PROCESS FOR MANUFACTURI NG A COVMPCSI TE SUBSTRATE Fi el d
of the invention This invention relates to a process
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two substrates, wherein before bonding, a bonding

| ayer of which the structure is scal able, based on the
desired bondi ng energy to be obtained within the
conposite substrate, is forned. Background of the
invention In many m croel ectronic, optoel ectronic and
el ectronic applications, it is advantageous to contro
the bonding energy in a conposite substrate nade of
two bonded substrates. The 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 |ayer froma substrate, in
order to ultimately transfer it onto another support,
said | ayer containing or not containing all or part of
an el ectronic conponent.To that end, the bondi ng
energy shall be | ow enough to all ow debondi ng the
conposite substrate w thout damagi ng one or both of
the SPROCESSFORMARNEFACTRIRNGE COMPOSITESUBSTRATE
required to have a bonding energy sufficiently high in
order to avoid a separation of the bonded substrates

beERyi§ ot R iHEShEgH moment of debonding. One
r%r—tn'f?ri‘yﬁ'otva'nt ageous application consists in

SI ng aTbkienincemtibrc telatesntoi a proedss fc(rSaawmfaCngoé composite

substrate ca ng renpved fromth
ASaertS B Pardng o T’ shPEP S, cusiy sbetbre Bonding, a

bonding layer of which the structure is scalable, based on the desired

bonding energy to be obtained within the composite substrate, is formed.

Backaground of the invention

In many microelectronic, optoelectronic 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 to be able to detach a semi-conducting
layer from a substrate, in order to ultimately transfer it onto another
support, said layer containing or not containing all or part of an electronic

component.



includes a so-called internedi ate substrate, an
insul ating |layer and a sem -conducting | ayer. Renoval
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to be released and the internediate substrate to be
reused. Various nethods have been devel oped for
transferring the sem conducting | ayer onto a final
support, and for ultinmately recovering the

i ntermedi ate substrate. The docunment WD 02/ 084722 thus
descri bée that endedheohondingnenergyr skalke beylavo ediongh to allow

wegrorRdind o8 ERpiPosEralffigle Wiy oafy NPty of the
of stigtrdte® faces in order to control the degree of

mechani cal strength of the interface. This treatnent

consi st 9Ni ecelher dlandndt ishefter tighiiesss tyh@vera bonding energy
h [ .

"o CUEBRY 1 3, 88hlo YGRS SHBREIRFY) v BoRbed Sunklaes

debefotiatheedesitezt frepmentafidebondingr eby nmake it possi bl e
to facilLitate the renoval, As a matter of fact, at a .
m crosc@ﬁ?c Pagtiguearly; cﬁ?dﬁ@liﬁgw,usa@pev%?épﬁc@&”?'ﬁfst H@g using a
préé’rﬁfcﬂnﬁuc@r-‘?ﬂ-iﬁ%yl%%rf @Oﬂaypté o sUpRRSed ble diMBeing
actual contact surface area’is smaller than the area
of rarhevdrbfrdimtha misataftaric &n ®eid lsubsikkate stctpas ghisl sudcessively

reduce the bondjng .eperqy. However, the roughenin

t oW 2nse Caled JElRTRPiale SUPTTRLE. FReNSHEHIng pifleband 2
of séMRcORNIHNGS I3Rr ! RRenidRAL B8 862 ihsulaRRISMINSS the semi-
uneven. Furtheérnore, the shapes and di mensions (depth
angorgugingofayendeebe agiadses ane thet intermadiate. Sustrate to be

reeultdof this is that the process does not enable a
pred@ﬁ ned and reproduci bl e bonding energy to be

obt ai neYaribue thhetheas ehaviehbser rRAepRd fov teRfb@idgt Be semi-
the entire surface of the substrate and does not

en8@NAUGHAL: layar ntadefBalopupprti AR fen cHinpaiele reGavgrieg the
di foh&heist% substrate.

The document WO 02/084722 thus describes the creation of an
interface by bonding together a face of one wafer with a face of another
wafer, comprising a step for pre-treating at least one of the two faces in
order to control the degree of mechanical strength of the interface.

This treatment consists in controlling the roughness and/or
hydrophily of at least one of the faces, the effect of which is to reduce the
bonding energy of the debondable interface, and to thereby make it
possible to facilitate the removal.

As a matter 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 possible 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.



