PROCESS FOR MANUFACTURI NG A COMPOSI TE SUBSTRATE Fi el d
of the invention Thi s invention relatestoa
process for manufacturing a conposite substrate

WORBSAI¢I® of two substrates, wherein before bBﬁ'&’Eﬁ' 108/853563

10

1t

bondi ng | ayer of which the structure is scal abl e,
based on the desired bonding energy to be obtained
within the conposite substrate, is formed. 5
Background of the invention [ n many

m croel ectronic, optoelectronic and el ectronic
applications, it is advantageous to control the
bondi ng energy in a conposite substrate nmade of two
bonded substrates. 10The control of the bonding
energy especially arises when the conposite substrate
is intended to be debonded. The debondi ng of the
conposite substrate, is understood in this text as
the separation of the bonded substrates w thout
damagi ng them For exanple, it is interesting to be
able to detach a sem -conducting 15 |ayer froma
substrate, in order to ultimately transfer it onto
anot her support, said |layer containing or not
containing all or part of an electronic conponent.
WO 2008/116879PCT1EP20081053563 2 To that end,

one or both of the substrat es. On the ot her
hand, it is often required to have a bondi ng energy
5Eiglg of tedRyenfioni gh in order to avoid a separation of

t he boweqnmw@e 8516700k gfs.emﬁt AR mposite

debondi n partl
aeptbstram oy borBhct of |twousutnsjraeies wherem before bondlng, a

SESRRI4F bt AOLOML SRR o0 oS Bt B Lo

subadingleReRHCB HSobairedSWiiee 3% ¥ehposite substrate, is formed.

- Background of the invention

In many microeiecironic, optoeiectronic and electronic applications,
it is advantageous to control the bonding energy in a composite substrate
made of two bonded substrates.

The control of the bonding energy especially arises when the
composite substrate is intended to be debonded. The debonding of the
composite substrate, is understood in this text as the separation of the
bonded substrates without damaging them.

For example, it is interesting 1o be able to detach a semi-conducting
layer from & substrate, in order to ultimately ftransfer it onto another
support, said layer containing or not containing all or part of an electronic

component.



10 includes a so-called internedi ate substrate, an
insul ating |layer and a sem -conducting | ayer. Renoval
fromthe i nsul ator enabl es the sen conductin
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reused. Vari ous nethods have been devel oped
for transferring the sem - 15 conducting |ayer onto a
final support, and for ultimately recovering the

i nternmedi ate substrate. The docunent WO

02/ 084122 t hus d r [ of _an_i r

by, bondPrt 9% o ot SRR Ihalite? IRl g How
0teBOMiNG tha\@baTboske Wbk FhRowihsltefarhaging rahet 6eBbihngf the
at | east one of the two faces in 20order to control

t RBEPHEFHPBe of nechanical strength of the interface.

Thi s t pga KS i 0 i e rt%r'ﬂ)mf

and/ or bﬁy*@%ﬁgtﬁ?@%@?’ Etsislcgtaeg} F%%@%gftag?}ée\%f gces, It gﬁergy
ebtiffictenty high @h ordertto awaid e separabondif rihe dioedgy ifbostrates

t he_debondahl e interfa and to thereby make it
pgggr%rﬂéeg%sufegcqnpme . 8$$%OQ Wval . 25As a matter of
fact, aheapBiRURFFORHIasEEEOus r AVPRENM Gordkts in using a
practiced in the prior art, creates surface cavities.

CepRERIEREIoy ontingulator udieQidnyRet Ok sHbaEaeaFaalle of being
SPhbRq MBANHRSAGER. Ab $86) BaBdidlg dBh A BfesutistRely
makes 11 p e e bondi ng ay

ossible to reduce ener gy.
Hinukywders, at becalted hetermediaer mibgiretehas analilatongy Eyeagnd a

in that élgg,diétribtion gffthe cavitjes on t*he%[% .
t PERY-SANYUElng; @YPL A BEMONRY TTARVES. NBHIAM PRBPIES ife SEMI
S BaRQsCiRBdiadE MO SHOREIcIERt thd ile ahRAhelfatd RBSIrate to be
cavities aré not constant. WO

2088/e16879PCT/ EP2008/ 053563 3 The result of

this i , f ,
ana r eNPHAEE it AEER AL RsIabaSd 0] fple RERH HeSEm-
Foohdertingr layet bhto tar fradl neupgpors aappioredtitnatdihecenmtsring the
surface of the substrate and does not enabl e

pHiergdiale syoskaierf the interface to be 5treated

differ he | dbcument WA @0RRI4 700 CIHIS Aikes b ARt @EatitPBf an
in the docunent WO 02/ 084721 proposes the creation of

ainténfacs budendinghtogethes aofaadi of enemaierewhad tage of another

W0 e 5 34 Pl B RAGE o (B0 ont 5735 B0 reces i
Sbrdr @b Boligollbe Yepraaupidadchaniedl dieagth oitae Iiflerfaesond

peri pheral area having a higher degree of nechani cal
strengt RS iti¢anaet eRbNEiRt It i RIS eihamirREGTREPS | gnd/or
p > ; il
PRICEHh 1 aCRRM RS PR B, B Sk oF e e o
shondingdenkergy off dzes debonidghler intedhemi asd (st thengityh make it

RSB R SRl BRI O component - ISLE TS

creat i 88 a%hatter of fact, at a microscopic scale, roughening, as practiced
in the prior art, creates surface cavities. Consequently, the actual contact
surface area is smaller than the area of the bonding interface, which
makes it possibie to reduce the bonding energy. However, the roughening
technique has a disadvantage in that the distribution of the cavities on the
treated face is random and uneven. Furthermore, the shapes and

dimensions (depth and area) of these cavities are not constant.



i nterfaces having bonding energies that are
differentiated according to the parcels, but the
parcel s thus defined continue to be of considerable
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with the result being that there is a risk of tearing
during the renoval operation. 20The treatnents

descri bed above are therefore inpreci se because they
do not enable the surface condition of the bonding

