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1 METHOD FOR RECYCLI NG AN EPI TAXI ED DONOR WAFER
This invention relates in general to the formation of
a structure conprising a thin |ayer nade of a
sem conductor material on a.receiver wafer, the thin
| ayer being -transferred froma donor wafer to the 5
receiver wafer. The invention is ained at allow ng
the recycling of the donor wafer after the thin
| ayer has been transferred. Mre precisely, the
invention is ainmed at enabling recycling of a donor
wafer including before 10 -transfer a support
substrate on which a |ayer forned by epitaxia
gromh is supported, the thin [ayer being. forned
frompart of the said.epitaxied |ayer, and the donor
waf er conprising after transfer the support
substrate and the remai ni ng unrenoved part of the
said 15 epitaxied |layer. The donor wafer to be
recycled is typically a negative originating froma
transfer nethod conprising a step to bring the donor
wafer into contact with a receiver wafer and a '
det achnent step at an 20 enbrittlenent zone created
within the thickness of the 2 epitaxied |ayer,
particularly created by ionic - inplantation. For
fﬁ:?%ﬁm@@t poRMRBEYES TRENARVRS TP 2PB! heRbRORAreR 2
stress (particularly |ike the SMART CUT(r) process),
Lcation of a chanj cal str

5

O ansTAPR L EPLhAReR) < B AR T Ben Bl T R0 L BRS eb R pion

of a structure comprising a thin layer made of a

- semiconductor material on a receiver wafer, the thin

‘layer being transferred. fromzla donor wafer to the

receiver wafer. ,

The invention is aimed at allowing the recycling
of the donor wafer after the thin layer has been
transferred. More precisely, the invention is aimed at

enabling recycling of a donor wafer including before

~transfer a support substrate on which a layer formed by

epitaxial growth is supported, the thin layer being
formed from par{ of the sald epitaxied layer, and the
donor wafer comprising after transfer the support
substrate and the remaining unremoved part of the said
epitaxied layer. 7

The donor wafer to be recycled is typically a
negative originating from a transfer method comprising
a step to bring the donor wafer into coeontact with_a

receiver wafer ‘and a detachment step at an

embrittlement zone created within the thickness of the
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fluid jet at a porous weakened | ayer) or by other
means (use of ultrasound, etc.). 10 The main steps
of one formof a transfer method w th detachnment at
athe level of an enbrittlenent zone are described
in Figure 1. This Figure shows a series of steps 11
to 18 to manufacture an Sed (Sem conductor On
Insulator) type 15 structure and al so produce a

-remai nder A. originating fromthe donor wafer A this

egiaiaderd connggpondi pgrtdoculhel ynegatdatedd memtyi ongédnic
above, starting froma support substrate 1 and a-

r ATEA W& er B. Starting fromstep 11 in which we
have a3URRQIE 120 RlbeiRLR 1 s(mRAe Qbasill 68R1ERation
t he exanple presented herein), a step 12 is

dT feo e rebels i gneth ¢ edssrihly combdetedgr eiZhcenpeicdingcal
a_layer or_ superposition,of  .|ay n suppor t
L, BBl PR PRLY Al ot R hechia i P8t or
by Fizgpie datildie e t axi et:ch2hisialuctsitiesd carphiesesfor
a buffer layer 3 and a layer 4 on the buffer |ayer
exXaTd & epi hBFERBNepiIGeRAS stPaEt ureesi & aPsEsgyedsed

Q AURlidY ics JRE, Ol SHHEIINGy The BUELebehaYehiedns
'ocated on the support substrate 1 has a nesh
parametieruldiradasirgyr fedee ) .30 significantly different

L om e TBeP, PRLETE: Sl o {15 24PRY L SUBBLIELS ducns

- haver doWddhner®e LONcaMd aldwen RIoghessibYeltlement zone

increasing fromthe interface with the Si support
Suiss et e donddgies®t Iy having a mesh paraneter

trans Tgh SEBE G o Ro ot v Tt Rar ShePEr 4l to 18 to
_ paraneters.
manufacture an SeCIl (Semiconductor On Insulator) type
structure and also pfoduce a remainder A’ originating
from the donor wafer A, this remainder corresponding to
the "negative" mentioned above, starting from a support
substrate 1 and a ieceiver wafer B. _

' Starting from step 11 in which we have a su?port
substrate 1 (made of silicon in the example preéehted

herein), a stép 12 is performed designed té form a

structure 2 comprising a layer or superposition of °

layers on the support substrate, by epitaxial growth;

In the example shown in Figure 1, the epitaxied
structure 2 comprises a buffer layer 3 and a layer 4 on
the buffer layer 3. The term hetero—epitaXial structure
is also used to qualify this type of structure.

The bufferr layer 3 located on the support
éubstraté 1 has a ﬁesh parameter on its surface .
significantly different from the mesh parameter of the

support substrate 1. For example, the buffer layer may
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For exanple, this progressive nodification of the

nmesh paraneter nay be achi eved progressively within

the thickness of the buffer layer. It nay al so be

achi eved by "stages", each stage 10 being a thin

| ayer with a substantially Constant nesh paraneter
different fromthe nesh paraneter for the [|ower

stage, so that the nesh paraneter is discretely
nodi fi ed stage by stage. The layer 4 is |ocated on

bhe abutfiee Nayet,3wantd alBehasnthetmeshopapanetessofrely

" the buffer layer surface, different fr

omthe.nesh
dRCERBE&RJof TERB stpporint f%aﬂ@ﬁhrhégkaygﬁ ASpEPOTT

%ﬁB@%@EE%_gﬁ@ec%Es@qU@h%ﬁ&ahaviﬁbaéeﬂeQMTﬁﬁ§aﬁHEE§rthat
| ayer 3, in this case relaxed SiGe. 20 The buffer
Layeprdgandsihel yayerdiffigce for neet byap epihcaxtapnsition

rowt h on.the_ suppart subs 1, using known -
gg%WﬁF&uggesggﬁ %%S. af%ﬁéﬁ?%gr Vapour Deposi tion)
and MBEr( Malaegulegr tBgamipidas)ivd echui fluesti@d dJhethe
| ayer 4 may be nade in situ, directly after the

eERaPPEATET cEhBagubFadehi eBaff BECPaGaFigelyhwithin the

el £, Layenedpiey.al $9 0 achieved after a short
f?%ﬁ%ﬁf%& gtep of theesubjgcent buffer I ayer. The

st epsItl mand dPsar &et hushiuset toyf Seimegeddnoreadd stage

fer described as "fresh" in.the remainder of this 4
SG4E (1 O o REET Pidbed OB LS TraRreant Smésh
Rewalkiteg. dheraexit strepnl Stisd epekd, ©9RSKStEAY fr athe
surface preparation step for the epitaxied structure
dopien tffiage, so that the mesh parameter 1s discretely
modified stage by stage. |

The layer 4 is located on the buffer layer 3 and

‘has the mesh parameter of the buffer layer surface,

different from the mesh parameter of the support
substrate. The layer 4 is typically made of a material
relaxed by the bdffer layer 3, in this case relaxed
SiGe. | -

The buffer layer 3 and ﬁhé layer 4 are formed by

" epitaxial growth on the support substrate 1, using

known  techniques such as CVD {Chemical Vapour
Deposition) and  MBE (Molecular Beam  Epitaxy)
technigues.

The layer 4 may be made in situ, directly after

~the  formation of the subjacent buffer' laver 3. The

growth of layer 4 may also be achieved after a short
finishing sitep of the subjacent buffer layer.
The steps 11 and 12 are thus used to form a donor

wafer described as "fresh"™ in the remainder of this
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5 case the surface of the layer 4). This surface
preparation step for the layer is typically applied
by renoval of material fromthe surface of the
"fresh” wafer; for eanpIeJ n the formof chem ca
mechani cal polishing (CW).” 10 Step 14 is an
optional step for the formation of an overl ayer 5 on
the surface of the donor wafer A, in other words on
the surface of the layer 4 made of relaxed SiGe in

tees cexiargilos, pr esented iftt hidbesdesabkptiongbyate from
epitaxial growh (practically in the 15 sane way as
tﬂﬁﬁYQ%%ﬁﬁw bed above for formation of the |ayer 4).

In thi a
i nclu ng gg:%hffer a§g$§ %thCéhg$§?H%saﬁf ahgurface

ouerdaaypdrich wassf dioredten drhie ssuppbrat sulistaeat®e in this

OO HEPL e, TR TR s surace

@mt&rlo@f dthe rebaxede mpbeetal sorybheafinge afp@ﬂ%é@f by
the structure 2; in the exanple presented, it is

t%ﬁcéfaﬂ yoﬁ §Ttarffi1rr%eael SifrPTéyéih%nSFﬁEa§%r F%fcetbre t'Heresh™
d 8i 4. 2 y
FEAES Bl NS e n? Lo R Y BheRi TR, ddhanical
gﬁﬂﬂﬁﬂnquamwﬁade of strained Sl arranged on the
said first layer. In other _words, S| Ge i tax
Gona Eurr & BVEE; ann b enaladiit P e obSrt CREGagn of
by, eRid@aker3d e eﬁéssﬁkﬁa@@pbfcahéoao%rt he fdeney, in
wafer Ais to take off a thin layer formed froma ‘

perhterof wohdss on ayde 4seffape épﬁt‘ahsedl%st%ctflur@acze of
PieFUPBOEL - substiALe buapddl ! aepldabl e shromns o
description, by epitaxial growth {practically in the
same way as that described above.for formation of the
layer 4}. In this case, a hetero-epitaxied structure 2°
including the buffer layer 3, the layef -4 and the
overlayer 5 was formed on the support substrate 1.