Anot her techni que el aborated upon in the docunent WO
02/ 084721 proposes the creation of an interface with
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provides for at |east one first area having a reliable
degree of nechanical strength to be surrounded by at

| east one second peripheral area having a higher

degree of nechanical strength, in order prevent risks

of delam nation; in particular, an interface such as

this cahhegesult ohthis iy thasftheareesss eves apt apalele a predefined

reenaraRrSblechdiding sheRREie Pl ponai ng o a
conponeRgrthérimare, lttﬁlé&féettﬁ*@@ht i$ RRPREONE thé hatiré fyuﬁace of the
process enabl es the creatjon of interfaces havin

bofdRPsHER @n@?‘bld@@St Rak eapkled paftisuiait ﬁﬁﬁ%doﬁé%rlﬂi%@cﬁo’fo be
th t the parcels thus defined continue to
beﬁgg@?gﬁﬁfé gbl e dinmensions (from1 mcroneter to a

few m IAnmhbr ésohniqud dlabbeatee sipbh |rbﬂhmgottkméntm®27(m4721
a risk of %earln durlngth rerm operation. The

¢ r REPOBRE ShB BRI Aoide g PRt AfjpEntggechanical
begauagint s dcd erﬁ%bgje%hforsgf lene Gpndidt BRbhaving o

ing interface consequent |
entglighlet degreef of mecbenicehsirengtbotoabe asusnamﬁded etryc Blyleast one

SRR BRESTE 2 TR 2088 bHogse BB HgErenath, in
Angideep r@@érﬁ%kfscﬁf R irditiBg; Qﬁ*ﬂ@ﬂl‘éabérﬁlrﬁé'ﬁééé §lt.1éh as this
mhereln the bonding energy is controlled is disclosed

| nC#ERb2 ngtBe2feBN afparcaist dloteligblesimechanicak siremgty surrounded

it i Shsliotfer et aidof it n el YRR (oo o o

bet;(wa onéme cavities. The bonding energy is controlled
via the control of the total surface of the cavities.
However It i§ Hndensiaach dherséarenfiatdhisosessmenallgs fhgsreation of

bof?\‘#ér@&ee'%eﬁﬁxné prgﬁgr%ﬁérﬁf& tR& YREGirERH B8 hE&Stding to the

because the
parcels, but the parcels thus defined continue to be of considerable

dimensions (from 1 micrometer to a few millimetres), with the result being
that there is a risk of tearing during the removal operation.

The treatments described above are therefore imprecise because
they do not enable the surface condition of the bonding interface, and
consequently the bonding energy thereof, to be controlled at a sufficiently
small scale.

Furthermore, they require perfectly 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 substrates, so that
the substrates are bonded only in the regions between the cavities. The
bonding energy is controlled via the control of the total surface of the
cavities. However, this method does not allow obtaining high bonding



contact are materials such as silicon, with a
relatively | ow bonding energy. This nethod thus
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energy - which can be too | owsin some cases. Brief
description of the invention The purpose of this
invention is to renedy these di sadvantages and to

propose a conposite substrate the bondi ng energy of

whi ch is scal abl e and reproduci bl e, thereby ensuring

f oenergnisl dhe dagione belwveemndhe maviliesg becansa thegmaterials in

de b ' n on,.th t her ha .
dcoumareeoparei SOaL A TS0 RBuianANAR 1oy Bipofta eneray.
W ThigUinegid tHusKpidvidesas idddnpoBie suibétmite avithahMnigdd bonding
offering a process making it possible to obtain a

c ofPYIYteWs (Fhstanadbe tahlevhib P CasRs-gy of whi ch, at

the bonding interface, has a value that can be
selectively adjusted - in terns of value and of

di Btief degdriptionf theinvehiorfi ace - , based on the

subsequent use of sajd substrate. A process such as

this maf@% PHEPg58:Qi tEISe'”Y%”t&%”t igitA ramesy Jaess disgrranipges and
l e ' - t iy i

perny RRES e COSE RE ARG KRRy Sorgf I & seslable
hi gihd deodeciobfe, émeney .ensheng dordéxagmelee ogth@oneiand, bonding

it bst i s defined in thi h .
onbg fignateaEee Bbboadiap Eneenant e Limefies 88c.  feppading
bopgéragioh 2¥%pabRES ESRicdVBLt SHBRIUE Bhe Fisk Df tEHMOf

different materials, the bonding energy is not uniform
on t he The érveaden aime aboffering aditecess arakinget pospiblsi toeobtain

sups i ' | e Lon t ' rfac :
andr RIS SUbAtal e ogdhS L Enong BE Wik riafie pgnoing
Copltérfdce, 1@ a Saluewhad chh®e sgeanelphdiusted RligrémeSof value
where nmaterials in contact have a | ower bondi ng .
st pedgf distnhution emthe iptariaas = kasedareiha srbsgowephuse of said
boggggl%t?ner gy of the conposite substrate, based on
the'relafive surfaces of the regions with a high

A process such as this makes it possible to obtain a range of more

or less easily debondable substrates, i.e., capable of being debonded via
the addition of a relatively low or high degree of energy.

The bonding energy of the composite substrate is defined in this
text as the energy required to separate the two substrates. If the bonding
layer between the two substrates is made of different materials, the
bonding energy is not uniform on the 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 low bonding energy.

