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------------- -- 1 METHOD FOR RECYCLI NG AN EPI TAXI ED

DONOR WAFER Thi s invention relates in-general to the

f

ormation of a structure conprising a thin |ayer nade

of a sem conductor material ,on a receiver wafer, the
thin [|ayer being transferrea froma donor wafer to

t

he 5 receiver wafer. The invention is ai ned at

allowing the recycling of the donor wafer after the

t
[

hin | ayer has been transferred. More precisely, the
nvention is ained at enabling recycling of a donor

waf er including before 10 transfer a support substrate

0]
S
t

n which a layer formed by epitaxial growth is
upported, the thin layer being fornmed frompart of
he said epitaxied | ayer, and the donor wafer

conprising after transfer the support substrate and

t

he remaini ng unrenoved part of the said 15 epitaxied

| ayer. The -donor wafer to be recycled is typically a
negative originating froma transfer nmethod conpri sing
a step to bring the donor wafer into contact wwth a
recei ver wafer and a detachnent step at an 20

e
2

nbrittl ement zone created within the thickness of the
epi taxi ed |l ayer, particularly created by ionic

i npl antation. For exanple, detachnent is achieved by

appl i cahony 9br2REPSCTRNGS hieEB1PRE$LD! Moﬁ@ﬁbﬂm@ga

wi t h a—mechanicat—5stress (particutarty TTKe t

SMART CUT(r) process), or by application of a
mechanical stress . alone._ (for .exanple an, ELTRAN(Cr .
procesghﬁﬁaﬁnﬁ§8§lﬁon@§éﬁ?ﬁséa geRefal ts IReNebtnation

of a structure comprising a thin layer made of a
semiconductor material on a receiver wafer, the thin
layer being transferred from a 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 part of the said epitaxied layer, and the
donor wafer comprising after transfer the support
substrate and the remaining unremoved part of the said
epitaxied layer.

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

nmeans (use of ultrasound, etc.). 10 The main steps of
one formof a transfer nmethod w th detachnment at a
the 1 evel of an enbrittlenment zone are described in
Figure 1. This Figure shows a series of steps 11 to 18
to manufacture an Sed (Sem conductor On I|nsul ator)
type 15 structure and al so produce a remai nder A
originating fromthe donor wafer A, this remainder
cepiespdrdi ngltger| he PaegatuMea’l yrentdrereedabove, ionic
startln% froma support substrate 1 and a receiver
waferaBa8i oM ng from step 11 in which we have a

SUPPOr &6 r2@ xSk §Eraﬁgtécﬁﬂ@§§ of §bhi89@d'ﬂyt£ﬁbllcatlon
exanpl e presented herein), a step 12 is perforned
d@§|gné@emuaﬂoﬁmmasssppaaub&g gowbhpeisivhgh aa | geiamical

b
SHREERRS) LRl fl1 S A4P T 21 00 LBE SIARAY (MRS )DY o

t g epichaxiced i b &Efuﬁtum@cﬁaﬁgﬂﬁllSQSr@s§Uf§Ewnéay€mxr
3 and a |l ayer 4 on he buffer |ayer 3. The term ,
h@ﬁéﬂ@l@piﬁaxi%¥T%@WucPﬁpéeSFs Hale vsEF t8 qriesFIyrised
Eﬁﬁlﬁyg tOftStar %Egﬁg W EEeBHEff5¥£§¥85r3b%°&95§9 fHhns
e support sub trate 1 has a nes arameter on It
suuﬁacef BQtsegouhdcanthby) di f f er ent fron1the mesh

paraneter of the su substrate For_ exanpl e, the
D £ or gy G2 Ty P heokn el 4 et & (i A dps méthod

coReanteabicpmeprogeaskyel YeveNCheaghngmbr oMt I&ifent zone

interface with the Si support substrate and
ceiisedeentivedaviinglgunesh. parameter that is

prere%ﬁlveEﬁ qulflﬁg%go S ErEBstQ%'tﬁﬁg Itifn g 18 to

bet ween tlﬁe t V% % par arreger S. exarPf) ﬁ

pm@g&é&&tweeﬂuﬂifS@@llQﬂemﬁcbh&uctor On Insulator) type
structure and alsc pioduce 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 receiver wafer B.

'Starting from step 11 in which we have a support
substrate 1 (made of silicon in the example presented
herein), &a step 12 is- perfbrmed designed to 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—epitakial structure
is also used to qualify this type of structure.

The buffer layer 3 located on the support
éubstrate 1 has a mesh parameter on 1its surface
significantly different from the mesh parameter of the

support substrate 1. For example} the buffer layer may
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-steps

mesh paraneter may be achi eved progressively within

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

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

ayer with a substantially cgnstant nesh paraneter
different fromthe nesh parameter for the |ower

stage, so that the nmesh paraneter is discretely

nodi fied stage by stage. The layer 4 is |ocated on the
buffer layer 3 and 15 has the nesh paraneter of the
bl amn B&yﬁi]Sgkﬂaca;thdafGereﬁhcénbﬂath@nnps¢gre551vely

‘par anet er, of the sugport substrate The

t VHICERASY TRdETBR athhat ek T 5 a%'é&hbytbﬁe %hff%qpport
|%ﬁ%%t%at%nahﬁ'%oﬁ@%%a%ﬁk§§egav§h&9a £0sH! af&ﬁéﬁgr that

| ayer 3 and the layer 4 are formed by epitaxial
gn@mﬁprogrehelsabponmxtuhsxiate 1seusiupy theowkransition

chni que S cal Vapour Deposition)
L I TR e A eRE SR BN R AR LS -+ ohni quen. 25 The
| ayer @oli‘a)éx@%plﬁéqe til sSignbgrdiggetd wafit@®rcatif® of the

formation of the subjacent buffer |layer 3. The rowm h
omas&wm&mwram@a @ achiieved aFpeFeasifety within the

f%%&%@ an%&pgg gybkgggpt buffer |ayer. The

are t us us to forma donor 30
vvaf er descma;bedlas ber esditi dved hl&yr dmarpdel' , ofeatdhi sstdage

criptio ce it do £s not ori |nat from
g gp J&T ﬂ%%?rsi’“é i & St | TR ag¥- gresh
S%fr%%te&r egar Al ot stf%mf OFnd heep t S b 54 UGbUT ethe
2 (inthis 5 case the surface of the layer 4). This

sdolvage Pragrar a3d ohhst ephomeshe dagpameties tifi @JaWJyetely
a%%'l%%@dYStage by stage.

The layer 4 is located on the buffer layer 3 and
has the mesh parameter of the buffer layver surface,
different from the mesh parameter of the support

- substrate. The layer 4 is typically made of a material
relaxed by the bﬁffer layer 3, in this case relaxed
sice. |

The buffer layer 3 and the layer £ are formed by

epitaxial growth on the support substrate 1, using

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

The layer 4 may be made in situ, directly after
‘the  formation of the subjacent buffer layer 3. The
growth of layer 4 may also be achieved after a short
finishing step of the subiacent 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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renoval of material fromthe surface of the "fresh”
waf er, for exanple in the formof chem cal nechanica
polishing (CWP). 10 Step 14 is an optional step for
the formation of an overlayer 5 on the surface of the
donor wafer A, in other words on the surface of the

| ayer 4 made of relaxed SiGe in the exanple presented
inthis description, by epitaxial growh (practically
in the 15 sanme way as that descri bed above for

f dematdienioh,t hesin@yer i4) . doethi sccasepraginate from
het ero-epitaxied structure 2' including the buffer

| &F&EYC310CGhe | ayer 4 and the overlayer 5 was formed

on thersupR@kL %%%%tﬁ%t%t%p Advantageaysiy, dhe shrace
par aneter of the O overlayer 5 is practically the

sarepragathennmeskp parabeteepdfarhed r@tzatxcewmt%r (b ©Gmis

t he fre face of. the tur
Pk e e B a1 Sfiatod e TERE Gurface
S wiraee aef ohhe tebelfaxed ngi C?E%ylequfs C?rp?ﬁ:a-ﬁhf_e_{ aasllaaerby

5 may also include a first % e of rel axed Si Ge
aﬁ@”‘é"@éeo‘?@ Payeriphdd s Sheaisvedase a2¥ avgéd esh

S 5%@' dbf;dfrg Sy &Y -1 naﬂér%ﬁfmv%rfd%hégﬂc%l%&mé%al

oné re a stralne ayer is osited, also
bycépishaxy. (8UPOne possible appllcatlon of t he donor

bart ofteRe 14’ 4ya FLrOMHE SHYaxPEd "D RS b
the %‘%Fél?_qragers%b%r ahe burdiéd hrapmd Rl JJ@m thie in
over | ayer formed on the surface of the structure 2
d@rth@q therdpponontlie stseyy fage 50An téyst | barer stéepmpge of
%e e d'é&é% 38 f%%Wlaexample presented in this
description, by epitaxial growth (practically in the
same way as.that described above for formation of the
layer 4). In this case, a heterc-epitaxied structure 2'
including thé buffer layer 3, the layei 4 and the
-overlayer 5 was formed on the support substrate 1.