LT3R 5oL B RPN ISRl i SPGB recernea

seAd eeproducible bondind-dhékgoBeabikiRey. require
perfectly uniformand planar interfaces for 25opti nmal

bondi nﬁuﬁhermoreAﬁms ﬁ@atmeﬂhwaw:atedpwothederhfgeasu ace of the

CO%{%?G%] IS ISC OSG b%ﬂ&@%e%@%gﬂ @Ee{n@ﬁé‘: 05) be

c resiiesitdiffeénentipr m ng caV|t| es on the surface of one of
the substrates, so t e substr ar e n

onry” I BRoer Fnine el Sae i fedocdien B0 Haiosar21
3PRMRIEESGhE rt@é@ﬁbd éf GANhePidcedwith 2ré&e of Aftdreht ﬁlfechékﬂcal
total surface of the cavities. However, this nethod

deleengibt Talis decomeat mraydes ghr knarslg ong wRkEGHA iN@ving a
na’:e?taﬁ%g b(?ft %SH?IIIIEQ &rrarl dth §5:0e° edh af least one

eri a cont ar e erial's sSuc as Si
Wsédoral p@i;;a’cerammal reawirzpa diigheredegyrey of firechanieahstrength, in

e RN T8 o F e et U et Farman i Gees suchas this

cﬁ'i 'b@fm%é%hﬁtéf%réélstdﬁehébdé%eé}{hnlcai stren?th surrounded
Enbodi ments of the 1 nvention seek to rened hese

dby @09amh 0Adighea moechanied mingih, ceagioparce! §g!we$mmdeﬁg fo a

th liing ener gy of which may be scal abl e and
g%?%ﬁﬂ%lble t hereby ensuring for exanple, on the

one hames uhondinrgl, Wdrbiore hﬂh@ht!’d@@b@%seferh@mii the ctéation of
ene and, on the other hand, ondln operat on
cesdiaving heneing anessigs thaj Etrﬁ 9" ﬁﬂﬁbat f gecgrding (o the
gérrc%;é but_the pafdBI9GhIE sk EBﬁth@’%@tbé”bfa!:&%l@éerie
a éring a process nmaking it possible to obtain a
cdimmmfars (@aios tr rtorombter bo rediemg rre!hrereg'esbfwaﬂmﬁherresalt being

e B BRI o R B YEheRe R
di stripwng ltl@étrﬂéntsh@es'kﬁlbleﬂtﬁcf\@c@re thepe®es iprdofs® because
subsequent use of said substrat
they do not enable the surface COﬂdIt]Oﬂ of the bonding interface, and
consequently the bonding energy thereof, to be controlled at a sufficiently
small scale.

Furthermore, they reqguire perfectiy uniform and planar interfaces for
optimal bonding.

Another method for providing a debondable substrate wherein the
bonding energy is controlled is disclosed in FR 2 783 235; This method
consists in forming cavities on the surface of one of the su.b'strates, so that
the subsirates are bonded only in the regions between the cavities. The
bonding energy is conirolled via the control of the total surface of the

cavities. However, this method does not allow obtaining high bonding
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A process such as this may nmake it possible to obtain
a range of nore or |ess easily debondabl e substrates,
i.e., capable of being debonded via the addition of a
relatively low or high degree of energy. The bondi ng
energy of the conposite subdtrate is defined in this
text as the 20 energy required to separate the two

energ e Sk b RS, b Ee BB bR i contact ar

materigl¥ @gbﬁ‘ 9s %ﬂ%bﬁ}’wltﬁ aﬂ@atrV@l‘yfI@W BoPdi argl ETHig ¢eethddl €hus provides
i'ng energy of the conposite substrate is hrahrn

a compdsiter suistiate efitht aélmllwﬂebfﬂratb@ \aneray mawideh fag havpadow in some
hi gh bonding strength are in contact, and is lowin
CaseS.the regions of the interface where materials in
contact have a | ower bondi ng strength It is 25 thus
~_ possible to determ ne a nmean bondi ng energy of the
Brief desofiptien pbthe inventiine, based on the rel ative surfaces

Eé‘&)t gﬁgéﬁﬁ% tcﬁ 'ﬂie ‘P%R% gee%gtogr%g?éc&qhé&g H%d@gﬁagés gh& to propose

a compésrté $listiater $ie bbndihgtdreergy \of vhicin mayh be escataber and creproducrble
process for manufacturin nposi te subﬁ aéeé%

thereby, @nwnrsg iy aemnliagon the 05 sk IORARIWIER high dediem gt bonding

energyi ond Q%H%Fb'aﬂg on%ls r?g% dg@?ﬁgm E%{éﬂc))%!ﬁ% MbEidt carried out

|nclu ore
withoutamdiisigof tageng.bet ween t he f irst and second
trat the. b | Si | lit. .
EMBPUIaES ites ITVBHAIGR ASFoRTh A6 BRI ATare st Bk ot possibie to
obtain é%ﬁﬁe{f&ﬁt% é%sﬂaf@fh%r %ﬁtﬁﬁg Eﬁbl’fgﬂ & wAhSEPRe@ing Merface, has

not her by regions of a ditferent type, which are
a valu® tiuiaitscam et selectively @dmsrt@irennatepnwft\@lwe aj epfedintripption on the

nd f d f th
interfacy BRseH Ohine RSNt udh Bt ST RUbSERET=L O L e,

A%‘r@b@éé‘%ub@ A thed naavrRkade pussiblét tonobtair &l r’falnge of more or less
nbodi nents of the invention: sajd regions of

easily deb@r@d@re supstratese ivndeapablg o bﬁ@ﬂeﬂ?bw{@r via th@‘r Ggdition of a

il S w22 58 02,1 6 Lp S

The fisurting @heddy f thekcampodite substate if defieed iim ghis text as the

energy RGNS SRPETEEVB Wb SUPBEReR ol S UKD UG hibneen the two
P e AR, 38 BBt ot n
interface. The bonding energy of the composite __substrate is high in the regions of the
interface where materials having a high bonding strength are in contact, and is low in the
regions of the interface where materials in contact have a lower bonding strength. It is
thus possible to determine a mean bonding energy of the composite substrate, based on
the relative surfaces of the regions with a high bonding energy and of the regions with a
Iovrr'bonding energy. _

According to a first aspect of the invention, there is provided a process for
manufacturing a composite substrate comprising bonding a first substrate onto a

second semi-
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- the plasma is of the 02, N2 type or a m xture
thereof; - a step H) for renoving the mask is
carried out during or after step ii);