According to the invention, a process is proposed for manufacturing
a composite substrate by bonding a first substrate onto a second semi-



bondi ng energy and of the regions with a | ow bondi ng
energy. According to the invention, a process is
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bonding a first substrate ontg a second sem conducti ng
substrate, the process conprising the formation a

bondi ng | ayer between the substrates, the bonding

| ayer conprising islands distributed over the surface

of the first substrate in a determ ned pattern and
sep@ﬁducélﬂgf pubsttre, mﬁatnﬁ@eesg/ comr@m@ dte dowmatiasy @nbonding

oy BRtSReR B SRS S ST BYEC, @rprisipgrelstonds

Of distrbuiad evealthetutfbee of Ftﬁé fisstbsishtote |rFlardé’t@FrﬁWe@, pattern
according to other advantageous but non-limt

ChanaseBnraed doTbPnerRaIRGRY Feaions ol difeEtdwe.ovhih are
?'h %ﬁTtﬁH%% iMP& &j;nggl;gﬁfé té%fy Baﬁé fefr‘?é‘tlslﬁﬁéyz#r@!rgo&{n%@ via a

e isl gions of a dif

typlasmaEtrmtmantofthdﬁmammmme fict gdiestratbe st eps of:
i) for t|on of a mask on the surface of the

irst .
subst r af ¥riReMQed 2CSRpYIBgeift é}tpebaﬁqV@PF?g%érEHy RQielimiting
méﬂfar%@?eﬁsﬂ?é PFfP\\éelﬁvérli‘tﬁ)rﬁr eas corresponding to the

pattern ormation of said islands in the areas of
t he firssasutegiors of modiffecardrtyde aretmadewfka differest material

pl as [ f the N2 type or a mixture thereof; - a
gﬁgﬁh?fc’?@@ '?'@Hgé ng the mask is carried out during

or aftersélﬁﬁ’@glbh%’of’a d?ﬁér@htfybebé}’écérﬁﬂt an embhtt| ement

area i s produced in the second substrate so as to

def i ne atherpracess mcludesghe sitepsodidi ng, t he renmai nder of

the secg ”@gﬁ%‘t?oj{ 8?taema§k U AEnsHALBI thd Brst substrate in said

enbritt!
complementary pattern, 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 Oz, N2 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;



- the bonding operation is a nol ecul ar adhesi on
bondi ng operation; - after bonding, a heat treatnent
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bondi ng energy; - the bondinggstep is followed by a

step for renoving the second substrate fromthe first

substrate; - the renoval operation is carried out via

chem cal etching;- before the debondi ng operation, the

thin layer is bonded to a final support. Brief

descr i pt beiorethe Hebanading mperaioterihe Mandayesris sxandeddad final
%W% 3ges of the invention will becone nore apparent

ding the follow ng description thereof, which

will be made with reference to the appended draw ngs,

in_which: - flgure 1 shows a conposite substrate in

acBoebdescrioipn K inediawiBgs i on; - figure 2 shows a

first t I

11t ORI AL bR FBe ok, 8! FQor wif become

thmdrelamm@sent uorg veadidg itse dolipvainy destribtivn nigertebé which will

ckness | of the islands by, reason of i ch the
ch B e W&b6%‘{?‘%'?%%'%90*“8@999”#5@%‘&“@% %W%gﬂshow t he
st eps fprﬂgﬁ% n '%ﬁo?vgeab&ﬂﬁeBQté %Yl%é frate i %ES@g%ea\W/ﬁh the

6B show the steps r renoving a se supported | ayer
- fivgoti@s, 7A to 7D show t he debondi ng steps after

bondi ng of t t ransferr 0.t he

oubst r ot HOurBes s R B dER AR A RPiEREOR B e Rlanone
fol | ow nggeseshdls Q%e%BHH 'aﬁérﬁ'ﬁ?i\/@ dstFibLGeH 8f he isRnds;
conposi te substrates of the silicon-on-insulator (SO

type, bufigerant i asgpphsdimutatiogbe thiskeesslimitaafdhedsiands by
Ce Qo b FSrME RCEh AT BESS e BT ud, &N on-

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

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

- 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 (SOIl) type, but can be applied to
other materials such as GeOl (Germanium-on-Insulator), GaNOI (GaN-on-
Insulator), GaNOS (GaN-on-Sapphire), SopSiC (Silicon-on-poly-SiC),
SapOS (Sapphire-on-Sapphire) substrates, or else substrates comprising
ferroelectric or piezoelectric-on-insulator layers, but also substrates on
which components have already been produced either partially or entirely
(3D integration, flipping over of the processed layer).

With reference to figure 1, the composite substrate according to the
invention successively includes at least one first substrate 10, a bonding
layer 20 and a second substrate 30.



Insul ator), GaNOS ( GaN-on- Sapphire), SopSi C

(Silicon-on-poly-SiC), SapOS (Sapphire-on-Sapphire)
waenpstiiares, or el se substrates conpri sing PCT/EP2008/053563

ferroelectric or piezoelectrig-on-insulator |ayers,

but al so substrates on which conponents have al ready

been produced either partially or entirely (3D

integration, flipping over of the processed | ayer).

