| on whic ressivel ncreases fromthe
RO Vi TRaes T BB oAGE Mtk (he, SupRaEeSuRIate, 1o

defisk! Qfie PAREE! BhrdhetblCobl (R ISIGY 48" 4i5gR3s 4Rl Udffined
her ei nabove. The thickness is typic 9 conpri se
hereinabove. and 3 m croneters to obtain a good

et et OhefrsBiE ot combusilh bEber JianeC Mitrometers to

dREIAMET §6od @trlibRiralt RgxARioh Bv&h@%urf’ébs afdi fol e@ﬁﬁne defects
| ayer is of SiGe, substantiall %/ rel axed by the buf
el

retajed to the diffeeancedf daitieg perame ﬁpftbamm@;é are buried.
Che. olb PRy BYBE Ik St XBSEMiahi e B ine Bl ayer,

with ahf adveantddeousdnanifdmatGe @oﬂ&e@l%ﬂﬁﬂls\uﬁﬂ%tdhtlbh'ﬁ identical to
silicon within the relaxed SiGe
that of the buffer layer in the nelghbourhood of their interface.

The concentration of germanium in the silicon within the relaxed SiGe
layer is typically comprised between 15% and 30%.

This limitation to 30% represents a typical limitation of the present
techniques, but may be made to progress during the coming years.

The additional layer has a thickness which may greatly vary according

to the case, with a thickness typically comprised between 0.5 and 1 micron.

Example 2: The donor wafer 10 is constituted:
- by a substrate 1 constituted:
v by a support substrate of Si;
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| ayer is typically conprised between 15% and 30% This
limtation to 30%represents a typical limtation of

wo b@4psmgent techni ques, but may be nmade to pPPODIE2DH64/000285

during the com ng years. 253khe additional |ayer has a

t hi ckness which may greatly vary according to the

case, wth a thickness typically conprised between 0.5
and 1 m cron. anple 2:_The donor wafer 10 s i
const 't ut o a-blﬁ?f struchyis formed Becaring o thessaid st tgghnique
S RRihg S& PRiffett Str@dtur Y0 f SiGe gnd
PCT/ | B2004/ 000285~ 31 /Ct?vgé IR O BURES layer of SiGe gnd an
additionrl{ge layerhe said first technique of forming a

o S P, By befors WRinot casrcaaior
Al3Bnd. si ng before taking-off, AsGa and/or 5 Al GaAs.

The buffer |ayer preferably has a Ge concentration .
pr ogr R tudfey layae rrsafsiralply f hasn a Heei ennnehfration progressively

BLABRIe P 36 LBob ol 8RR o e
pdrametér td beodresatdtweem tlatl ofithe . Silduippokt §uhsirapsl=pastat of

he Ge concentration in the buffer layer is caused to
%P@?@Q@tpﬂéwﬁdﬁbut 0 to about 100% or nore precisely

0 f i
¢ e pyrplose e e Ehbetatlort i B Tufiet S A TE Baysed to
pn‘ogcars,_s\/\ﬁucbmezI atgrﬂjtié_s tacgbemti 100%¢ or rﬁcfﬁe-;irbyiselysan’@fmdega%,lfor a
titpt i; a takipg-off structure _
BgAmcalt Gomplate raredmength & Bltos:a e hiS fatsrigie o
nore fine layers of elastically stressed SiCe.

Exanpl e 4: The donor wafer 10 is constituted: 20 - by
a sul=xamaple 31 Thedohenwater 10 ipgonstiutgsort substrate of

Si; ./ by .a buffer | r, fornmed according to the said
se'c:8¥18 %@g&rgﬁicopg@ﬁ%d eébf formation of a buffer
struct ubg ditakm?saﬂ sln@bﬁjreatb@ampﬁgmg,scti&@ﬂeomwﬁ,t %% and

docunent WO 00/ 15885, that is, b%/: > a deposition of
a first PP&§ibly @1e eemere finelayees of eliastically stiessedSiGe.

Example 4: The donor wafer 10 is constituted:
- by a substrate 1 constituted:

v by a support substrate of Si;

v by a buffer layer formed according to the said second specific
technique of formation of a buffer structure discussed hereinabove and
disclosed by the document WO 00/15885, that is, by:

. a deposition of a first layer of Ge or SiGe according to the said
second specific technique of formation of a buffer structure discussed
hereinabove and disclosed by the document WO 00/15885,

. possibly followed by a deposition of an optional second layer,
capable of improving the crystallographic quality of the overlying layer, as
disclosed in the document WO 00/15885, the second layer being of:

o) SiGe (50/50) in the case where the first layer of the buffer layer

is of Ge;



10

15

20

25

30

second specific technique of formation of a buffer
structure di scussed hereinabove and di scl osed by the

waolomunernts WO 00/ 15885, " possibly foll owed by BCT/IB2004/000285

deposition of an optional seggnd |ayer, capable of
i nproving the crystallographic quality of the
overlying | ayer, as 30 disclosed in t he docunent WO
00/ 15885, the second | ayer being o Si Ge (t50/ 50) in
t he cé’se whkeesethsl mhgtcasgymer@fthemestdawereqf hewpuffer lager is
%ff WD 2004/ 061943 PCT/ | B2004/ 000285 32 o stressed
! ’the case where the first layer of the buffer
I ayer vis aftaBin@eoff stractuadil rongdrfsirg atitdast @nke of the following
nBI‘ISI&% | east one of the following materials:
St 'G@ e taking-off in the taki ng of f

str UCtrglf?%hm@t@del it oﬁkir&-éﬁtstr%tdr?}fet{at% c\;w e?‘n%i 89! & ayers

| ayer ructure be note
phatsingle Ia;yefulftﬂum takingroffistrudtume It he end of a

t aki ng- of f tthse le,are fre

oot enliaion BB Bt Rt e A 3 L 55,418 kng o
Begbrdihg fPthis éxé Iééfélﬁéé fR¥n @Bfeiﬂté‘ efltt disiicatibh Mbe, even
can then be used epitaxially grow ng

