1 PROCESS FOR FABRI CATI NG A Sl LI CON- ON- | NSULATOR STRUCTURE FI ELD OF THE

| NVENTI ON The present invention relates to a silicon-oninsul ator
structure conprising a silicon layer, a buried oxide |ayer the thickness of
which is 25 nmor less, and a support substrate, and to a process for
fabricating such a structure. BACKGROUND OF THE | NVENTI ON
Silicon-on-insulator(SA)structuresare frequently used in CMOS

applications.  procEb€rEk rECERT €T ERETK | SELTdGRION hevsumsadul surface to
their bottomside: a thin silicon l&§?éﬁ a_buried | ayer made of a

dielectric material that is typicaf UBRi de, for exanple Si @2, generally
denot ed by the acronym BOX for Buried OXide; and a support substrate.

The thi cknesses e .thin_ sil] yer and the oxide |ayer may vary
dependi ng on the9%ﬁ£§nagd%gﬁp##ggﬁﬁﬁég. In particular, the thickness
of the thin siliCha |pyesens riedugedidm aelhitelsness of 590 nmar-dress, even
20 nm or | €35, 400oesPeciably Lo aBaut 12.0m Ln andardo i wha are
cal l ed FDS f?u y Deplete S ) structures to be obtained,” which

struct ures havécghexddeanttage ofhei ghirkeans| pir educithgidpebatitordd

instability;and copgi dgraliphdr guedepgrlor mancecbelat pygckasWiadr are
called PDSO (Partially Depl'eted SO) structures in which the thickness of
the thin si FREBACRARYBY FYCRbBUBEYBCHET80 nm nanely: | ow dynam c power, |ow
| eakage current, high transistor density. Anong t hese structures,

UTBOX (UTBOX Staﬂg&?gRBﬁﬁDL%ﬁr@ﬁEhEﬁVEH?&3§ OXi de) structures, having a
Xrde“rayer, §

ultrathin buried ow great “prom se because the extrene
t hi nness of thisSeéléconionliysuhgtbati ng (Bafer makesudatyessi bl et apply a

voltage to %Qﬁggéﬁglikﬁg?ﬁiiﬁfC&Bg gb%yggggg?gg:e. to the side opposite the

thin silicon layer refore to precisely control the operation of the
devi ce. Th8uglr metyudtaiish" FETRKHABEst oddF I nEBALIKavi¥REE M hi ckness

of 50 nmorgl@$8ce to their bottom side: a thin silicon layer; a
buried layer made of & dielectric material that 1is
typically an oxide, for example Si0;, generally denoted
by the acronym BOX for Buried 0Xide; and a support
gubstrate.

The thicknesses of the thin silicon layer and the
oxide layer may vary depending on the intended
applications.

In particular, the thickness of the thin silicon
layer is reduced to a thickness of 50 nm or less, even
20 nm or lesg, and especially to about 12 nm in order
te allow what are called FDSOI (Fully Depleted SO0I)
structures to be obtalined, which structures have the
advantage of significantly reducing operational
ingtability and considerably improved  performance
relative toc what are called PDSCI (Partially Depleted
S0I) structureg in which the thickness of the thin
.silicon layer is about 70 to 20 nm, namely: low dynamic
power, low leakage current, high transistor density.

Among these structures, UTROX (UTBOX standing for
Ultra~-Thin Buried O0Xide) structures, having a ultrathin
buried oxide layer, show great promise because the
extreme thinness of this electrically insulating layer

makes it possible to apply a voltage to the back side



The fabrication processes of structures having a buried oxide layer with a
t hi ckness of between 25 and 50 nmare, at the present tine, quite well
characterized and it is possible to produce such structures with a
defectivity level that is conpatible with subsequent conponent fabrication.
However, UTBOX structures with a buried oxide layer having a thickness of
25 nmor | ess, and particecukarl yiof. 15cnmer $03s, opabsduer entd yrlonhy be

fabricated w.th _a _defectjvi I ti.sn ' o t i-bl ith the
requi r enent \glt%flcgélrrgoar}’eerﬁ) rr%l){n%f gglgtl]fretef?%e & Bi’ﬁfggé%%g rs}gtl%ﬁl tﬁ?éém

def ecti vi t yopsrdiéonood bbbbfiengcer blistering effect that is observed at
the bondi ng '”te%%c?ce'&ﬁa{ﬂ%rbaeé n 1hethinssibbicen laysr ang the
mechani cal support, in the case of an SO substrate fabricated using the
Smart Cut TMRprodeksess of Sfj glirer1'8Réws the variation in the defectivity

