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present invention relates to a nethod for bonding two substrates
carried out in materials chosen fromanong sem conductor material s,
said method inplenenting: A step to bortd two substrates by thernal
treatnment; Plasma activation of the surface to be bonded for each
substrate, t he surfaces to be horsied rohssaf tesdxof the two
substrat es bei ng conprising of an oxide layer. Methods of this type
are already known. Here, bondlng is understood to refer to bonding
by nol ecul:#HCEYdRE his Lk, #NHaPN| y snmoot h surfaces adhere
to each other w thout u5|ng adhe5|ve - this being possible at room
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Here, ‘“bonding” is understood to refer to bonding by

molecular adhesion, where two perfectly smooth surfaces
adhere to each other without using adhesive ~ this being

possible at room temperature.

The guality of the bonding is particularly characterized by
the bonding energy, which expresses the strength of the
bond between two substrates bonded together.

To consolidate two substrates by wmolecular adhesion
bonding, the assembled substrates wust undergc a heat
treatment. Such a heat treatment allows the bonding energy
of the two subsitrates to be brought to a value on the order
of at least 500 mJ/m?, which may correspond to typically

degired values.

Conventionally, such a heat treatment is generally carried
out at a temperature on the order of at least 900° C (which
defines in the scope of this text the “high temperature”
field”). In the case of bonding between an Si substrate and
arnt 85i or S8i0, substréte, the bonding energy is maximized
with a treatment carried out at temperatures around of
11.00-1200° C.



1100-1200 C. 2 _ "Plasnma activation"” of a surface to be bonded is
defined as exposure of this surface to a plasma (this may be done in
particul ar under vacuum or at atnospheric pressure) prior to put the
surfaces to be bonded in contact. Mre drecisely, in known activation
techni ques, the surface of a substrate to be activated is exposed to
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Wht ch enai PTG Tt n (TE AR o o TR Ror SRR s Dol B, tfhe
"exposur e peaEnEhdEs” Lmdar teepowerr densityospitis g rdagsmiume nginiprof
pover supplyifig tthe RLEEIResWRbChe %ﬁ@e’ip%ﬁdéo}@a@t power density
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been activated before bonding after heat treatnents carried out

over rel atimelss 5h0Idradur athensetbosex gaphacodrtheaps der
~ . the power density. This is the density of power

‘has

supplying the plasma, which corresponds to a power
density per unit of surface (W/cm®) and that will also
be designated by the simple term of “power” in this
text.

- Pregsgure (preSsure. in the chamber containing the
plasma, expressed in mTorr), ,

- The nature and flow of gas (expressed in sccm:
standard cubic centimeter per minute) supplying this
chamber.

Such activation particularly allows bonding by wmolecular
adhesion to be carried out by obtaining significant bonding
energies without necessitating & heat treatment at high

temperatures.,

In fact, plasma activation leads to high bonding energies
between two substrates, at least one of which has been
activated before bonding after heat treatments carried out
over relatively short durations (for example on the order
of 2 hours) at relatively low temperatures ({(for example on
the order of 600° C or less).

Such activation is therefore advantageous to stabilize a
structure comprising two bonded substrates, in the case



of 2 hours) at relatively |low tenperatures (for exanple on the order
of 6000 C or less). Such activation is therefore advantageous to
stabilize a structure conprising two bonded substrates, in the case
- 3 where one wishes to avoid subjectihg the structure to too high
tenperatures (particularly in the case. of heterostructures, which
are definedy@srStEMCtI % s CONPEY S D IshsHItS R 3 e0fs tTRIRALRl £haWNg .
t her mal exlﬁ)a%ﬁl on coefficients that ar e s bstantially different). :
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bonding. T I I e . f e n a
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hydr ophi | i ce\bondiargsQf Si and Si02, T. Suni and |1.J. Electroch. Soc.
Vol . 149, No. 6, p. 348 (2002) and in Anmerican Patent US 6 645 828
by Farrens et al.) consists of activating by plasm the two
substr at es The Feapgigadmethods (particularly Smart Cut™ type methods,

of which a general description may be found in the wozrk
SILICON-ON-INSULATOR TECHNOLOGY: Materials to VLSI, 2nd
Edition (Jean-Pierre Colinge), or BESOI (Bond Etch Silicon
On Insulator) type methods in which two subgtrates are
bonded and then, the surplus material of one of the
substrates is eliminated by etching) are examples which may
benefit from plasma activation for bonding.

To fully exploit the effects of plasma treatment for each
bonding, the conventional method encountered in literature

(particularly in the documents Effects of plasma activation

on h?drophilic bonding of 8i and 8i0;, T. Suni and I.J.
Electroch. Soc. Vol. 149, No. 6, p. 348 (2002} and in
American Patent US 6 645 828 by Farrens et al.) consists of

activating by plasma the two substrates to be bonded.

More rarely, only one of the two surfaces is exposed to
plasma gince the bonding energy is low. In the case of
81/810, bonding, it is generally the oxide that is treated
by plasma (see Effects of plasma activation on hydrophilic

bonding of Si and 8iG,).