Wth reference to figure 1, the conposite substrate

accor di ﬁ@en‘itsttsnéstrateem pelives @sceBWichanigal suppatbs at

| east ope

second tgést e&aé 38%@6’5#@?9 gﬁﬁ@&? %télrgyegéﬁpvzrg%%ggoﬁded

MegleafirtsEQlbsitH® a0tcan! IkeWiss be @@alified b$ ahnetee@@aRee tabstrate,
support is intended to be debonded, the first

su @,@alaeeth@osmratqz REAP'SE the r‘rqajwfatﬁtp&jogg figal semi-conducting
5 1 NGk F’% uﬁétpft{er ébe'wrlﬂ e ) jaeSL{Paﬂs"f 8' &>final
man ucting om

t he ureo a’flna sem -con aye

Subshstedte, t&@s suisticite Woldeitdieptidreallyranséisie rader debon@mg. This
' substrate, this substrate 10 bei n opti onal |

f .
re I ﬂ@éﬁP%StEﬁt?élo §BaAeIohg. Sermreonducting &) %r%@%bﬂgﬁnate”ah
gag%.,oéuluftﬁqmnéil’%ét' Ol %rndléria)‘f‘é}r@l%%\}é??l F}%g%%g Pﬁhiﬁerent

Icon. I't may consist” of a single la
selvmt@ﬂial‘sayers of different materials. The second

substr 30 ca lified as source substrate

10 pocausalfe SecbB AbBaRs i) &ty B BaML 8s 4 Pl Substrate
anpgedlide il 88 hrt INREY Wb@%ﬁo&%@ it |'hbﬁhd|e§)é.¢f erbfittlePndif zone
transferred to the first substrate 10

| neeablingi attbinslayet Cdt ©. bgHransderceshdo §h©§tr$ta$l¢bs3@t©r10 or an

mgrgr%eso;i'%%t %Li\%s?rart% r?ﬁg %%403% ?ﬁtg%rga‘ig C“ﬁﬁ@ s{&%g#@&%%t%te is

SI alde éfaa/esbrmrcorm@laamhzj ynsedgr lict a}zesl'lﬁtoﬂf feh éi@ﬁgl@t It may
mat erial s, e. as a |ayer of silicon covered

15 wi ePN<ist & @ e I@V%rmr pasebly spiesel lgwetshef ¢ iilesenfumaterials,
OBl SRS gLyt el 8y 0T 8y B b
f romthmsulaseﬁ.dwlt dbwre@gse&nﬂo Be ntddeathdirédfer ent t ype.
The bonding layer 20 is formed from a plurality of islands 21,
separated from one another by regions 22 of a different type.
20 In a particularly advantageous manner, the islands 21 are made of
an insulating material such as SiO2 or SisNa.
According to a first embodiment, the regions of a different type are
made of a different material from that of the islands.
If the islands have a very small thickness in comparison to the
25  surface of substrate 10, the bonding layer 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 sufficiently small so
that bonding occurs between the substrates 10 and 30, in the regions 22
30 between the islands 21, with a low degree of bonding energy, as concerns

the silicon.



In a particularly advantageous manner, the islands 2 1
are made of an insulating material such as SiQ2 or
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a different type are nmade of g different material from
that of the islands. If the islands have a very small

t hi ckness in conparison to the surface of substrate

10, the bonding layer will conprise oxide islands 2 1,
for exanple, separated by - considering that the

subst r aBg cootrast, ithe Sondingrenergy Ibetween &g oxislezsglanda and the

i ckness of the islands 2 1 is
su%@%@%ﬁbysgllpzﬁr so that bondi ng occurs between the

subst r ateanlée s tﬁﬁder'st@oﬂhﬁatﬂ?@i oTRro? of fed mélnsdrl’éte of the
islands 2 1, with a | ow degree of bondlb%ﬁ energ

coltandss21 rndsthe &al syrf@%pf 43¢ regies (’gﬁeﬁ@e@héfa@yslands

CeLEFRR R B8 il aREnghs A SIS S B0E ,

t hef t ot Abcf:@‘dhrrfgatwmftheﬂwmbgdmm, Ehe;l]re@r(ﬂ]st I&aof atdifferent type
surface of the reqgjons 22 between the i sl ands
modi® SEPRY Wiker e%bﬁ%b?dﬂ)p@lﬁé%%\ggﬂsq@% 86&%6@9@9 reﬁat've to the

S UBgia & B trﬁgq tdégtgstﬁaqewtﬁ%ugﬁe@tdtﬂée%mm@[) of this text,

regi ons erent type afe enpty, ereby t
upiesef &eeptyf régibasnd@22 strrogndiags dloe r slatdsvemay tllkewnse be

; clier ey e EriebanarEt ¢S il ge PEGRORE Hasente of these

S UEH Sl ﬁgcﬁlt@i@eé 8béaﬁ§|n§5'df lHé<§ét§r¢d k%@bgt@éﬂe%@t&f& li’r)/e first
the term "channel s be seen, the presence of

t hewestrgiadfel s faci | i tat es debond| ng of the second

Chi cknolde ariciEeh " ohaiiEh ot 19580, 2P areciéBupidared, to be

besgtislitdetegd abyoia de@leddéej@leﬂhésmefeﬂaMuQ@d %hd&hé supedquent
and the subsequent heat treatnents. a matte

of
f abeat treaimente s aopatter ofiast W&ﬂr@ﬁ'qaéifﬁfc% eX'St which tend to
close the channels between islands if the height of these islands is too

small. In particular, when heat treatments are applied to a structure
comprising islands, the material of the islands becomes reshaped, while
having a tendency to fill in the void existing between the islands.