3Sfa fpnptionhofq%be ﬁ&ﬁﬁﬂ@%&ﬁ&ﬁpfpibﬁe5§¥é|QM£V?@ﬁ@%§?§§Q E@ﬁﬂmgy = The
efectivity shown in this graph is._the nunher o s _counted on the

surface of Qﬁ%\évg é?ﬁ%dr‘%’esfr‘ﬁ?bﬂt aafqr}é]rr&t}?rheesst h?ﬁ g)lelig'i‘“’(efﬁzf:lL I“ay et has been
transferreds0 nm | madie case ofhstructesest i ntimech t heiBOX lwyEr has a

t hi ckness b at d zqne),, t ling s i desp, that it
IS | npossi b?éggg%ggg%g?heggﬁbbﬁgs. S qjeoSlil%’llilgijltjiréesg'_ZCEA t}?)?%(#lc?% ués‘?@gt e the
mai n st eps etractigss kidwn prideesstivity abeieat ithgtsuch compaudein e

enpl oyi ng t Qe rBmalhCHLIN PEGRBSSent fabyYELRibLEf €rence to Figure 2A, an
oxide layer 2 is formed on_the surface of a donor substrate_ 31 from which

the thin siliconBPy§EETwi | PTBEXt rah¥rerress Wikhwedk Boheed2 ¢xide
f or med, at adept/Brcona@spanding the cidiesishi elness ofnd heoit hinedayeragato be

transferred, through_the [ | ayer_2, for exanple by |nplantation of
bt oo spechas T PUIREsEncE by P & r bR n SthLr S SR LD SRSy,
reference tdabrguree@Cwitthe adaimiestudsttat be@dl (bhanay sofndthecaxilde | ayer

2) and the ESS\%Q?E?:)l@UbSE{E@Ee 1.8Le h]}%quqg\%ég{e%?ég y Qgpdedchr%ﬁ%ﬁul ar

adhesi on. S bonding step is y a bond-stre ng
anneal intendadipgtimeréase the bond strength. Next, a supply of

energy, for exanpbeet héﬁ:@@hs@ﬂ?[QYthﬁéusﬁéféB@idQBQr §Hb5&{1§t ecsl 40 P' eave
in the weak zone nﬁg,energléfet he bond-strengt heni.ng anneal is

carried out PAPPE G et ST ey | CETCHE 4 Tedmrct aCHRE Betedn D60 and

550C) and i boadliows theeboadenglosheefiaceetwebe sthengthenedsahikcdhe

cleaving of ,the donar 3ubsLrate 19 1PE Uit &Y 1ihd N S&NT: SLEPso1
substrate fabricated using the Smart Cut™ process.

Figure 1 shows the variation in the defectivity as
a function of the thickness of the BOX layer expressed
in .

The defectivity shown in this graph ig the number
of bubbles counted on the surface of an SCI structure
straight after the thin silicon layer has been
transferred.

In the case of structureg in which the BOX laver
has a thicknesgs below 15 nm (hatched zone), the
bubbling is so widespread that it 1is impossible to
count the bubbles.

Figures 2A to 2D illustrate the main steps of a
first known process for fabricating such a structure
employing the Smart Cut™ process.

With reference to Figure 2A, an oxide layer 2 is
formed on the surface of a donor substrate 31 from

which the thin silicon layver will be transferred.