W 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, 1t is
typically a strained Si layer on the surface of the
relaxed SiGe layer 4.

The overlayer 5 may alsco include a 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 is done before a strained Si
layer is deposited, also by epitaxy. |

One possible applicaticon of the donor wafer A is

to take off a thin layer formed from a part of the




10

15

20

25

30

oxi de [ ayer on the surface of the donor wafer and / or

-the receiver wafer to forman oxide |layer 6, this step

being related to the final product to be obtained, in
this case an SeO structure that includes an

insulation 10 | ayer corresponding to the oxide |ayer.

A step 16 is perfornmed to inplant ions in the donor

waf er (for exanple hydrogen and / or heliumions) in
order to forman enbrittlenment zone 7 within the :
t Niagleress off tite: epplaxkeddststuti-inee2,2 26n amd nougport
15 precisely within the thickness of the |ayer 4

, in
t FeSETaNs el gi 78R, Fhebrbdcaily 17798 FBShSHE R ST ©
oxidised gonohe vafers A hihdhhe $e0pivgle Waf @furBng the
"Bondi ng" neans creating an intimte and permanent = 20
comttacnatlhatcepay 4cor r espond to nol ecul ar bondi ng and

t hat al so be .reinforced b ddi ng .a product

bet weeh (T YA ng® SR f Ao 6t RS oxXiTtl S8d 4Bndio™™ 21
wafxgldeant e orf agfl Vair ederof thd agbldt aterdONghAY/ or

of these two elenents. In any case, bonding is

uddidl 15pgsriessdet sy 5 IQ@hmhgwide N faceshid peep
b . y J l .
g)%g?%g flé;lasctfgfa%cﬁe%ﬁgef?ﬁgfgﬁ%gdhgﬂst%oﬁ)%edokpé’a\%n?&is, n

b at t rittlement zone
mehtiisonade anoveIt Biisudetachmbat mylfides exanjpheubation

done b applying.a thermal and / or nmechanical stress
TS Co36 3E0BRBNY. Rs THESEFI-BBALFEESt ep 18, t he
resul t ai ss¢dWisii66 141 ptlpbrm@dPOosd t e 1BneOr 1 &sPORE Nehe

to an Sed structure in which the superficial |ayer
cdlonespardsrt d forhexhapée bidrhecdoand hederhaliwations)

\gg_?)t d(%'@éleg% t t%%ebyo rr& hgn e%rtittlt%%%gtrltz Ozno%e( | J?C lwlicghqgl 4 he
thickness o©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 teo molecular bonding and
that may also be reinforced by adding a product between
the facing surfaces of the oxidised deonor wafer and the
receiver wafer, to facilitate bonding of these two
elements. In any case, bonding is usually 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 step 18, the result is thus:
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5 layer 4 and possibly the 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 enbrittlenment

zone, on the side brought ﬁto contact with the
receiver wafer 10 B. Thus, when steps 14 and 15 have
been conpleted, a positive P is obtained conprising
the receiver wafer B on which the oxide | ayer 6, the

strai ned fsirkice9n Ousssayeve Spardrireepbhadsterted:pastor
50 of the relaxed 15 Si Ge |layer 4, are stacked in
sEGIFEREETrSTRE wbéﬁ§fébﬁe@up§éﬁ96561|éaVﬁénCPyﬁﬁéaPPQS o

renpved; 5o that Hhe r IEselt Astﬁats\?@e (QL1ahpesh by

SilTicon On Insulator ype structure n step 14 is
natmtoambeiEﬂlem@Etresuki |snaluﬁ@ngositpmetcowbrmﬁ nghe

t he recejver wafer t he and
ek enbab s PoBY e v oF i g S Eifhaety the
ab@tﬁb@%&e@ﬂe@ sequenge othke MeX¥hs,StBR keah¥PeeakHYytRin
deposit by epitaxial gromh of a silicon | ayer on

| é@éaersorqnn@poa&a neP athehpagrowth the siibsi¢tate 4ndand

by ORI e HPEARERER, 8 P cemp ik Ehely Al on
enther esildd bsowhtscihtoStmrtlaed qutJhco:rhe one&k Geetnwafer

| nsul ator) type structure. - Secondly, a negative A
c@%responding to the 30 part of the donor wafer that

di d notpnemaifdhondedd o 4 thes reseluss eLer cBup#bfed, a

consequent [y conprising the - -~ - ---2.-: —-en -
pOSli:lVE Psumoomt@u’b@i r&trep i s tiee repaenvey wafer B

090kt LATRECTEEE PAL0 PIyLhe £ LR ed LIUBHYT 8: 2 con

overlayer 5 and the transferred part 50 of the relaxed
S5iGe layer 4, are stacked in sequence. The transferred
part 50 is then typically removed so that the end
result is an sS0I (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 & and the transferred part 50 of the
relaxed 5iGe layer 4 are stacked in sequence. The next
step is typically a deposit by epitaxial growth of a
silicon layer on layer 50 {then acting as the growth
substrate) and the silicon in the deposited layer is
then strained by the relaxed SiGe 1in the subjacent
layer 50. The end result is an SGOI (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 tc

the receiver wafer B, and consequently comprising the
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the said remaining part 40 corresponds to the part of
the layer 4 that did not remain bonded to the receiver
5 wafer B (because it was subjacent to the

-enbrittlement zone 7 at which the detachnment was

made). Wen taking off a thin layer froma donor

wafer, the thin layer being formed froma part of the
donor wafer deposited by epitaxy, and particularly in
the 10 context of the application exanples given above

(bappBiricos0fstaktsSA  andSEhk) sdnaiatie, ncbﬂnetrmémd
is usually not recycled. As a result_of this |ack of

r 8ayEl FRgOf the cPAEGEEFTeSAYUCRBR forf1 ngll FrRvvent,
d%ﬂ%régﬁkfrréﬁgﬁﬁ§h4 Qa0 ﬁ@kgogggsepHEEe%otﬁh% part of

l ayer), 1t 1s essen to use a new support substrate
amitlet d afvermda e fdzezsmamfmabiw rapbal | hy stepseddiver

and 12, to de 05|t by epitaxi al rowth a structure 2
cYABFEsiEng e %ﬁ {%1 9%$k)t%fth%y%?% %ﬁFf%ﬁFnt

S%a@rv %*ﬂb%h&%hetﬂae a@tb&hf@n’e‘nﬁ@é shaddabpl e that this
| ack of recycling is particularly prejudicial since

the nefaenvéakings offota reubedlauny Eoppl éx,dAmsHy EMEPT
B%“Sc'm% ope ¥g‘}s§§s%‘9t ¢ AL q}% epét xied, o3t "if Wishor

on a suppor ate ave peat e

H@:\a&\éer déhes Bippdl | ognt ethbisaspy opased }_aalt“ie_'cdfmla}ltﬂe_{ fiar the.
recycling a donor wafer that was used for takin of f

aceRrR*Fay&t RSt h?ﬁpllé%FlB%l nGEEOPHES f rOMSar 130ove
of R RLEYBHUIE %Qi ts@@le%ﬁr}s@dﬁ Sé‘tgﬂ%ﬁu@bsﬁﬁé‘tﬁe@itlve

he donor waf er. Thus, refer to document
2@@4b©m52284nbhatedgaﬂsd with recycling of a donor

2?;§L grsgﬁgggg t.he eg XJed 8 #:trgctfgé§ccgﬂaw S8S B

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 be repeated.