Advantageously, the mesh parameter of the
overlayer 5 1is practically the same as the mesh
parameter of the relaxed material on the free face of
the structure 2; in the example presented, it 1is
typically a strained Si layer on the surface of the
relaxed SiGe layer 4. |

The 'overlayer' 5 may also include & first layer
made of relaxed SiGe and a second layer made of
strained Si arranged on the said first layer. In other
words, an SiGe epitaxy 1s done before a strained Si
ilayer 1s deposited, also by epitaxy; |

One possible application of the donor wafer A is

to take off a thin layer formed from a part of the
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formed on the surface of the structure 2 during the
optional step 14. 5 An optional step is perforned in
15, to forman oxide |ayer on the surface of the

donor wafer and / or the receiver wafer to form an

oxi de layer 6, this step being related to the fina
product to be obtained, in this case an SeO

structure that includes an insulation 10 |ayer
corresponding to the oxide layer. A step 16 is .
parter nedoto 4He! apt thensdi kstthetudenor waf erhd f etipport
exanpl e hydrogen and / or_heliumions) in order to

ﬁ@]@ﬁﬁiéﬁt@nﬂrrl t en@ndt Ml RN T hi AT PRe thehi CriesBYRF S
it oSt e ang. Sopr y

%Bgﬁlg‘t et |cﬁﬂg§i 5% 8ﬁ %¥%yer 4&?% t%e2 éﬁ%* the

gbvénnaThetreexfldstep 17 is to bond the oxidi sed donor.

wafer Awith'th ecei ver wafe " Bondi nea
creatﬁﬁg?ﬁF%QHElmﬁEe%n&S QEﬁﬁﬁﬂ d:&Pc%ﬁta@Pt{hﬁm an
BRY Je0nLeeRon tihdob et bendhagdansr LhekrM¥d / or
al so be reinforced by adding a product between the

thei ﬁf@cﬁ}r\ffea’cé@ﬁﬁr tie x| sedodbiorl aeger 6an§h@ﬁe8tep
eﬁe VeI MR téotﬂéckg gtﬁx%%ﬂ%%”Q bé*%%@al

nts n any case I'S USU& prece

,,ﬁﬁieleaeen@noEeOHessumtames &@ahelhemddds hn $hep1é8;on

the assenbly thus formed by bondi det ached at
tRE CENBPIFEERERBAL "E0 ke ’ﬁheAé’X E%ﬁ above, this

det acqmento O;mamf 0f 5 XU B deae l%;awpl Ybﬁ‘g 8n the
t her mal / mechani cal stress to th

d@genrbwf es (descexbat lien hydepaes, ante /r es uhEl ism ions)

%ﬁ{ oré%r to form an embrittlement zone '7_w1th1n.'the

thickness of the epitaxied structure 2, 2', and more
precisely within the thickness of the layer 4 in the
example given. '

The next step 17‘is to bond the oxidised‘donor
wafer A with the receiver wafer B.

"Bonding" means creating an intimate and permanent
contact that'may correspond to molecular bonding and
that may also be reinforced by adding a pr5duct between
the facing surfaces of the oxidised doncr wafer and the
receiver wafer, to facilitate bonding of these two
elements. In any case, bonding  is uéually preceded by
cleaning of the surfaces to be bonded.

In step 18, the assembly thus formed by bonding is

detached at the embrittlement zone 7. As mentioned

above, this detachment may for example be done by

applying a thermal and / or mechanical stress to this
assembly.
As described in stép 18,:the result is thus:
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- firstly, a positive P corresponding to an SeO
structure in which the superficial |ayer corresponds
to the layer of the donor wafer A that was delimted
by the enbrittlement zone (including a part 50 of
the 5 layer 4 and possibly tthe overlayer 5 formed in
the optional step 14). In other words, the
transferred thin |layer corresponds to the part of
the structure 2 (and possibly 2') delimted by the

enbrittlrepent yzone, podti tihe 9i de MRy ocs0Bhagleor
wth the receyver d%fer 10. B. Thus, mhenrgieps 14

aigutBulfgy é nheda chorpeeteperd 1pGd;| tliaye IP dog Iespansied to
npr|S|n t he ce I [ t

%g er%?e hePstg ﬁ%ﬁﬁélﬁﬁéﬁér ovgﬂfﬁbQ&Q BS&Q@%ggd by

th@nSéﬁbffﬂtD@ménﬁO:@ﬂmithh&ﬂ&ﬁ&dng&SKﬁBﬁiaﬁer d&' the

are stacked jn sequence. The transferre part 50,

R/t ypi ¢ad yp?%%]%iﬂ ddq haverhaYenRd  r é?l‘ﬂ“?dl sl%m the
Vﬁ@& ohghr ai-aed 19 1 gon (PR kNS0T ey &%a@tﬁe&%@f &hin

en step 14°is not conpl et ed, the result is -a
@asetlw&nﬂﬁapondauﬁwhehﬁeQQKVemﬁMﬁhﬂ Ein@cmhr%thH@nd

gé;%ﬁ?& gﬁg% %gg %9S;§Ered AL B0 the e o

I'n sequence. e

REXt sﬁieeﬂot@u ¥Pi €akby candepoesiwidly epkt axiat vgrowdTer
of a silicon layer on |layer 50 (then acting as the
@romﬁh 25 substrate) and the silicon in the deposited

layer oh,« theny ts&%ﬁkﬁ_dlﬁpyaﬂ@ﬁSehé??@dbébgecoﬂlptl@%ed a

subjacent Iayer he end result 1s an
@SBnauwedEsms(mbtaxmedﬂéhm@hl$nsglaheryetypeer wafer B

PSR, BRGP O g2 9201 Y8 A0 SRR L con
BoRrded 1@ 5 and the transferred part 50 of the relaxed
SiGe layer 4, are stacked in sequence. The transferred
part 50 is then typically removed so that the end
result is an sS0OI (Strained Silicon On Insulator) type
structure.

When step 14 is not completed, the result is a
positive comprising the receiver wafer B on which the
oxide layer 6 and the transferred part 50 of the
relaxed SiGe layer 4 are stacked in SeQuence. The next
step is typically a depoéit by epitaxial growth of a
silicon layer'on layer 50 (thén actingras the growth
substrate) and the silicon in the deposited layer is
then strained by the relaxed SiGe in the subjacent

layer 50. The end result is an SGOT (Strained silicon

~on SiGe On Insulator) type structure.

- Secondly, a negative A' corresponding to the
part of the donor wafer that did not remain bonded to

the receiver wafer B, and consequently comprising the
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the receiver wafer B, and consequently conprising the
7 support substrate 1 and the remaining
non-transferred part 40 of the epitaxied structure
2, 2. In the event, the sqid remai ni ng part 40
corresponds to the part of ‘the layer 4 that did not
remai n bonded to the receiver 5 wafer B (because it
was subjacent to the enbrittlenent zone 7 at which

t he detachnent was made). Wen taking off a thin

Lapebrtr o den wabed, tHderéhsinisyenobekngnsferred
formed froma part of the donor wafer deposited by

- Bpirtagy, candhgarriicararry StRUCRETE0 2¢ oAt exfNofhehevent,

LGy r@%ﬂ'ﬂk enpabove. . (19 onif f
q%% tds% stru(‘gt}aghy thel&ne gts V. B@?;Hous n%tO
teeydb@@r As tdhatesddd mmtttmmaimckondedetgcthagreteiver.

nega ve A ono

regeae P gber i o D retnSuRerc Rt ner aybe) SpfifElenent

essenti ak 18iuse tdcNewrsupReht sHBShEaEe.and to form

a new fresh wafer by repeating steps 11 and 12, to

deposWheby tepiimaxialt @r 6Wih éamelrucﬁnﬂﬂe P @@Wl YRR,
ayer. or e Pt fil e t
Sho e 1o RSB PRORY Rt BB R PP hcfomo

Q&féecy@épﬁgntéﬁ mar t eputarlyy pﬂﬁjuﬁa@tatusaﬁmg time the

negative A" _is not reused, .and conplex, |ong and

ERPERSEVe Uper BEP onEPPLE CAEARNL he*SHRLEE edd SYFct APave
%fe&lmat%nap%rft arsUbst T ate Baye) t 9rbecrepeat ede gégatlve'

However, the applicant has proposed a techni que
aecyshaﬁ@yanéanqeowaﬂ@d that was used for taking off

hin_l h by forned f
ot & Ber ikt B Bt { 241 el B CHE RuBbor  SSUbEt T & ot the

negative A', when forming a {new) donor wafer (s¢ as to

take off another thin layer), it is essential to use a

new support substrate and to form a new fresh wafer by
repeating steps 11 and 12, to deposit by epitaxial
growth a structure 2  comprising a layer or
superposition of layers on the support substrate 1.