After the non-transferred part of the donor substrate has been detached, a
silicon-on-insulator structure (Figure 2D) is obtained to which
conventional finishing treatnments (rapid thernmal annealing (RTA),
sacrificial oxidation, etc.) are applied, these treatnments being intended
inter a/ia to snooth the surface of the thin sem conductor |ayer and repair
i npl ant ati on-r el &t ededdf ectgie 32 The fommedr nor @tRTA & eat SRt are
typicall'y Cé‘éHSQ%gH&i ot%ﬂéer@ﬂﬂfﬁn@%@veﬁ%% thin lalBrthe gfep of
bondi ng the two substrates, water nolecules present at the'interface
contribute ¥® tHEnBSRAFRE ofthEREISurFiedxide lavepweyerd Ord fiaP the

bond- st r engthenipd -3tRealon Wit ehrBRl ec s idd f usgpibsongbat he oxide | ayer
2, and above all through the_thin native-oxide |ayer on the surface of the
recei ver su%%??%?el@,FgﬁHr?eﬁ% “with the silicon of the sem conductor |ayer
3, and above al | widnhwirtdfetrkeicei licoRighrehe T ecehy edosulpstadtse-rigtd he

reacti on berLng t.he fal ] ow.ng,oxi 10N i ony 20+ _Si_ - 1.022 H2
Thi s reacti%g t beyr ef'6ie (\é\?o uk%:ée(sg%lt)l ecuﬁggg%f Oﬂydéggent%%s,rﬁ%lé%re
trapped i n theshuated bxiade | &ydrophiid ivadiled bghded| dyer MhiECWEY ng as a
hydrogen-ga%dﬁggggﬂgir. However, in the case of an ultrathin oxide

| ayer, the layer 1s not thick enough to store_all of the hydraogen gas

nol ecul es. Tirhe bI9TEH ki detFRyeri® hefefdPEcBecdibs Sat ffR%Ed and can

no | onger aBspehgthenmbecuhrsadf hydengea ges. Therexsessciwecuspidates at

t he bonding interface where it generates defects. This is because, as
soon as theSFEﬁﬁgthure of the bonded structure exceeds about 300C, the
hydr ogen gas subiegts def enimply esent eaertlye bondi ngxampee f adestmelpr essur e,

formng bubblgs. couslll &1 feflol SoAeSCLLbeds i nebhe kallouingal ticles:
A nodel of Si'nteYfaC& §efect formation Th siTicon wafer bondi ng", S.
Vi ncent et wkak Appki ed-Physics Letters, 94, 101914, (2009); and "Study of-

the formation, eyplutjon. ,and digsol ybhgosetchgtrehashal defaats in silicon
waf er bonding", S. Vilncent et al., Journal of, Applied Phé/sms, 107, 093513,
(2010) . carpjedaPhifi A§ GutlCdh TEIRSHA G Perfperdt ¢ CIFPHARWEE 300C
and 400C, tpetgergaratbon ahghydroten gasdi siti mlBswandiidusodmeimpmbbl i ng
effect is preven

Very. | ow detBEEFSREY 15 oBF a0 Pened paader o He B8Rt Sg it BY ace

still needsdbnobesadequatel yosbeengihéneddand the B8tesabspbrate still needs

to be finished \A@A&Egggt aﬁlﬂ@ow%_b&%seﬁegloe@ppﬁg{,ti notehe i shing. st eps.
gubstrate has been detached, a silicon-on-insulator
structure (Figure 2D} is obtained to which conventional
finishing treatments {(rapid thermal annealing (RTA},
sacrificial oxidation, etc.) are applied, these
treatments being intended inter alia to smooth the
surface of the thin semiconductor layer and repailr
implantation-related defects.

The one or more RTA treatments are _typically
carried out at a temperature above 900°C. '

In the step of bonding the two substrateg, water
molecules present at the interface contribute to the
bonding of the surfaces.