In this regard, reference can be made to the model presented by
PIORI et al. (Materials Science and Engineering R25, 1999, pp. 1-88,
model p. 8). Figure 4, which takes up this model, shows the height limit at
which the channels close up, and it is observed that, for an island
thickness greater than 1 nm, channels are obtained which do not close up.

Consequently, for a distance between islands 21 ranging up to one
hundred nanometres, if the islands are made of SiO2, and if light heat
treatments 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



cl ose the channels between islands if the height of
these islands is too small. In particular, when heat
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i slands, the material of the pslands becones reshaped,
whil e having a tendency to fill in the void existing
between the islands. In this regard, reference can be
made to the nodel presented by PI bl et al. (Materials

Sci ence and Engi neering R25, 1999, . 1-88, nodel p.

8) MOoFe gQJ‘eGIS&W ohitlegn ara@e of Lﬁ@ tmﬁ@omédm thighnses. thés likewise

onedels Biste? e el ATkl 8" g Rgf BrlghicTs of

mTIheCé‘r@I@ﬂ@féf@NQemhk@f@&ng\hl ch do not cl ose UIO
Consequently, for a distance between islands 2

r angi ngAG%Prﬂtﬁ‘goﬁ@ AR dPrederiesh oprbpdiment thﬁeth'@ﬂbﬂ’i"és of the
ar e, 0f. t t r
apBIAE 2 s e Kethed s 250} 106 2R Geferaly
thbeﬂ’wmm)énd:lheOoﬁider of one nanonetre is sufficient.

On the ther in the case of a heav

treatne he 'Srlﬁn g%,ar@ Sigupeied QT dhe §5%@%% ggg%ebgﬁégﬁstrate
t hf?] ?%G) gé pg’lttérna'f'r% FYibREeD Sy afﬁﬁ@eﬁbg{ﬁgﬁéﬁngﬁgﬂfg@%d ina

, I's necessary to formi
semalenrr@rnarmpa@srm n hehpattermwaralbenmtﬁrnisedcamwingfto the

th f. 50 to 10 t hi t is, Likew ,
poSe L pREB &t 46 CBmpdeieapotisnARfler e HeBBnding
t hgschhdfule @osehi ch is of the order of a few tenths of

a nm According to one preferred enbodi nent, the
t h| ckneker example, faridebe@adinglvia sherieal aneanmiabist sgasepus),

e e G e e

t hgs birertarrdiyinaite in theafopmest doneepid @rdles, tWitch @gll Riditate
22 of a different type being distributed in a

offis BrRRACALION pelt ther richime: SeAHtiosy ido davemh&0ogsi 1§ §fé@Nn for

L1 T T RS0, 00 e e 22 rour

chaswitth of the order of a few tens of nm up to a few hundred nm,
separating islands 21 capable of measuring a few hundred nanometres to
a few ym in width. In this context, it is more important to control the size of
the channels 22 than that of the islands 21, since it is the channels which
enable the etching solution to propagate to the centre of the bonding layer
20.

If preference is given to mechanical debonding, then the most
uniform distribution of the islands as is possible will be preferred, as
shown, for example, 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 to 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

between the surface of the islands 21 and that of the channels 22.



For exanple, for debonding via chem cal neans (liquid
or gaseous), preference may be given to channel s
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arrangements in the formof cgncentric circles, which
will facilitate the propagation of the etching

solution into |ayer 20, as is shown, for exanple, in
figure 2. It may then be possible to create channels

22 having a wwdth of the order of a few tens of nm up

to a felv lauaIQOeﬂomlesmo@ea‘prmgau@nem@gllsz asstagdnechdnical

i gevordo b 1 HHREET S P Rindifl By SRR B the water
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et chi ngTk®| lﬁ"lggh ad ppiiag&f etheo iBlRadeerllr €a0f thye vary by
f
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or _exanpl e ur e with island
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I NrRERS doRratRin. cause surges in the fracture wave
propagati on and to prevent possible tearing. Islands 2
1 wi | | Aheuorfaee ﬂayoutdhaeatbum beera dedinedmiteo, @ Betvafeistands

hundr ed t .
e HBFHRARR U2 IR oo ARG  Boectiraa ifersnees dpevel
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the rati o between the surface of the islands
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snalibstfate 30hes@ mattbeoﬁfact,lssmceoﬂwetielan'dagrelaﬂ|a’ughe bame 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
islands but which might be continuous.