It is understandable that this lack of recycling
is particularly prejudicial since the negative A' is

not reused, and complex, long and expensive operations

‘to form the epitaxied structure 2 on a support

substrate have to bé repeated.

However, the applicant has proposed a technique
for recycling a donor water that was used for faking
off a thin layer, the thin layer being formed from part
of a structure epitaxied on the support substrate of
the donor wafer.

Thus, refer to document US 2004/0152284 that deals

. with recycling of a donor wafer for which the epitaxied
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t he donor wafer. 30 Thus, refer to docunment US

2004/ 0152284 that deals wth recycling of a donor
wafer for which the epitaxied 8 structure conprises

a stack of SiGe layers epitaxied on an Si substrate.
Thi s docunent proposes to pface a specific layer in
the stack of layers, nanely a layer called the stop-

| ayer acting as a barrier for a 5 material attack.

The presence of this stop layer then neans that
gRt-gri-akcCaBmpeiseRvuedtsekecti 3oy 14parsiepliankyebyon
sel ective chem cal etching) when material is renoved
ar i hy Eebpditeng - WRRSr GBIFEE t BLrORPEaPestTaPlape a
[ 1S .d g@gﬂt, t S ayer .S 510 Jused
gg?%@??&eq% novgfldgﬁ?héeggha¥gi%gyggff 7 afﬁé?§ layer
takileg ofhet hetepi t baved saiuctaur esl. aAf berrtikirs for a

sel ectivye renoval qof material, a_specifi¢ epitax
865@59?&nqgi§%g3tib%e??%??%ﬁﬁthrEg6ﬁm%}%§niﬁ¥%ﬁethen
gleAhkar ¢, hepgibghRal | Yoapi t BXI eGresddldGt Ur 8electively

(epitaxy 15 of layer 4') and thus to create a wafer
tipat-téanlact vas bya donlorctiarcer chigsiieirdr, ¢¥rling) when
ARRLOACH §3S 8, B0BCY.Qh Ok eagup 08E; ch! rEPONLAES o

at~a specific epitaxy is performe o formthe
stoprkayan - t7al $0 radei desutbat, athel edtdpvelayer 3 is
mat eri al removal . stegsis carried out, and. a

n
HEGC i bPRI SEPiachAY st EFMPEAT ¢ &for M Pher Fpt Ak g Part 7

SieiUet yrg ihomahi gl the: tinea | anelctdrd afenaetiér 2Ris

3
However, the cost of an epitaxy step is relatively.
seglectparet i cehariby dod t vatheiase of speefafic epitaxy

operation has to be perfdrmed to reform a structure
similar to the originally epitaxied structure (epitaxy
of layer 4‘5 and thus to create a wafer that can act as
a donor wafer. _

However, this approach has a numberl of
disadvantages.

Tt requires that a specific epitaxy is performed
to form the stop layet.

It also regquires that a $elective material removal
step is carried out, and an additional epitaxy step to
reform the epitaxied structure from which the thin
layer is taken off. ’

However, the cost of an epitaxy step is relatively

high, particularly due to the use of special

'equipments, the use of special gases or a relatively

long execution time.
Therefore, this approach is not fully satisfactory

and there is a need for a simple and less expensive



equi pnents, the use of special gases or a relatively
| ong execution tinme. Therefore, this approach is not
fully satisfactory 30 and there is a need for a
sinmple and | ess expensive 9 recycling technique for
a negative that was used for taking off a thin

epi taxi ed | ayer. Enbodi nents & the invention seek to
satisfy this need, and particularly the use of a
recycling technique that is easy to integrate into
the nethod for manufacturing of Sed structures

re8GE0L gngx&ﬂn%ﬁgﬁyﬁﬁiﬁUTéf)négggitéaﬂﬁﬁﬁ! REQCESSed! Meor

accordance with a first aspec the i nventi on,
takhmgadﬁipaoﬁhdadaplmmhmddoﬂdyﬁrnng a structure

conprjsinhng a thin_l made of a sem duct
ot BFPFITSRG 1oGe LBy MATSYS PR arna Y HA oLy this
nek8l | @WINGSteRsil S acBeprieRarat | o0 rayyreneval Lofnd que

thi ckness of material froma | ayer formed by
thapi t dbd al cgpEwt Fn antegpgéer subser aftéie t ramshed offor

mapt%%%c% L beb {Eax' %bt ay%rtﬁ%%tdﬁéesreﬁ%ic%%fdl ert8°

orm hi n"Tayer “on recelver wa
SMHE@@MT@e:gMSQﬂamsm@rfp&medsshat i ncl udes the support
substrate and a renai_ni ng_non- transferred par.t

of
t helBaPdCOPprPAkCed  dy et | f%ﬁ%Fa@?B?Fsed £ rbenaerians-1on,

thkhieckness Lenpved by, theasal d sur fRee piepal ats!tgfhcture
step is adapted such that application of” the sa

cogprigceoprepdriat iloayst epade vhea Aegarvndushall esrlttetmal
ort LA, 0 D L0 aver, Coam caBecpery) 1

surface prepatatpespstepion by removal of a thickness of
material from a layer formed by epitaxial growth on a
suppert substrate;

- transfer of part of the epitaxied layer to
the receiver wafer so as to form the thin layer on the
receiver wafer, a negative also being formed that
includes the support substrate and a remaining non-
transferred part of the said epitaxied laver.

characterised in that the thickness removed by
the said surface preparation step 1s adapted such that
application of the said surface preparation step to the
negative enables the formaticn of a new thin layer from
the remaining part which the thickness has been
reduced by the surface preparation step.

The following describes scme preferred but non-
limitative embodiments of this method:

- material may be removed non-selectively;

- material may be removed by peclishing, for

example CMP type polishing;



The follow ng descri bes sone preferred but non-

limtative enbodi nents of this nethod: material nmay

be renoved non-sel ectively; mterial my be renoved

by polishing, for exanple CWP type polishing, 10 -

the thickness renoved by renoval of material may be

between 0.1 and 4 um before tHe negative is used for

the surface preparation step, a step may be

performed on the negative to elimnate part of a

taking off ring . corresponding.to a peripheral part .

of "t he tr ahsf W?%ﬁ/eiie%‘égdr Ewaiﬁ%&m?%h&eaft FatrFial
ma{ @9ty ey ekhe ¢ N ckngss rgnoved by renmoval of

material rmay be between 0.1 and 2 um the ring may

be-el i m nkeédrby Poti skioagiveheiedyesdoffathethe surface

negative; the ring my_ be elimnated b lying a
pr?%%ﬁ? PSHDVEEG%? e er%%ﬁpfr%%ytﬁ%eneﬁé ?§§P%POron the
negXaipke thy l|ociahiphesmapatrehi oy a& sozglalhed d@for ring

waf er may conprise the _support substrate on which
COrRasPapdiNdad S gt nBE By t akPalC giowbhe aniRéerred

nsf Lacl Sy C | std f.orm ng an
o o S v TR Fhe Thr SKAZSe 67 t he
epit axi edthayert}idmags ngenbecdolyr rawdexl and e erial

receiver wafer inpto_intimate contact and detaching
ma%?b?h%e ¥een dt- h@ngngrﬂF?1enEnt zone, and after

the negatiwe hasrReemdor med, <a idegasséng beatpolishing
treat ment steﬁ may be applied to it so as to burst
thenhedafizret catet iresgdeh@fni ng in the negati ve;

- the ring may be eliminated by applying a
local removal of material from the negative, for example
by local plasma etching;

- a so=-called donocr wafer may comprise the
support substrate on which the layer was formed by
epitaxial growth, and the transfer may include steps
consisting cof forming an embrittiement zcne within the
thickness of the epitaxied layer, bringing the donor
wafer and the receiver wafer intc intimate contact and
detaching at the level of the embrittlement =zone, and
after the negative has been formed, a degassing heat
treatment step may be applied to 1L so as to burst the
micro—cavities remaining in the negative;

- the degassing heat treatment may be an
annealing carried out with a dgreater thermal budget
than that used in the heat treatment for the detachment
step; ,

- annealing may be done at a temperature of more
than 700°C;

- the surface of the negative may be cleaned

in a step performed after the degassing heal treatment;



t he degassing heat treatnent may be an annealing
carried out wwth a greater thernmal budget than that
used in the heat treatnent for the detachnment step;
anneal i ng may be done at a tenperature of nore than
700C;, the surface of the negative may be cleaned in
a step perforned after the deééssing heat treatnent;
11 an RCA type cleaning may be done; a step may be
performed to elimnate the oxide |ayer after
cleaning; - the oxide lLayer may be elimnated by HF
type chefcalfe n&%eéﬁéﬁgt YeBPt 9X7'8d | ayer is a

relaxed SLGa:claygk, fir rRd-yrRR taxial i /growmd @ afkide
Si Ge buffer layer, ™ and the said buffer layer is
layernefitby epigaaxiap;growth on an Si support

substrate,_and has. a content .that,.in e
o ogr east Thty ol « hYTht BePads w T TeC S uRporE tvpe
chedbsiglate, chhegt;ransferred thin layer including part
of the said relaxed SiCGe | ayer, a CWVP polishing _
oper at i on"REF bENEardhiddd R dbPvRg the Surfgdexed SiGe
p LQN.st ep - l:Led e [ '
B e T L i e e
angdf thke saiel dxeldf St Gdalayer avafjobeepobiys ked tusiimg agyrowth
ressi,bility o§$betmeen

onbR8 T6% SHEDZ 'l TPS “Coai Ao 6t Fe6 CHEN 3006 o=t
ingkbhéaPapeiressiWdy a size afhdetiveelr 7A-and, 240 the
nm when the epitaxied |ayer is nade of relaxed
sugp@et tHbsHeEhGd naye cdsrisseraest ephit d@vice 1ncluding
part of the said relaxed SiGe layer, a CMP pelishing
operation may be carried out during the surface
preparation step applied to the negative, during which
the surface of the remaining non-removed part of the
relaxed SiGe layer may be polished using a polishing
pad with a compressibility of between 2 and 15% and a
slurry cecntaining not less than 20% of silica particles
with a size of between 70 and 210 nm;

- when the epitaxied 1layer 1s made of
relaxed SiGe, the method may comprise a step after the
surface preparation step to form an overlayer by
epitaxial growth comprising a layer of strained Si on
the upper layer made of relaxed 3SiGe.