Hup puead meaion. Iayers for exanple of stressed silicon,

O o R T oiRlct oL ok Bined"ofis KBRS Singh B 2Rk for

epitatialp gﬂnwuﬁ? %u@pmﬁérﬁtawb@éfsatf@r &karhple of stra¥sbliasilicon, on
| ayer ormed according to the said third

i"@clﬁbfﬁhﬂfe 'Qﬁ Ger9radii on of a buffer structure; / a
taki ng-off structure | conprising at |east one of the
following 20 materials: SiGe, Si. This donor wafer 10
is th_MDmldtﬂfd)r&\fafel10 reecdrstiteeted oy of t he

buf f er according to the said third techni que of
forrﬁ?’rﬁ’sg‘yag%ffcé’lm%rﬁm ture. In a first enbodi nent of

the bufferglsaygbrt sbstradkdstg- of f structure | was
present beforgst he forrraﬁ on of the buffer layer. 25

The t #ki nga @uffestayecoﬁSe fomhed accarklinggtodth® said third technique
89%%‘1% f'g?er strucffl.lrnsI ty

v a taking-off structure | comprising at least one of the following
materials: SiGe, Si.

This donor wafer 10 is the wafer obtained after the formation of the
buffer layer according to the said third technique of forming a buffer structure.

In a first embodiment of the buffer layer, the taking-off structure | was
present before the formation of the buffer layer.

The taking-off structure before taking-off advantageously has a density
of defects, such as dislocations, less than about 107 cm™.

The typical thicknesses of a taking-off structure before taking-off, of
SiGe with 15% Ge and of a taking-off structure before taking-off, of SiGe with
30% Ge, are respectively about 250 nm and about 100 nm, thus remaining
below their respective final critical thicknesses of elastic stress.

According to what has been seen hereinabove, a buffer layer is

formed according to two principal steps:
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of defects, such as dislocations, |ess than about 107
cm 2. The typical thicknesses of a taking-off

waetoosme before taking-off, of SiGe wth 15P6T13B280u0000285

of a taking-off structure befpre taking-off, of SiGe
with 30% Ge, are respectively about 250 nm and about
100 nm thus remaining 30 below their respective

final critical thicknesses of elastic stress. )
Accor Yi figfmafiamet a zege s deriveationeindhasyepert substrated of Si

| ayer i ; : [ : I,AGI steps: WO
voal 06 Py TR AEEEAREIE spEobYFuBh BB BRHET PP O

of pest ichttieatment toheassepaoichstaletatiae eefhxafioPiof thy elastic
i npl antation of atom c species such as H or He; heat

t r eat meStregses Kulbe takingafkstructyre. at i ve rel axati on of

th j ' t aki = . ot d
pur i rglng the FrHEERR, i drites Ohiaftalio dréibisor H or He
esay giectypwhlliHbetwéen 12eed 26 keV\.ypi cal |y between 12 and

25 keV. The do of ' H.or | mpl anted are typicghly
bet we P@fﬁséﬁj'?ﬂﬁﬁe "EHIE‘F?QJ %?y’p'q b’%@&ﬁéﬁéo f gnda10"
t@Ri ng-of f structure with 15% Ge, Hwll lo

preferably be used, with an inplant dose around 3.1016
cm 2 &t anl e fofyexamplentorbtaking-off statire with £5%re e will

a, taking-off .structure wth 30% 1M1 1o
i Bpbps ket vufl! Stk Yadh Amlngoa oLy binzian ennsroy
avuad@s kgv.energy around 18 keV. 15 The i npl ant
depths of the atomic species in the substrate 1 are

t hen »t ypi dws, Jomexamels, fscutakiw-affstiHetutewithni30%Hae, H will
' ak

gL T, SR 9 TS QB B2 6% FRPaE By

anophdt18dee\af perturbations in the region situated

bet n {the perturbatjon zone and the taking-off
ot r uCHR EMPIht AP QlihG-AIORIGSPESICE tb%rsvgswatei brage then

el SEhaestabblis amtptapite sald putter Laver
t hen e dest dneatovant apérforeteak aluriog e tseeondksteg- stiduld be
%@éfet férﬁ%p gg&wgﬁﬁrfggta{g\g%g%ﬂtmﬂesr nrdeafr%;ralﬂgldg o?%taf'tagbrg%igns in
the region situated between the perturbation zone and the taking-off structure.

This region in which the perturbations are displaced will then form the
said buffer layer.

The appearance of dislocations in the buffer layer then causes an
overall relaxation of the taking-off structure.

The heat treatment is preferably performed under an inert atmosphere.

However, the heat treatment can be performed under another
atmosphere, such as for example an oxidizing atmosphere.

Thus, a specific heat treatment to be performed for this type of donor
wafer 10 is carried out at temperatures typically comprised between 400°C
and 1,000°C for a time which can be between 30 s and 60 minutes, and

more specifically about 5 minutes to about 15 minutes.
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25 However, the heat treatnment can be perforned under
anot her at nosphere, such as for exanple an oxidi zing

w@bomspiees e. Thus, a specific heat treatnent tBCDE2004/000285

performed for this type of or wafer 10 is carried
out at tenperatures typically conprised between 400C
and 1,000C for a tinme which can be between 30 s and 60

m nutes, and 30 nore specifically about 5 mnutes to
about In second esbodineoialthe bulfer fager., e bulfe0stogare is not

bR Bt B Maflba oot ilter e Bien g, WaoF tnen

hbeamebéesisly ap éanrﬁg?ﬁﬁ therfollowmgdormichen  advant ageousl'y
appeari ng |nt Iovmngform - a substrate 1 of

Si; 5--asuhslide 16f S Ge with at | east 15%of Ge, the
Si Ge |
' Q?éé)%g <gff %axarplt At Iéés;teftﬁ’ﬁdof C-:F%e tﬁ%@?@b%’&ﬁgaélgstlcally

par amet on O er ar
subst ant stada$3ed dentical to those of the f| rst

enbodi t of. the buffer | te
the b&NF deCiBigYeS and, pREemelnty of ahlpxeham el Faik, Sien aver are