More rarely, only one of the two surfaces is exposed to plasma since
t he bonding energy is low. In the case of Si/SiQ2 bonding, it is
generally the oxide that is treated by plasma (see Effects of plasm
activation on hydrophilic bonding of $i-and Si02). 4 Different
gases are today utilized in plasma treatnments to activate the
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In particular, an cbject of the invention is to increase

the bonding energy obtained after plasma activation.

In order to reach these cobjects, the invention proposes

according to a first aspect, a method for bonding two

substrates made of materials chogen from among

semiconductor materials, said method implementing:

- a gstep of bonding the two substrates by heat
treatment,

- plasma activation of the surface to be bonded of each
substrate, the surface to be bonded of a f£irst of

two substrates being comprised of an oxide layer, the
method characterized in that the plasma activation of said
oxide layer is carried out under an atmosphere containing
oxygen, and the plasma activation of the surface to be
bonded of the sgecond substrate is carried out under an
inert atmosphere.

Preferred, but non-limiting, aspects of this method are the

following:



bonded of the second substrate is carried out under an inert

at nosphere. Preferred, but non-limting, aspects of this nethod are
the followng: 5 the substrate whose surface is conprised of an
oxide layer is the donor substrate for a |ayer transfer to a

recei ver substrate, the oxide |ayer is obtained by thermal oxidation

ofb thet dono; hsw?@t rs&tmf tﬁa:ﬁ.% Qricge |sa.‘;fﬁéc!:ai5igeﬁgﬁbkiﬁge@roth%nd%@ﬁe
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power density du%:n activation q% a plasma under an atnosphere
conpri si ng ar gor™ts Y0PATWERBE T He neutral gas is nitrogen, the power
density duri ng &bei vatdenléyeplbsmenpsdéedann bbeodpier esworipritsi ng

nitrogen is 0.8 WCRRankRerr STELYE a5 WS (8L €1 58n SHP) BedeithdR)a type
cleaning step before the a I on step, the donor substrate

t | as acti vat
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- the receiver gubstrate is sgilicon,

= the neutral gas is argon,

- the power density during activation by a plasma under
an atmosphere comprising argon is 0.4 W/cm?,

- the neutral gas ig nitrogen,

- the power density during activation by plasma under an
atmosphere comprising nitrogen is 0.8 W/cm?,

- the receiver subsgtrate is subjected to a cleaning step
before the plasma activation step,

- the donor substrate is subjected to a cleaning step
before the plasma activation step,

- the bonding heat treatment is performed at low
temperature,

- the bonding heat treatment is perforwmed between 200° C
and 600° C, ‘

- the bonding heat treatment isg performed over a short
duration,

- the bonding heat treatment is performed for
approximately 2 hours.

According to a second aspect, the invention also proposes
an S80I type atructure obtained by the tranafer to a
receiver substrate of a thin layer removed from a donor
subgtrate, after bonding 6btained by plasma activation
according to a method of the type mentioned above,
characterized in that the invention has ah UTBOX (Ultra
Thin Buried Oxide) type layer.



t he bondi ng heat treatnment is performed over a short duration, the
bondi ng heat treatnent is perforned for approximately 2 hours.
According to a second aspect, the inve%tion al so proposes an SCS
type structure obtained by the transfer to a receiver substrate of a
thin layer renmoved froma donor substrate, after bondi ng obtai ned by
pl asma activation according to a nethod of the type nentioned above,

characteriz j at e Javent ik on has :ngB@g (st & R BuLi-gd
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for a thickness _of buri I | ismgtely 250 A,
the layer has be ﬁegESB ghdsgﬁﬂé%%ﬁ€€?§§r}8%%r$@3§ﬂ%%‘néss of the
buri ed oxi de | afek oft dPprostiangt elof 1ZheA bupdefayexings Bev®sencd

and 310 def ect sipprok@hadelPi ekoess ahhel ek iRt oxdEiedayer agfi 10
approxi matel y 1%0% A, and for a plasna activation under neutral

at nosphere carr (& eSEF’mﬁth argon, the bonding energy at room
tenperature i s &oprox nettelakne@s17%5L)/ e f duraedhi okadss dbvehe of
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activation unde% fneutral at nosphere carried out with argon, the

bondi ng srects,
- for a thickness of the buried oxide layer of

approximately 1000 A, and for a plasma activation
under neutral atmosphere carried out with argon, the
bonding energy at room temperature is approximately
0.175 J/m?,

- for a thickness of the buried oxide layer of
approximately 500 A, and for a plasma activation under
neutral atmosphere carried out with argon, the bonding
energy at room temperature is approximately 0.180
J/m?,

- for a thickness of the buried oxide layer of
approximately 250 A, and for plasma activation under
neutral atmosphere carried out with argon, the bonding
energy at room temperature is approximately 0.200
J/m?,

- . for a thickness of the buried oxide layer of
approximately 125 A, and for plasma activation under
neutral atmosphere carried out with argon, the bonding
enerdy at room temperature is approximately 0.200
J/m?,

- for a thickness of the buried oxide layer of
approximately 1000 A, and for plasma activation under
neutral atmosphere carried out with nitrogen, the
bonding energy at room temperature is approximately
0.235 J/m’,



energy at roomtenperature is approximtely 0.180 J/n2 , for a

t hi ckness of the buried oxide |ayer of approximately 250 A, and for
pl asma activation under neutral atnosphere carried out with argon,
t he bonding energy at roomtenperaturé€ irs approxi mately 0.200

LT/ nm2' for a thickness of the buried oxide |ayer of approximtely

125 A, and for plasmy aglivatia uegder cpaeuty.al .at Magpher e 1636t eds
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approxi mately 1 for a plasnma activation under
- for a thickness of the buried oxide layer of

approximately 125 A, and for a plasma activation under
neutral atmogphere carried out with nitrogen, the
bonding energy at room temperature is approximately
0.262 J/m*.