- prior to bonding, an enbriftlenent area i s produced
in the second substrate, so as 20to define a thin

| ayer; after bondi ng, the remai nder of the

cond&ﬁﬁgrﬁijb%ﬁbﬁé IdhizRatierigsd as fted isinehdeshpefi® biohtire e formation of
t he bondi ng operation i1s a nol ecul ar

a bongm@y@hb@@v@ﬁm@%ﬁ@t andosecond substrates, the popding layer comprising
a plun% dingy dar?io %{I’ithﬁ (?%@FE%%% ﬁgﬁé%rf'fﬁéj'ﬂrwgﬂ%h‘a?e in a_determined

ende ensi ondi ng ener

patterhhanbomba"ngteslt €&om Sorfeolalnom Iy reg&hepof @r dlﬁermvtl ty@e which are
the second substrate fromthe fir S rate (f
d'St”bNé?ﬁ)%la %@Plﬁm%'h ang pettern. suhergin \?rhea' A forme via a plasma

treatn’?é or 29% Ene\f%} %QQ%E;}@&?&B@{%@DZO%/ 053563 6

Ing operation, the thin layer is
bl&urﬂm‘n"tcme,aata:asrdingstq)pﬂ'retr ad®raintfgedeischutproreimiingt émbodiments of
?@WI ngs 5O her characteristics and advant ages of
the iny¢li9Myention wi Il beconme more apparent upon readi ng

t h%l(fi %#l@%"&g Aafereii/pe drdehand of Whiifdrem Hat@ﬁal'\'ﬁcﬁﬁ that of the

reference to the appended drawi ngs, in which
islandsl gur e 1 shows a conposite substrate in accor dance
- sarlld tret]gesorllsn XF td%f%r}ént type are empty;
- the process includes the steps of:
i} formation of a mask on the surface of the first substrate in said complementary
pattérn, whereby the mask does not cover the areas corresponding to the pattern,
- ii) formation of said islands in the areas of the first substrate not covered by the
mask;
- the plasma is of the Oy, N type or a mixture thereof;
." - a step iii) for removing the mask is carried out during or after step ii);
- - prior to bonding, an embrittlement area is produced in the second substrate, so as
to define a thin layer; -

- after bonding, the remainder of the second substrate is detached along the

“embrittlement area;

. - the bonding operation is a molecular adhesion bonding operation;

- - after bonding, a heat treatment is performed, which is intended to intensify the
bonding energy;

- - the bonding step is followed by a step for removing the second substrate from the
first substrate;

~ -the removal operation is carried out via chemical etching;



10- figure 2 shows a first alternative distribution
of the islands; figure 3 shows a second alternative
di stribution of the islands; figure 4 is a

WOFPEIHSEP nul ating the thickness linmt of thePEEEHYE/053563

15

Z0

2b

30

by reason of which the channél s becone cl osed up; -
figures 5A to 6C show the steps for formng the
bondi ng | ayer; 15- figures 6A and 6B show t he steps

for renovi Eg a sel f-supgort ed | ayer];c figures

TA 7 [ . ' f ,
(he. tr aRSTLY ot ORORRRG PR R Bk B Blys iR a fina
2@Depart! ed description of the invention The

foll ow ng description applies nore particularly to
conposite substrates of the silicon-on-insul ator

( 20 ; , plied to other materials
sgpu'c%%% of tﬁ@aﬁ#ﬁ%ﬁn- I nsul ator), GaNO1

( GaN- oftlimruthresraciprisiEENDS! @CudhiageSap ping irelentiSo pgll ©ecome
(Silicon-on-pol -Siq%'? S oS i . .
( spraereh b rade S daivee degrrriiogeinerant Maicts Wil
CpRNhAGs Nath frefef@flceliihe @pREnded drawings, in which:

pi ezoel ectric-on-insulator |ayers, but also .
subst r atfiggrerd ®HPER @ ciaioprsiies SHasiete | if carpprépnse with the
pﬁrﬁ}éwﬁsﬁ- either partially or entirely (3D

i ntegration, flipping over of the processed | ayer).

Wt h refigunerzendws bifigsiraiieinativeadistobpiici dfehs iddsdat e

accor di to. the 30i nventi ogn successi.vely includes at
oot R SSus Bistrats g aruinon <y B BiTRsy

& Seconfogiehs by agaéﬁ-simm@dng the thickness limit of the islands by
2008/ 116879PCT/ EP2008/ 0535637 The first substrate 10

s &¢a389% ofwhichhehehidnngls sensoe closed up;

- figures 5A to 6C show the steps for forming the bonding layer;

- figures 6A and 6B show the steps for removing a self-supported
fayer;

- figures 7A to 7D show the debonding steps after bonding of the

transferred layer onto the final substrate.

Detailed description of the invention

The following description applies more particularly to composite
substrates of the silicon-on-insulator {SOI} type, but can be applied to
other materials such as GeQOl {(Germanium-on-insulator), GaNOI {GaN-on-
insulator), GaNOS (GaN-on-Sapphire), SopSiC (Silicon-on-poiy-SiC),
SapOS (Sapphire-on-Sapphire) substrates, or else substrates comprising
ferroelectric or piezoelectric-on-insulator layers, but also substrates on
which components have aiready been produced either partialiy or entirely
{3D integration, flipping over of the processed layer).

With reference to figure 1, the composite substrate according o the
invention successively includes at least one first substrate 10, a bonding

layer 20 and a second substrate 30.