However, the applicant has proposed a technigue
for recycling a donor wafer that was used for taking
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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an Si substrate. This docunent proposes to place a
specific layer in the stack of layers, nanely a |ayer
called the stop |ayer acting as a barrier for a 5
material attack. The presencg of this stop |ayer then
means that material can be renoved selectively
(particularly by selective chem cal etching) when
material is renoved during recycling. Wth reference

to Figures 7a - 7f in this docunent, the stop |layer 3

| st cused temnpsekest kvetreroyal sofe t heyeesradpi gk ipsd ton
7 after taking off the epitaxied structure 1. After

t Bis SielBEtgire teenolal s of dGraFErital PraPepeti fix pPLrace &

g??%%&%icpﬁﬁﬁ@&jqﬂlh@ﬁétgtggkpSEf?%?@gssonﬁﬁgngaalayer

ucture 'simlar to the originally epitaxie
sicaldiedr ethepi thay 1ewdr | amring ) asndat husrrberr ete 2

APEORR A GRS OTa S, aht AGBE. T aiiTiesten

thatnd specifi cngRblaxy | HErfpenedemdeao fosradievely

stop layer. It also requires that a selective materi al

r dipevali cudeap vi s byar riedddutve ardhein Gaddi t§onEing)  when
epi.taxy st ref.or,m t ' i t

PR AL B §onpEarBIEL g ERELPILAS, e A Fon g @ e
cesigueksarmept taxyist epissdoebathvel yhehisgpp layer 3 is
particularly due to the use ofﬁgfecial equi pment s,

t HeeGsetof SFEHVGasEeMOYah Al atfelRFM g part 7
exe¢uti ke o Fenef o« Lhi appneach-d s notrddd lyhis

. satisfactory ™ 30 and there Is a need for a sinple and
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| esd cextpionmsi vem@valecytl i mgteethhi que fopeal hegat¢metaxy

t%%ter\gl%%o%selgaéorto be performed to reform a structure
similar to the originally epitaxied structure (epitaxy
of laver 4') and thus to create a wafer that can act as
a donor wafer. _

Howewver, this approach has a number of
disadvantages.

It requires that a specific epitaxy is performed
to form the stop layer.

It also requires that a selective material removal
step is carried out, and an additiocnal 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
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taking off a thin epitaxied |ayer. The purpose of the
invention is to satisfy this need, and particularly
the use of a recycling technique 5 that is easy to
integrate into the nethod fokmﬁanufacturing of SeO
Sstructures according to a SMARTCUT(r) type transfer
process. To achieve this, the invention proposes a
nmethod to forma structure conprising a thin |ayer
made of a 10 sem conductor material on a receiver

wWafetycliimgl udidihi ke fof | awWnRgastieRs : thatsurvhaceised for
preparation by renoval of a thickness of material
f rediiagd gfér of 6hiBdeBjtepieaxiaregrom h on a support

substr 15 - tr f of. .f t it
| ayer ?gl%t téusfproesge?c\g/%rﬁ\%\lgf elrn%%(r?t%gnt o@o??n ts%)édlt%ch'%lyn this
| apeed, ornicheartéceiluet ywaherusa aégat ryeyval sog beéngnique
formed that includes the support .suybstrate and .,a £

¢ SR i nOYESY r abidf et PEATBAFE ofhERe cfi% adigidiod  for

| q¥errad@ ughakactsr i sethi n shatcthee5hi gkpesaingmoved 2
by the sald surface preparation step is adapted such
t HABRTEHEC| type onrfsidre meiaksan f ace preparation step

to the_, negat.ive bl es_t he.for ion_of w t hj
| ayer o 1ﬁger§%§fﬁin%ﬁ%a%?gFﬁ%%ﬁﬁcﬁ&Pﬁgsgﬁi5i2%§%h0d
has beam 25steduaec: byothe: siid asethiapangkiromesiepf a
The foll ow ng describes sonme preferred but_ non-,

| ISRMAONGECASpe dRs oot atlhi &R nBt REGelveRarEie, | dncluding

TR e nias EEEREFCY 50 G type pol | ahing: 10 the

t hi cknessurénpeerrbyaratbyal bpf remveal abfi s thickness of
material from a layer formed by epitaxial growth on a
support 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 epitaxied layer.

characterised in that the thickness removed by the
said surface preparation step is 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 in which the thickness has been
reduced by the surface preparation step.

The following describes some preferred. but non-
limitative aspects of this method:

- material is removed non-selectively;

- material is removed by polishing, for example

CMP type polishing;
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between 0.1 and 4 pm - before the negative is used
for the surface preparation step, a step is perforned
on the negative 5 to elinmnate part of a taking off
ring corresponding to a perl%heral part of the
transferred |ayer that rendined fixed to the
negative; the thickness renoved by renoval of materi al
is between 0.1 and 2 pm 10 - the ring is elimnated
by polishing the edges of the negative; - the ring is

el i m nat efe byhapph¥s8gramboeal byl edsalz 10fofimaterdalal is
fromthe negative, for exanple by Iocal plasma
ebehiagn 951-andsh-@mi | ed donor wafer conprises the

suppor t Péf@éyﬁh% OB MAlGel N5 | aYRIy Wad, ! OLHEY Dirrace
a W

epi t axi the transfer i1ncludes step
cpmspakhngonfstéprmauptﬁpenbrpétfenmad D@nahmtmmgatlve

t he thickness of epi t axi ed er, bringing the .
dSHO?T&BFEF‘ %nﬁaﬂﬁe goaPE%EW%r %ﬁ%/%lrn‘? n?%r’?%?ﬁg%%ng to

cant aet-:pnd-det aghi-Rg 3fr the | evelndedh® layer that

enbrittl ement zone, and after the negative has been
f oemedned ﬁega@st%gth%ameg$@HY®Ent step is applied to

It so astﬁ QHI%% éhg %5%59e8a%g:E%%o&gTﬂﬁﬂ“ﬁﬁkéfhéf“as

negati ve; egaSS| n treat

apaeakkngo. gaaﬁdeﬂ @i Wwth a greater thermal budget
than that. used in the heat treatnEnt for the

det achreRie s¥Epd 15 aphbal Raed udrel hag e%%r%%ﬁ% of
of AL e gg§ge 700C, 30 - the surface of the negative

is cl eaﬁ In a step perforned after the degassing

heat tregbheemting --i-s - eliminated by applying a local

removal of material from the negative, for example by
local plasma etching; '

- 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 embrittlément zone within the thickness of
the epitaxied layer, bringing the donor wafer and the
receiver wafer into intimate contact and detaching at
the level of the embrittlement =zone, and after the
negative has been formed, a degassing heat treatment
step is applied to it so as to burst the micro-cavities
remaining in the negative;

- the degassing heat treatment is an annealing

carried out with a greater thermal budget than that
used in the heat treatment for the detachment step;

- anneéling is done at a temperature of more than
700°C;

- the surface of the negative is cleaned in a step

performed after the degassing heat treatment;
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11 - an RCA type cleaning is done;, - a step is
perfornmed to elimnate the oxide layer after’

cl eaning; - the oxide l-ayer is elimnated by HF type
5 chenmical etching; - when the epitaxied layer is a
rel axed Si Ge |ayer forned epitaxial growth on an

| Si Ge buffer layer, and the said buffer layer is

formed by epitaxial growh on an Si support substrate
and has a Ge content that 10 increases progressively