However, during the bond-strengthening anneal,
water molecules diffuse through the oxide layer 2, and
above all through the thin native-oxide layer on the
surface of the receiver substrate 1, and react with the

silicon of the semiconductor layer 3, and above all



At tenperatures of 900C and above, hydrogen gas is soluble in silicon.
After the cleaving, the objective is therefore to increase the tenperature
to 900C (tenperature above whi ch hydrogen outgases fromthe silicon)
rapidly 5 enough to set the structure andthustoprevent generation of
defects at the bonding interface. 4 However, after a conventional RTA
treat ment nwetl- buhbél esiatecabsefvedhto reartivienr t hebstraceur®e, andhe al t hough

t hese bubbles_are mrggusg?%h% féfa&ﬂ%ﬁgsgxgﬁgeiﬁgdr&; gl the known process

descri bed wth reference gures ey neké 1t inpossible to
use the stracHifr es ior—t BeOp nt ehdéd appl i cations. This is a result of

the fact that d the RTA the_te rature S _nat ingGr r dIy
enough to set tﬁéﬁsgrug?ﬁ%lgnd Bbg\ggﬁ?rfahepbno\%bcleﬁg ertoﬁeeC%SI%% a&' is
t heref ore shififopecessary wWoidbvelwp &rpppedssit haheprevened tmblbiees from

formng in iheepasecol SHALGLY el BAGIAYer enol WaLER gre s i or |ess

in thickness and in particular 10 nm or ss int |ckness To prevent
H2 from f or AVAEPIEBCHRBNEEHEY PD1D/ 049496 descri bes a second process, the

Et eps og Avvhl ch aﬁgwé\le@fesegtl egel rtaa@éwﬁsaﬁﬁuuexaghm o;cm\ér tinyeaf erence to
i gure an oxj de | ayer is formed on the surface o on
substrate 3t l1aYel\ @SakRobnd 8Lk s SPGPREd, Fat SEWépt AL or? ptgr?dl ng to

the thi ckneﬁsdﬁégehegablnnoltagzele§ to be transferred through t he oxi de

| ayer 21, for ex b at S Esggg d by the
arrows in Figur e'?g%) Bu Xed”@ﬁ?& agrgr ertfélget"t%ggogr E)fegd ) an oxXIl CFayer 22
is formed oanflheasunpadengert Ia@spe“belt\h@r H@l@s;ttﬁ@tse of. hydrogegexdas nol ecul ar

adhesi on (oxj,delgxdde) bongdhighiss used di beeﬂdtﬁtg doRQL-rsubstiatle 31 to
t he receiver substrate 1, the oxide layers 21, 22 being |ocated at the

interface ahHl PSRBFABEST FARAESthe buried oxide |ayer 2 of the SOT
substrate. TRAEEek st Beeatteedl Bg sbep, alherdonempuibahial e scied eaved.

Thi s processahleves results in terms_of .defectivity in so far as the

H2- gener at i i &%grctgltd"hl tslrlel rﬁxtcé?cfiddi/ v %réggn e gﬁetﬁgdﬁﬁg%ga@ buri ed

oxi de | ayer Sabjjtattéorda&da;&r rpeeséntwatter thel dxldindy f fuseofiace to
pressure, forming bubbles.

This effect 1s described in the following
articles: “A model of interface defect formation in
silicon wafer bonding”, 5. Vincent et al., Applied
Physics Letters, 94, 101914, (2009); and “Study of the
formation, evolution, and dissolution of interfacial
dgeferts in silicon wafer Ponding”, S. Vincent et al.,
Journal of Applied Physics, 107, 093513, (2010}.

By carrying out an anneal at a temperature of
between 300°C and 400°C, the generation of hydrogen gas
ig limited and thus the bubbling effect is prevented.

Thug, after the'cleaving, a structure with a very
low defectivity is obtained.

However, the bonding interface still needs to be
adequately strengthened and the S80I substrate still
needs to be finished without allowing bubbles to appear
in the finishing steps.

At temperatures of 900°C and above, hydrogen gas is
soluble in silicon.