The bonding method according to the invention may be
implemented for the transfer of a thin layer in view of
making S80I (Silicon On Insulator) type substrates, made by
molecular adhesion bonding with the implementation of a
layer transfer {for example by a Smart Cut™ or other type
trangfer methed) .

More precisely, an advantageouz application of the
invention relates to the manufacturing of SOI substrates
more precisely UTBOX (Ultra Thin Buried Oxide) substrates
having very thin insulating layers, whose thickness is less
than 500 Angstrom, for example oaround a hundred Angstrom.
A particular non-limiting example of the invention relates
to UTBOX substrates for which good results have been
obtained. However, it is explained that the invention can
algo be applied to thick BOX (Buried Oxide), that is, a
thickness greater than 500 A,

indeed, when the buried oxide layer of such structures is
very thin, one may observe problems with defectivity (areas



neutral atnosphere carried out with nitrogen, the bonding energy at
roomtenperature is approximately 0.262 J/n2. The bondi ng met hod
according to the invention may be inplenented for the transfer of a -
thin layer in view of nmaking SO (Srlfcon On Insulator) type
substrates, made by nol ecul ar adhesi on bonding with the

i npl enent atioen t&fan@fek%@r Tv6§8§f ebubbPEs eX2RP| B1 DYt Sr S c I Wi
ot her type, _transfer Nbr e preC|ser an advant ageous

appl i cat i oA 28FTt Ean§€%%§ﬁ oh relates to the nanufacturing of SO
substrates nore precisely UTBOX (Utra Thin Buried Oxide) substrates
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that the ipueatign can also be applied to thick BOX (Buried oxide),
that is, a thickness greater than 500 A |ndeed, when the buried
oxi de layer of such structures is very thin, one may observe
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and bl | st ets) oMl Uee hitker dupnstersetty The donention. is

general ly app Freat strates
sem conductor nmaterial . Each of these materials may be silicon, or
anot her semkcenduchker scaml ebc@livatnen oist bersivd angs 109 dechonflethof

the two substrates mmy . in additian have been oxidized prior to
activation.

One may also explain that the invention allows bonding to
be performed, particularly in the scope of a transfer
method for a thin layer of a semiconductor material from a
*top” wafer forming the donor substrate to a “bage” wafer
forming the receiver sgubstrate. Thin layer refers to a
layer of several hundreds to several thousands Angstroms in

thicknegs.

In this application to transfer wmethods, bonding is
performed after activation between a surface of said donor

substrate and a surface of sald receiver sgubstrate.

Said transfer method mway particularly be periormed
according to the Smart Cut™ wmethod implementing an
implantation of atomic or ions species before bonding to
create in the thickness of the donor substrate an zone of
weakness and detachment at the level of said =zone of
weakness after bonding.

The invention will be better underxstood upon reading the
following detailed description done with reference to the

attached drawings in which:



As will be seen, activation is carried out on each of the two
surfaces to be bonded. One may al so explain that the invention allows
bonding to be performed, particularly in the scope of a transfer

met hod for a thin layer of a sem conduter material froma "top"

waf er form ng the donor substrate to a "base" wafer formng the

receiver substratg, Jhin liayeg rgga Eﬂa@ Jo gt;_,e%f several Jayndseds

to several thousands Angstrons i thickness. is application to
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been done with a pl astrepraiciad atfi am duﬁrhggaamimmmﬁw denergon) , oxr
substrate, oxidized gisthe HHfiageegnas activated by an oxidi zi ng

| asnmma, .
P - Figure 2 1s a graph that compares the number of

defects counted after detachment in the scope of a

trangfer of a layer from a donor substrate bonded with

a receiver substrate for a layer of oxide of 125A, the

bonding having been performed with a plasma activation

during which:

- The donor substrate, oxidized at the surface, was
activated by an oxidizing plasma,

- And the sgilicon receiver substrate was activated
by one of two types of plasmg under an atmosphere
compriesed of an inert gas (nitrogen or argon), or
wag not activated.