E%ﬁbﬁ“@gﬂﬂénﬂlc& STl oTdhé fifst %Yﬁdoﬂn‘neh?bﬁh@‘bdf@‘ ?a"yeP r
set of

ers. The taking-off structure |l 1s
f or meAftaf u‘@maﬂw bﬁftm@rbuff@ydayercdauerarqonstlmtmgetwa taking-off

d . F det ai |
SR CRmBiSROI6E o Prtetn® St selor PPl ence.
W 'l pRe takleg o stAfctsleldis @RuS fdrfrietCafatthBYouffer layer, contrary
Hol | ander et al., particularly in 15 the docunent

tnthetfirsbembediment nsppesad iprihisfexasigonor phic Sii XGex
LT e

wilnbdlunadato ansl stutlids garisdsownisly BmedadéMePbNSmeularly in

Research B 175-177 (20011) 357-367). After bondin
theedoeiinentientitied,"Steaipireaxagtian, sépﬁ%fc@rsorqhm@hgcv@w %1 00)

ﬁ@te’?@étﬁﬂ:‘h%g Wrdeh H{/ergEHOWr haii Cﬁrﬁlﬂgd&@gfor virtual

ayer, according nor e nomn
ptutestraies‘hlg:rmhimr’ |(bedl,uciﬂad arte Ingdifuenents aﬂdeldlelﬂmmclneﬂhysics

ccord [ i Exanpl e 6: The donor wafer
nggr bﬁé%gﬂw OBY%E’JZ'%E)_/’)H substrate 1 constituted:
/ b%’ Aﬂé#B@ﬁdﬁégsdfttﬁbrv@é@r 0" & Fobiving JuBRERteP B taking-off is
portion of
performed with or without intermediate bonding layer, according to one or
more known techniques, previously described, and the wafer is then recycled

according to the invention.

Example 6: The donor wafer 10 is constituted:

- by a substrate 1 constituted:

v by a support substrate comprising at least one portion of AsGa
in the region of its interface with the overlying buffer structure;

v a buffer structure of IlI-V material formed according to the said
first technique of formation of a buffer structure;

- by a taking-off structure | comprising a IlI-V material before taking-

off.
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in the region of its interface with the overlying
buffer structure; / a buffer structure of III-V

wordoansei3 f ormed according to the said first PeTIBRGU®O2SS

of formation of a buffer strycture; 30 - by a
taki ng-off structure | conprising a IIl1-V materi al
bef ore taking- off. WD 2004/ 061943 PCT/ |1 B2004/ 000285

35 The main purpose of this buffer structure is to
adaptleemam tausRose Afathis diufies structuis ds ital adapt the lattice

ero{cI priddridi © |lhé B ﬁ%trEERﬁétt. 9\% é. hb hBod of
nter ace t(I'I\Q}Ct\':hl cg I'S tfor SCADP e S8 TRont nal vl td e

m&unte@fa&é (vhdcht |8Cfm5exémple@ noaﬁnal&’bldenrﬁ’f) abcmttal&l an@stroms
(the nom nal, val ue of i s about 5.

@H§§t93§959f INR) thEhaAfiAsGa KthV ’??é’t"@?t walye qfl’f@'?ﬂ é?c@tPQ}HI5 65

of such a buffer structure nay appear, for
érﬂéﬂﬁfcﬁﬁé) in the light of a conparison between

di ffelrnetlte rm;irériIIaVsnmialastrmlprabtlcaP intedest obf duédls Ga,buffer

St o ABPRE: JB e BRIIEL By RaRait of 18 eMpanson between

d"ﬁér“@ﬂ'rﬁé\te'riélsf Eagh |28 soid hPhh8adYidkae®A, solid AsGa belng for
i npl ementation of rear face contact technol ogies,

examplealeger cesthiesmorg pavealable eni thehsemissndugionmarket, less

PR TR .otk ATk gy RApBRik ieREpgLBY Foqr (o€ contac

t*eehh@Ibgréshaﬁdt»hrﬂ’t larersizas (pichiv®, inthes frstehdlenarinches for
gives, for exanple, a solution to the

?rQi'rdn'ﬁPl)H?ﬁerW I"Ryer of InP dinensioned to 6 inches by
prop b\ngv& tt%ég-ﬂ:’u%fn o[r)(?rtfsub rt&:ea fInBg Pe%ggg i ule better

forne e an
ﬂtaaﬂhatorﬁf%@arffer structure Thus there is seen here

al | e advanta e whi ch cla a. don waf er
offer Us Persal sdoé\ﬁ’fd&% eud giyes, %i‘qni‘FP'evan%Rlét‘q"hFO the

fofmbBfior Bf BRdyer 6’fr I Ptrgrﬁtb?tfsﬁfne\ﬂ‘ tbfs ?‘Cger ‘rilrg/ tﬁHFbérﬁ@j a'ﬁféﬁrrg-off

properties, ca ab or exanple o close™to
girumpienet l mmnmrog ImiB dbumédiop dneAsGacupgortrsulpstrate and relaxed
enbodi nent of.. the §a|d solid material. The buffer

kY Means o c%tf{ﬁf'séfé’mﬁ such a donor wafer 10

necesmisatRye i BedntHirekdiehe AdRINGAdd WhitHESUEH al dsHbr wafer
one m cron, and which can be brou pr ogr ess

{ORancoitaroit et ok msdvedayas-oies Qliaraiehal Gebe fonar for
tiréns%rI ﬁﬁthegcdtven quality and properties, capable for example of being
close to the properties which would have been found in an embodiment of
the said solid material.

The buffer structure comprised in such a donor wafer 10 necessitates
a thickness typically greater than one micron, and which can be brought to
progress toward greater thicknesses, particularly if destroying it after each
taking-off can be avoided, specifically by means of a recycling method
according to the present invention.