- from theahntenf aggeWwet bzt heg Bspperié; substrate, the

transferred thin layer including . part of the said
rel axed &i &tePayérPealePedof? shl Halnaber B¢ orxise laver

c Led i.ng the surface preparation step
a%%%%gdc?%g?ggghegative, during which the surface 15

of the-rehai norgdronlagrayed sparetl iofinadied elkaxe S Geype

| ayer .is_polished using a polishing pad with a
cﬁéﬁmégéib?FF y8f between 2 and 15% and a slurry

cont ai Di PgeAOthLessit hane@0%plrsiti sarpankidl escav tdyer
a size of between 70 and 210 nm 20 - when the
efragieldyl apétaksapmdeosthrehaxedSiGrGuifae hetdod and

B PR BT Ry e Sy Opi T DY o ST

| ayiersof ssfppaimedsSbsepatbe ampehasl agerGaradenaknt that
rel axed Si Ge. 25 Ot her aspects, Furposes and .
adVEREAERE PTedresSiTRABNt TERMW I beldthftr ‘@%ar 8L th  the

agh?EoEﬁagthth@e,fQBEO%&QQSggfééaeghﬁﬁsﬁényi£ﬁb£ﬁding

preferred enbodi nents of the Invention, given as a

nparki mift atheesexdnpled aamdl WiGeh teferenee @@ thelishing

CLLASHEor 2w R0s L0 e CLoue, 3 1, 0ESc Es@acion
step applied to the negative, during which the surface
of the remaining non-removed part of the relaxed S5iGe
layer 1is polished wusing & polishing pad with a
chpressibility .of between 2 and 15% and a slurry
containing not less than 20% of.siiica particles with a
size of between 70 and 210 nm;

- when the epitaxied layer is made of relaxed
SiGe, thé method comprises a step after the surface
preparation step to form an overlayer Dy epitaxial
growth comprising a layer of strained Si on the upper
layer made of relaxed SiGe.

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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transfer of the thin layer. 12 Wth reference to
Figure 2, the Figure shows the manner in which
det achnment takes place during step 18 after bonding

in step 17, and particularl%é%he reason for the

formation of a ring 80 (non ansferred zone) 5 at
the surface of the negative A'. This Figure 2 (step
18) shows that the donor wafer A and the receiver
waf er B are not detached over the entire facing

surf acgianea«gkrthese tovreherent s. the Feahirky shiche the
edges of these elenents that are 10_shown as sharp

aRghasri dn e V&t yaelt aghesmat FaKoF eRd2FR dPF@BBeSf%%e98
Cg?gggr%%ndyﬁ Condé%tla??ar%naf qqaﬁ%l%Qﬁ mHé reason

ers of ng haten
pﬁbﬁ:l difear fdimmdtison exposurenogf dMaf eresn-ttoratenfege echatone)
could result from 15 shocks, on gpchanfered edges.

Eath thEnPPEIraCedOhafR? RRELCHYES A chanfer typically

starting;:at plgaramfrombhesedggont ther ¥ad edondhiwafer
chanfer thus ?orns a peripheral annular zone around

t Re amat etlse Z@CB@V@howﬁéeb"e Fhored nhAt dteﬁécmﬂerogfeafr gthe

e FoPeaterdtS PRCERAnr BPE QRORILFY g PAMEE 20

necessahl |r)éal$.ft®r\4m tale aed@ad | STi chssal @leiﬁl@lnssFitgmrte are
(see step 17 in artlcular% shows that 25 the
| FPPHRAt 36 6H2EPepRPSES bR e G@n‘é%wg—il%%a@%‘bl? views in

wﬁgégr%hg gg@rbhghggggg zone is forned) generated an

Ittl ement zone exiending within the thickness of
t he dofbiswdfsera Asatndardppnmdarhtel yfeonshant widptrls of
ggg%ﬁc'o%%u%%%%cemé ecopt@ct 4D the Lecel ver el el o
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.

It should be noted that the wafers are generally
disk-shaped in & 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 embrittiement zone is fcrmed) generated an
embrittlement zone 7 extending within the thickness of
the denor wafer A at an approximately constant depth

under its surface in contact with the receiver wafer B,

from one edge of the wafer A to the other.
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Thus, the weakened zone 7 extends as far as the

- periphery of the wafer A and opens up on this

peri phery at the |evel of cﬁgnfer of wafer A. As shown
with reference to step 17 in“Figure 2, 5 there is
al so a peripheral region around the assenbly forned
by the wafer A and the receiver wafer Bin the form
of an annular notch E, with a depth of the order of
1.5 mrgnererber WJdaderidie f5awi Ngsxaeadpotadt of scahe) the
surroundlng this assenbly. 10 And t he weakened zoneq‘i}éL
op@ﬁgphprw ohi sthot cheBerr ey o APSHe e BF t
t 1p 0 t 50 of the-

erggggﬁaéémgged %Y%?t%%a%ﬁmnﬂ%ecgﬁﬁilt?{ghent zone
7 is staehednfmunﬁthﬁef@namnﬂeto 35epf Itheimafeguhe 2,
(to formthe positiv rea

c@P?é%péﬁinfq(ﬁtﬂ%rlﬁé?¥%ﬂeFﬁglﬁ%rFr8anhgqﬁnﬁﬁS%ﬁ?ly
repgihas bixedd g die Mafied fhandeexigadswyasetaB as the

its periphery. The part of the |ayer 50 that was
aébualb¢ &K)aﬂnu&ﬁﬂxh¢¢thEherQMHand@PtbfOihéhﬁﬁQﬁder

d h f I
R Toaemp SHESRRERT R Lok ARRLRE B g )

t Barppasensg ehishgseamular notch E,  this region is a
central lon - that therefore | eaves . 25 the ri 0
vvlth aAdeﬁecéﬂr‘ﬁé%F@élﬁlde 299 he deprth BP the thist cqﬁ%l“:‘:
eg? wafer A In particular, this projecting ring 80
0 be’ elimnated so that the negative derived
fron1the theansfrer oetthioedl dahabememcydbedp (Lhis not all

%at%e layer 50 of the wafer A that was delimited by
the embrittlement zone 7 is detached from the remainder
of the wafer A (to form the positive P).

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

The part of the laver 50 that was actually
detached from the remainder of the wafer actually

corresponds only to the region of this layer that was

bonded to the receiver wafer B.

And due to the presence of the annular notch E,
this regicen is a central region — that therefore leaves
the ring 80 with a width comparable to the depth of the
notch E, con 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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30 corresponding to element A in Figure 2, step 18).
14 And the surface condition of the negative also has
to be inproved in its central region, because the

det achnment gener at ed surfac? di sturbances. Note that
the peripheral part 70 (see ﬁigure 2) of 5 the
enbrittlement zone 7 remains within the thickness of
the ring 80. And during the detachnment, this

peri pheral part generated micro-cavities or cavities

that renRai fhBushetacav tdmdr £ hen tdd aknesseit ihe 4ligwg.has
10 And these cavities have to be elimnated, since if
stieh h@cr%ﬁRﬁﬁqu eénrehﬁﬁn wireEd i ﬁeﬂﬁénmeg%?F@%se the

t I
Hgé ﬁgﬁ? §éRQP orne gw?? er rec;gﬁed from

the negatev*ehaﬁuthe apmmemmhlmbmx o]tectsepmrfflwm 2) ot
under the surface of ihe ne ative,.so that
e

ColEd ST 5 LFBG560 2 utRdel GUBA wont st HoWRlT eSS

i brwepkd-bgg dggirable to be able to reuse the
negative by exposing it to such thermal treatnents
(for e&aﬁpICblIIloﬁgco‘v@ ide baichmeoaxi dethist egrighegaly part

T%gggggngdStg nga61 eg WFa %%%§Q”EQPtS£émb£§”burled

e negati ve IS use aga

negessar yhkothickhéss naf eciidieriigig 80, - elimnate the
perlpheralgﬁart 70 of the 25 enbrlttlenent zone t hat

remai nBadbbRees FAVERESS et i VR Pe §hiii Rttt Since 1f
S%Eﬁcﬁleg\ed!ﬁé{r%l% £%ﬁa§x@t}bﬁﬁle&‘eﬂ@tﬁw@ néfd€ivd hechey

negati ve been obtal ned, a thernal
could expand or burst when other thermal treatments are
performed on 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 desirable to be abie to reuse
the negative by exposing it to such thermal treatments
(for example to cover it with oxide - step 14, or to
make a detachment 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 in the
negative,