As a matter of fact, the bonding surface corresponds to the total
surface of the islands, and is therefore smaller 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 turns 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 etching solution (or gas) as far as the



renoval operation. A surface |layout has thus been
defined, i.e., a set of islands distributed in a
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bet ween the upper face of the {first substrate and the
upper face of the islands. The | ayout therefore takes
into account not only the thickness of the islands but

al so the surface thereof, as well as the distribution
thereof over the surface of the first substrate. The
bo@entrey of dyeinterfase Harnedh dyaitrearssegedblyfof dhadmongubsiwtes 10

red 2D RAiE BrReE uidim bbaSRato et I SRTE Wikt '

the i sl mdse ayaRealwhedd it e duvired! &)/@tch tthﬁbu@ﬁndl Febin mask,
| ayer has a uniformthickness, even if
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adva elng e

I ag@pabualafhremgg’lg frooms 6 50%1 hewsnbrnmatrﬁl\mll tas u:sledt at a
of the islands, hut |ch ght be continuous.
rratecf%FPeréFurPa%{ﬁ'C'?We % dhin Elﬁ gasepyedi- %@rqi@sk%ﬂﬂ%rattl&et greater

t ofrdln ota@g{_@j;dlwgd Itéh?%dﬁ w&t%?’) is therefore snaller

than the tota ace o e i nt'‘erface between the
two subk thet ease Winereldye ewatefialddbdvel ietaneldoamrseother tbfeaen SiOy,

Sl atie oforied SQuliSes BRGNS ot BRDRNE AR WEice GSea.
Chem cagyéh QﬁTtH&lsIéHdéSZPWavbotoBesrﬁéﬂ 5] %I@fésﬁ for channels to
wel |l -suited for the debondi ngmgperau on.

of exigktherebriweranard tavghcthedanding lawer 89 n‘naneamaﬁ:af planar at

(of BlatgdchoRy SPaig, e, SHINBIeReqd BFrebe BHadBelly 2 means
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pronmot es uni f orm debondi nq@over the entire surface.
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maf%lfger, thereby producing a weaker chemical bond and a weaker bonding
energy. On the contrary, there is a good degree of bonding energy
between the islands 21 and the second substrate 30.

It is understood, therefore, that by choosing a suitable layout for the
bonding layer, it is possible to modulate the force required to debond the
composite substrate. In actual practice, the smaller the sum of the
surfaces of the islands, the easier it will be to debond the substrate.

Furthermore, by varying the size of the patterns, it is possible to
obtain various distributions of the bonding areas for the same total surface
area of the islands. Thus, it is possible to have large bonding areas
separated from large void areas (which will more easily lead to the
creation of blisters or tears) or preferably smaller but more numerous
spaces, so as to better distribute the bonding energy uniformly.

A process will now be described for manufacturing a composite
substrate in accordance with the invention, as described above.
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ranging fromb5 to 50% In gasjform HF will be used at
a tenperature sufficient for it to be gaseous (i.e.,
at a tenperature greater than 1060C for HF diluted to
49% in water). In the case where the materials to be
etched are other than Sig 2, suitable etcthp/I
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substrate. Furthernoré, by varying the size of
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dekmowbed those skilad acttoe iang aalightrgersitive resin is deposited over
the entire surface of the first substrate 10 and is then exposed to light
radiation through a mask placed over the substrate or over the light source;
finally, the resin is dissolved in the areas not exposed to the light.

According to another embodiment, 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 composite substrate is intended to be debonded, to
the debonding technique chosen.

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

removal via chemical means (liquid or gas), preference may be given to
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For example, during an oxygen plasma treatment applied to a

silicon substrate 10, a fine layer of SiO2 is formed, the oxide being more
voluminous than the starting Si. The order of magnitude of this swelling
20  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
25  SiOy, whereas nitrogen plasma is preferred for obtaining islands of SisNa.
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: N2 plasma on
30 substrate 30 and O plasma on substrate 10: whereby the layer of SizN4
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t echni que chosen. For exanpl e,4 as descri bed above with
reference to figure 2, for renoval via chem cal neans
(liquid or gas), preference may be given tochannel s
having a radi al arrangenent, as well as other
arrangenents in the formof concentric circles which
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the cavities. For exanple, during an oxygen plasm
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%ﬁ?ﬁ?ﬁ% §%% Lﬁr?q%&rﬁgrtl ng Si. The order of
magnl t uTleisabstil H Seeislande ZnMpgingoushed dewn angsihé 0Bstrate
The type of plasnma depends on the type of bonding

| a}@r "t hat one wishes to forminside the cavities.
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 angstroms.