- Figure 3 compares the bonding energies obtained
between two substrates that are bonded together, one
of the subgtrates being covered by an oxide layer and
having been activated before bonding by oxidizing
plasma, using:

- different types of non-oxidized gubstrate
preparations (activation by a nitrogen or argon
plasma, and without plasma activation)

- different thicknesses of the oxide layer covering
the surface oxidized substrate (1000 A, 500 A,
250 A and 125 A),

- Figure 4 1is a graph that compares the number of
defects counted after detachment of a transfer of one



And the silicon receiver substrate was activated by one of two types
of plasma under an atnosphere conprised of an inert gas (nitrogen or
argon), or was not activated. Figure 2 is a graph that conpares the
nunber of defects counted after det-adfiment in the scope of a
transfer of a |layer froma donor substrate bonded with a receiver

substrate for & lanerspiy 0Xi de ok Js%%étr&@@ \AEBHBQ&”%%%V@%@@&%&
performed with a plasma activation_ durlng i ch: The donor )

substrate, oxidf TAES WP uPPaf&F i 9ad 2YELt i%fat €30 b arF ki jpding
pl asma, And t hehsrirngoberaceczerisiibstutat eivias actpileamad adlyiedaeicof

two types of pl d.lqglqrcha;n at nosphere conprised of an inert gas
(nitrogen or argon;, or was, not activated. Figure 3 conpares the

bondi ng energi s obtdithedi Btttk et TiArSs ubst FAEeSOrREt BREtBEE8ed
together, one of thasubstiraites by g Flesanedron ahed)ddecdayempesnd
havi ng been acti vat f [.n i,di_zi |.as i ng:
different types of ﬁogfn?%)?_% |zggagﬁbgtrg%‘f%&praégg’r%g%llgggsr(‘?jé%%(?%%?iogn
by a nitrogen or ar@&igorpl a8%m byanmdP worhEhELlpd addasaeri vt | by not
di fferent thicknessestQfatle@ oxi de | ayer covering the surface

oxi di zed substrate (1000 A, 500 A.. 250 A.and ]t[2e5 A, Figure 4.is
graph that conpares Fe nutber “BF° 1 TET ecT & tounted At t ef “detHEHHEN
of a transfer of oneiliten was not activated. :

Ag in the case of some known methods, the invention brings
the activation of two surfaces of substrates to be bonded

by plasma into play.

In the invention, a gpecific plasma activation of the
surface to be bonded of each substrate is implemented, the
surface to be bonded of only a first of the two substrates
comprising of an oxide layer. Plasma activation of said
oxide layer ig carried out under an atmosphere containing
oxygen, and plasma activation of the surface to be bonded
of the second substrate is carried out under an inert

atmosphere.

The following description illustrates examples of bonding
methods that apply transfer of a layer from a donor
substrate to a receiver subgtrate, the layer being detached
according to a Smart Cut™ type method. However, the
invention is understood as relating to the bonding step
itself and the layer transfer is only a particular

illustration.

Treatment of the receiver substrate

Generally, the power wvalues specified in the following
description are given for applications for wafers with a
diameter on the order of 200 mm. However, the present



| ayer frem a donor substrate bonded with a receiver substrate for an
oxi de layer of 250 A, the bonding having been carried out with a

pl asma activation during which: the oxidized surface of the donor
substrate, was activated by a plasna r om one of two types of

pl asma under a neutral atnosphere (nitrogen or argon) or by an

oxi di zi 3_9 ﬁh&éﬁ_ﬁfpl@r al@s nRgipliaet iwt@ﬂf@m VL L@Ceii\&ﬁi’etf&tn‘b&iﬂ agree i N
non- oxi di z si li.c nqgt., act i vat ed. in the e of . some known
nmet hods, t%edleﬁvéjr% %@RV\%@}'ngs" ?C%a P vtal 16t tom%at:sslliﬁfglégessmaof @r
substrat es thg BewpbrdrePity Yfilaw®a-into play. In the invention, a
specific plasma activation of the surface to be bonded of each

substrate | i | emented, t surface to bonded of, onl a fi
o the o TRGBAEPE e beleral Ty nEber SEel, BhaRihyet S metded 4165
activati onWétmbaintl WxiWenayprefsrahly i ®d duicninder angannosphet &

cont ai ni Ngw/e%y 94&% BRGoBkaASMBnachi yaliof ebrthe s face to be bonded
of the second substrate i's carried out under an inert atnosphere.

The followi ng description illustrates exanples of bonding nethods
t hat appl y Theapsiéacef cd lthapgenrebrdnea dobstratstibsst rade tomprisgeioer

substrate, ahh8x£§¥eiaP§},”%rﬁfti%cg?c@feﬂ%fs’s{Ob;irchfo‘i’l.a Smart Cut' type

net hod. However, the " invention i's understood as relating to the
bonding step itself and the |ayer transfer is only a particular
il lustrati erio¥reatpieadmeofadthieratdoai, vehe sabsiact o be bonded of the

subgtrate may have been cleaned, for example with ozone
and/or a mixture of RCA.

The surface of the receiver gubstrate is then subjected to
plasma activation under neutral atmosphere, £for example
containing argon or nitrogen, under the following specific
experimental conditions:

For treatment under an atmosphere containing argon:

- the strength is between 25 and 2500 W, preferably, it
ig from 125 W for a 200 mm wafer or approximately 200
W for a 300 mm wafer (corresponding to a power density
of 0.4 W/em?),

- the pressure 1is between 20 wmTorr and 100 mTorr,
preferably 50 mTorr,

- the gas flow is between ¢ and 100 sccm, preferably 100
sccm,

- the exposure duration is between 5 sec and 5 min,

preferably 30 seconds.