- 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




30 treatnment of the said negative A' may be done.so as
to burst mcro-cavities at the edge of the negative

5 (corresponding to the part 70 of the enbrittl enent
zone) This thermal treatnent .is also called a
degassi ng heat treatnment of “the ring. This thernal
treatnment may be an annealing with a 5 sufficiently

| arge thermal budget to elimnate all these edge
defects. Therefore, in particular this thermal budget
Mysbrrbepghaahgr tharnkudgets ofo heat theat@remrtsttlement
applied to the donor wafer from which the negatl
mﬁ@ngéneréﬁéé:uﬁ@q%%&h(ﬂﬂ%ﬁ@@m%ﬁ%eaﬂﬁngaﬂép Calied a

h donor wafer A)

Tﬁégégggggtﬁ%ﬁ%s€ﬁ§§gﬁ%%¥ ??L%gﬁ to burst the
m cro- anhttESrmihisraanmahtn@aalmajan &nﬂeﬂkﬁHQrmﬁth'a

m cro-cavities _can th s be an_ an rled
atsutféﬁﬁé?amweslaﬁ%e Hﬁ@qe@npég’a ieiygte’ all
whi,ghot RggRegREL¥ESWaS exposed during its constitution
(in other mords particularly at a tenperature greater

t han tfikerafineal i ng tempéraiare thas frfE%IiJmatledolil et must

| d h
cBPr et At PR or b Detor i e Fouded o
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Thhé apieal WK dmyfben carited thut nergaa::mmjtwﬁ generated
oxi di si ng_at nosphere_(argon; nltro%en etc Thi s

anpeafifglaanyareseBelpgr fr&d e t ot "%o%%?%‘al"e
g%gtgﬁph@z’ig 2% tQaf@Pu@\q th@h%%%f ACLoalrehidIRResS not

e negative, for exanple under an atnosphere
centtd@iinirgthydr bgeat @heemlche—degaSSEﬁg heat

treatment . 2osutlace ,¢lean 9.9t e NEgaLt ¥ 00, e co
can thus be an annealing carried out at temperatures
exceeding the temperatures to which the negative was
exposed during its constitution (in other words
particularly 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 negative can be carried out, for
example by applying an RCA type cleaning.

| Typically, RCA cleaning consists of treating the

surfaces to be bonded with the following, in order:
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exanpl e by applying an RCA type cleaning. 30

Typically, RCA cleaning consists of treating the
surfaces to be bonded with the following, in order: 16
a first bath of a solution g wn as "SC " (Standard
Clean 1) and that includes a™m x of anmmoni um

hydr oxi de (NHQOH), hydrogen peroxide (H202) and de-
ionised water, 5 - a second bath of a solution called
SC2 (Standard Cdean 2) that includes a m x of

hydrochl gri £i gt d b{tCl)af hydr egentpenoxktdewt H4®R) 'esat”
de-ionised water. The first bath will be used mainly
t 6SEengesd Céepatéd park |téllaés l@féémts &n THe %réwlum

er nd es op [ -
ME¥PPS§£QE gg%gﬁﬁéthhgg | tend ﬁ%éggspé%¥¢§ca?ﬁ§ ?%3
reﬁnyeeHEWatérp contam nation. After this cleaning,
it is possible to renove the lde Cc rin of
t he surf%c%e6@n%h%aﬁ%g% |@e50&% %??p?%%f#@:%ﬁg f# figrdard
apdc.the ppckHAace asideseri Redpaboves - ngpdoahsertbhe acid
entire surface of the negative if the preceding

dé§§é$bngYﬁeagenr@@t%@h@emégﬁbérﬁhédd@uﬂonhﬁﬁérwéﬁer

oxi di s} her e n he
etchingﬁgfo 1r§¥) a%% 2@1% W?chﬁﬁﬁggnﬁﬁqﬁﬁg E% a% move
thiks15ten paythz@l@m pﬁ:@@ehfc he thegatinfacanast dgrd vmtfer
froma donor wafer that was not oxjidised. . The

i AREntPoMasEopESe s i s e RRHOd- Sof Wl & e sHRwRRd
i p,Fhoyre ]nﬂfégir Sho e ngg@&h¥§c§‘ll§/$ tWSedmAR AReBallic

donor mafer e surface preparation step. In other
mnDdSamnhatmegatlve A is "inserted" into the
eXIStIn tranﬁggrc egggggétlit is %%é%%ﬂfé'éov¥££%é% 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 may be done by chemical etching, for example
by etching with HF.
Note that this step may be omitted if the negative
was derived from a donor wafer that was not oxidised.
The invention 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
"1nsertlon |

Such a negatlve A' is of the type formed after the

detachment step 18 shown in Figure 1. As mentioned
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"fresh" wafer. The arrow Rin Figure 1 shows this
"insertion". 30 Such a negative A" is of the type
fornmed after the detachnent step 18 shown in Figure
1. As nentioned 17 above,ng degassi ng heat treat nent
was advant ageously perfor d on this negative,
acconpani ed or not acconpani ed by cl eaning and
de-oxi dation, after its formation and before it is
used as a donor wafer for 5 the surface preparation

stBBve) N d hgegoBt EXY Olestther @i thRshaceasdiddydrrddeeusly
i nvention, the surface preparation step is thus
apprfednedn ®meghbive ASIAAVEY herdGHIRRATBIFG heor DOt

rg@@&ﬂﬂagﬂi%”b&e@i‘éﬁﬂ;Bg”a“&’ ofo 1he SkRUGL Ur8rder  its
(rayer= or superposifion of |ayers) epitaxied on the
sHppastiosubstr diefdre The fhi ckeedsss enpdedoby welier for

surface Ereparation step is designed particularly so
t RBE ApprrEatPHRPBFALIAR ¥FR surface preparation step

to therpegald vechsekeduses thike hbigkneserdihg sabd the
remai ning part so as to enable renoval of a new thin
| ageendieect thef sonfane pseparaiehe nitrp pat tthis mpplied

reduced thickness. L.n particular,. the ' j.ve .S to.
cofstmEedateiFy ii’ci’er%t:rl tor%hc rng"sog 0 % it?h%ngrfegdatlﬁlel-nﬁ rl{gm
angmbPaoveard0 the surf ac@econditisuef the rémgeni ngr
part of the epitaxied |layer 4. The surface
pFBBAFRPFbR1QPepChpplfEE b tPRItHERA | o1 i LYt (HPPort
saBstyRec(particularly done with the sane

equl pnents) as that usually applied to a fresh 25

waf er . THaertéfiokee stsherdmorent i lon  phevistes agengarspafation

téggépﬁﬂfnéégiéﬁgﬁckgg%igﬁlggﬁgtHQQ EQ&tCB%%EE%%Eion of
the =said surface preparation step to the negative
reduces the thickness of the said remaining part so as
to enable removal of a new thin layer directly from-the
said remaining part with reduced thickness.

- In particular, the objective 1is to consume a
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
negative 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
transparently recycling by adapting the classical
surface preparation step for a fresh donor wafer. This
step, already preseht in the existing method, is simply
adapted to enable recycling (particularly for a greater

thickness consumption) .
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surface preparation step for a fresh donor wafer. This
step, already present in the existing nethod, is
sinply adapted to enable recycling (particularly for
a greater - 30 thickness conaénption). 18 In other
words, it thus becones possible to directly
reintegrate the negative A" resulting fromthe
detachnment step 18 into the standard thin | ayer
transfer nmethod (for exanple to nake an Sed type 5

struct upe wsheg therSMARTCUT(£hupr dcesSpe@ndhdBri®le to
precisely to.reinte%rate it so that the surface
pEéparalvonednEporstpsthar Regatbe Al reesyltigp jfrom the

Wk AQUNRARST 1GLNT QUGN L6 EXRANSI G RRIIAXY1BLEP Myer
Thi's "surtace preparation step al so provides a 10
means sk rmakehgod he( Sur f agempdrdi toomasfe t ha r 8a@l nitigpe

t di tl : tibl ' pval of t
P SFerC tae i e o parGaTEn  bedpePal *a srieamore
dopariwafier, & thiahkness 0k the order 0fa20 418 i Ssudface

typically renoved so as to prepare the surface _of the
epirearired istr uetepe B The chrckadssowf Haectpy ign 1t

typical Ly of th r. of 0 t 5.
R BB o8 e S h P Bhal arFane Aren T e LOELRUEY Brdtf
consunehasgr eateacé higksessstism t katep t ailscapptocaire a
20 to the negative. Therefore one advantage of the

NBERBE Adcddiiny e tHEFTaRRMITBH 14Ws 9 iR FeRining
;E%E;tmﬁig%ﬁﬂ$vgoﬁﬁﬁtgﬁle'Qﬁﬁﬂ%egeMBvéDecﬁxh§th%g thin

acturing 1ine. Therefore there is no need t
i dplyement a special technique for 25 recycling of the

negative, ,in particul ar unlike_ the solutio%ogregenﬁﬁggh

in docGHEMIUS? 2004 pgfeparation  step

donor wafer, 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 is
typically of the order of 200 nm,'and thérefore the
classical surface preparation step 1is adapted to
consume a greater thickness, so that it is applicable
to the negative.