In this regard, if the conposite support is intended
to be debonded, the first substrate 10 can |ikew se
be qualified as an internedi ate substrate, because

WORMBS1EIbst rat e enabl es the manufacture of aPfEAEp00S/053563
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sem -conducting 5 layer from substrate 30, which
will then be transferred onto a final substrate, this
substrate 10 being optionally reusable after
debonding. This first substrate 10 is nade of a

sem - cQpductin conducti ng at.eria

sili coﬁHe kflfStr?H stg%tﬁg%&erg?s 884N ?réaq'%zi}gppg?'%sever al

| ayers Irpﬂméjte’gfa@d qﬂihe"@drﬁbd)sﬂiessu;%bmg iseRe8d te bbabaheed,
30 can be %ua i f as a source substrate because, in

a treiinst sWheirele ﬂg)@@n@l.k@w@@be pualified) ascrrs indgrmediate substrate,
e@%ﬁé#éé f d“ﬂ{ @ﬂ?eﬁéﬁg% 'ﬂ'@ r g%cguvjfg}f%{ﬂ 1ot sbfhiRBnducting

transterre
| fdyer niecinatebsirdist 3Gt whldﬁ‘nmlisﬁmndestrbmfeaeé 80toora final

souy ce substr de of a sem -co ctin . i

 Sihsirae Bl rtstals 1 D Beie sriorfire ebd fdraibbopging. This

Cﬁﬂﬁls%bs@éteai i Hh@e b %@nﬂrcongﬁéﬁdg o W@d&ﬁtﬂudﬂﬁg efdterial,
fferent materials, e.g., suchas a agr of

sﬁlg cathQib\ﬂéﬁEaﬂ’ opnatstaf asilelays] INESVER) éayers &6 eifferent
E%étgﬁ igubsequent desired uses to be nade thereof.
ohai ng layer 20 is forned froma plurality of
I sl and¥h@secony asubistdtd Bonma)ﬂeeaajmiliﬁed d3y ar ®gironsudatrate

of a different t 20l n a rti.c r adva eous
PRRRRASE. iTha TS Rad "y Parhsore MRCUGES Ha G TH TSN Sone
”%hsﬂsﬁ@ n%%gm &r §I1 % 0% tr%n%f&‘h’ed to the MGEQUEEMEet €0 3r an

first he regions of a different type are
wudemdlatedmbs&raémﬁmatmaﬂ $uhsﬁ’ataq§ﬂ @f seuree substrate is

R ool BI85, St hy SHERL. o B8R v

b@ﬁﬁ'@»l@igoﬂ aysiglgiihyercompodsisly aeveeal Ilé)l'@rﬁdﬁ c&ﬁereﬁb fnaterials,
exanpl e, separated by - considering that

s@kﬁbﬁl&%%asié inven of SiaonceRvered Wihceh f%zg@ro%l\izieyer based
Pttlné §u5§$@eﬁt‘8 I:Bd:b tgé 8 théledPds 21 is
suff on

i clent I ng occurs between the
subst r ahe sbdr@iran daw, 20 nzst foemedgiroms a2piugdibetafestandse21,

L%lﬁﬁ%%fﬁaz%ﬂrgvgg{qhq@h&% de oS Qﬁ oP 8 %ﬂ;}errlgntet%é.gy' as
2008/ 1468 FAREHAFR2APE 5550 manner, the islands 21 are made of
an insulating material such as SiGz or SizNa.

According fo a first embodiment, the regions of a different type are
made of a different materia!l from that of the islands.

If the islands have a very small thickness in comparison to the
surface of substrate 10, the bonding fayer will comprise oxide islands 21,
for example, separated by — considering that the substrate 10 is in silicon
— silicon regions 22.

In this case the thickness of the islands 21 is sufiiciently small so
that bonding occurs between the substrates 16 and 30, in the regions 22
between the islands 21, with a low degree of bonding energy, as concems

the silicon.



8 By contrast, the bondi ng energy between the
oxi de islands and the substrate 30 is higher.
It can be thus understood that the control of the

WORMBANGS3Yr f ace of the islands 21 and the tot BFTEFEG0§EB563
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of the regions 22 between the islands, 5allow

nodul ating the bondi ng energy of the conposite
substrate. Accordi ng to anot her enbodi nent,
the regions 22 of a different type are enpty, whereby

h f f isl 21 i [ |

the suPY sehPe fiebPndlE arbhal Peb@eigfe i kb e
r 60BtRAS 13008 highles. t ext , these errpty regi ons 22

sur roundi n?ﬁthe i sl ands may kew se be 10 desi gnhat ed

by t helltc@prae’ @HgM@%StOOMh%thﬁ C@@”@‘e@cﬁhettﬁ@' priéaghekthe

I
SHARESEL AR P AOC I RRANS By Bk fgngdos
t Bilok meshilaingthe donding ersdrgpnd$ tHzlcampogitersibdéated t o
be sur oun

d d th |
ot ACSTHEa BRI SHBSRTENE 40R saind 2o Tt aifiept Broe
obrd a&ipty, mﬁ@eheﬁ GRd Jp@és ‘?@ceeéﬂ @tanw@mhlst @fskd ﬂal@ﬂnﬁésl% the

t he charnnel s Yween islands if the height of these

| gumaress of he 6I€sts$tmatrat¢ A Gpdivrouanasy theremaindgr of this text,
dgf Uglung [

| SRR CRUIORP] 47 shPodding ' dBplaTT ey Mewise oo

r eshgpaéd bM‘lhhleetei‘ra\fciﬁ@raem eMemti)bets.Be‘nl the presehee wbthbse
exj Sti betvveentelsad In this regard ,

r ER&Y éa%iﬁte&edﬁgﬁaad% htg’en%%@lndﬁ‘@gﬁf%?%b?”d the first
Pg@gsltﬂatgtmal (Materials Science and Engi neering R25,
n% 1-88, nodel p. 8). Figure 4, which takes up

th| s nbokel thickness athavitieh ghe Islands 2t ae cepnsiered © be

;SN e ol 3 St e B byl MRERHE iR B, b Blequent

ohtal tresimahts: M s0® nigiter Jf o, mché’!ﬁcalﬁcf&e@@tﬂzmm teard to
a di stance between i sl ands 21 rang n to o

RSP dB° rRABREEr BRIWan BlRdSST HRiGekie drdaese fSiandsys too
aeﬁl.auf i d%ﬁfc gat whéﬁahgﬁan%agq&yﬁpﬁd %Bp;;é&qa étstﬁﬂ;rt‘ure

be consi t hat an i ckness of

,oo@eprmﬁg osien@anmmemeened; of Uh¢ iigarer bemehee@nap@d while

{ B5%ne aiahden B Ty e BER RN R A VR TRl btansd. 07 "
and t oint i@y RXYard OFdTeriNRBNEl s b ahuge o the m@d@rmésentéd by
is necessargﬂto formislands 21 of several nanonetre

.ﬁo&h.e&kﬂeg aleials. SERDOOFIE SEOVBETNEFA0e/1953668. 988,

TREBEECY) PRFe 2. e P81 P iRy W0BuE 48 pey iy
nwhrobvvﬁ"te ahannelss cioseeup, taimd Wi ot bbsérvedi ti'latl forobnt sand
o{h?&negg g‘?eaftgr hta%n Hrsn %Lar‘?ner]én are obtained which do not close up.