For treatment under an atmosphere containing nitrogen:

- the power is between 25 and 2500 W, preferably 250 W
(corresponding to a power density of 0.8 W/cm®),

- pressure ‘is between 20 mTorr and 100 mTorw, preferably

50 mToxxr,



General ly, the power values specified in the follow ng description
are given for applications for wafers with a dianeter on the order
of 200 mm However, the present - 11 invention also applies to
wafers with a dianeter on the order-of2 300 mm by adapting the power
of the plasma (or the power density values). Therefore, generally,

t he power densityel §abetoen  Ki3feeW @nananﬂod%a&lngn%reme@«fa@%gbwo
0.4 WcnR for argon, and 0.8 WcnR2 for nitrogen, and 0.8 Wc for
oxygen. The sur PaEE" of the receiver substrate is not conprised of an
oxi de | ayer, andhes gupeisairgbl gusSidiogonis Phebreen Bl asem aoti Vat inon,
the surface to pe-bepget, ofo tdordishstrate nay have been cl eaned, for
exanple with ozone and/or a mxture of RCA. The surface of the
receiver substrate is then subjected to plasnma activation under
neutral at Pogphgr @lakue exanpbéiononthenpagernr gonsdry nELppheimg ubigder
the fol | owifig<aReqisf 'a?dap%’é@erﬂdm{l{@ga@@“@ﬂ'%. FY ELgat neat aﬂg&?r
an at nosphére contaiping argon: the Strength is between 25 and 00
W pref er aBitymsi #rej aW%‘Fn‘%?S‘ WP%“ZB%O‘H"T’H vidte PO isEE PRgL BP y
200 W or iap36fientn wafesn ( gdasesponti hg Heo aocpewerimiersi t yhaaf Hod
WcnR), the. reql et wee r 0 P b

50 mTor . HE oo PoATS’ befaBa D aadPIo0 2Ech Tpray Srabrerete >
sccm the é¥fosti#elduration is between 5 sec and 5 nin, preferably
30 seconds.

Treatment of the surface to be bonded of the donor

substrate

The surface to be bonded of the donor substrate is
comprigsed of a thin layer of oxide, on the order of 100 A
to 5000 A in thickness, preferably less than 250 A in
thickness (particularly in the case of a wvery thin layer
intended to comprise a UTBOX type structure).

Prior to plasma activation, the surface to be bonded of the
gubstrate may have been cleaned, for example with ozone

and/or a mixture of RCA.

Treatment by plasma activation is carried out by using

oxygen gas according to the following experimental

conditions:

- the power is between 25 and 2500 W, preferably 250 W,

- the pressure is between 20 mTorr, preferably 50 mTorr,

- the gas flow is between 0 and 100 sccm, preferably 75
scom,

- the exposure duration is between 5 sec and 5 min,
preferably 30 to 45 sec.

Step of bonding of two wafers




For treatnent under an atnosphere containing nitrogen: the power is
bet ween 25 and 2500 W preferably 250 W (corresponding to a power
density of 0.8 WcnR), pressure is between 20 nilTorr and 100 mforr,
preferably 50 niforr, 12 the gas flow3i s between 0 and 100 sccm

preferably 100 sccm the exposure duration is between 5 sec and 5

mn, prefepabkyc3Qageeondse PULi 8 BbassE: a&ﬁa veﬁé@nsuxs;r&mwo a

d t |y th ted to d
fact, s alg8nt SRtriE s oo et AR (g ratans s PHE polbr
ret ai ned tprefaphielenitetaragon 20l08sfaand| $0e Gorte Isrtnmnedhenamf drhe

nitrogen phagfingi Rr@LAST 1€, §Venlr-a Al ag)eleﬂj effsopt 10f mihecaragon.
Tr eat ment gf the surfacé to be bonded of substrate The

surface toBETBonded BPIHE IGHER L LOBsT %ﬁ Y E’Sﬁﬁgl €eB°%¥FSa thin
| ayer of oxide, on the order of 100 A to 5000 A in thickness,
pref er abl yTheS§nw§@1%’az9e$ didl e INISKNESS mggﬁaa nggeéﬁiyea n; 4 he, case of

a very thin layer nded to cg{grlsea pe structure).
Prior to pFasﬁata&w%a%%hva%w e U5 B‘ée%oﬂ eauBFETRRee £o be
substrate ha;xdékave been cl eaned, for exanple with ozone and/or a

m xture of RCA Treat ment by plasma activation is carried out by
usi ng oxygen according to the foll ow ng experi nent al
condi t i ons&n- énﬁéaér afs “Hetherpt el aﬁﬁsﬁ‘g‘?ﬁ) W Sher erebiar 1950 Qi

even elimination of defects ({(areas not transferred, voids,
bubbles, and blisters) within the thin layer that may be
present after transfer of this layer on the substrate.