Therefore one advantage of the method 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 cperation
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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in part

nmenti oned above. In particular, no additiona
operation such as selective etching or epitaxy type
operation is carried out. 30 Note that this

el i m nates di sadvantages relgted to selective renoval

of materi al (typlcally by cHehical --------- -

--------------------------- 19 etching),
particul arly when the invention is used with standard
equi pnent (while chem cal etching requires a special
devictehg) Fogaﬁawterlgat«aehalthréarirﬁenrcqmvect hysed with
pol.i shi ng the remaining part 40 (see Figure 1) of
|a9zehd4rd| e PHPTEEH anitlfe ebpRtErvechBpénps negluires a
h ace of the negative AT to elimnate
ge%qa §8V§H%Els polishing can al so | ower the
roughne"es efcaimbéeenmatersaif ace afe thwenaeghthwepdbisiheng
required level to 10 enabl e transfer o% a new thin

| &6 TePRAREae ParEnel oBFecl+9erestt 7 RS the

fOUghn%S phethegsathame o ?@éﬂ@éfshﬂ\@ id 49 ]%oﬂﬂsﬂ@ﬁﬁhe
AFM Not e that advanta eous since the part

'th@rfembrpﬁtténen&gabneezAhaeonehtmam¢e%dﬂb@ theg 80.

S ulYs, PRLISEpe 620 (Do | Bt iR o fypges of the

skbjreeledutr-gapeobk enbe dueh A voOLb SHhAQréhad rad ghevel to
occur if there had been no priaor heat treatnent
(saesliengt RS IRF pofi shi gy oI ctavetaviltPesalnay the
e RYET ed, a?g %Olcﬁlu@ebu‘{ﬁ‘e ?B [LAfes40 t%Ubfggé'e%than 2
eat treatnents). hat 'S |ng of the ring is
fam@bttamedRMGeintbOthel@anmzthEM the mcro-cavities
one have ur st

he . weakened
bur st i Hﬁtﬁa%ﬁg AERRR RIS R Yt i FgCf a o P hZﬁ g% the
r eRVak cdWhicRd RB@NeSMi NGas neutralised by the degassing

heat treatment that burst the micro-cavities, this part
70 is not likely to be subjected to problems during
polishingrthat might occur if thefe had been no prior
heat treatment (bursting during polishing, or micro-
cavities that remain buried and could burst during
subsequent heat treatments).

Note that polishing of the ring is facilitated due
to the fact that the micro-cavities in part 70 of the

4weakened 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 & new thin layer
from the remaining part with a lcwer 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 removed must be
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25 The surface preparation step renoves a thickness

Tr fromthe remaining part 40. In order to enable
transfer of a newthin layer fromthe renaining part
with a | ower thickness, the_ _mninmumthickness to be
renmoved depends particularl?oon 30 the thickness of _
the ring and the surface condition to be reached. The
maxi mum t hi ckness to be renoved nust be 20 such that
the remaining part with reduced thickness is thicker

t Basnt BR2f1 phaUMhBE 6kRESSaTh heltewrshiveld ttHiskmes is

“longer possible to transfer a thin |layer wt

h . o
t Bhekkessthan Bhegnshbeem SLhiggeress i PRveRisd HE 18
(bet ft urfac e L ORyith
ngpmﬁ%p%énr a dsrseg?wlp.erc}?)rifgjr % é?’%g? S%bs%ﬁ%gnfﬂt%é% he +*
i opl artatsons., steps 16 and the detachnent step 17, the

remai ning part 40 of the layer has a thickness Ti -
Ts, mh‘é?féS}%erloareRﬂYeegen%swtlﬁg G of Lf fERtvlen 1
reAgved Pﬁ5na|%$%rﬁﬁ% STRSEIUERL N P2 L a6€ep 13 on a

preparation of the negative, the thickness of the
r émashi mprar t waleks A.Ti SubgFquenty )to Thhs, jmplaeiption

recycl i step,, a thickness 15 (Ts,+ [} enmny,
réﬁé??iﬂg ??%n#?%ké%%a%§$e?333€%édf7Téﬁ%%a#éﬁél éﬁha?t
maberdraltHo Bhi @t nat evddhear ichgcandspr ejare Tthewhere Ts
surface (Tr). 1t is thus possible to evaluate the

NURBEPSAIBE ChpsEhbreneetyRf i i opEiatsdris dtcdtting
to. ZOSJEségln%r%%th‘JTéﬂrfaJ@ pﬂbﬁé\f%ﬁ Of {1k %é&?’e{)’%lﬂfe,

N is given e presentation of a special case
aphki cathbokoéss he aft hothaccorahagnimg t hecanvent4®n. is
h%ge_tv%g LnTip? exanpl e applications given

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 possible to evaluate the number N of
possible recycling operations according to
Ti ~ N.(Ts+Tr) > Tm. An example of this number N is
given in <the presentation of a special case for
application of the method according to the invention.

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

If the minimum thickness Tm is reached (either
after several iecycling cycles, or even after a single
recycling cycle), note that another deposition cén be
performed by epitaxial growth of layer 4, but without

“having to recreate the subjacent buffer layer 3. The

result is a saving -in the time and cost of the
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herein, the mnimumthickness Tmis typically of the
25 order of 0.4 pm |If the m ninmumthickness Tmis
reached (either after several recycling cycles, or
even after a single recycling cycle), note that

anot her deposition can be &grforned by epitaxi al
grom h of l|ayer 4, but without 30 having to recreate
the subjacent buffer layer 3. The result is a saving

“inthe time and cost of the 21 epitaxial growth step

pegsenk edl asgrefet e%@:%é)lzpkéseﬁ:@@lf eadl. r@F¢ireusky, 12 in
such a new deposition by epitaxial growh of |ayer 4
cbutdral $o be done before the mininmum 5 thickness Tm

i's req&g? e e,. this n LEi c
done sys g%%%?%élly aft er 25%% g%%ggEggb?egg%eQ%Bfké¥ial
matewtal ocapphiyed tocbhednebatdilve, dowe rieefest etha miayigrum
4 with thickness Ti. Note tgét ﬁhen an sSgi structure

i E0bekRgSS 10 THanufhct TRECA st BRT 14 5F€™Feff or med 5t o MV

fQEBLL e oRVELL Y ehe Sdohe §y5@@1ﬁatﬂ@mifn@ﬂmf hé scistamep
may  consist of performng an epitaxy of a first |ayer

nmhderenpveenagedisi Gppl betiowedthy epiebkyeoft@ recreate
strained Si_.layer.arran .on the said first |ayer.
LR R A e

'~ a manner sinmilar to the new
depositbea ofrhizhe wWrarer #h nestoonedtabeveret hessailsking
first layer of relaxed SiGe s epitaxied after_the
supruechrepdr at # onSt R ep hppiSi e@SESOFREIne§8t i §_TANIRE

before gegfm%.dERQSiBEQEaQ% anshfabned, Sichayersisy may
made. "2 eturning to the description of the surface
peepatati ofi pieeorpdhigs kinngpitg dye cdoray efitd hal 4 ye ©l graede