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 to 200 mTorr

- Flow rate: 50 to 2000 sccm



Thus, in the case where the substrate 10 is nmade of
silicon, an oxygen plasna treatnent is used,

w@e@Bai@aldy in order to formislands of Si 2, MIEERPASS/053563

10

15

20

25

30

nitrogen plasma is preferred {fpr obtaining islands of

Si sNA. 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 2 1. It is also

possi bl e to conbine various types of plasma. It is

t hus possi@as GeoNalArai.n a dual activation: N2 plasma
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as an etcmuretiGars secondstodeverd nigutesef ul for
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decreases. It can be controlled precisel¥ by the |

pl asma 1. the plasma treatment has the advantage of combining the
formation of insulating islands and the activation thereof into a single step.

Another way of filling in the cavities consists in forming SiO; islands
via deposition or thermal oxidation, using techniques 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 treatment, 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 in the mask is etched by means of the
plasma treatment.

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

mask 40, so as to obtain a bonding layer 20 consisting of insulating
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angstrons. The plasma treatmend therefore presents the
advant age of being able to control very precisely the
t hi ckness of the islands forned, of the order of a few
angstrons. The ranges of "standard" conditions of use
of the plasma for formng islands 2 1 at the surface
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of tHehSlasMbasdivatiomdiipsi on- bonded substrates. Thus, the
pl asma treatnent has the advantage of conbi ning the

On the other hand, if it is desired for the islands to be created and
for the resin to be removed in one and the same treatment, then it will
suffice to choose a suitable resin type and thickness to ensure that all of it
is consumed during the treatment.

A bonding layer 20 is thus obtained, which consists of islands 21
separated from one another by regions 22 of a different type, preferably by
a void or by the material of the first substrate 10, with the result being that
the islands 21 are raised relative to the surface of the first substrate 10.

Since the use of a mask makes it possible to define patterns very
precisely, the bonding surface is controlled perfectly.

Furthermore, the thickness of the islands 21 is also controlled very
precisely, whereby the bonding layer 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 islands 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.



formati on of insulating islands and the activation
thereof into a single step. Another way of filling in
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Various techniques for debonding the composite substrate will now
be described.

20 Debonding is performed either via mechanical removal or via
preferential etching, 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.

25 Several cases are presented 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

30 micrometers.



for the resin to be renoved in one and the sane
treatnment, then it will suffice to choose a suitable

wo e@snidsype and thi ckness to ensure that all oPCT/EP2088/053563
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consunmed during the treatnent.g A bonding layer 20 is

t hus obtai ned, which consists of islands 2 1 separated
fromone another by regions 22 of a different type,
preferably by a void or by the material of the first
substrate 10, with the result being that the islands 2

1 are rWiteeferanse (@ figore W8, siirthackayer dlhés finest it must be

potan el B PN AT SubrEo ks, 3y B MR FeRYSE e shport thereor.

bOTITdItﬁQt end, Fviere réferarat toofid ee n@rs‘ae@tﬂhm sib#tidie BInE onded
the thi ckness of the islands 2 is also controll ed

vepRtoppyer 341 9nd Jprt emith fﬁérQﬂﬁ@d’ﬁOnf@QUrﬁy@? geponglingh ésugdrried
di Eé{@@ f i ckness, thereby making

[ talg@ggﬂ] to%b@n&'ﬂp l%éépébd;ndl ng energy with the
second Aud:m‘drr@tte @fbthérualtéraanm emboldenmentz tay@nd1 can serve as

di strigig of the isl arhds 2 1 can be chosen so as to
i RiSEPd daYardor epiat3 oW def ect s such as blisters. A

fourth ehak $0BSH TkEwisd BPkBAHLANSIBRBIHRE Reatidical 'Sipport
second substrate 30 onto the Tirst substrate

co(magiat fmt, imetaldayersu),dor e@maweformnarheaﬁbtypevammbatuons
consists of islands 2 1.Prelimnary conventiona
pol i shing and cl eaning steps can be carried out. The
second substrate 30 may optionally conprise an
insulating layer (e.g., SiQ2 or Si3N4) at the surface
thereof. Wth reference to figures 6A or 7A, said
second substrate may |i kewi se have been subjected to

an inplantation step intended to create an

enbrittl enment area (shown by dotted lines) for the

pur pose of transferring a fine layer 3 1 to the first
substrate 10 . For SeO type structures, such as SO
structures, for exanple, a



heat treatnent step, using conventional heat
treatnents, is preferably applied for the purpose of

w0 pdosnsésiyi ng t he bondi ng energy between the i BCBRE®®053563
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the insulating layer and the sgcond substrate. Wth
reference to figures 6B or 7B, in the particul ar case
where the second substrate 30 has undergone the

af orenenti oned i nplantati on step, the renai nder 32 of
the second substrate 30 is then detached al ong the
enbrittlement area, by neans of a heat or chem ca
treatnent or by applying nmechanical forces. Various
techni ques for debonding the conposite substrate wl|
now be descri bed. Debonding is perforned either via
mechani cal renoval or via preferential etching, such
as an HF treatnent for exanple, this treatnent being
facilitated by the presence of the non-bonded areas
between the islands. After debonding, a treatnent of
the surface of the layer 3 1 nust be carried out, in
order to polish it. Several cases are presented
according to the thickness and the fate of the | ayer
that one wi shes to detach. Wth reference to figure
6B, if the layer 3 1 is sufficiently thick to be
self-supported, it is renoygd m t he bondi ng | ayer
20. A layer can typically -supported if the