Conseguently, for a distance between islands 21 ranging up o one
hundred nanometres, if the islands are made of SiOg, and if light heat
treatmenis are applied, then it can be considered that an island 21
thickness of the order of one nanometre is sufficient. On the other hand, in
the case of a heavy heat treatment, in order to obtain void regions 22
between the islands 21 and to thereby form channels between the islands,

it is necessary to form islands 21 of several nanometres in thickness, and



According to one preferred enbodi nent, the thickness
of the 5 islands 21 is constant and between 5 and
1000 angstroms, preferably between 10 and 100 A

WOPHB/IIeTands 21 are distributed over the sur PREEPH08/053563
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the first substrate in a spegific pattern, the
regions 22 of a different type being distributed in a
conpl ementary pattern. The patterns can be optim sed
according to the 10 desired bondi ng energy of the

conposi te substrate and/ pr the bondi techni que, .
Cﬁgggrprec:isel% cn1 %ﬁqﬁ Oé%ﬁ'nﬁ]p gO ?’opgg é%dli)] &Fﬁén%saqlc qs (?lkeWtse
cpesdisR! toRAN Smitel A8 IrfirRived aFBAHSE, |.&F 8RS &f WICHR of
given to channels having a radial arrangenent, as

wtha orgier of adew ienthpgéavis in the formof concentric
circle ch.ow Ll facklitat : opAgaL i f
the et SREHE o e, FteshiE Epdgmels M BRmedty ot ine
eistamise21iin dangturg ahd lbietwesn tthend bid®0foasgditeend, opreferably
Céeate cpci\nn(zlﬂﬁ éXZ having a width of the order of a

f grests GandAPB to a few hundred nm separating

i sl andgh ks gapad! erotidiBaREs iNer thef @WdRundied first substrate
nanonetres to a few pmin width. In this context, it

i & arepecifiigpatieanthea waiei 22pf @ giffesenidyreg boing disigbuted in a

c I s hat, o i sl 1 Sy 1

¢ RO Ry B Fnechatote' SCRY Rythit Btbrih' ® the
pHesaghbendiag dnerge ol tte abmbbsitd eniskitrge lamdfor (R8.debonding
If preference is given to nechanical debondi ng, then

t FRENASWE GASSEBr m di stribution of the islands as is

possi b ' esPr. i i :

cxarmp e L G BESRIPR wiEfeiceC es (141 orgoseous).
i geaieienat rsdabe given tof chanaiels kivinsiradis| afrangsrdent, as well

"% GRS sER st b BRSPS PhSal BoRb SR R B
f eraTBEbpERAEYA | 6TOthe BRIy sbritianfiaw 1:8@8 A8f, as is shown, for
nanonetres, or even a few hundred nanonetres

seKaPalced Bgureraheay then hapassibie s ergate ananpelpeRaving
o : T . . b
ST BOBEOBRer B IR BRI Ut b DR nuared .
i sépardtng klamis 2 habpalbletdfenedmmingl & e hund®d nanometres to
2008/ 116879PCT/ EP2008/ 053563 10 . It i I ,
oBIGBITR T BTy NP iR SRt Mye iReriaride fRefaife size of
dgfeosittinm@is Mitedh anakifese alaRas? ersislebr idtROchrifRls which
respect to the wafer edges in particular. The |ength

afdekip die efhinthsolugpa fel Sraprdeimta thescapdieyofdhe Honding layer
ap roxi mately one nanonetre to a few m croneters,
preferably by 1 nmto one mcroneter, or even by 1 nm
to a fEvwretrencd inagiopetivemechbricals dabdsdigd, dnan tiheismost
sufficier smal .there ta be n]%‘erivah of tefa

dHrr“ifQiH‘ trl’ilglétmg:f tgggp dsnas Is poss be pre e{'rlegg as
shown, for exampie, in figure 3, with islands of substantially identical
shape and of small dimensions, in order to not cause surges in the
fracture wave propagation and to prevent possible tearing. Islands 21 will
then be formed measuring a few nm o a few tens of nanometres, or even
a few hundred nanometres, separated by channels 22 having substantially
the same dimensions. The bonding energy will be controlled by the ratio
beiween the surface of the islands 21 and that of the channels 22.



A surface | ayout has thus been defined, i.e., a set
of islands 10 distributed in a desired pattern,
having a constant difference in | evel between the

wWOoupssacsTace of the first substrate and the uBp&EPIEYRSIS63
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of the islands. The | ayout tiberefore takes into
account not only the thickness of the islands but

al so the surface thereof, as well as the distribution
t her eof over the surface of the first substrate
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fact, since the islands are all at the sane |evel,
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is dis ti y NGl Si
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is therefore smalle em cal etching turns
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ar e forme bl e
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2008/ 116879PCT/ 3 11 centre of the -
[ ﬂt’%r% 8?[% {}Sﬁﬁ@)si Bl y of the two
substrah@Sbé@dua?dia%@r fisC haar Qtﬁ@tg@uamgear@ﬂ enabling the

debondi ng over the 'entire surface. In the case
mﬁ@délqttpm of gegpPPedaudinetRand: RENgraseeridy nvifadke second

2%@%@&% l%)'f/)l %% %&ggg&r&%faei sHEXORL Wi Ad 96! dattht lsame level,
the bonding layer has a uniform thickness, even if it is discontinuous,
thereby making it possible to ensure proper bonding energy.

The bonding layer has the further advantage of being easier to
detach than a layer which might consist of the same material as that of the
istands but which might be continuous.

As a matter of fact, the bonding surface corresponds fo the total
surface of the islands, and is therefore smalier than the total surface of the
interface between the two substrates.

The degree of debonding force to be applied in order to separate
the second substrate 30 from the first substrate 10 is therefore smaller.

Chemical etching tumns out to be particularly well-suited for the
debonding operation.