! iolf(er%lgg{%_dseslichet,i VJ‘:eo ct>wee§c5 ajlayrgglf¥g£{ypglfi Séhisn&aiunseid’]gsi
layer arranged on the said first layer. In such a case
and in a manner similar to the new deposition of the
layer 4 mentioned above, the said first layer of
relaxed 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 deone
like a non-selective material removal polishing, using
a rotating polishing head, turﬁing 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 pléte 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




10

a rotating polishing head, turning facing a polishing
plate that is also free to rotate (about a rotation 25
axis that may be parallel to the rotation axis of the
head), the polishing plate Qﬁgng covered with a
pol i shing pad, the negative Being i nserted between the
head and the plate and with its surface to be.

polished facing the pad the fabric covering the _
pl ate. 30 Advant ageously, polishing may be appropriate
t@xam@ﬁévepﬁﬂﬁﬁﬂﬁﬂgffdm1ath@tetypepiH@Bb&hb&ﬂfU@&urahe
for 22 exanple polishing of the type described by the
APBPLEEANT n 1l s Nt erHAtS UL L PR entPAPPIT cAR cation
P%&EE%@@%@%%%@6dae§éts&@edoenJ U8 5200 sand NQto 1y Sfet
publ’i ically, the objective is to inplenent
Cpebﬂaahedwbchanical Pollshlng (CVP) u3|ng a pollshlng

pad w si bi .0f hetween. 2

an abr gp@ga &VqU|§ §#ﬂ@ JVEort® ﬂ%? ?m?Qa @q%ﬁ&cal
2@%&%@n§bh&°@ol@@h&h§'QSMP@tﬁsﬁngléep@ilgﬁiM@Q@a&UW£ﬁﬁia
210 nm 10 According to one part|cularly advant ageous

erbodiressibaf ite dinveatwesn @hemd hbSsuppdcan aprasive
pp_g%ﬁrl%t | %riu%& IC%H%%@L'H'l?% 12 lrées%atﬂhva% At {0 ica
elim nat e art of the ring 1s applled efore
tbariabdesumﬁaheapeeparaf|betséen 7@ an@lbﬂ@nﬁed 15

If at |east part of thering is eI|

advancéccpégénﬁol|§H|ng°RFII @rﬁée iy th%ﬂV?QﬁaQ?ﬁys
C@ﬁ%oﬁﬁm@%ECh the rimg '§n9@5t§5n|eaahuﬁﬁrttﬁb|y surface

- elimnated in advance. For exanple the thickness Tr
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cpmgpaeatd@mlngxﬂhelsZepp&nﬁdcéxprépaegatbﬁestép&ﬁ@p to
thesremll na pRLL_ 40 of, LPe-8R! L3 P4 SUNGLIS dérore
the said surface preparation step is implemented.

If at least part of the ring is eliminated in
advance, less poliShing will be necessary than for the
case in which the ring is 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 typicélly of the order of

0.1 to 4 um when the ring is not eliminated in advance.
This thickness Tr is of the order of 0.1 to 2 pm when
the ring is eliminated in ‘advance. | |

| Note here thét 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 greater thickness than the

thickness of the ring.
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0.1 to 4 pmwhen the ring is not elimnated in
advance. This thickness Tr is of the order of 0.1 to
2 pmwhen the ring is elimnated in advance. 25 Note
here that the thickness Tr iy, the enbodi ment in which
the ring is not elimnated im advance is typically
greater than the thickness of the ring. It is wusually
difficult to performa CVW at the periphery of the
wafer (at the location of the ring), therefore it 30
I S necghsaraydianteersu® ahgr ealegr tdi ekiressatdamhehesing
thickness of the ring. 23 The advantage of the ste

i

t 616Fi i Rat'dd héaFfng-hates e  FRIFERTST hat the removed
t R GKAGS S h e he @%ﬁ\é%%ti@w 39 31 TRCE ARRPAIAL Ok ol .

the negative is Iimted. This |ower thickness .
c@hsenptowenr potieritriesds ycdmomgasies: midE imldberinpfreases
Furt hernore, the

P RPEI RUBFo bR LarRa TV e oS Braehr T 1 ne

thi cknesgtaerpyred dHei RAithacekassi gal condiiee is then
preparation step for a fresh wafer. Therefore this

agv-aReagécustinbbli slenesaf coRsuMAdeArdAIhAS S Helagical
a e that it..aoly ukres_ashi.gh t afy on.
t%é%%té %oc?t %%gglragll%% to ‘et%ﬂef(éfa efgfe ng hgqag%t%.p' T }lééjj{l?fncgre
cahibe slviantaatcedis -emksidigneantsosCathedihedgeipol itsis' the
techni que adapted to _reduce .the thickness of the .rin
b$ Ve LREE; gﬂiaﬁg_ltthenéa'g&%}lrt%e %séﬁq%.a%ﬁ%ﬁﬁﬂ%gto
t egBni@uBodt WecHrhiggent vRbi shing Pf alies Afne appli ed,
each plate being covered with a polishing pad on which
a |iquldeabiasgi venike sehimifrare@xanpl e, an upper plate

"5 o ICLLUSSolY 15, 1Lm e, Sur 260! (09 pesti v 2.
adapted to reduce the thickness of the ring by
polishing the edges of the negative. With this
technique, two different polishing plateé are.applied,
each plate being covered with a polishing pad on which
a liquid abrasive is sent. For example, an upper plate
Ps inclined 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. Apart from the consumption of the
thickness of the ring, this technique also provides a
means of reconstituting a chamfer around the edge of
the wafer.

- by a local material removal technigque, for
example wusing a DCP (Dry Chemical Polishing) type
technigue. For example, a local plasma'etching can be
performed by positioning a mask on the central part of

the negative and by applying a plasma etching'(Hz or




10

15

20

can be understood that by adjusting the angle, it is
possible to penetrate to a greater or |esser extent
inside the wafer. Apart fromthe consunption of the
thi ckness of the ring, this ﬁgchnique al so provides a
25 neans of reconstituting a chanfer around the edge
of the wafer. - by a |ocal nmaterial renoval
techni que, for exanple using a DCP (Dry Chem ca
Pol i shing) type technique. For exanple, a |ocal
ploas meoetaghitig €atslge 30hperhorrmdsbyoposhki q;m‘mg @f the
mask on the central part of the negatjve and
a@@gﬁ%earm SRR TR PY H Ormask: 09) ¥ s ‘f%’fds the
gpe the thickness of the part of the negative not
prot ed by the mask, in other words the ring. A
pur el yA IgumlryatuMng@mm’Jreg ofxaniyel eadvarnt ey eadganbageous
g@ nt of éh%_nethoﬂh écordl to the i ventlon fon
1ot gi Veh"B Nhi th (HE i YT
@r@&m%dﬂawvet hies | @Y @En4pElBWOt ek W@ﬁdﬁl afieerimitial
first surface preparation steg agflled to a fresh
b

m/atfi']énc}me§81dflpnpﬁuthes LBYRF | IWe@rnar angrse mﬁter a.
1 W | [ hi r th
e
OwdF cand iG. SOpnm Tmelshuauhaygrbe5weemnyemn@s5®gﬂm

SNARTCUT(r transfer method, and dyr.ing
recycl I'fig %h%yrﬁﬁ SiGeT) sTEMPKR hatdd and-hdt el@¥PLi s¥1Eh

t%%ﬁc&%%s%ehﬁ§tb&%bx resoyed Eﬁonhkhelﬁe%@dﬂﬂﬂyF%%Eween
of the epitaxi'ed structure using CWVP type _
p@l@§h@@@r@dépuad to renove a thickness Tr equal to

IOSS mehThechln earyel\:lc o{spgélsnbpr!acei E%E%Cl I n%h%?f(%f‘(&néypé
transfer method, and during recycling the ring 1is
eliminated and material is then noﬁ—selectively‘removed
from the remaining part 40 of the epitaxied structure
using CMP type polishing adapted to remove a thickness
Tr egual to 0.5 um. o