In the example of a taking-off structure | comprising essentially relaxed
InP in the region of its interface with the underlying buffer structure, the buffer

structure of the substrate 1 then advantageously comprises a buffer layer
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taki ng-of f can be avoi ded, specifically by neans of a
recycling nethod according to the present invention.

wo noothersaxanpl e of a taking-off structure | cOPPI/IBEI004H000285

essentially relaxed 30 InP4jg the region of its
interface with the underlying buffer structure, the
buffer structure of the substrate 1 then

advant ageously conprises a buffer |ayer WD 2004/ 061943
%ﬁtuﬂﬁ,@gmﬂ '@%ﬁ@swﬂbmﬁwnpmt@im pnqg@sgngm%@ﬁ/vgen Ghand

éﬁ&ﬁeﬂyati on progressing between 0 and about 53%
e buffer structure may furthernore conprise an
addi t Thaduffeagtuctufe may furthexnore dlompsisehamadditiGaak layer of

U, e AR SRR, Bl RS oo

EGdeMirafibh of He LRARE cliRehtdP | ayer will be taken off
the taking-off structure |I for transfer to a receiving

subst Inza padiculanease whtaking-offf apleast dhe Ird? Eyer withbe daken off

I ' ' h be. att ai .,10 It i
e T e R T R
f ur t MEfier@HeafRERrdf SRSsibie GhAtricH] orehéd¥onic properties can thus
di scontinuities of electronic bands between the latter

beetiaingd. and I nP notably create better electron

mobi |4 1d 1%? eg(é‘mb&ethgaé‘a%%'i%r{e e@dsrﬁ%rgiﬁen%ﬁ]ﬁfmﬁr@,ore comprises

configurations ofior are possi
nGaAs sirnipAtadediscantindiiesV of ostpotrowis . baids dephéemtthenxtter

of such taking-off of |layers are typically enbodi nents
detenalenst I potablyierentes BeBar plastion: poilies; o e Eken-off
%lgé,%( ojunction Bipolar Transistor). 20 Exanple 7: The
nor wafer 10 is constituted: - by a substrate 1
constOther ednfigurations efidpnot wafebs 1 0 @ire possible, sompriésGaother
in,the region of its interface wth the overlying
IH&F@F“’&‘%QET ure; / by a buffer structure forned

accorthd fppitatibhs DRsdch tdighg-bf T Myers afd typically ErhBédiments
formation, and conprising INGaAs i'n the region of its
ofntHieMBcer WBTh (High tBlieictign oMobdity uaosistar; and bijleterojunction

é@biagﬁ-&g{ﬁist%})fuct ure | conpri ?i ng, before taking-off,

Example 7: The donor wafer 10 is constituted:

- by a substrate 1 constituted:

v' by a support substrate comprising AsGa in the region of its
interface with the overlying buffer structure;

v' by a buffer structure formed according to the said first technique of
buffer formation, and comprising InGaAs in the region of its
interface with the taking-off structure I;

- by a taking-off structure | comprising, before taking-off, InP and/or

InyGa.xAsyP1.y.

This type of donor wafer 10 has already been described in Example 6.

Example 8: The donor wafer 10 is constituted:
- by a substrate 1 constituted:
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| nxGal_xAsyPl_ y. This type of donor wafer 10 has
al ready been described in Exanple 6. 30 Exanple 8:

wabw4mderras wafer 10 is constituted: - by a subsSt/Ebe/d0285

constituted: WO 2004/061943 PCT/ 1 B2004/ 000285 37 / by
a support substrate of sapphire or of SiC or of Si; /
by a buffer structure forned according to the said
first technique of formation of a buffer Iayer

const V't ut elY @ Syippartrasbstrateefi sapphire or of & or sf Si
AI,, .
8 g 4OFERG3 Bk

startlngf ce Wt

afiidirniation lof bayfer tdyefadoristititedted t o confine
di sl ocati on- type cryst al | ographl c defects; - by a
t aki n®- of f b¥td (eetgmorph @ohﬂ lsilauer| gfyé‘d@a:fomx Magiag with

{HRSkrlels 6 D6 08t Nror e A ENARR B¢ Cgﬁ.?& est in

lom ron| CS, speC| in the

l'i ghteeni tby ag aldditioes Iay@hoﬁaealr\airﬁeﬁdéd)to confine dislocation-
fé})pl [ cathons suc as the reading and witing of data
PEIEYsta OQT?BH'C 8¢!6i es on conpact discs or such as

el ect 1 g) YRR aUEFcdABrgIRY A RPb Arides,

t echnologi es. se material's ar I'so gnhat ed
f or thiee nHAUfratrideseGaN, Alheamnd dnNc acomp dntene st mf the dield of

PO RieBsARgs. pagaeaty A iie, AL B g dedcey Ruihgs i8sers for

é%‘.ﬂlcﬁﬂoﬁé fsuck lasUpbUedding énc?Wr‘hﬁ@j'cﬁ'da% QrBd it rﬁgﬁ}?densmes
ditional GaN | ayer by deposition of organonetallic

e rswopar discErarupuch @Je}eca’glumlhmemldlgde$|fomnew display

{eEbBbBiess s aIo ord Al sidrtitegt R e manyiagture of

éaecthmcwoﬁwﬁentmemgh Powenlee 6péﬁeﬁﬁ\gfélrhléﬁ e eratireg

sever al these nitride layers fromthe sane donor

waf erA moqiﬂ\%ﬁorésatm et jayers §f sitéges somiseodaChel tajriag-off
na- : I ! "

40P e B 08 8B €T30 Seposiion of

dsrgbhnmemélﬁc EBnEvoalnnbe di: Ghwepdonorsushf exs 1fimethyl gallium

consti tuted a substrate 1 constjtuted: /

b
tgm%@ylgng%gllapgt g}/g ¥R far regrective gleposition of lay layers of
GaN, AIN and InN.

The present invention, when used for transferring several of these
nitride layers from the same donor wafer 10 involves a recycling step
between each layer taking-off, permitting the preparation of another layer of

the taking-off structure | for another taking-off.