As a matter of fact, the channels which are formed by the void

regions 22 enable diffusion of the eiching solution {or gas} as far as the



5 liquid form hydrofluoric acid will preferably be
used in concentrations capable of ranging from5 to
50% In gas form HF will be used at a tenperature
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tenperature greater than 106C for HF diluted to 49%
in water). In the case where the nmaterials to be
etched are other than Si 02, 10suitable etching

soI utlons known to those skilled in the art will be
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separated from large void areas (which will more easily iead to the
creation of blisters or tears) or preferably smaller but more numerous

spaces, so as to better distribute the bonding energy uniformiy.
A process will now be described for manufacturing a composite

substrate in accordance with the invention, as described above.



10t echni ques, which result in the destruction of said
source substrate. Wth reference to figure 5A,
a first step consists in formng a mask 40 which w |
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first substrate 10. The mask240 is forned so as to
not cover the areas of the surface 15 of the first
substrate 10 on which one wishes to formthe isl ands.
A first enbodi nent of the nask 40 uses the

phot ol L.t h aph echni gue_wel | - kngwn Whos :
ki 11 e AOlHing qeSEaPahy frotisns i Py "8R8 process for
depasiet@ty @ eertib®neDtiing Isyel damn 0 sd8céi ssistrate to an
substrate 10 and is then exposed to |ight radiation
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consists in using a 25 resin wherein the patterns are
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RS e s Rshingveda RBTBGE o sy ufiEAN PERning
t kechtiiguesswhichsebglt mathe desinunti@ndiskit! gotrecdribetrdied,
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2008/ 116879PCT/ EP2008/ 053563 13 channel s having a

radi al r e t I r '
the £ T SISO Bnlor RRdct ap 88 ok PilerihF ROPEEET fapdace
poppagdist @nbefateht) ehokhiey ol wishes tonbemtthe iflands.ng first
layer 20. If, as described above Wté%'h reference to
f?@lﬁlgg'r@?“tn%!bmmaa‘ik #Rritaps) L espB? iBPEERPNYt IeshnidRe weli-
: ok Lo . . _
oot fiogE S T e bR aNoriR8nsi 8RN 38 dbbosited over
| the enfirer sudfecd of #red dirdt ssubstrateniifeandiss ther expespdaphiight

A Bl G5 815 e SRR P e e
ofin&lRf e eswlisltigohdd BttRe Bréds hes®odud i thel iRt

debondi ng operation. The |length and wi dth of the
i s| andACeRreNgpice pRPIABT erpRodiment, a mask Is deposited over the

entire surface of the substrate and then certain areas are selectively
etched by lithography.

Another way to create a mask 40 with patterns consists in using a
resin wherein the patterns are printed using a press system: this involves
nanoindentation.

The patterns may be optimised according to the required bonding
energy and/or if, the composiie substrate is intended to be debonded, to
the debonding technigue chosen.

For example, as described above with reference fo figure 2, for

removal via chemical means (liquid or gas), preference may be given to



10 between 1 nanonetre and 1 m croneter. Wth
reference to figure 5B, a second step consists in
transformng or filling in the mask-free or
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enbodi nent, a plasma treatmémt is applied. 15Wile
lightly etching the surface of the cavities, the

pl asma enables the growh of a very fine layer inside
the cavities. For exanple, during an oxygen

| asma ;t t t L i t :
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According to a preferred embodiment, a plasma treatment is
applied. |

While lightly etching the surface of the cavities, the plasma enables
the growth of a very fine layer inside the cavities.

For example, during an oxygen plasma treatment applied to a
silicon substrate 10, a fine layer of SiOz is formed, the oxide being more
voluminous than the starting Si. The order of magnitude of this sweliing
amounts to a few angstroms.

The type of plasma depends on the type of bonding layer that one
wishes to form inside the cavities.

Thus, in the case where the substrate 10 is made of silicon, an
oxygen plasma treatment is used, preferably in order to form islands of
Si0., whereas nifrogen plasma is preferred for obtaining islands of SiaNa.

Those skilled in the art will choose the plasma suited to the material
of the substrate 10 and to the desired material for the islands 21.

- It is also possible to combine various types of plasma.
It is thus possible to obtain a dual activation: Ny plasma on

substrate 30 and O plasma on substrate 10: whereby the layer of SisNg



formed on substrate 30 al so serves as an etching
barrier, which can be useful for subsequent technical
steps. The thickness of the islands is determned b
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be made to the article by Vildale et al., 5 Reduction
of silicon recess caused by plasma oxidation during
hi gh-density plasma polysilicon gate etching, J. Vac.
Sci. Technol. B 21(5), Sept/Cct 2003. It is

 BEIERGR SCeanBr S 8P o8 ssnch GANT SR ST 150" be
Ausé@%r's&b%@%ht't@cﬁrh@al afddscl e by Vitale et al,

during_an 02 plasnma treatnent of an Si wafer, and
af t er The thigkness ofdhedslargs @qutezr@la&qi Bé the piaseng eonditions.
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The height of the steps corresponding to the difference in level
between the top of the islands and the surface of the regions of the
substrate 10 situated between the islands decreases.

It can be controlled precisely by the plasma time.

It is thus possible to obtain steps of the order of 5 A.

It is preferable to attempt to form steps the height of which is
between ten and one hundred angstroms.

The plasma treatment therefore presents the advantage of being
able to control very precisely the thickness of the islands formed, of the
order of a few angsiroms.

The ranges of “standard” conditions of use of the plasma for
forming islands 21 at the surface of substrate 10 according to the invention
are:

- RF power: 0 to 4000 Watts

- Pressure: 10 toc 200 mTorr

- Fiow rate: 50 to 2000 sccm



30- Pressure: 10 to 200 mlorr Flow rate: 50 to 2000
sccm WO 2008/ 116879PCT/ EP2008/ 053563 15 Gas: 02
N2, Ar,... Tenperature: -5 to 60C Duration:
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i sland of 75 A thickness (whbch will forma 5 step of
approximately 40 A), an 02 plasnma can be used, at an
RF power of 1300 W for 20 s at a pressure of 50
mforr and with a flow rate of 200 sccm at anbi ent
tenperatuyre. Al ternatively, it is |ikew se
possi bTeLd‘%Qf" Q2N Al-uor i nat ed gas- based pl asma ( CF4,

Ar, 02) eraldragirénseosbbcci ent island-form ng
et chi ng, 10ending with a pure 02 plasma, in order to

recover &Uigiensghsedonds i FavrabmiIuesto renove the

o el ST AP 80950 AR RLAEn vl o

asigpi ofteppsiiyiatey 4o )ban dgeenacgn ée wiedt bean RF power of
ol aGhV s 2t ESSEHE ALl 408 210 BORH PG g 200

fgégmtét%glgnt Rapabiung, | sl ands and the activation

t hereof into a si ngl e step.