After the cleaving, the objective is therefore to
increase the temperature to 900°C (temperature above

which hydrogen outgases £rom the silicon) rapidly



6 Specifically, these nolecul es cannot reach the oxide/silicon
interface, the silicon oxidation reaction cannot take place and the

generation of H2 nol ecules is thereby prevented. However, bondi ng
substrates by way of their respective gxide layers 21, 22 has the drawback
that the bonding interface is not conpﬁetely closed, i.e. when the

structure isnobgkrvedseit tha tstanstuss emdel ecthas m ctoscoperaafder t he

finishing aggﬁgkgtgﬁgégﬁtgéggggéggﬁdggﬁs?ggagéé,iE grkggg(face bet ween t he

two | ayers {repreése ne in Frgure 3E) may still be
seen. ThiSHDW@@ﬁpleﬁéF?rcﬁo§é@WE@¢éPF§éeHﬁﬁIﬁﬁﬂﬂQQQQtcﬂ%ﬁﬁ@r
electrical pnpRiess dhat fuhddat enf eferyi th t hecopstatibonref dhe,

el ectronic devices formed in or on the structure. To produce a bond

havi ng a cl 8sBBOVHARerfReEe thiPRG | Caft RHSTdeTBROPEH aMdRki 0@ sili con
bondi ng progeBssrvede. saFHyrOcessei Nktldiveh theooxéde bagetibatiendettio form

the BOX | ayer .is forned |y on e of e substrates. | eavi silicon
on the freeIEE?F%%SegEOt%@iﬁﬁ%ﬁ}ﬁhnﬁﬁréﬁe.%%%Y R 167 6Fb&ﬂ§§%ﬁk % bond,
and with a vbewseotbéostngctheebofidinghénietéaded appisckhoensto pl asma
activate the surfage qf Lhe oxigle, oENeral asim. actlyanlonqgeidg imiended fo
i ncrease the bond strength. ?pmever, such an _activation increases the
amount of waher tpressptuse whe Npterfgeeagsd t1Parictlor €nquss Furdtler

amplifying the bubhtingeehfgchribahei tnkspdesiiag tesprevent. One aim
of the invention_is therefore to define a process for fabricating a
silicon-on-insul5F0r1§trEE?E?EOﬁ%Vi%@3%$bd$?%%s%§¥ﬂe Fay 1SR hitkness of

whi ch i s 25ppABress| enst andvantpardusblles APommEormbiess inaldrew awsd he
formati on of _bubbl es or blister ue to hydrogen tq b reven r at the
very | east %fnlsgmnziggl.ire? the %O%bggysggcioé&elwﬁg‘csl’laia eprELOEJ(C:)eng[’s OIT]%JS e%Sorrpri se
an oxi de-toisi | thbnkbhend i andrdér tpavbiaiban cbiplehel yr clbsedl bondi ng
interface m&ﬁgggﬁegggessive heati ng of the structure being required.

Mor eover, sald process nust be industrializable on existing SO-structure

production |inesTo prevephotthefr el MOMmite | FREHIFHh 1S IGIPrAARE a
silicon-on-gasdtabes S r Weldy:R CpRBRESENY ehdurdwshoxicde WAYER hawd ng a

t hi ckness of 25 nmor less, .and in_particular 10 nmor |ess, and having a
very | ow "buBBFeseHEPEcEPVI YT BRI BF BRSERt PTI ON OF THE | NVENTI ON In

accordance wth wheni re€nteanes acprocepss i BA, panvodedef dayvieabriicats ng a
silicon-on-insuggtgﬁ Eﬁéughﬁ%gcgogyrkﬁgng §O§ighﬁggx%§¥eg a buried oxide
Whi Ch™l er tn 0 %5

| ayer the tﬁ?gwness o] S snal an or “equa nm and a
support substr at &, wsakdzprecésSs liseifivgreidar &t & i drrekh rcetigsPenEompri ses

the follow pg $4,€P$hickness of the thin layer 3 to be transferred,

| through the oxide layer 21, for example by implantation
of atomic species (represented by the arrows in Figure
3B) .

With reference to Figure 3C, an oxide layer 22 is
formed on the surface of the receiver substrate 1.

Next, molecular adhesion (oxide/oxide) bonding is
used to bond the donor substrate 31 to the receiver
subgstrate 1, the oxide lavyers 21, 22 being located at
the interface and together forming the buried oxide
layer 2 of the SCI substrate.

After this bonding step, the donor substrate is
cleaved.