Example 9: The donor wafer 10 is constituted:

- by a substrate 1 constituted:

v' by a support substrate of sapphire or SiC or Si;
v by an intermediate layer of GaN;

v by a mask of SiO;

v by a buffer layer of GaN;

- by a taking-off structure | comprising a layer, or set of layers, of

nitride of which at least one layer is of GaN.
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/ by an internediate |ayer of GaN, / by a mask of
Si02; 30/ by a buffer layer of GaN, - by a taking-off

watoosine | conprising a layer, or set of | ayPeBHIB204/000285

nitride of which at |east ongglayer is of GaN. WO
2004/ 061943 PCT/ 1 B2004/ 000285 38 The node of
forrmtion of the buffer layer is that already

oo ol .00 o AP Bl 6o
ReFsh B sve0 fin bthengb g fpﬁ’iBﬁUttJf & sald %lb ﬁ%cﬁhé’fof formlng a

successi ve | ayers o nitri des SpeCI
buter layag ans cmsls_tscg@ brisging gbeut 81|§¢teopﬁ>c @mwuisaf swxmésswe

RalbinRRe. SBohiAl CANTRER R a e ine FEQR dhnue.

per i oTlhe SIBy Atdskarséd lﬁdhi%to’@hlﬁgafd%n'ﬂﬂ\féﬂt oﬂgfyﬂ#éseﬂhe form
The thickness of each band is typically of the order

ok %@ﬁe@ilﬁpom@néh%fnteraneﬁIateolayemf GaNiin@ periadic otanaer and
Qﬂs‘gqahﬁa@ mb@%"g?g%"e?f several nicrons. 10 The period
he ban

spacin apart is typically around 10 m crons

or 1]5herth1'clm&ss dfeactrtama ie ty;hb@ltyeofcthéldidéxeofasé@/@f‘@l tenths of
i oq 3 m crons, each band having

FaFBs Wi RA AL 21 S & iae AR Saomkpt ardned

aboverij [
5 oG BRBE NPk g hardtaFartio ety rdhhd fictans or
19 odcronsf ace of these bands, in the Iayer(s) of GaN

d ted abgve, them The thi whi ch
S RS bl A BB SR b e Ta Bk s e

s hating ©s2 hh@roﬁ@'tﬁ'ici@h@Jseénd 8¥ficronsNgidtyers of GaN
or other materials having lattice paraneters close 20

t o Gahs explairgthebevel inra grBetalfcase, theser SiQy bands wmilk cause

B BB 150 olbogurf O, S BB butocs o rese

H&‘ahdmgw mdlb%léﬂ(ﬁ)e@f@@NWpobme@bbgv@g{eeﬁ t han the
thlckness of a useful which it is desired to

t ake 019 thigkgiesgef Salbim %ymmeﬁﬂéiuﬂ@@m'om gredecaliged around
f r hod, reference can
R A e B P IR T he " WS Bull et
of Mabhel B8@rs ¥bIQahe o dthévomaleriald habiagaatticel parameténgj dlose
t%%rrg deposited on the buffer layer to form the said taking-off structure I.
This taking-off structure | then comprises at least two layers, each

having a thickness equal to or greater than the thickness of a useful layer

- which it is desired to take off.

For more details of the mode of forming a wafer according to the LOG
method, reference can be made to the document taken from the "MRS
Bulletin" of May 1998, Volume 23, No. 5, at the article of Shuji Nakamura
entitled "In/GaN/AlGaN-Based Laser Diodes with an Estimated Lifetime of
Longer than 10,000 Hours".

Layers of InN can in particular be integrated into this taking-off
structure | during the course of its formation, as previously described in
Example 8.
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entitled "In/ GaN Al GaN- Based Laser D odes with an
Estimated Lifetinme of Longer than 10,000 Hours".

waagoensioad | NN can in particul ar be integratedP@mIB004/000285

this taking-off 30 structurggl during the course of
its formation, as previously described in Exanple 8.
WD 2004/ 061943 PCT/ | B2004/ 000285 39 O her
constituents can be added,to the seni conduct or Ia ers

ment | GHDET | RORTHUSTIS GRNDE  SSRAA0 e TPTIICPRdACtor layers
r’i’l%he‘ipfhcfhré HB&U Bnf, %ucﬁ'b% E%é E‘g &aﬁ‘%@ﬁ concentration in
stantlal equa to or less than Yo Of nore
;ﬁhetcmldenegd \dyeh suhstantlaﬂyremwaintoeqmalessmhan b8%s or more
t han O/5.ina|| epre t inventiop,is not
Haﬁ'%@ 3(3‘"&‘ 38ﬂ8¥é” Ueation e_quaiF h@?%rthaﬂg/%entl oned in
the exam@lyeshEesresambRventiGiitis alcﬁqm%oe&si% H@n@tt k)@a"fer 10 of
types of materials belonging to Goups II,
cnaterialgnmentioned bythe exaroplgs rtgereloawvmdwt |al/sq wtenris w other

aYFf elogy o, {et@l@%léh%gﬂiq ?@r@éhﬂl}, dE;EI th\l/(r:]X:] e b?'ﬁ%&?, alloys

tb@mr@'rygtoqm RN, TV, @frllh‘Vlhef degree. In the case
in which the donor wafer 10 includes a buffer | ayer or

a buflt ghoud hecmendioned dhayy iastbet casevehallpnmaterials, the alloys
f havi n

chBLoir Eah ety SmardY Blalimat 0oL nBhE fedtpB.c ™' "

par amm eblne chee\mewhlt:h\/dah@dioaoemafert 10dhelodes hatvu:fftg Iayer ora

E)eﬁg ive di Bferent l.attice 15 r aneters, fge al
YHEESHYCtrs, BEresentdggntion Bk Bmiegirta @ byiEerdayer aisbuffer

n

FRLLARE ridvind B TTho ARk fon BRYaGptafioh of Snd PR Harameter

bakveen otwo ofadjacesdf lﬂtructuatger havimgal espactivd i diffeeentt dattice

S aA,,.or SiI/SA structures, to H an HBT

BEraIDp Er o7, CHRGe LT, PBY ST ok, GBI Strugtine such as

deihéd & theymobgdrisr 8l BanREr INAhAHBLAREHIA3 _

PCT/ 1 B2004/ 000285 40 CLAIMS 1. Method of recycling a

donor Thafssfuctures furallgobteined tartigframfthe takisgfail of a useful

EE1ard RBY bl fifydy IS0 iy 8P 8 SEOMUARIIAS M BERIT and

HBﬂ'CeBBa:tuﬁsyfoatrsubstdrﬁ,t@r to struatute @ fdradgplieatidris in lasers.
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structure (1), the taking-off structure (I) before
taki ng-of f conprising the useful 5 |ayer to take off,

wo be4noedmod conpri sing renoval of substance onp¢TEB2004d®0285

where the taking-off took plgge, characterized in that
the renoval of substance conprises enpl oyi ng
mechani cal neans so that, after renoval of substance,
at | east a part of the taklng off structure (1)

remai ns, this at |east aebtAMSt he t aki ng- of f
structure (1) including at | east one ot her useful

| ayer that 1o can be taken off after recycling,

wi t hodt Methoppoferenycling s depooivafef ¢10) a@erahawiagftlaken off a
onor wafer