Other aspects, purposes and advantages of this
invention will become clearer after reading the
following detailed description of preferred embodiments of
the invention, given as a non-limitative example and with
reference to the attached drawings in which Figure 1 has
already been mentioned, and Figure 2 shows the transfer

of the thin layer.
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surface preparation step-to forman overl ayer by
epitaxial growh conprising a |layer of strained Si on
the upper layer made of relaxed Si Ge. O her aspects,
pur poses and advantages of this invention wll

beconme clearer after readiﬂdzthe following detailed
description of preferred enbodi nents of the

invention, given as a non-limtative exanple and with
reference to the attached drawings in which Figure 1
has @i rgady rieen pentd onegrand, Figur 2, showshd e the
transfer of the thin layer. 12 Wth reference to
Reguee 24n twieldh gdeleacloest t Rekeanmdacen dusiigly step 18

det achnent,.t akes pl ace ring step.18.  .af di.r
?ﬁggfeg%fffnghﬁjba? ?%u?gflfg¥ﬁéy$%ékﬁﬁ¥%¢§% %@% rdfson
ForMatHcons ®fmaa: ¥dMgoB0a( namrdt remsi esnetr sty rr&d akone)
the surface of the negative.A . _This Figure 2 (step
28) tERoWHrERG&E PRetBBNBRIRALEE 2A-and the recei ver
“ﬂfefTﬁigfﬁieegedgt%gE@gDQgﬁrshB@s eALL enbaghbRgr wafer
surface area“of these t elenments. Inreality, the
adgesl ofh¢ heseeélvenemagetrhat are nt@ showclasi shagp the
angl.es in the very diagrammatic.views.in -Figure 1
SPe! ERalteiBg. SoRTaCraThoa BRdaPi Rt DERAGHEFOF St hin
waf er $,,0frc298MhCcONGUCT bdige SBLEN itdles Wt Gdhdrits that are
particular limts exposure of wafers to damage that
cbale pessherpr ongles dhotks FRIUNERaAFreTBatedgEsews 10
i pula _ thus has a chanfer typically
E?%ngﬁg %#81E§9W£?Fggﬁ1the edge of the wafer. This
chanf ehithus f or s cadped phesaddamufar thime vaaoems of

‘the wafers.

semiconducting materials which 1in particular limits

exposure of wafers to damage that could ‘result. from

shocks on unchamfered edges.

Each manipulated ~ wafer thus has a chamfer
typically starting at 1.5 mm from the -edge of the
wafer. This chamfer thus forms a peripheral annular
zone éround the wafers. | )

Tt should be noted that the wafers are generally
disk-shaped in a top view. It should also be noted that

the chamfers shown. in Figure 2 are not necessarily

shown at a realistic scale.

This Figure (see step 17 in particular} shows that
the implantation step {(or more generally the step in
which the embrittlement zone_is formed) generated an
embrittlement zone 7/ extendiﬁg within the thickness of
the donor wafer A at an approximately constant depth
uﬂder its surface in contact with the receiver wafer B,

from one edge of the wafer A to the other.
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20 It should be noted that the wafers are generally
di'sk-shaped in a top view. It should al so be noted

that the chanfers shown. in Figure 2 are not
necessarily shown at a realjstic scale. This Figure
(see step 17 in particularﬂighoms that 25 the
inplantation step (or nore generally the step in

which the enbrittlenent zone is forned) generated an
enbrittlement zone 7 extending within the thickness

of the.donahnafesirdnadd aBnappr oxid@id® yagomskanis the
depth under its surface in contact with the receiver
wefréphBry 30ff r dlcongaédge 8% t RedwaPBENA t@Pt hen this

other, 13 _Thus, the e e ¥ nds as far
§§rﬁﬁgeﬁgrﬁghgﬁf %FVF?§8§a?§%m§?9aﬁg %%E%E %b on this
peri pher srafwit heitievebfeteabanfter ofepafi@r iA Hsyure 2,
shown with reference to step 17 in Figure 2, 5 there
toegrsd-a pt? pRePSIr PEGTEEn dr il tﬁwfgo%e%? yassembly
ormed thee Ly Anand gt ke d eceiMele Waf£fe B d Nif hehe
ormof an annular notch E, with a depth of the order
dorin Dimar( renenber ntbacht Be ¢ddli rggiertéd mof e order

scal e surroundin i senbly.. 10 An h '
SRk gt Aoy RRRCHRAiohE 208 hOF ro geale)
A thending ehikhesdemaghnent (step 15), not all of

the layer 50 of the wafer A that was deljmted by

the eAbd tiheninkord 7018 dettREHEd U offt t Hels hotched
rel %%p%i 15 of the wafer A (to formthe positive

ﬁ). I'n reality, a ring 80 corresponding to the _
peri pher alheparimof of héhkaykrt Bireerai fw-ofi Xed t oneheall
Vc\)%f ei”[he{_\ fggegxg%ndosf at gaa{va ésar_i EAS t%earti pmpaesr Ydelimited by
the embrittlement zone 7 is detached from the remainder
of the wafer A (to form the positive P)._

In reélity, a ring 80 corresponding to the
peripheral part of the léyer 50 remains fixed to the
wafer A and extends as far as its periphery.

The part of the layer 50 that was actually
detached from thé remainder of the wafer actually
-correéponds bnly to the region of this layer that was
boﬁded to the receiver wafer B.

And due to the presence of the annular notch E,
this region is a central region - that therefore leaves
the ring 80 with a width comparable to the depth of the
notch E, on the wafer A.

In particular, this projecting ring 80 has to be
eliminated so that the negative derived from the

transfer method <can be recycled (this negative

corresponding to element A' in Figure 2, step 18).
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The part of the layer 50 that was actually 20

detached fromthe remai nder of the wafer actually
corresponds only to the region. of this layer that

was bonded to the receiver %afer B. And due to the
presence of the annul ar nott this regionis a
central region - that therefore |leaves 25 the ring

80 with a width conparable to the depth of the notch

E, on the wafer A In particular, this projecting

ring 8Qdasd aheac! idinatednseft hat bhhegatagat iaM&o has
derived fromthe transfer nethod can be recycl ed

(Bhi $enedaproBed3oieorilesp&RALHGLt or Y ERNt Qﬁcﬁﬁﬁe the

Fi guy St t & ondi ti on of

%e neé%%lvé§§1 ég%%ué%%e %gﬁg$e %%%e%ts centra

r egi omotecaLse tﬂfee pdemmmhpagﬁnémat(w%&hfm@ 2) of

di.sturbances. Note t erj pheral part. 7
%r%m@fl%ﬂe‘se%ezsﬁﬁnt’t ti chethate: r%ﬁﬁi iCkness

\%ftuﬂbtgghdrg@kness of the r|ng 80. And during the

detachment,” this peripheral part generated

n1crofﬁablduésﬂgrfﬁawlﬂﬁééchm%mtreﬁﬁﬂﬁ b@¢¥éﬁh€%ﬁlmﬂﬁft
efbérhéll Cek& %%_S roc]; éah\% trll e@ orlga%qqzj_e@esc%acta\fet[ﬂaei% %VI%_ ad

I mnated, sincef m Ccro-caviti
rﬂm;m btkd eﬂuldkrtd’& Nﬁgaﬂie\/&.‘lﬁgl'ley coul d expand or
burst when other thermal treatnents are performed on

the wdit ThaSfcIY FrisH the ehdgadisy & 18R TeGurgmee it

would ﬂ@wﬁda@ﬂﬂésﬂﬁeﬁnﬂﬁi%ﬂﬁ% 115 S fr?e@ea@‘vé he hey

negative, so that 1t could n"o't be reused
goouall & cexckrana s Mmmverhen to Ay Gii"kﬁ@n@ésﬁtrraiﬂtenetrdiﬂoeare

%giﬁ%ééﬁé Lgh the wafer recycled from the negative.

Such a burst would project particles under the
surface of the negative, so that it could not be reused
under good conditions.

However, it would be desirablé to be able'to reuse
the negative by exposing it to such thermal treatments
(for example to cover it with oxide - step 14, or to
make a detachmeht at a weakened zone — step 18).