This process achieves good results in terms of
defectivity in so far as the H-generating reaction is
limited by the presence of the two facing buried oxide

layers that form a barrier to water-molecule diffusion.



(a) providing a donor substrate conprising said silicon |ayer and said
support substrate, only one of said substrates being covered with said

oxi de | ayer; (b) formng, in the donor substrate,
boundi ng the silicon |ayer; (c) plasma activating

(d) bonding the donor substrate to theGSupport substrat e,

a weak zone
sai d oxide |ayer;
t he oxi de | ayer

being | ocated at the bonding interface, said bonding being carried out in a

partial vacuum . .%e |npl Qgp st qﬂga@e negl at a
tenperature of 350CC b e%% saﬁ%ganné&rﬁ%au§g%g {?1 ong$ﬂgh strate to
cl eave aIongxi@e/mehkcqnneptan@ace, the(s}llcon oxidation reaction

appl vi ng, t o besb | 600z 0B BBSULALOTL 8! Lsidliatys oh et f RARI ol

repairing defects at a

erature above 900C - the tran3|t|on fromthe

cl eavi ng teﬁb@?%@ﬂr@r%Te§F%% (e) to the defect-repairing tenperature of

step (f) being aghieyed, at vankakp r o aheresl0Gs. wly

of E}&ﬁxer m

"oxide" is understopod in tge ﬁ$esent text_to, _nean sili.con dI%XI (S|02)
u

The expressFomRPepat YT al®

Y¢S uAder stoodo nSFRYPAE

dlng step

is carried pué |bmnm;¢hanbﬁtefﬁamhlah;thetpmﬁmmgmaxdly'beﬁomedtnuspmerlc

pressure, ‘6gen Fhd Sctzuucecégeeeiast neﬁggg(fsdto 1A &t mshhere

e Invention, t ondi ng

| ess than 1 ppn1o

ai ni ng

step enpl oyslacpaurti afcvasaapeokiberwebs @lﬂléﬁGnEO@Iﬁﬁ@ﬁS dﬁ@?@ﬁﬁbly of

bet ween 0. 519@6*@c10fgyargoange@<yﬁ@sm@her%fn%ré@a)@eofbéw@@a the twdl is
partlcularli advant ageous for the anneal of the bond- stren thening step to
a

be an anneal@¥erd déﬁ@?&ﬁﬁﬂﬁéﬁpéﬂétﬁb% FPEnG a8t we'die 380 & “of

bet ween 5 agg) 1ﬁa?ogf§11nbée§ggh Optional |y, addltlonal nechani cal
energy may be ap led to cl ave theﬁgono& substr te durln after t he
bondi ng anneal . Fhttas i OP§Ypriter A 3eeﬁﬁ10 |n step (c) of
activating theaoxi ctelelca:;pﬂrcal prcbﬂ/bmeovretnatt et cknéssf@fEt heLtsh l'icon

| ayer, ime t ansfer hig r W&Qf Stm
process, |sg%§v§%¥5§é%§élg% 8% nﬁ#%r ggéEan VB%% eFQ%- ies betmeen 270

nm and 510 hhg ptefefabfy being equal to 330 nm

To produce a bond having a closed interface, the

Applicant has developed an oxide-to-silicon bonding

process, 1.e. a process in which the oxide layer

intended to form the BOX layer is formed only on one of

the two substrates leaving silicon on the free surface

of the other substrate.

To produce such a bond, and with a view to cloging

the bonding interface, it is known to plasma activate

the surface of the oxide, the plasma activation being

intended to increase the bond strength.

However, such an activation increases the amount

of water present at the interface and therefore risks

further amplifying the bubbling effect that it 1is

desired to prevent.

One aim of the invention i1s therefore to define a

process for fabricating a gilicon-on-insulator

structure having a buried oxide layer the thickness of

which is 25 nm or less, and in particular 10 nm or

less, allowing the formation of bubbles or blisters due

to hydrogen to be prevented or at the very least

minimized.