In addition, once the bonding etep has been carried out, a
step of thinning of the donor substrate is carried out, for
example according to the Smart Cut™ method, or even by
etching of the donor gubstrate.

In fact, the present invention may be applied to making
complex substrates {(of the SOI type for example) by a Smart
cut™ type method, but also a BESOI type method. The
invention also applies to substrates comprising integrated
circuits that cannot undergo high temperature heat

treatments and would therefore necessitate plasma bonding.

Description of the figures

The experimental conditions of the bonds performed in order

to obtain the results provided in the figures were the

following:

- oxidation (for example by heating) to obtain an oxide
layer with a given thickness over the surface to be
treated of the donor substrate.



- the pressure is between 20 nmilorr, preferably 50 mlorr, - the gas
flowis between 0 and 100 sccm preferably 75 sccm - the exposure
duration is between 5 sec and 5 mn, preferably 30 to 45 sec. Step
of bonding of two wafers - 13 The twoldwafers are put in contact and
then subjected to a |ow tenperature heat treatnment (between 25 C and

1100 C), pref erIﬁ‘zB'anPQH\@f?” &Ootgear@orﬁﬁoo szsE9a§é r %g,lﬂ‘e@l'yﬁgo&@f?

bondi ng energy, tor duration going from 30 m_n,
exposur e durat i éﬂroﬁﬁef EPEBEY 6& K672 ABEFs”-Fheli nvaet's‘?“i‘ aﬁ“é B'EFE%?

of the method presepteflacts ta Yaadionded,opti m ze activation of the

surf aces of. SUbgH gl es ! 0:hey hORedsu AR ARy D8 Glod e BBt Both.

resides in the re n or even elimnation efects (areas not
transferred, voRBY/°rpRbblegde AE¢HirSrers) w t h| n the thin |ayer
that nay be presashaafddrivatdps etinddr t AhS dtayephetet heomphistiadat €€

thi nning of 't heoRsdh SUBerr Sfe oo coat i Bhoatirey 8 S nadry? ' BBuek
according to théesmatr chit 250n#y hdyrabiceveh By Sétﬁbhpﬁgngﬁ ehRetasfor

substrate. In fagtpet BEnPERSENILH RALIFOBUBBY & appl ied to makl ng

conpl ex substra of the t f or_ex
t ype net hod, bu%‘iai3 3 30%7@@% I%/)é'gl et Aod® g%%peﬁ? ven nI%éaﬁ lln?oargOn
appl i es to substfavescfohpl isteiy ipvesgracedt &P reidus Hemercdsnotty
under go hi gh teppergisurg, h&@fatiér?a@fmﬁbsséaﬂ Woultthd heiefie to be
necessitate pl annd28”9£ NG rDeecsecir‘}eptl ogsgraé he figures

- Bonding of the two surfaces to be bonded by molecular

adhesion,
- Annealing between 200° C to 600° C to stabilize the

bonding.

As may be seen in Figure 1, approximately 15 defects (areas
not transferred, <woids, bubbles, and blisters} may be
detected on the layer transferred after the Smart cut™
method if the receiver substrate was not plasma activated,
while 4 defects are counted in the case of argon plasma
activation, and no defects in the case of nitrogen plasma

activation.

The number of defects is therefore significantly reduced
when the receiver substrate 18 subjected to plasma

activation in an atmosphere containing an inert gas.

Figure 2 shows similar results. More than 1000 defects are
detected in the case where the receiver substrate wasg not
plasma activated, while only approximately 300 defects are
counted in the case of plasma treatwment under an atmosphere
containing argon, and about thirty defects in the case of

plagma treatment under an atmosphere containing nitrogen.



The experinental conditions of the bonds perfornmed in order to
obtain the results provided in the figures were the follow ng:

oxi dation (for exanple by heating) to obtain an oxide layer with a
gi ven thickness over the surface to bel5treated of the donor
substrate. - 14 Inplantation of the donor substrate w th hydrogen

al one (enerr_g.ye B&A_g%\ﬁced(gfe 7 161 HL6 REPEE/ SHL)126E08S int REeSWLERCEFT O
be bonded, eani ng t he tvvo surface Ee bo%ed %}/ ozone and/or
RCA Ly po. cIEHRy 2 BPacH GEt PORrFISF Gty CHR SRMUS R COoe J8dPor
oxygen (f| ovihioginez5 Gricihnessesshare nft Bl nffese , ofoWBourdensi tHowefve250
W durationf 35€@)mBE,t Be uELACE id %1%1?98Q§91ff1$ﬁ§rqh@fé9ﬂ' the

substrate, Plasnma activation undg an ‘at npSphere con

ainin
(flow of 10EEEH tpr BEsEPRIsE 8D Mhorrecepdner “uRRAsTRye qmsg

dur ati on ofb&retendoplbbeasuréaicesito Urelerbendedtodl tdrtencrqﬂmmer
substrate, Bonding of the two surfaces to be bonded by nol ecul ar
adhesi on, Anneal i ng. between 200 Cto 600 Cto stabilize the bonding.