2. Met hod of I
Yo lavies qomr%éné) 5 Be1araL ohpsafrop s GpBRN B Mmaterials, the
ity PP TV Sy el TS it oo
structeicy €I thg takingraff stnadtare (1jLb¢foae taking-off comprisingrihe, useful
h t {n that th I
235 dBke f th8 heRkromBrBa  eieL of shpsRogs on the side

WePS | e nskmgfufanoﬂ pIM%thfﬂmaﬁ%ctéﬁfétP' ihNéh#t &R Yemoval of
waf er (10) according to one of the previous clains,

sHbstanee commises employingemenpanigaligeans sechahiafier removal of

g@@%ﬁggﬁk@‘gégm%ﬁ%ﬁ wﬂhg-éd‘f ggB&mﬁngeﬁ}ams this at least
partyf lthe talanghaffastrustdrer(I'f ihdJudaes at ikasohe® ofHeriugeful layer that
characterized in that the rermval of substance

FaR bedrkgn aikalteniesyrling. avithopbarrmplamentaanstepafgefasetng a

P/é%ﬂ %13, }al and mechani cal planarization (CWP). 25 6.
od”’of recycling a donor wafer (10) according to

one o02. t heMephad i ofusecyclingsa dbaoractafer Z(G@)iaibddndlg/gt te the
enpl oyi ng,of nech ca ns is recede and/ or
PEMOH G T, chagag %P%\%%J frﬁrﬁﬁ 'ﬂ@r&% mechgpclomeans
Qﬁrlﬁgfﬂié?rtérﬁ&va? df'%UB!EtaW@é%rzrg)é@és §H|H ng to the

previous clai m characteri he surface
finishing MedeMtreCMngomdpnseswaiehém) acmdingnno clevn 1,

2004/ 061943 P, IBZOO4 0002 41 8. Met

BRae e I H R g oSme Fimefiiadiall R6ASS affing.the removal
ehaitafde é@r%{ahﬁeé BBfasieepSlighRig. ate (1) conprises a
buffer |layer |ocated between the support substrate

and the t aMiethpdhef reyeling ardonor wafen gl Guadeerdingjeone of the
@lﬁégrﬁ%ga{:la%g SEﬁ“J:lﬂacfé'?lzgat |ﬁrl'h§{ Mo finG O MaBhanical means

conposi t1on
during the removal of substance is accompanled by chemical etching.

5. Method of recycling a donor wafer (10) according to claim 1,
characterized in that the removal of substance including the employing of
mechanical means comprises a chemical and mechanical planarization
(CMP).

6. Method of recycling a donor wafer (10) according to one of the
previous claims, characterized in that the employing of mechanical means is
preceded by, and/or followed by, a surface finishing treatment.

7 7. Method of recycling a donor wafer (10) according to the
previous claim, characterized in that the surface finishing treatment

comprises a heat treatment.
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5 lattice msmatch with the support substrate, so that
it confines crystallographic defects. 9. Method of

WO eayobiongyy according to the previous claim PCT/IB2004/000285

characterized in that the buffer layer is of Si, SiCe,
Ge, or nitride material, and in that the taking-off
structure (I) conprises at |east one of the foll ow ng
|l o rraterlals el astically stressed Si, SiGe or Ge or

n| trife maMathod Oflr@CYQUEQh%‘EPOcB@'nQeE%/@Wr@f Hecpreyiayg €lgims,
Sra%iebﬂ%é% §iP tﬁé;’“tﬁ@ Qub%ﬁa'?e [s%%' é ? ei%}%& located

e su ate ( conpri ses
bafv\?ezern tier wnpmbswbsttataahdtﬂhe taklmugwﬁrmmmtu ree(t)ythaagbuffer layer

T I G PR O TR
galtl'@c‘é r #hiSmfch aWPthhefhé kst PRLBSRAL!  SUPsiant i@l !:dnﬂnes

fferent from the [attice paraneter of the support
ststallographic defedts.hod of recycling according to the

[ [ t d .Lhat, t buf
D rueBur o Mt O 2B AicBhy” Hochming: dnn Feauiievioys  claim,
bhgrabtérfz@zﬁ inamt thé m@ﬁéﬂmyelro@@lf S|a$%‘e hel i nittide material,
sufficientl Ereat t hi cknéss to confine def ects; and

and i ﬂfa@tethleata ingeofp strugturecfl) sompriaas |aé|l¢qstmef@frtéﬁtfollowmg

eGP e SedlD e B8 S Bon G F e OTBHE o

char at0er i Meghod of hed:ydxhg émbfcﬁng goremy of ¢hend ddims 1 to 7,

taking of f structu 25 conprise atom c

anarge %@eén'gu tﬁét #t? éH@tEﬁtet(HbcpmH”@ﬁﬁ [y SERRAH é“ﬁ?tﬁ)t? and a
4PS< truct QURithV-&' I Ba|‘z{rjnet\ér vaﬁhﬂgp s'u'bst\gntlall¥ and
I's al'l oy being of a I nar erna rnar

brcgjnm;mwgrmmglrpets Bﬁcmé.ssl\/beﬂvmdamfthe datjncél payameter of the
[ lto char.ac

2GRS Bl S5 itk peer SOBDEBIAL I8 from
fPleliattBeQUta RS thé%uP poitBuBstratest configuration: / a
support ‘substrate constituted by Si; / a buffer

structir e Wethod soﬁg r@cy@hmg eradca;dang oftoSittte vprewiods Geclaim,
§@%§?F Eg\r;gfdllﬁ A%Mh buﬁgr strdctre r}tﬁer}'c%ir(nnpensésés an adad1 tional layer
on the buffer layer, the additional layer having:

¢ a sufficiently great thickness to confine defects; and

e a surface lattice parameter substantially different from that of the

support substrate.

12. Method of recycling according to one of the two previous claims,
characterized in that the buffer structure and the taking-off structure (I) both
comprise atomic alloy belonging to one of the following atomic alloy Groups:

o Group IV-V;

e Group llI-V;

e Group II-VI;
this alloy being of a binary, ternary, quaternary, or higher degree type.