According to a preferred inplenentation of the invention, the thickness of
the oxide layer is 15 nmor |ess. The formation of the weak zone
preferably conprises inplanting atom c species into the donor substrate.
Anot her subject of the invention relates to a silicon-on-insulator
structure conprising a silicon layer, d buried oxi de | ayer the thickness of
which is 25 nm oMokessprandsalsyppastics phsteatse, meaitd stompmtigee i ng

characterized.i.n that.the defectivity he st e.in f.. defect
clusters isc%édgr EPe%%&lCOH bo,&lcco:?%i ﬁ%a?% gcopré#;géjrgéd aer%%‘ﬁé_]{rr%tn of the
i nvention, sapdedt fptding | snaeB0@cemwditiwetterexpdesive Qheat ingThef

t hi ckness Of:hEah%t:?U:i:E?Q bé?ﬁé’ ré&&gge&he SO substrate has been finished,
i s advant ageous 50 nmor l[ess, and preferably 20 nm or |ess, and even

nore preferably MOrgaveBRrl ERIBESCRCETFONVEE HE DRAWNGS LizablexPrer
features andxadvanhages-etrtibeui-avepnbzgdtbhl 1bgesne clear fromthe

follow ng detail ed description given wiith reference to the a nded

drawi ngs in whi cAOEReT g1"‘—‘?‘gu‘? fﬁ?es &ndﬁ-&%%‘%f’l | dSt rg?i n@r?ﬁgg\?/ar‘? ation in
the defectigiflycaa-antunetilancef tderuduwienessoopriben®OXal aylerrigr a
silicon-on-| QiHleaLkLgr Bt HUGLUEE, t%'i% n%%szé.ft%sz%rdsgysféﬁ,e dde parious
steps in a Piist KAown procegs f or “tabricating an structure;

Fi gures 3A per8Ecilhyst L8t entheovar 1988, stapd imaEisgcond keawn bPocess for
fabricating«an, 0L SHEUELUEG; ¢+ Figures 4Ato 4E illustrate the
various steps in the process for fabricating an SO structure according to
the i nvention; Figure 5A is a histogram showi ng the bond strength
as a function of eRherppessureTdoni og rthe bewdiwgosf the substrates; and

Figure 5B is a graph_ illustratin he_optim zation of the_pressure of the
bonding in a par FPala?/%%%?ﬁWt g pE% tPYHE et - & e55lgﬁssﬁef%%ti vity.

I n order topnrekédkhe fifgur es fedsiiemttimqunder st asd] icent@m niverdatdi n | ayers
have been CRla(,ged 8IS VAAPUS | AR NbDR.! ! QU 8hr3k thiergd ore not
layer the thickness of which is smaller than or equal
to 25 nm, and a support substrate, said process being
characterized in that it comprises the following steps:

(a) providing a donor substrate comprising said
gilicon layer and said support substrate, only one of
gaid substrates being covered with said oxide laver;

{b) forming, in the donor substrate, a weak zone
bounding the silicon layer;

{c) plasma activating said oxide layer;

{d) bonding the donor substrate to the support
substrate, the oxide layer being located at the bonding
interface, said bonding being carried out in a partial
vacuum;

(e) implementing a bond-strengthening anneal at a
temperature of 350°C or less, said anneal causing the
donor substrate to cleave along the weak zone; and _

(£) applying, to the silicon-on-insulator
structure, a heat treatment for repairing defects at a
temperature above 900°C - the transition from the
cleaving temperature of step ({e) to the defect-
repairing temperature of step (f) being achieved at a

ramp rate above 10°C/s.



DETAI LLED DESCRI PTI ON OF THE | NVENTI ON

Thef abri cati onofasilicon-on-insul ator structure having a buried oxide |ayer
that is 25 nmor less in thickness will now be descri bed. To form
such a structure, a donor substrate is provided fromwhich a silicon |ayer,
intended to form 10 the ultrathin Iay@r of the SOTwaf er, nust be
transferred. Thel ntsomf arcasdthie fiisnaindebtstaki nihayeher gsuddentd rom

t hi nni ng ofE%hEr%ﬁggéaargf Igé t% 8%58& Rgg IeaV|ng, t he thickness of the

silicon | ay erred rom onor su trate is substantially |arger
than the thickne$beofexphreskilval Spaitdall agenvol’ the SOHesgbstratie