As may be SBiEMmten3FPgavE thahpptlsd Mty riscacPEcERe (Fihiged,donor
transferre%ub@me bitab| g8t ivantkd| bt ens oxitday zhag ddbeeked wntiher

| ayer transtf err ter the %rgégdé;%ﬁ,g@zggd bi the Jecalivgl.,

substrate was n@? prasima @Activat e Fact $OMFe Tount e
the case ofthe demdsiings emeTayt iivatigher aWde o e faatiaden ttonéjecéi@éld@fi

nitrogen pl@smhe receiver substrate was treated beforehand to bonding
by plasma activation (by a neutral gas) than when it was

not activated by plasma. However, the effect of this plasma

. activation depends on the thickness. of the layer, as well

as the neutral gas utilized (argon or nitrogen).

However, there was no degradation of bonding energy for the

very thin oxide layexs (on the contrary).

Figure 4 shows that activation of the oxidized surface of
the donor substrate by an oxidizing plasma, the receiver
substrate inactivated, provides better results in terms of
defectivenesg in comparison with treatments by argon and
nitrogen plasma, which explains the choice of activation by
an oxidizing plasma of the donor substrate.

The oxide layer at the surface of the donor substrate here
has a thickness of 250 A.

Indeed, a dozen defects are counted when the oxidized
gurface of the donor substrate was activated by an
oxidizing plasma, on the order of about  fifteen defects
when the oxidized gurface of the donor substrate was
activated by a plasma under an atmosphere comprising

nitrogen, and on the order of 25 defects when the oxidized



activation. The nunber of defects is therefore significantly reduced
when the receiver substrate is subjected to plasnma activation in an
at nosphere containing an inert gas. Figure 2 shows simlar results.
More than 1000 defects are detected‘ﬂﬁsthe case where the receiver
substrate was not plasma activated, while only approxi mately 300

defects argurgauat e | pnéheygase ﬁﬁbéﬂﬁ%&%ﬁ Y4 £akeRAGaHBEE b ANplasma
and_about thlrty defects in the case of

at nosphere__contai ni hg ar.gaon,

pl asma tregF§§ﬁt un%%&od% é?hﬁ?ﬁﬁgﬁglg%n?é?ﬁ}ng nitrogen. - 15 The
presence of a higher nunber of defects in the case of Figure 2 is

due to the zhatatddtlh&abnt h%h%'r@%u'l@)éerobﬁﬁinédmﬂéblo&ﬂh@”ﬁ&ti{ﬂé@i&ﬂ?%f

than in the, case t he total nunber of

B e L UL N
substrat e passmecervedlshefartehand peasapof résiauntvaneder thanethosd
at mospher e o Bl g Gnide.s NOWS didtcarigd Lbe é&HJ&%%%dOEe%G§eﬁéhQ'zed
donor substrate was activated by an oxidi zing plasma, whatever the
t hi ckness of the oxide |ayer of the donor substrate, the bonding
energy i s hhgherxpshameniielsurdratie ibasbecthoadeddimdnitt hefr edes veethod
substrate wRschifah et balorehand b Bedhiden by RIASHE A6kl ¥ahiOnd by
a neutral gas) than when It was not actlvated by pl asnma. However,

the ef fect ®SFT™PhES- pl asma  acti vati on depends on the t hi ckness. of
the layer, as well as the neutral gas utilized (argon or nitrogen).
However, there was no degradation of bonding energy for the very
thin oxide l|ayers (on the contrary). Figure 4 shows that activation
of the oxidized surface of the donor substrate by an oxidi zi ng

pl asma, the receiver



substrate inactivated, provides better results in terns of
defectiveness in conparison with treatnments by argon and nitrogen

pl asma, whi ch explains the choice of activation by an, oxidizing

pl asma of the donor substrate. The oxilde |l ayer at the surface of the
donor substrate here has a thickness of 250 A Indeed, a dozen
defects are counted when the oxidi zeth.atsigr f ace of the donor substrate
was activated by an oxidizing plasma, on the order of about fifteen
defects when the oxidized surface of the donor substrate was
activated By a Pl ashicdndar aperdinss phe? e SUBAPFraSehg C2RTLEdgEamt &l
on the order ofmzbedef{rrtehvben themoxndhdededboos@idse RhcéRpaTONOr
substrate was actigatq%IQg.plqsna ynder an at nosphere conpri sing
argon. In addi t Fons THe'T ST S"6BF A% ed foll owi ng activation of the
oxi di zed surface of & hestemortgubbenat ety apubxithtgsg byl asheresrle
al so better in ternsfyefgftecti veness than those obtained when the
surface was not activated befqrehand. The experinental , conditions of
enbodi nent of the rmﬁ%ﬁﬁ?a(ﬁﬁﬁ%yﬁﬁéaniﬂgléhfi ﬁFFo%Oapg Py ﬂgb§nhay
of non-limting examilessuliFtratC AlNE fMunbidesd for bbolrdindgdt wd 2
substrates carried qui, di JRLEL alS CHOSEN O DAMBNG B QALY
materials, said nethod |Inplenenting: A step to bond two substrates
by thermal treat nmerf®®198 d$®Tacti vation of the surface to be bonded
for the method characterized in that the plasma activation

of said oxide layer is carried out under an atmosphere
containing oxygen, and the plasma activation of the
surface to be .bonded of the second substrate is

carried cut under an inert atmosphere.