t hi ckness thereof is greater than a few
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To that "end, with reference to fgure 7C, said final

su(ﬁﬁ)r gheragterisedvipribiet ltdnle@deaybe bonding, tthe formatian of a
R GG B G g B S B B bS8 bl i

al b@maglmﬁeremowmprﬁsmgayprurénty csfaielaﬁnaevewsuistributed over
the surface of the first substrate (10) in a determined pattern and
separated from one another by regions (22) of a different type, which are
distributed in a complementary pattern, wherein said islands (21) are
formed via a plasma treatment of the material of the first substrate (10).

2. Process according to claim 1, characterised in that said regions
(22) of a different type are made of a different material from that of the
islands (21).

3. Process according to claim 1, characterised in that said regions
(22) 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 N2 type, or a mixture thereof.



a seed layer for epitaxial growth. Layer 3 1 can
i kewi se be bonded ont o anot her nmechani cal support
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smart card type applications. A M5 1. Process for

manuf acturing a conposite substrate conprising bonding

a first substrate ( 10) onto a second sem -conducting
substrate (30), characterised in that it includes,

bef ore bondi ng, the formation of a bonding |ayer (20)

bet weendt Rcess eccanting eore Ob 6@ ivadstorhtenaraetedsed in that it

2 conprising a plurality of islands
%%iu%%sstﬁg%iﬁj{s Cgf) over the surface of the first
subst r af) gormaitin bna angkx @Uﬁd’met@hepﬁtrfa@'erbf&ﬁd RStPAIRtet (10)
fromaone another by regions (22) of a different t

whincsRid centiementaiy eattem, a’VQﬁfﬁ?V éfh%m%kﬂﬁéﬂpﬁ ho gover the
mgfe%'srbo??ésgobﬁln@r}g%é%% térrf‘re formed via a plasm

tr éatment terla the first substrate (
10) . 2 ii) foroetes cicsaid dslagds (2T) mi thelarealasfaiticefinss gdbstrate

in that said regions 2 f a different type are nade
of“ap)cﬂoltf:@}’%rﬁfﬁtg’atggrm \ 2 mthat of the islands (21 )

. 3 . Process according to claim1l, characterised in
that said regions (22) of a different type are enpty.
4 . Pr oﬁeEmwssmo@bnﬁngcboclaﬂmﬁS diasgaoterided o Hat, a mask (40)

h t d t hat f the 2 N2
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one of clainms 1 to 4, characterised in that it
includes the steps of: i) formation of a mask (40) on
the sur T aReoasss tassording t0 oppsafreieims 1106, ichagzaterised in that,

CORRP TR Yof A TR, 528, Pk eind ocona

fogmxtraw (80) srbglta aemmsls thidlayer B1).he areas of the
first substrate ( 10) not covered by the mask (40). 6

Process according to claimb5, characterised in that,
a mask g48)ocess according to claim 7, characterised in that, after bonding,

the remainder (32) of the second substrate (30) is detached along the
embrittlement area, so that the thin layer (31) is transferred onto the first
substrate (10).

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 to one of claims 1 to 9, characterised in that,
after bonding, a heat treatment is carried out, which is intended to intensify

the bonding energy.

11. Process according to one of claims 1 to 10, characterised in that
the bonding step is followed by a step of debonding the second substrate
(30) and the first substrate (10).



renoval step iii) is carried out during or after step

ii). 7 . Process according to one of clains 1 to 6,
webasaoisey i sed in that, prior to bonding, an PCT/EP2008/053563

enbrittlenent area is produced in the second substrate

(30) so as to define a thin layer (31 ) . 8 . Process

according to claim7, characterised in that, after

bondi ng, the remainder (32) of the second substrate

(30) is detached along the enbrittlenent area, so that

the t hi h2. aﬁr@ceqsalaqcor@ngrmwsﬁﬂ@m etil,oabaractasisedr é1 that the

o1 i R boghonl solatf Y K ie Bikadig g

operation is a nol ecul ar adhesi on-bondi ng operatlon
10 . Process accordin g to one of clains 1 to
char act 3 Beasesn agsarding e @nepehalieigs 1d aeid?, PP@@FF%H?@C‘ in
| SiHGRN [ d
> LSRR B el stoh TENARLE: (T B o nal
1 swpddit (BhHaracterised in that the bonding step is
foll owed by a step of debonding the second substrate
(30) and the first substrate ( 10).12. Process
according to claim 11, characterised in that the
debondi ng operation is carried out via chem ca
etching. 13 . Process according to one of clains 11 or
12, characterised in that, before the debondi ng step,
the thin layer (31 ) is bonded onto a final support
(60).