Therefore, if the negative is to be used again, it
is necessary to: | |

- eliminate the ring 80,

~ eliminate +the peripheral part 70 of the
embrittlement zone that remained buried 1in the
ﬁegétive,

- improve the surface condition of the entire
negative.

After the negative A' has been obtained, a thermal
treatment of the said negative A' may be done so as to

burst micro-cavities at the edge of the negative
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the negative by exposing it to such thernmal }

treatments (for exanple to cover it with oxide step
14, or to 20 nmake a detachnment at a weakened zone -
step 18). Therefore, if the _negative is to be used

again, it 1s necessary tor>- elininate the ring 80,

- elimnate the peripheral part 70 of the 25
enbrittlenent zone that remained buried in the
negative, - inprove the surface condition of the
eRLEFEspMRURLL Ve Alher hhernepat iote Ahchasmbeeftlement
obtalined, a thermal 30 treatnent of the said

negal i veTATsmayhsemddne seealgngst biypst also called &

Cebrrasponting (ot REeRares 70701 1AG enbr 1t i1 ement

zone)THhé st hbenaml theeahsnnt ray aesarcadhesahing with a

: degasslng heat_treat ment of thec{ihg. Thi s _thermal .
42

Blppabthay R dfedahng W R 9 sErAfdRena yall
et to elimnate all these edge.
Eg%ggtégggﬂgéggggg: in particular this thermal budget
must Thergfieat er ithaparbudyets dhisedtheyreat nendget must
plied to .the donor wafe rom whi c he ne Y
DosensES: SaoTh BTT LuPhr oAt g i dbLYEa o
detaghpent wfrdhernegatihven frhemridigadonor wuaf gendrated

. These treatnments were not sufficient to burst the

therbicabprigsanTrpd lagndan wiptadhsendt @fi kPRafrAgtive
R Y T A P
phitchcibrtnegabiiyetwahe micro-cavities. '

This annealing aimed at eliminating micro-cavities
can thus be an annealing carried out at temperétures
exceeding the temperatures ti> which the negative was
exposed during its _constitution (in other words
partibularly at a temperature greater than the
annealing temperature that resulted in detachment).

For example, this annealing may be carried out at
a temperature of more than 700°C.

This annealing may be carried out in a neutral or
oxidising atmosphere (argon; nitrogen, etc.).

This annealing can also be carried out under a
"smoothing" atmosphere so 'és to reduce the surface
roughness of the negative, for example under an
atmosphere containing hydrogen.

After the degassing heat treatment, a surface
cleaning of the negatiﬁe can be carried out, for
example by applying an RCA type cleaning.

o Typically, RCA cleaning consists of treating the

surfaces to be bonded with the following, in order:
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exposed during its constitution (in other words
particularly at a tenperature greater than the
anneal i ng tenperature that resulted in detachnent).

For exanple, this annealing nmay be carried out at 20

a tenmperature of nore than ¥90C. This anneal i ng may

be carried out in a neutral or oxidising atnosphere
(argon, nitrogen, etc.). Thi s anneal i ng can al so be
carried out under a "snoothing" atnosphere so as to
reduce thersyrfacg,R5 reughnessi@fidhe neoatives facie
exanpl e under an atnosphere containing hydrogen.
Atendehe dégassilig m@u theakatnehtdea supfizcet ammonium

R8s LSRRI G SE SRR M Tana -

Ibﬂh%@h'%atB@A cleanlng consi sts of treating the
surfaces to be bonded with the follow_ng, in orde

16 a-f br SECBAEH PHNa ol T iG-S 60507 (Standard
$Landand q}g :QcPe Qat 'H{‘?leud8§ ahPhXoQhioric 2a5cid

anmoni unm  hydr , hydrogen peroxi de (H20
and1de- NyMMd@am\Nﬁﬂade@ (faOsbc@m@ @%ﬁipmﬁS%ﬁ water.

solutl I le Sta r Cl ean 2 |ncludes
a mxT ?HFthﬁB?F% éﬁ% Fseﬁy %% peFOX| Jrove
(HRO2): caN ¢ 8-l ani s el b gF - oi[hehfel &aﬁ:faa;teh O |’dhebeﬂafer
used mainly to renove i sol ated ggrtlcles present on

el Sur frewee ofhe heuwapers Podarehidifmkeine e a‘i‘%%ond

Badhonh i e sepaon el oy e e

C|f|caf " f effove t ani nat i on. ter.
kﬁm&aﬁgﬁynﬂum.it is possible to renove the

- After this cleaning, it is'possible to remove the
oxide covering part of the surface of the negative
(typically' the ring and the back face as described
above - and also the entire surfacé of the negative if
the preceding degassing heat treatment was carried out
under an oxidising atmosphere).

This ﬁay be done by chemical etching, for example
by etching with HF.
Note that this step may be omitted 1f the negative
was derived from a donor wafer that was not oxidised.
| The invéntion proposes a transfer method of the
type shown in Figure 1 in which a negative A' is used
as a donor wafer for the surface preparation-step.
In other words, the negative A' is "inserted" into
the existing transfer method at step 13 as if it were a
"fresh" wafer. The arrow R in Figure 1 shows this
"insertion".
| Such a négative A' is of the type formed after the

detachment step 18 shown in Figure 1. As mentioned
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oxi de covering part of the surface of the negative
15 (typtcally the ring and the back face as described -
above - and also the entire surface of the negative
if the preceding degaSsin%-heat treat ment was
carried out wunder an oxidiging at nosphere). This may
be done by chem cal etching, for exanple 20 by
etching with HF. Note that this step may be omtted
if the negative was derived froma donor wafer that

ot _oxjhd ing eV i Pf OR@sesadvdAepd Qs
met %U gfx? %§§§ﬁ%gsﬁgﬁ%piﬁf%$gﬁﬁe 1 in which a -
meghtinved A ons utklls 25egstdvgonoragpdepatiedt her not

surface pr rati on st.ep. | t v th ' .
et S Tt R R Al ST L

- pethediat shep vkr@as i {ti tswered@ ad f s esbhovafwerferThior

arrow Rin Figure 1 shows this "insertion". 30 Such
Bhpegarfaee ApreRABRLLAR ByPR- forned after the

detaQﬂgEQ%§§tSBn{§x§h0$@ i Fi QUERO- JgﬁdyﬂﬁkkPn%gllghe

above, a gassi ng -heat treatnent was advantageously
pevéot hen, onhéhsarfegat pvepanstbopanien b hots applied
acconpani eqd by _cl eani ng ,and de- poxi datji.on, after.i

, ts
PBr frabFERCANE Boford! TS (EaT ash UonorSUat ey gpon-
Pehib®egUr ace prepar ati on st epstiictige cont extl Gfert heor
met hod according to the invention, the surface -
prepapasibhost epfi sleiassappkPelaxshda fegathPve AupPOrt
inboﬁgg£ words on the remaining non- renoved part 40
of°the“structure 2 (layer or 10 superposition of
| ayer 8he ephtiaxned sonréthevesdippor tthesuhstfate greparation

step is designed particularly so that appiication of
the said surface preparation step to the negétive
reduces the thickness of the said remaining part so as
to enable removal of a new thin layer directly_from the
sald remaining part with reduced thickness.

In particular, the objective 1is to consume a 3
sufficient.thickness to eliminate the ring and improve
the surface condition of the remaining part of the
epitaxied layer 4. |

The surface preparation step applied to the
négative is of the same type (particularly done with
the same equipments) as that usually applied to a fresh
wafer. Therefore, the invention provides a means of
transpérently recycling by adapting the classical
surface preparation step for a fresh donor wafer. This
step, already preseﬁt in the existing method, is simply
adapted to enable recyceling (particularly for a greater

thickness consumption) .
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The thickness renoved by the surface preparation

step is designed particularly so that application of
the said surface preparation step to the negative 15
reduces -the thickness of tﬂg.said remai ni ng part so

as to enable renoval of a néew thin layer directly
fromthe said remaining part with reduced thickness.