2. The bonding wmethod according to claim 1, characterized
in that the substrate whose surface is comprised of an
oxide layer is the donor substrate for a layer
transfer to a receiver gubstrate.

3. The method according to claim 2, characterized in that
the oxide layer is obtained by thermal oxidation of

the donor substrate.

4. The method according to claim 2, characterized in that
the oxide layer is deposited on the donor substrate.

5. The method according to one of the three previous
claims, characterized in that the transfer allows an
SOI (Silicon On Insulator) type structure to be
cbtained.

6. The wmethod according to the previous claim,
characterized in that said SOOI comprises an UTBOX



each substrate, the surfaces to be bonded of a first of the two
substrates being conprised of an oxide |ayer, the method
characterized in that the plasma activation of said oxide |layer is
carried out under an atnosphere confa}%fhg oxygen, and the plasma
activation of the surface to be bonded of the second substrate is
carried out undgulagai NEfiin atgWmsRder xide) Thepkontdhig reihad whose
according to Cl%&ﬁb%ne Qaigcigggqgﬁulggctgat t he substrate whose
surface is conprised of "an oxide [ayér is the donor substrate for a
| ayer transfer to a receiver substrate. 3. The method according to
clhai m I2 ch;gr actrgei ?ﬂéﬂ%}dﬁ é h&borﬁbggo)ﬂcdeoh@yej’fhi shebt &iwed pgvious
thermal oxidation_o t Qnor s trat . «The t accor di to
cl'ai m 2, ohar acCaPEdgy CRarRALCTERE bt dhr by B £ oheaer: Sitshrthe
donor substrateis Bil¥@enpet hod according to one of the three
previous clainms, characterized in that the transfer allows an Sol

(Silicon on Insylator) .type structure to be bt ai ned. . 6. The,net hod
accor di ng E% thg SréW%' §<ﬁ9§QﬁgiWﬁua%uﬁQﬁi% dgﬁﬁ PREY 184P g CSer s
conpri ses an UTBGxract8rifedltim thstn tBer hedtoxd des tigpaudsmn | ayer,
whose thickness is less than 500 A. 7. The nethod according to one

of the five previous claips, chargcterized inhthat the,receiVﬁr.
substrate 3%'s sitPPcon®®@°%he 356CRFI™Eccdri ng o FEFEhe Frévlous
cl ai ns, characterized in that the power density during plasma

activation ig 0.4 W/om?.

10. The method according to any cne of claims 1 to 7,
characterized in that the neutral gas is nitrogen.

11. The method  according to the previous claim,
characterized in that the power density during plasma
activation is 0.8 W/cm®.

12, The method according to any one of the previous
claims, in combination with claim 2, characterized in
that the receiver substrate is subjected to a cleaning

step before the plasma activation step.

13. The method according to any one of the previous
claims, in combination with claim 2, characterized in
that the donor substrate is subjected to a cleaning
step before the plasma activation step.

14. The method accoxding to any one of the previous
claims, characterized in that the thermal bonding

treatment ig carried out at a low temperature.



characterized in that the neutral gas is argon. 9. The nethod
according to the previous claim characterized in that the power
density during plasma activation is 0.4 Wcn2. 10. The net hod
according to any one of clainms 1 to 7,19characterized in that the
neutral gas is nitrogen. 11. The nethod according to the previous
claim charactenjzed. i h hower d |t ur L.ag S .
activation J{f O%réfe\z/v @ﬁ%ﬂo%zaﬁéﬁgl&hoéoacc rd%ér?g than%%n?oefwf) &
previous cl ai mElRSconBrMER T oHF WSh éfai Tt égl&ra*elfl@maﬂedhqadlpﬁat
t he recei ver suhstagmentsisubiecietl dur detlveani ngoe st egmdefomre ct. he
pl asma activation step. 13. The nethod according to any one of the
previous clainms, in conbination wth claim2, characterized in that
t he donor stbst e MetBod| ¥ diada EPeatitthg o186t efLbelfien e Ruyious
pl asma acti?/a_ti @ aSinep. &Ha:;érdstﬁemelalﬁdiﬁcaﬂ{acﬁhnghtao ERYrdE Mondhag
previ ous cl ai aracteri t hat ndi .

treatnent is cg‘rsc’rrieé m%ﬁ% g% égf%:\{/vgc% gﬁer(:}é’tggrg.gﬁg% g@?dd%e nmet hod
according to any one of the previous clains, characterized in that
the thermalibondindg mbtRaE MdHcd %iea t8d syt bekweer 20 Cardi608
C. 16. The net hoqeaccordiﬂl to any (csxige.of i_Ehet prtﬁ;éi ogﬁ clfi M, <
characteri zed i A EARP t hE FFRTHI T B56ndiRg TtFealhent TPRETRar r iFEFG0E
over a short durtaeronent7isThermitdhatadosr dbpyoxonalsliorfe hyfurishe
previous clains, characterized in that the thermal bonding
treatnment is carried out for approximately 2 hours.