The number N of possible recycling operations is

then equal to 13.
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20 then equal to 13. 25 CLAIMS 1. Method of formng a
structure conprising a thin layer (5, 50) nade of a
sem conductor material on a receiver wafer (B), :
including the foll ow ng steg;: - surface preparation
(13) by renoval of a 5 thic¢kness (Tr) of material
froma layer (4) fornmed by epitaxial growh on a
support substrate (1); - transfer of part (5, 50) of
the epitaxied layer to the receiver wafer (B) so as
to formthe thin |ayer on the receiver wafer, a
negative (A ) also being 10 forned that includes the
support substrate (1) and a remaining non-transferred
part (40) of the said epitaxied |ayer, characterised
in that the thickness (Tr) renoved by the said
surface preparation step is adapted such 15 that
application of the said surface preparation step to
the negative (A') enables the formation of a new thin
| ayer fromthe remaining part (40) which thickness

has been reduced by the surface preparation step. 2.
Met hod according to the previous claim 20
characterised in that the renoval of material is a
non- selective renoval. 26 3. Method according to the
previous claim characterii in that material is
renmoved by poli shing, foﬁigigﬁple CWP type polishing.
4. Method according to the previous claim 5
characterised in that the thickness renoved by renoval,
of mat briMé¢thad pef weernng ametwigire comprising a thin

layer (5, 50) made of a semiconductor material on a
receiver wafer (B), including the following steps:

- surface preparatioh (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 wafer (B) so as to form the thin layer
on the receiver wafer, a negative (A') alsc being
formed that includes the support substrate (1) and a
remaining non-transferred part (40) of the szid
epitaxied layer,

charécterised in that the.thickness (T'r) 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 reduced by the surface preparation step.

2. Methbd ~according to the previous claim,
characterised in that the removal of material is a non-

selective removal.
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5. Method according to one of the previous clains,
characterised in that before the negative is used for
the surface preparation step, a step is perforned on

10 the negative to eli m'natezagart of a taking off ring
(80) corresponding to a peri‘pheral part of the
transferred |l ayer (5, 50) that remained fixed to the -
negative (A ). 6. Method according to the previous:
claim 15 characterised in that the thickness renoved
by remsvaMetabdmatetd@tdisg betweentie 1 amdviopm 7claim,
Met hod according to the previous claim characterised
i FhERACTERE SPPng T $halti RrRaEEA bYS PBTPERTngY tihe etiydsdr

‘Orfo_trhgxaﬁgggi %?J'P %g,grgégygggggnagcor ding to one of

clainms 5 terised’in that the ring is .
el i m nat edebpodappdgdagiind ocab rempval pokviaver i atlain,

fromthe negatjve, _.faor exanple by |ocal pla

e CBRTAG TS0 1 bt HoH Tedordi g 1o e Sort THE BT e otigmoval
cha ABrer2all AsWRkeheanso; cabhadsdanor wafer (A
conprises the support substrate (1) on which the .

| ayer P4)Mpabofloprgeardbpdeppt artabt gkt Rredhe s helalms,

tr L.includ sting ' (

o PP rerdaE ane (I BAERS Fha PRparaess 13 e Por
ephtaxdaeddayeprédaraBiobr shgpng a hetelonds wafreiommed on
th?i recei ver wafer intag intimte cqntact %l?% 3&% .
deCECHISHRE &P (He™HARE P of Ot hé ehBribe] ntt 09
2qB8) ( Moorcha sl gedd n fhaberaphekaihepaggatigre the
(A") has been formed, a degassing heat treatnment step

i $rapplfeedetlo iaveso 45, t 60burtdtatt heenad eed- éavpdi d the

(70). .remaining in the negative (A"). 5 10. Mt hod
a&?é? i R%’ ?he previ ous clai m

6. Method according to¢ the previous claim,
characterised in that the thickness removed by removal
of material is between 0.1 and 2 pm.

| 7. Method according. to the previous claim,
characterised 1in that the ring 1is eliminated by
polishing the edges of the negative. |

8. Method according to one of c¢laims 5 and 6,
characterised in that the ring 1is 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 (A} comprises the
support substrate (1) on which the layer {4) was formed
by epitaxial growth, and the transfer includes steps
consisting of forming {16) an embrittlement zone (7)
within the thickness of the epitaxied layer (4),
bringing the donor wafer and the receiver wafer into

intimate contact (17) and detaching (18) at the level
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characterised in that 'the degassing heat treatnment is
an annealing carried out wwth a greater therml budget
than that used in the heat treatnment for the

detachnment step. 10 11. Method according to the
previous claim characterised in that annealing is
done at a tenperature of nore than 700C. 12. Nethod
according to one of the three previous clains,
characterised in that the surface of the 15 negative
(AT) tise ckearedtibBmanst epreer { or fedhatbetetheed in that

- degassing heat treatnent. 13. Method accordlng to the
ﬁ%@ﬁ6u§%ﬁ¢

aPRPatikar aét dr ikt PRERhACPTRRIRCA t9peAssing
CE%%@'%Qea%nQ%Eestéé 1QEEEE?1QSCQBdiEQSE0a9n€o05uf§@ the

two previous aracterised In that a step
| sipect-oavediks (G0) nrraténihe oOxi tleel ngeatafeefA’) .

cl eani ng. 15. t hod acc rdlng to e preV|0us c
characﬁgriéggho t HEt© rﬁ&ld%ola§EF i P atéaﬂ%vn '
HehbyRe ceherieeal i et €k 10t hdS dbGashehBothcagCcariatghdra is

~one of the previous clains, in which the epitaxjed

| aperninead ingl S iSidGeoUt aylerh (1) IFerther BycEpit dxidget

gtggaht%%taﬂﬁéﬁqub%kfekeaka¥géagﬁentt Srsehg ggéaéﬁment

bein taxi a r owt
sgppor.t substrate (1) and 30 haV|ng a Gb content t hat
increases gr %reSS|ver from the |Eterface,mﬁth t

e,
suppor tisu 8fe (EOCOGHERS 91 ahbfer RFEERT | ayettl

'@ﬁ%%gbﬁgrﬁ%%H,Oflﬁhet%%%d iehaxed, i Gl aygdnd 4) at &
characterised in that a CWP polishing operation is

caemped agutredwifi ngrehghsuor FEBeEC. preparati on step,

using %290ME%Enga%%%rghng 0 one of the three previous
claims, characterised in that' the surface of the
negative (A') is cleaned in a step performed after the
degassing heat treatment..

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
claims, characterised in that a step i1s performed to
eliminate the oxide layer after cleaning.

15. Method according to the previous <c¢laim,
characterised in that the oxide layer is eliminated by
HF type chemical etching.

16. Method according to one cof the previocus
claims, in which the.epitaxied layer is a relaxed 3iGe
layer (4) formed by epitaxial growth on an SiGe buffer
layer (3}, the said: buffer layer being formed by
epitaxial growth on an Si support substrate (1) and
having a Ge content that increases progressively from

the interface with the support substrate (1), the




5 conmpressibility of between 2 and 15% and a slurry -
containing not less than 20% of silica particles with

a .size of between 70 and 210 nm 17. Method according
to one of the previous claiygs, in which the epitaxied

| ayer (4, 40) is a 10 relaxed Si Ge |ayer,

characterised in that after the preparation step (13),
it includes an epitaxial growmh step (14) intended to
forman overlayer (5) conprising a strained Si |ayer-
onrkhe feeraxedthi e upper lawarudihg 46kt 16f the said

‘relaxed SiGe layer (4), characterised in that a CMP
polishing operation is carried out during the surface
preparation step, wusing a polishing pad with a
compressibility of Dbetween 2 and 15% and & slurry
containing not less than 20% of silica particles with a
size of between 70 and 210 nm. |

17. Method according to one of the pre#ious
claims, 1in which the epitaxied layer (4, 40} 1is a
relaxed SiGe layer, characterised in that after the
preparation step (13), it includes an epitaxial growth
step (14} intended to form an overlayer (5) comprising
a strained Si layer on the relaxed SiGe upper layer (4,

40) .