In particular, the objective is to consune a

sufficient thickness to elinmnate the ring and

i nprove. 2%Hdie swHd@ce dendithiven okcohesr epeissibde to
part of the epltaX|ed | ayer 4. The surface

sHEwarAnT dif iSHET RS i&e PEHHtd Vendyatierd Litd ngr Trpe the
SRR, dfR& pasféé ulfé'ylﬂ%e %&h sthBASAR® thin layer

equi pnents) as at usually applied to a fresh 25
\Mﬁansﬂameneﬁopé { heri neseartiplon proovindks aamedwdlof type

t tl I th I I
SISBELETL Y LSO 0 20T LIS S0 88 more

Bﬁje%lsfél%p & r esgynpegsend i drt hgoexiBhingtaet hedrface
I's sinply adapted to enable recycling (particularly

frorera Igrieiatrer stgp t hP ckhes CaadisithpPibn)diggctly o it
I
reﬁh(%gfégi ﬁﬂg negafﬂﬁlq%§§ re uﬁ?ﬁh% %% a&ﬁggkﬁp 12.

det achmerdt stefatd |ptep&hetsbandameptraksdaynmmides a
transfer_nmethod (for exa le to E %e%h

S e TRRIHED ¢ HS® SRRRTBER Pyt beatey tahienipgaining
A5 sal Yel:01 el @U@l d t wSOnt halndde s¥ffacenew thin
preparation step 13 is carried out directly on it

widytout passing through the expensive epitaxy step -
12 T R A A AR AL BV # e
re Nl R@fer, a thickness of the order of 20 nm is
typically removed so as to prepare the surface of the
epitaxied structure 2. The thickness of the ring 1is
typically of the order of 200 nm,-and thérefoﬁe the
classical surface preparation step is adapted to
consume a greater thickness, so that it is appliéable
to the negative. '

Therefore one advantage of the methéd according to
the invention lies in the fact that_the'negative can be

inserted in the eXisting manufacturing line. Therefore

there is no need to implement a special technique for

recycling of the negative, in particular unlike the

solution presented in document US 2004/0152284

~mentioned above. In particular, no additional operation

such as selective etching or epitaxy type operation is
carried out. ' '
Note that this eliminates disadvantages related to

selective removal of material (typically by chemical
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part directly conpatible with renmoval of a new thin
| ayer. During a surface preparation step for a fresh
donor wafer, a thickness of the order of 20 nmis 15
typically renoved so as to Q%epare the surface of the
epi taxi ed structure 2. The thi ckness of the ring is

typically of the order of 200 nm and therefore the

cl assical surface preparation step is adapted to
consunme a greater thickness, so that it is applicable

20harnghe pegaticgarihengfer erene mevaniagei of utbe with

met hod "according to the invention lies in the fact
shandepe rrprinantcaliibele | AEeRtedli @ iahd Teki BeTngres a

3 g%ﬁ%gtggbqgegine. Therefore there is no need to

i nplément” a“speci al technique for 25 recycling of the

negat Fve, dxampdkt i cwtariedl idee the reodbwtdoby polishing

presented i.n docune 2004/ 0152284 _nmenti oned
BBy Sr Jaek PAraA0 (GoAdALERoRal) oBbr SEVER Tsuch

as sehective:ehghi-ngLAk @E?ééﬁYvEYHér@pQéatboﬁoiish the
carried out. 30 Note that fhis.elimnates

disddvanodgéder skegaédveor 'skbeetliiménpepovhe sing 80.

'natergghgs%§3E0§E£§h9¥ncgfg%cfkw%§ tggcggﬂghnesshdf the

parti n € 1 nventi on I's uséd w

- ghandar dredquicenemt tbehinkgachem ¢al takchiengirequilreslato

speci al device). For exanple, material can be renoved

yapois shIMES IS0t RE renBeHi g idar £ 2467 ¢ s eeVia Gy 1) the

' %f&j!e%%%e‘l- id ntgarﬁécﬁ}&@rthé he RRjeEldve- Hengsiss -t/ 2

ish the surface of the negati've A° to elimnate

gy stirogs8GMS Thi 4 Opal L8himg &a&M.al so | ower the

rough%%%% %%a%hgdvantageously, since the part 70 of the
embrittlement zone 7 was héutraiised by the degassing
heat treatmént that burst the micro-cavities, this part
70 is not likely to be subjected to problems during
pélishinghthat might occur if there had been no prior

heat treatment (bursting during polishing, or micro-

“cavities that remain buried and could burst during

subseguent heat treatments).

Note that polishing of the ring is facilitated due

to the fact that the micro-cavities in part 70 of the

'weakenéd zone have burst, this bursting having weakened

the ring, facilitating its removal during polishing.

The surface preparation step removes a thickness
Tr from the remaining part 40.

In order to enable transfer of a new thin layer
from the remaining part with a lower thickness, the
minimum thickness to be removed depends particularly on
the thickness of the ring and the surface condition to

be reached. The maximum thickness to be remocved must be
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' phipker othamvihe evinhaem r epbe R ee? i B B9

ring, CPREHHPE aBi NPYTS

entire surface of the negative to the required |evel
to 10 enable transfer of a new thin |ayer.
Typically, the objective is to reduce the roughness
to l'ess, than 2 angstrons RNB in 10 x 10 pnt AFM

‘Not e that advantageously, gnce the part 70 of the

enbrittl enment zone 7 was neutralised by the degaSS|ng'
15 heat treatnent that burst the micro-cavities, this
part 70 is not likely to be subjected to problenms
Y&k NG a POLhshirRgat hahgmicghtc agew dddudwet ecthbdkbesn is
no prior heat treatnent (bursting durlngopollshlng
Eowhdchut bt is
duri 20 subs t \hea nt.s) tejtbat th
ol |j;(t%n% fp%snsglq#h?@ng éll)s %&ﬁ:allnl itate dEIelmt ot fa‘g%
thﬁ&kﬁ@@sﬂTgro cavities in part 70 of the meakened
zone have, burst, this b rstlng avi ng weakene the
SR dS i et e
%HS %W[elﬁ e JRieparald 0§‘u§f§@e fﬁﬂ@ﬁgﬁaﬁlbﬁl clressi3 Ton &
romthe remaining part 40. In order to enable
fraasf eforofr awaéwrt b n E@¥QEQﬁE@§n1t%etﬁéhaiﬁph@nﬁaFﬁon

th a omer h n1 c
B oo oaRa hae SAPERENPERE, SERBLTVY ERLEKOREInt AgDBart
yhe gd nehandaibe %wﬁé@eaCQmmdan$§ORLbe neacmmbre Ts

The maxi mum t hi ckness to be renoved nuat E 22 E
rRREERBLE eRBPNFRYCHRPESWPENTPRAGERAVERI ERNBs ayer 50.

Fhfck§ﬁ gﬁeﬁPet81 EEHEEhb95ﬁ§§§t18hb@koﬁh@hhéaatﬁve,
is no er possible to transfer a thin layer with
thbcknEBscEsess Con$i dethe |ayema4nmngh thﬁ@kneséOTl is

&betmeen 1 apd 50 pnm) after the surface preparation
tep 135 E). ‘

Thus, in each recycling step, a thickness
(Ts + Tr) is removed resulting from taking off (Ts) and
removal of material to eliminate the ring and prepare
the surface (Tr). | |

It is thus poessible to evaluate the number N of

-possible recycling operations according to

Ti - N. (Ts+Tr) > Tm. An _example of this number N ié
given in the presentation of a special case for
application of thé method according to the invention.

Note that in the example applications given
heréin, the minimum thickness Tm is typically of the
order of 0.4 pm.

I1f the mlnlmuﬂl thickness Tm 1is reached (either
after several recycllng cycles, oxr even after a 31ngle
recycling cycle), note that another depOSLtlon can be

performed by epitaxial growth of layer 4, but without

" having to recreate the subjacent buffer layer 3. The

result is a saving din the time and cost of the
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fresh donor wafer A. Subsequent to the inplantation

steps 16 and the detachnent step 17, the remaining
part 40 of the layer 4 has a thickness Ti - Ts,
where Ts 10 represents the thickness of the renoved
thin layer 50. Subsequent:¥5 surface preparation of
the negative, .the thickness of the remaining part 40

is Ti - (Ts + Tr). Thus, in each recycling step, a

thickness 15 (Ts + Tr) is renoved resulting from
éﬁki&ﬁi@if A} RN tdiempvak cof cimt 851 ate tOr&hddn Nat ein
the ring and prepare the surface (Tr): It is thus
pogsrel €-to eval uate the nunber N of possible :
recycli ati acgording Q. :Hy - )

> Tm 6%9%125%1 e %‘F&% hi% nrgékﬂer&e%oi SQ&P\?enbiL}Ln t(e égtg%)lal
present ari nayet a spetdakleaseef doneapplfoeat itbe of nimum
the nethod according to th in%gntion. te that in
PRECERERBI € 1Hppl i Tat FEASISRven THar el AT mi nf i
B%b8§ﬂ€§_§nT€bh§dt ¥R g8hky s9Ecbhati2a10vdartel QadnPBiep
't the m nimumthickness Tmis reached (either after
seveembveengtkraglcyppbédedotoebs atvetlyesi gl gecreate
recycling cyele),. t hat anot her deposition can
%efgﬁgFfngéghb%héﬁgﬁégﬁaﬁﬁgromﬁh of lLayer 4, but

W t homt+30 hawitng wigenk ecagat esSiie stthjwemnie buifer being
| ayer. 3. The result is a saving in the tine and cost
BanERechyredpi t axi aFChr ot h st eP Pricedified tyy, torm  the

é@é?&ﬁp&% 12 inpsFigyre 4., O%%ﬁ%&%hﬁd;Sugﬂig NeWep may

eposition by epitaxial growmh of layer 4 could al so
bendone béf@@eﬂdnmﬁﬁgﬂan”npitaxy of a first layer made

of relaxed SiGe, followed by epitaxy of a strained Si

1ayer-arranged on the said first layer. In such a case

and in a nmnner‘similar'to the new deposition of the

‘layer 4 mentioned above, the said first layer of

relaked SiGe is epitaxied after the surface preparation
step applied to the negative and before a new
deposition of a strained Si layer is made. |
Returning to the description of the surface
preparation step, polishing may be conventionally done

like a non-selective material removal polishing, using

~a rotating polishing head, turning facing a polishing

plate that is also free to rotate (about a rotation
axis that may be parallel to the rotation axis of the
head}, the polishing plate. being- covered with a
polishing pad, the negative being inserted between the.

head and the plate and with its surface to be polished

. facing the pad the fabric covering the plate.