13.  Method of recycling according to one of claims 1 to 7,

characterized in that the donor wafer (10) comprises:
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5 of SiGe, relaxed by the buffer layer; / a taking-off
structure (I) conprising, before taking-off, SiGe

W@anso619453e; or - in a second configuration: /P@I/IB2004/000285

support substrate constituted by Si; 10 / a buffer
structure conprising a buffey layer of SiGe with a Ge
concentration which gradually increases in thickness

bet ween about 0% and about 100% and an additi onal

| ayer of Gg, relaxed by the buffer layer; / a

1 i@ figt sppfiguratiebure (1) conprising, before

t aki ng- P%}%’\I X - inathird

confi ‘gu%;%qp n: %}%&?'&Pg%@%@gvb r 'é thick portion

i nt er Vaeeduiter Istiuicture akomprising a duffectlayer 6f }SiGe with a Ge
taking-off structure.(l) conpri.sing, befor "

t aki ng. gPnodaiatin Whish hofesBs 3 yiitknesS:Andap addiional laver
a supporgk SiGBstdIdte SPY hifdtdayeyGa in the region of

its interface wth the buffer structure; / a buffer

st r ucY uretakingseif strugtuse KU fdosnprisiy rbeforeptakingeff.apiGe and/or

atom c r%é_log,y of ternary or higher degree type,
bel ongi t0 Group 111-V, the 25 conposition of which

1 4 esdmnt cordflauratisrgsen from anong t he possi bl e
conbinations (A, Ga, In) - (N, P, As), and at | east

two ¥l @nporisihsitate coRstitved PV S or at | east two

el emept : t e i

navi g 3 SATEERMLHAE CAriiftitg 4 Bt iR CbF SRBEwith o Ge
t hi cknegsnoéntrditorbulitiieh gragenlly 3Acreases ain rgickid¢ss between

structure ( congri,si ng, fore taking-off, an_allo

bl ongi ABoLb0% S0 atiaul Yool ape s gaver o Be, Maxed
PCT/ | B2 - in a fifth configuration: the
samne Ia%gﬁéggg'ﬁ%ﬂwaﬁgane materials as those of the
fourt¥i adakinguoffstrooturev(l) somprising, biefare daking+afi, AsGa and/or

havi ng 25l_attice paranmeter simlar to that of InP
close t %I face opposite to its interface with the

SiRRPHird configuration:

v Si at least over a thick portion interfaced with the taking-off
structure (1);

v a taking-off structure (I) comprising, before taking-off, Si; or

- in afourth configuration:

v’ a support substrate comprising AsGa in the region of its interface
with the buffer structure;

v a buffer structure comprising a buffer layer comprising an atomic
alloy of ternary or higher degree type, belonging to Group lll-V, the
composition of which is respectively chosen from among the
possible combinations (Al, Ga, In) — (N, P, As), and at least two
elements chosen from Group lll or at least two elements chosen
from Group V, these two elements having a concentration evolving
gradually in the thickness of the buffer layer;

v a taking-off structure () comprising, before taking-off, an alloy
belonging to Group 1l1-V; or
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W@ o0vitiognonat i on:

5 substrate; / a taking-off structure (1) conprising,
before taking-off, InP and/or InGaAs; or - in a sixth

SiCor of Si; 10 / a buffer I4?yer of Al,Gl_XN, with x
varying fromO to 1 starting from the interface wth

the support substrate; / possibly an additional |ayer

of GaN;, / a taking-off structure (I) conprising,

bef ior 2 fifthk¢ordigoratjon: Aive sameolayersnaad\the samesmaterialsmas those
seventh configuration: ./ a support substrate of
&35’&5%?9‘@1390 Lg?ﬁf’rbrW'H} Si; |/ possibly a layer of

GaN, / a madiffer stubliré pavihg\ekattitde Sdimetér dimlar to that of InP
taking-off structure (1) conprising, before

t aki ng- of f cloggNtaarae faeeserirasitet ke ritsninterfaeg  witly the support
Met hod of LSE t%tieng according to the previous claim
characterized in that the taking-off structure (I)

further nor a takingrdfsteucture (heorhprisihg Cloefbregtakivg-off, InP and/or
elastically stressed Si; 25 - in the third

confi gur at YrtQﬁA%lodsti cally stressed Si Ge. 15. Met hod

Qfin LESHA!d aEfRhdi ng to one of the previous clains,
ct'w%r acterdl zeg faﬁ( that the donor wafer (10) conprises

at | eaSt asnppbeyseibstrater efrsapphire arof SiCiongf 8&r bon with

a carbon _concentrati.on An e .Jayer .substantially ..
cqual % o GME ey il Rl Ns Wit Yandfgdans b tpek slering,from
accor di nghel igtefiedkith i AUPPOrOsIHstats; NS, _
characterized in that the donor wafer (10) conprises

at | east pessibly Breaddiivrrad tayen ®f GxedN;PCT/ | B2004/ 000285

concon r atPRRGrIT SHERB (5 el beFS et 4 andior

| ess thamGaAs;of. Method of taking-off a useful |ayer

froma donor wafer ilO) by transferring it to a -

recl8i & pexerEhIsonfiger@tion) . characterized in that it
CONPri,5€3 support substrate of sapphire or of SiC or of Si;

v possibly a layer of GaN;

v' a mask;

v a buffer layer of GaN,;

v’ a taking-off structure (I) comprising, before taking-off, GaN and

possibly other nitrides.

14. Method of recycling according to the previous claim,
characterized in that the taking-off structure (l) furthermore comprises:

- in the first configuration: elastically stressed Si;

- in the third configuration: elastically stressed SiGe.

156. Method of recycling according to one of the previous claims,
characterized in that the donor wafer (10) comprises at least one layer
furthermore including carbon with a carbon concentration in the layer
substantially equal to or less than 50%.