Alternatively, it is likewise possibie to use a fluorinated gas-based
plasma (CF4, Ar, O2) enabling more efficient istand-forming etching,
ending with a pure Oz plasma, in order to recover a hydrophilic surface
and/or to remove the resin. |

Another advantage of the plasma treatment is ifs effect of activating
the substrates and intensifying the bonding energies of the moiecular
adhesion-bonded substrates.

Thus, the plasma freatment has the advantage of combining the
formation of insulating islands and the activation thereof into a single step.

Another way of filling in the cavilies consists in forming SiO; islands
via deposition or thermal oxidation, using technigues well-known to those
skilled in the art. When thermal oxidation is used, the thickness of the
oxide can be controlled to between approximately 20 and several
thousand angstroms.

According to one alternative embodiment, thermal oxidation can be
carried out in addition to formation of the islands via a plasma freatment, in
order to obtain islands having a larger thickness. in a case such as this,
oxidation of the first substrate 10 over the entire surface thereof is carried
out first, followed by the previously described masking step, and then the
oxide inside the open cavities Eh the mask is etched by means of the
piasma treatment.

With reference to figure 5C, a third step consists in removing the

mask 40, so as fo obtain a bonding layer 20 consisting of insulating



Anot her way of filling in the cavities consists in
formng Si 02 islands via deposition or thernal
oxi dation, using techniques well-known to those
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the thickness of the 20oxi déécan be controlled to
bet ween approxi mately 20 and several thousand
angstrons. According to one alternative
enbodi nent, thernmal oxidation can be carried out in

otofor tinf.eil i. I ,
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40 at the sane tine as the islands 21 are formed. As
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Since the use of a mask makes it possible fo define patterns very
precisely, the bonding surface is controlied perfectly.

Furthermore, the thickness of the islands 21 is aiso conirolled very
precisely, whereby the bonding tayer 20, although discontinuous, has a
uniform thickness, thereby making it possible to ensure proper bonding
energy with the second substrate 30.

Furthermore, the size and distribution of the islandgs 21 can be
chosen so as to minimise the formation of defects such as blisters.

A fourth step consists in molecular adhesion-bonding the second
substrate 30 onto the first substrate 10 covered with the insulating layer 20

thereof, which consists of islands 21.



A bonding | ayer 20 is thus obtained, which consists
of islands 21 separated from one another by regions
22 of a different type, preferably by a void o
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result being that the island§ 21 are raised relative
to the surface of the first substrate 10. 20Si nce the
use of a nask nmakes it possible to define patterns
very precisely, the bonding surface is controlled

el anderdiminary, canveliiofE AR pbr §opr SEPRERS Nprerti, b
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i ni mi ¥étht hedefeocasiol bgurek G&fec?s, sachsesord issbetrate may
{HeSWise Gatie B85S SHBIeE!SHicth Bnfdaibn BiERCiIsERed M Chete an
C @ufriefbrvdrittarkd estdven bgtddtidd! Imesr fofGh8 QuRssRobt traffefing
consists of islands 21. WO

200Br1a68 AHe Pl suosEessi 7 Prelimnary
convgenf;blog?bl Rghe %ﬂhﬁlﬁ.ur@@dslﬂhe@é” t&glfcgﬁrggf"@ég&ampie, a

carried ol e second substr
ohthboebiryertosiepi Isiran donsehtidnah ddabytezathents, , is Sp@ferably

or Si 3 t the surface thereqf. 5Wth reference to

f @aaifeégl?%pt%sr?um%% & dNEBEE1Rg ﬁﬁﬁsﬁmf@ FEGTAYi REWesE the
haymdegins H@u%ﬁw@qayf& Y thBRleaBhALLBSrEep | nt ended

to create an enbrittlenent area (shown by dotted

li nes)V\ﬁfbrre_foen(pﬁJthﬁglé’e@fﬁﬁ PRABS By herppriCiiaheaseaybere the

Bt el g R UG G e paptagn st
the remainder 32 of the second substrate 30 is then detached along the
embritttement area, by means of a heat or chemical ireatment or by
applying mechanical forces.

Various techniques for debonding the composite substrate will now
be described.

Debonding is performed either via mechanical removal or via
preferential efching, such as an HF treatment for example, this treatment
being facilitated by the presence of the non-bonded areas between the
islands. After debonding, a treatment of the surface of the layer 31 must be
carried out, in order to polish it.

Several cases are presenied according to the thickness and the
fate of the layer that one wishes to detach.

With reference to figure 6B, if the layer 31 is sufficiently thick to be
self-supported, it is removed from the 'bonding layer 20. A layer can
typically be self-supported if the thickness thereof is greater than a few

micrometers.



10 heat treatnent step, using conventional heat
treatnents, is preferably applied for the purpose of
i ntensi fying the bondi ng energy between the islands

WOgZP0s{Iae8 nsul ati ng | ayer and the second subs®FAEE2008/053563
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Wth reference to figures 6Bsor 7B, in the particul ar
case where the second substrate 30 has undergone the
af orenenti oned i nplantati on step, 15 the remai nder 32
of the second substrate 30 is then detached al ong the

enbritil.enment area neans .pf, a . heat.or. chem cal

S ont niliF EtopdioE n FEuE 788 1k AN o D T ust be
Vahefesretiasid s shivstrale Bondinig wWitesep@Besi dupport thereo.
substrate will now be described. 20Debondin

oD thah R Vit ETernge 18 dBaIFe 29, PR ISUBRatEA0 is bonded
PORICHEEEH bl ot} U P eRBe 8 tiird TE24BROAIG s carried

poaswitc eegdrd tth éhabonding teer 20eas bet ween t he i sl ands.
After debonding, a.treatnment of the surface of the
Mayer Aeceoe Harbud-aieive SmbaTaet ot e serve as
23348 N erddsesitAif ghbwgent ed according to the

thickness and the fate of the |ayer that one w shes
to det bayer 31 can liggwiserher bordrb oy angheremeshanical Hpport