Advantageously, polishing may be appropriate to

remove material from a hetero-epitaxial structure, for
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5 thickness Tmis reached. For exanple, this new
deposition could be done systematically after each

step to renove nmaterial applied to the negative, to
recreate a layer 4 with th&gkness Ti. Note that when
an sSoi structure is being 0 manufactured, a step

14 is perforned to formthe overlayer 5. As already
nmentioned, this step may consist of perform ng an

epi t axy of a first | ayer made of relaxed Si Ce,

feaddn@ed byoBpifidxy obfa strai neghsSi dkayerbadrapged the
on the said first layer. In such a case 15 and in a

ﬁa@d@d_ércaémn It thif helRERraapdSNELon Pot e aoRldcasion
r o0 e e
gﬁﬁgdls epltaX|eé§hgﬁggiqﬁ%i§%§fg§%§p?e%ngt%gﬁ gOt Het

@m@huﬂhddlthe negatlve and before a new dep03|t|on

f de. .20 Ret,
deser IHERGRIGH ot HET 7 bEeE LT ebar 61 dPdeBRnT . Chimical
BRI NG 1M 188 EenRy epiMonald M faNg o i kB R pad with a

non-sel ective material renoval polishing, using a
mmﬁa@whlé:m ngt hegdweedr M ngnfladiafy @@oapsmm@sme :

LTl ey AL FrCebBYpe L 8 Oy s
th&tﬂmﬁﬂﬁ,wﬂﬂhaaxﬁuzdudﬂ;hﬁﬁﬁaeﬁmwmguﬁbwﬁmeﬁmmtl1za

pol i shing pad, the negative beuﬁg serted bet ween
the REEPTEHEY he 0 at €Bhd WAH SIS YN ac@Fepedeous

Reldsheinid ackrg thse pad 4hse, @i c %@gr i Nghd he surface

plate. 30 Advantageously, pollshlng may be
W@t@t@tepemv@mm atof raomeagatlve, a step to

t.er.o- %ruct exanpl_e pol.i.shi
THE e iS5y e Dot iadngor aBRiget® Bldre

Iitheergatd Mfamﬁat Qﬂ:te]_:ﬂilﬂiﬂl(‘(ﬁtlsiiép is implemented.
Tf at least part of the ring is eliminated in

advance, less poliéhing will be necessary than for the

- case in which the ring 1is not at least partially

eliminated in advance.
For example, the thickness Tr consumed during the

surface preparation step on the remaining part 40 of

the epitaxied structure is typically of the order of

0.1 to 4 pm when the ring is not eliminated in advance.

This thickness Tr is of the order of 0.1 to Z um when
the ring is eliminated in advance.
Note here that the thickness Tr in the embodiment

in which the ring is not eliminated in advance is

typically greater than the thickness of the ring. It is

usually difficult to perform a CMP at the periphery of
the wafer (at the location of the ring), therefore it
is necessary to consume a Jgreater thickness than the

thickness of the ring.
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PCT/ EP2004/ 006186 deposited on June 8 2004 and not
yet published. 5 Typically, the objective is to

i mpl enent Chemi cal Mechani cal Polishing (CMP) using
a polishing pad with a co essibility of between 2
and 15% and an abrasive | P%%u d (slurry) containing
not |less than 20% of silica particles wwth a size of

-between 70 and 210 nm 10 Accordi ng to one

particul arly advant ageous enbodi ment of the

Fnventimen, aghe-dde sur fraee spsgpavatd 0mist-8Re i She ring
applied to a negative, a step to elimnate at |east
paes ofnt hehe | gdts appri cethdeftdieknere shpd ksur rapeved

BSERLPLLA L0 8 P TP e L ol oast gt

whils be>wecessaryntébancbasuiheionapetentihith tihereases

.ring is_ not at least partially elimnated in

ARED o O Te RT3 &1 G MG e S8R TGRS umed

duri ngirh8 e 4 SUr G (B APAAL] OF, SHEPcOAsLAEE is then
remai ni ng part 40 of the epitaxied structure is

toylpiseal | o ofhehédhddeesef c@isunast 4dpmmhehheheleissgcal
i S t elimnated. in advance. _Thj hi ck S IS
ST ?p%ﬁaEﬁqptsgﬁg R a ff%éh w%ggié %Eef%fore

& “or 0 um when. eri

- alHiE nadesht agesivanesbodmbet e dierthd hatvélieion has the

thickness Tr in the- enbodinment in which the ring is
retvadIiagendtiet i ht agvhncEcAsiTeyphcalighlr edeRrathgr to

e LhLGDeSR O diey HGnd bt e WRURLLY odil ficul t
to performa at the periphery of the wafer (at
the | dtat irdmoofcarhéer icdgmintftedef ore it 30 is
necessary. Lo, cOSUTE 3. great efu LOl.OKNESP; LRAN N8hnique
adapted to reduce the thickness of the ring by
polishing the edges of the negative. With this
technigue, twe different polishing ?lateé are appiied,
each plate'beingrcovered with a polishing .pad oﬁ which
a liguid abrasive is sent. For example, an upper plate
Ps dinclined by 15° from the surface of the negative
could be used with a lower plate Pi inclined by 22°. It
can be understood that by adjusting the angle, it is
possible to penetrate to a greater or lesser extent
inside the wafer. BApart from the consumption of the
thickness of the ring, this technique also provides a
means of reconstituting a chamfer arcund the edge of
the wafer. ' |

- by a 1local material removal technique, for
example using a DCP (Dry Chemical Polishing) type
technique. For example, a local plasma etching can be
performed by positioning a mask on the centrél part of

the negative and by applying a plasma etching:(Hz or
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The advantage of the step to elimnate the ring lies
in the fact that the thickness to be renoved during
surface preparation of the negative is limted. This
| ower thickness consunption fotentially increases 5
t he nunber of possible rec i ng operations.
Furthernore, the thickness to be consuned is then

cl oser to the thickness consuned during the classica
surface preparation step for a fresh wafer. Therefore

bg j Ssadwantageayss bodhaerhieknths bEEV%'Hé Qhhasot hehe
advantage that it only requires- a slight

agaptaveomot-o prdieaistchdyy ddto i sy ton t ieher averds the

the art. The ring can be elimnated: - using a
-galled ‘edge polish" technique adapted to reduce
the thi ghiress afl e rdtnihdyexdnpipol oShing. atihenedgesus

of the negative. Wth this techni gue, tmo di fferent

BEPPSRMAE Tpl @f e Nér eMabpPAed CoEER| BPe B ngnvention
gg\é%ﬁ@e@ thAPol & Sgwanp@@lgoq whigh W@l&ﬂ Gk @ pinitial

rasive is sent. exa , an upper plate
thabknedsbﬁhlsofrdﬂuihbaserfdcetnf @hhene@@mdweaﬁter a
ate Pi_i

FRESEanoBb A er BT S0AERhAT™ by® H uGHEg She SngPe. TFeeh
s feR9sSsisbhie (e penetikateub0 1§ BEeRken Or ahg@sserym).

-extent inside the wafer. Apart fromthe consunptlon

of th#e twleknég@%fd%erﬁmﬁgalt Hls Bechiiqud aiego with
B5UhER 2 A IRAAS oo SLONTH! (HEL9oR BITRL pprreen
DerBY ahdt @Cﬁnlpﬂ]l)e for exanple using a DCP_(Dry o
Crem g, POLIS Do) LYBe . Lech que, For Sra oo
@9%5%@%&jn&e@h653k aAat hgusenyr atePRftiRf the ‘ring is
eliminated and material is then ﬁoﬁ—selecﬁively'removed
from the remaining part 40 of the epitaxied structure
usihg CMP type polishing adapted to remove a thickness
Tr equél to 0.5 pm. | -

The number N of possible recycling opérations is

then equal to 13.



the negative and by applying a plasma etching (H2 or
24 02) so as to consune the thickness of the part of
the negative not protected by the mask, in other
words the ring. A purely illustrating exanple of the
advant ageous 5 enbodi nent of %he met hod according to
the invention presented abové>i s gi ven bel ow, for
which the initial thickness Ti of the layer 4 (in
other words after a first surface preparation step
applied to a fresh wafer) is 10 pm (Ti is usually
between 1 and 50 pm). 10 W will consider renoval of
athinlayer with thickness Ts equal to 0.2 pm (Ts
is usually between 0.05 and 0.5 pm. The thin | ayer
is renoved using a SMARTCUT(r) type transfer nethod,
and during recycling the ring is 15 elimnated and
material is then non-selectively renoved fromthe
remai ni ng part 40 of the epitaxied structure using
CWP type polishing adapted to renove a thickness Tr
equal to 0.5 pm The nunber N of possible recycling
operations is 20 then equal to 13. 25 CLAIMS 1.
Met hod of formng a structure conprising a thin |ayer
made of a sem conductor material on a receiver

waf er, including the follow ng steps: - surface
preparation by renoval of a _thickness of naterial
froma |layer formed by epitaxt&Sgrowth on a support
substrat e;

1. Method c¢f forming a structure comprising a thin
layer made of a semiconductor material on a receiver
wafer, including the following steps:

- surface preparation by removal of a thickness
of material from a layer formed by epitaxial growth on a
suppcrt substrate;

- transfer of part of the epitaxied layer tec the
receiver wafer so0o as to form the thin layer on the
receiver wafer, a negative also being formed that
includes the support substrate and a remaining non-
transferred part of the said epitaxied layer,

characterised in that the thickness removed by the
said surface preparation step 1s adapted such that
application of the said surface preparation step to the
negative enables the formation of a new thin layer from
the remaining part which thickness has been reduced by the
surface preparation step.