16. Method of recycling according to one of the previous claims,
characterized in that the donor wafer (10) comprises at least one layer

/| a support substrate of sapphPCEIB20040f00285_ _
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5 (a) bonding the donor wafer (10) to the receiving
substrate (2) on the side of the useful |ayer to be

wo adoaneoif ; (b) detaching the useful |ayer conpeT/m2004/000285
the taking-off structure (Ix4of the donor wafer (10);
(c) recycling the donor wafer (10) according to the
met hod according to 10 one of clains 1 to 16. 18.

WreoRl PSHRY SalnduiBfl A LMD hEFFRBrnd HE taver

SUDEE M5 ed@@fﬁ’f@l’éb@tﬁdrﬁ@%(a) the formation of a
bondi n ayer of taking-off a useful

accor Hf-ng M@tfmeofotaktr{gegf( wousefyl bw@wr@us acq!%n%wafe? (10) by
@%Z%‘@frgﬁ it g)e 5?%5'1{ thﬁug?trgtb 5%&%&(}’[8%@{ fnslﬂét it %Sfrff)r@es

si (a) abetihg treatibndhwafes €1 Q) tol thg eeceiving substrbtﬂ (Z)ﬂmerside
Qithe B iaNar SrBR BN or et aching 1 rom ¢ he donor
V‘B@Zﬁefa]cﬂ n%h%tds%? fqéf‘%rkcl%gn 5 fih ?hé‘&?l&ﬁ@ oH‘Ss%fdélture (1) of the

ho use
@mm‘rvmfag(‘t(l) the previous claim characteri zed in

t he .for on 0 nbr ttlement zone i .

0B) sh NG IR A Cagfep 1 BF Sicsting Bl BEThod according to
mapgap,ﬁsq%ngg off a useful layer according to the
previous 25 claim characterized in that the

i npl ahfi-ed Methwidcok taking:off oo mseful daysrdaeeprdingateuths previous

ooy EhagCtes Bl Ao AR BoipPods “bHors & wigp (@) the

foratidh bﬁamhdzf@tg és forned by porosification. 23.
Met hod of taking -o¥f a useful [ayer according to one

of clt-ns Ms'thogcpfttakm off ﬁd#s@@ﬂ‘é?YQre@C‘-‘rOrﬁd*ﬂﬁép gne of the two
SRR et SlachiBBA(fnar? Step of surface

nls |ng oh € use ["ayer in the region of which
det achit Aigthevadomyprises, b%ré@t}m (O 1a48rrralidr B2anHrmritaément

?&r@%“@aa”%chsﬁnmﬁé%%éﬁy ISP R ed i n that 1
sor il Sk, P R TR by SEPRIR) St ole, hae o
erhbrittetrriendi zeine ferc getaahing dwon dha gdororo mafert (t@)aanstruature
éoomgr:f’:éing the useful layer.

20. Method of taking-off a useful layer according to the previous
claim, characterized in that the formation of the embrittiement zone is
performed by implantation of atomic species.

21. Method of taking-off a useful layer according to the previous
claim, characterized in that the implanted atomic species comprise hydrogen
and/or helium.

22. Method of taking-off a useful layer according to claim 19,
characterized in that the embrittlement zone is formed by porosification.

23. Method of taking-off a useful layer according to one of claims 17
to 22, characterized in that it comprises, after step (b), a step of surface
finishing on the useful layer in the region of which detaching took place.



5 25. Application of a nethod of cyclic taking-off
according to one of the previous claimor of a nethod

wobkootakiong)- of f according to one of clains 17 POI/BR004/00285

10

15

20

25

the formation of a structure nprising the receiving
substrate (2) and the useful Tayer, the useful |ayer
conprising at |east one of the followng materials:

lo SiGe, Si, an alloy belonging to Goup Ill-V whose
conpos#4i onMreﬁwq@bémlithékmg-queéemseﬂddawd‘r@ntawéonor wafer

RO, Sl R0 T Nl cothprisd:a bdcesell ot S ot tgkorg of a
t osefuhilayer?4eavh of theset ht@ésOBeih?kbd‘i@\pB/ﬁﬁg agigortHe ngetiod  of
one of clains, 17 to 23, to the ormati on of a
sERvEnHaceYrineno onaPtelaims1f tR23re. the structure

conpr i §ﬁ§_ng A,éplE ioh &4 rr'\éﬁﬂod; BP%&?I%&&@-O#%@CB@%Q to one of

useful Tayer e usefu ayer b eas
pivet premionls dlhien seof aandihodaf thkingrofbécddrding to one of claims 17

CEoYS AR oo ks AR, oiinceied slBbRRe @
agRld aRpabéRl ﬁyeb,eﬂhémsfe?@lldéi/&dc&ﬁpﬁsiﬁﬁtah%s@%ﬁ%g{?'tﬁ? féIRwing

one of claine™1 to 20 16,  characterized in t
smeterigds:vel y conprises a substrate (1) and a renaining

, i ng- of f t 1) havi : ided .
PRGer oi B1af Bl ORI O pbese ComPaBoR e Fipectively
r eBsiehi frempahdén@thd b@sslilﬁ!&io@ﬁwb?rﬁéticﬁ'{sr(m,@é,eln? L'(N, P As).
still sufficiently thick for conprising at [east one )
ot her 2fsef UhpPplisatipntef danethedof eyctic talgngeff argesding to claim

r g Qe ol | qi m.
P o P ndfisa ' ifnb 4yt BEeBHRY 6 GnE e Rims, 12423, to the
sfoppation ofilassemicendoctos-ohuh$idatos tstructure cthe sthestiref dodiprising
Zthruct ure bein %t(?gat ed between the support substrate

§ TeARVINGetHh And e yseduliayarn theowsefyk layer heiag at least
(4° bortion of the semiconductor layer of the semiconductor-on-insulator
structure.

27.  Donor wafer (10) having provided a useful layer by taking-off,
and capable of being recycled by a method according to one of claims 1 to
16, characterized in that it successively comprises a substrate (1) and a
remaining part of the taking-off structure (1) having provided the useful layer,
and in that, after taking-off, the remaining part of the taking-off structure (I') is
still sufficiently thick for comprising at least one other useful layer to be taken-
off.

28.  Donor wafer (10) according to the previous claim, characterized
in that the substrate (1) comprises a support substrate and a buffer structure,
the buffer structure being situated between the support substrate and the

remaining part of the taking-off structure (I’).