PGl neepU Y Reons RS, BE5RBrofrt e gons.

typically be self-supported if the thickness thereof
Is greater than a few 30m croneters. WO

2008/ 116879PCT/ EP2008/ 053563 18 Wth reference
to figure 7B, if the layer 31 is finer, it must be
transferred onto a final substrate 60, which wll
serve as a support thereof. To that end, with
reference to figure 7C, said final substrate 60 is
bonded onto layer 31, and then, with reference to
figure 7D, debonding is carried 5out with regard to
t he bondi ng | ayer 20. Accordi ng to anot her

al ternative enbodi nent, |ayer 31 can serve as a seed
| ayer for epitaxial growh. '



10

15

- 20

Layer 31 can |i kew se be bonded onto anot her

mechani cal support (plastic film netal |ayer...),

for exanple, for smart card type applications. 10 19
CLAI M5 1. Process for manufacturing a

conposite substrate conpriﬁ$ng bondi ng a first
substrate onto a second sent-conducting substrate, 5
characterised in that it includes, before bonding,

the formati on of a bondi AlMBer between the first

and the second substrate, said bonding | ayer
conprising a plurality of islands distributed over

t he r feath ' bst [ ' i
pat o koS ek PRehl ek hid 3 baBoRe ARLEITIcORhsing
orting ea efitst t yudestraidni ofoarme sdoand | srmiecbriducing substrate,

onpl enentary 1 attern, rein said islapds are
GEirREaTra B Hreds fanees ot BoRdinge: Be; RrmaRofngf @
bdrdihg MRS Bt wRen the first énd Rh@cs%“c_‘én@%ﬁfsﬂ*aﬂ%_éé?d BoAbiRg
, chardcterised in that said regions of a different

layprcamprisiagea gluralityi ¢ff islends diarduted overninet sisfaasf of the

he isl.ands. 1 . 3. Process accor,ding to claim
3B B paterminef tatterh SRS PRRERH I g eticidF by
regRMsabE L ifefent type, which aré dRtisiged iACaOoEsHpRMidhtary
one of clains 1 to 3, characterised in that 20 the

patisrawherein said iglands a fopped ¥z a plasatieaimenteef the

. ccording to one of clains 1 to
'ﬁ,gteé'ﬁgg’g%]t%ef}rgl;e ?rr?lat%hat it includes the steps of:

i) formation of a mask on the surface of the first

substrate in said conplementary pattern, whereby the
mask 4BEecasstaceevding th glagpdy sharacterised in that said regions of

a different type are made of a different material from that of the islands.

3. Process according to claim 1, characterised in that said regions

of a different type are empty.

4. Process according to one of claims 1 to 3, characterised in that

the plasma is of the O, or N, type, or a mixture thereof.
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5corresponding to the pattern, ii) formation
of said islands in the areas of the first substrate
not covered by the mask. 6. Process
according to claimb5, characterised in that, a mask
10renoval step iii) is carried out during or after
step ii). 7. Proces$? according to one of clains
1to 6, characterised in that, prior to bonding, an

enbr Lt | o%gggtaggé ﬁ‘) Y SPSI?&né qltghiée cﬁ%ﬁ%‘?éjrlsed inhat it

subs ra eflne

ifclereshedtg @t ng to claim7, characterised in that,
after bonding, the remainder of the se@rond substrate

i s detfa@n@ttpraptaﬁqnaﬁle onihe; surfaseent the et substalgingaid
%B%nﬁcgsgﬁttéfna%ﬂgfeb dth%”*rﬁa%lé“?oeérﬁét éb\ligrt ﬂ@ Greas

accordi ng o one Faims 1t
comaspmicing tethe pattdraf t he bondi ng operat i on i s a

nol ecu] ar adhe [ on b ndi n eration . 0
Pr ociisormatien dif %rhqés i T § Qregs of fhe grst substrate not

C&@é@%ﬁé?ﬁé’sl{ n that after bonding, a heat

treat is carried out which is |ntended to
intensify 25 the bondlng energy ' Process

di d
Chat o1 REESRAPREORED 1S SRBI v%tf'"%?tegsesﬂa rﬁﬁh?ts % ik
r&HRECAEaiilh @Céﬁﬁé@%tﬁlﬂlﬁﬁbr@%ﬂ‘te@@%ﬁ e first

substrate. . Process according to claim
11, character| sed in that t he debondi ng operat| on is

] t
e cof ar iees ARl Bhe Brififli 110 6, gharktierPbl i Hhat
piitdtto BeidInG Ehe casimnsingat Sar@B, it peodinden limytae kscond
bonded onto a fi.nal support. 14. Process

sehtaisags o %ﬁﬂﬂ%ﬂ“%flaﬁrﬁe precedi ng cl ai ns,
characterised in that a thickness of the isl ands is
controll ed based on plasma conditions selected froma

gr oud. Pmteiss taicogrdiig toaclaion 71 elpranteyis€Ri) thabvadter bonding,
th%rr%?nsa%c?er gfltt?gv scregér(led S ssti'atte esr’rgg{achgg %’Iong tgtedeunr'ngﬁ ement

area, so that the thin layer is transferred onto the first substrate.

9. Process according to one of claims 1 to 8, characterised in that

the bonding operation is a molecular adhesion-bonding operation.

10. Process according fo one of claims 1 to 9, characterised in that,
after bonding, a heat t[eatment is carried out, which is intended to intensify

the bonding energy.

11. Process accprding to one of claims 1 to 10, characterised in that
the bonding step is followed by a step of debonding the second substrate

and the first substrate.
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12. Process according to claim 11, characterised in that the debonding

operation is carried out via chemical etching.

13. Process according to one of claims 11 or 12, characterised in that,

before the debonding step, the thin layer is bonded onto a final support.

14. Process according to any one of the preceding claims, characterised in
that a thickness of the islands is controlled based on plasma conditions selected
from a group consisting of radio frequency (RF) power, pressure, flow rate, gas,

temperature, and duration.