2. Method according to the previous claim,
characterised in that the removal of material i1s a non-

selective removal.



- transfer of part of the epitaxied |ayer to the
receiver wafer so as to formthe thin |layer on the
recei ver wafer, a negative also being fornmed that
i ncl udes the support substrate and a renai ni ng non-
transferred part of the said epitaxied |ayer,
characterised in that the thi%gness renoved by the
said surface preparation step is adapted such that
application of the said surface preparation step to
t he nqutive enabl es the formation of a new thin

f rioft

| ayet NPfle AR RN part whith t MIERAELE haSiaim,

chgenctedused by thetr sface preparahbe8asteP pdishing,
Met hod according to the previous claim

fotrarcavirepl se@Mbn Tiae pPheélcdioval of material is a

non-, selective renoval .. 26 .. Met.hod accor.ding to- .
The 4o euTEhbY8 L84S, o tosaatie 1 REE At o aplpam,

charaveeriyepolirshingt ther teXamples<CMRmyped by removal
pol i shing. 4. Method according to the previous claim
o¢haprhertrt skl hetviaar OrHe@PHi EKABss renpved by

remoyal yofy 9Bt eEL8kgl S bg&W@ﬁ@ Q-1 +apd péieQJ!Tml%' claims,

Met hod according to one of the previous clains,
cthaeateerissed 1m that beffgree thee neggiities sissedeforfor

he surface preparati.on st a step is.perforped o
thite St s P GLRL Tt o paPr 61 SEEhKig OTTETRGY on
LR respendiyeg Ho a1 pprhpher abapar bfofa thektihansdef redng

| ayer that remained fixed to the negative. 6. Method

cagcsrsnoRAiodt ke pr 6V busherarmpathat Acteri segnipherred
1RO thed ?egdrgag&gesdp B DYAETRYAL: ik material s

ween
6. Method according to the previcus claim,

characterised in that the thickness removed by removal
of material is between 0.1 and Z um.

7. Method according to the previous claim,
characterised in that the ring is eliminated by
polishing the edges of the negative.

8. Method according to one of claims 5 and 6,
characterised in that the ring i1s eliminated by
applying a local removal of material from the negative,
for example by local plasma etching.

9. Method according to one of the previous claims,
in which a so=-called donor wafer comprises the
support substrate on which the layer was formed by
epitaxial growth, and the transfer includes steps
consisting of forming an embrittlement zone within the
thickness of the epitaxied laver, bringing the donor
wafer and the receiver wafer into intimate contact and

detaching at the level



7. Method according to the previous claim
characterised in that the ring is elimnated by
pol i shing the edges of the negative. 8. Mthod
according to one of clainms 5 and 6, characterised in
that the ring is elimnated by applying a |oca
renoval of material fromtHke negative, for exanple
by |l ocal plasnma etching. 9. Method according to one
of the previous clains, in which a so-called donor
waf er conprises the support substrate on which the

of| & %&%BF%@GW %ﬁf rax FAPLGFOGERSeEndiR hehat after

th%r aBsERN VN G485 St 8PS rmEQNS S UG OFi PN @Fbatment

nmori'ttlement zone within fhe thickness of the
stepi ttaxiagpligkriobringngs heodowagst wafermapdotdrvities
eceLver.maﬁﬁé into intimate contact and detaching
7

re%?lPﬁggI%Qe ne%?tfﬁ%'enbrittlenent zone,

char@ct emkbsedd n 4dedrafiher tde thrgat ipre-hasubeeglaim,
formed, a degassing heat treatnent _step is applied
chggarfesd sgd tié furast e #PEr8Seadi PPes réemdeintg s an
- j : : t acc [ t reyvi
B S e T T haf T RS “Aeqbsarnn ResRt chan
theteabreEntini shanheahneakangenar roedthet deicabhaegteaterp .
that used in_the heat treatnent .

th I t. th
o The BE e b ng Nt nbh e i tTEo ERG im,

chBr@ ks gbal minchanget er bsedbdnithat annegbinRg i gt  a
done at a tenperature of nore than 700C. 12. Met hod
tenpestai wget 6fome s Ehent Hilée Previ ous cl ai ns,

SPAZACt SHERR) DDA e b Lage 1 Hig 080RL) ot fous
claims, characterised in that the surface of the negative
is cleaned in a step performed after the degassing heat
treatment.

13. Method according to the previous claim,
characterised in that an RCA tLype cleaning is done.

14. Method according to one of the two previous
claims, characterised in that a step is performed to
eliminate the oxide layer after cleaning.

15. Method according tc the previous claim,
characterised in that the oxide layer is eliminated by HF
type chemical etching.

16. Method according to c¢ne of the previous
claims, in which the epitaxied layer is a relaxed SiGe
layer formed by epitaxial growth on an SiGe buffer layer,
the said buffer layer being formed by epitaxial growth
on an Si support substrate and having a Ge content that
increases progressively from the 1interface with the

support substrate, the



treatnment. 13. Method according to the previous
claim characterised in that an RCA type cleaning is
done. 14. Method according to one of the two previous
clainms, characterised in that a step is perforned to
elimnate the oxide |ayer after cleaning. 15. Method
according to the previous Z%¥aim characterised in
that the oxide layer is elimnated by HF type
chem cal etching. 16. Method according to one of the
revious clains, iin which the itaxied layer is a .
CPar EEe T ete T 3) e e d by St 2 Ll r Gk b WP apatc
r&l &ReBUf keicd aypiyer hecpaidbukfieed ayer behae a cup
formed by epitaxial growth on an Si support
pelbsihiafe csraiavithgia @womentuthaturinger ehsesurface
rogressively fromthe interfac it h st por t.
pgﬁ % Fa%fnth%£§g’tf%ﬁ%§%rr%d ?ﬁﬁ%%ﬁ%ﬁgaiﬁgﬁudW%§h a
cpapteskitdid isa) d of elbaxeckssi G2 | ayer, 16haracdierd sedurry
in that a CVP _polishing operation_is carried out |
C%%F@h@l@ﬁengﬁrﬂ§€§ THF%ba% i oh §%éh?au§?ﬁ§l§les with a
sEQ%i siH N PRdeW tih &y gopphessgi bility of between 2
and 15% and a slurry containing not |ess than 20% of
sil1¢a pdethetfiescabtriiag sizensf dietbheepray iang 20Gims,
.nm 17 t hod_accor.di to one of_ the previqu
I THSD e WhPCh SeHE pt 144t otl &y ef 18X 6 STLaRed 2VeT
cBhfactayeped char atiel i s€deirn that @fdeirddieon step, it
_preparation step, it_ includes an epitaxial_ growh

igebpdent ededPt 6o GFOrbherdser 186/PAEST NP aform an
oSLERLDEY Son NS A LNt Lek AXEds: ShEEYPRE! 1Y elelaxed

SiGe upper layer.
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ABSTRACT METHOD FOR RECYCLI NG AN EPI TAXI ED DONOR
WAFER The invention relates to a nethod of formng a
structure conprising a thin layer (5,. 50) nmade of a
seni conductor material on a receiver wafer (B),
including the follow ng steps: 5 - surface
preparation (13) by renoval of a thickness (Tr) of
material froma |layer (4) forned by epitaxial growh
on a support substrate (1); - transfer of part (5,

" 50) of the epitaxied | aygfsrizat he recei ver wafer (B)

so as to formthe thin [Tayer 10 on the receiver
wafer, a negative (A .) also being formed that

i ncl ugﬁHbBeF@gpﬁgE&C% SUAR BpEhhodRd BowbeMRRRLR

non-ttransrerrea—pPart 0 or—tneeptrtaxtrea—iayet;
characterlsed in that the thickness (Tr) renpved 15
by the sai.d surface preparation step i s adapted such

that PPl iCHSEA Y FRE2EEPd (Qur Paddeidi¥palat i ‘G 2

EQrEB‘éuQég%dr&{oeﬂ(sﬁr)g epahhgs, theyber ”(%t ' 05‘0 Pf m3deCVhE  a
hin layer fromthe Tenaining part (40)

shmmkneggothas edrenieduceeh by at he:emmﬁwe wafer (B),
PheRanakhop,8t 8811801 FL9YL &Y. B

- surface preparation (13} by removal of a
thickness (Tr} of material from a layer (4) formed by
epitaxial growth on a-support substrate (1); :

- transfer of part (5, 50) of the epitaxied layer
to the receiver waferr(B} so as to form the thin layer
on the receéiver wafer, a negative fAl) also -being
formed that includes the support substrate (1) and a

remaining non-transferred part (40) of the epitaxied

layer,

characterised in that the thickness (Tr} removed
by the said surface preparation step is adapted such

that application of the said surface preparation step

- to the negative (A'}) enables the formation of a new

thin layer from the remaining part {40) which thickness

has been reducedrby the surface preparatiocon step.'

Figure 1