Thus, to f%gﬁﬁh%hgkt ﬁ:@ﬁehlﬂam!dqw Ofe5i 1L ceR Pl eaNoR0T jsUlStd Rt - €.

haV|ng a thickness of 50 nmor Iess, a silicon layer having a thickness of
600 nm or | &8s Wi Gl ahBE e fHEF T4 £He RRMWOT SGBSEPREEIC PTreSSte donor

substrate nmaygbei@ §|ﬁﬁhﬂﬁﬁiﬂ@ﬁﬁﬂeéﬂJme&Bbhé@@ suhstr ahe.atmosphere
AlternatlveI%Ftthe,don r osite substrate, i.e. it

? sugstraiﬁ é be_a cg
may consi st COPEEIRHPEI F&§Rr “BF VAP PobE nBE ePPAFS; the surface |ayer of
whi ch conpri ses theosdhgde- coystake sdnuammltayeruhmtnbdndﬂngEHEEEP

Wth referenﬁgggo 25%%€%5%31 %hﬂeola t&géi 59{”§ﬁd030 h%1 face of

t he donor oXi ayer Is inten ormthe
buri ed oxi derkdgepbdl tdie Eﬁﬁwsﬁﬁudid?eand 31) BhRy G%MaeeN§Veﬂmﬁﬁérefore
has a thlckﬂgé§e9gbg§ am orykhgss and preferably a thickness of 15 nm or

| ess. Specifitally, the surface of the donor substrate -31 nay be
thermal |y oxidizé8. is particularly advantageous for the anneal of

the bond-strengthening step to be an anneal at a
constant temperature 1lying between 300 and 350°C of
between 5 and 15 hours in length.

Optionally, additional mechanical energy may be
applied to cleave the donor substrate during or after
the bonding anneal.

An oxygen plasma is preferably employed in step
(¢) of activating the oxide layer.

Meoreover, the thickness of the silicon layer,
immediately after transfer of the thin layer by the
Smart cut™ process, is advantageously 600 nm or less
and preferably lies Dbetween 270 nm and 510 nam,
preferably being equal to 330 nm.

According to a preferred implementation of the

_invention, the thickness of the oxide layer is 15 nm or
less.

The formation of the weak zone preferably
comprises implanting atomic species intc the donor
gsubstrate.

Another subject of the invention relates to a
silicon-on-insulator structure comprising a silicon
layer, a buried oxide layer the thickness of which is
25 nm or less, and a support substrate, said structure
being characterized in that the defectivity of the
gstructure in terms of defect clusters is 60 or less.

According to a preferred embodiment of the

invention, said structure is a 300 mm-diameter wafer.



Alternatively, the oxide may be deposited, for exanple by chem cal vapour

deposition (CVD). Alternatively, said oxide |ayer 2 could be forned
on the receiver substrate, by exposing the silicon to the surface of the
donor substrate. However, it is preferable for the oxide layer 2 to

be forned on the surface of the donor Substrate 31, especially when the
weak zone is formad byhidphesd atdfon tofe atiQiicenspaches., Thifxdrs bgoause the

i npl antatiopn.is then achieved through t.he oxide |ayer 2. A weak zone
i s foi ned iﬁokh§u§5%6?%'u@@?%a%@?ntﬁggrﬁgg%ﬁzoﬁ% & Fﬁ%ﬁgeﬁﬁgl'ilﬁfon | ayer
to be transherpedliesk]l and prEfguadldB2hows drhéassak azohee 321 bebyry f or med

in the dono e.31 by inplantation of atom c species, for exanple
hydr ogen anéf%?gﬁéhﬂ%mﬁ ok The inplantation energy is chosen so that the

weak zone 32 is formed at a depth substantially corresponding to the

t hi ckness desiregdgiretr bheckayerod 6P PHaet paARiResed, 1.e. a thickness of
600 nm or |ess, gr eferab%%%a t hi ckness of bet vveeno%lo and 570 nm and even

more preferably SERRFckAERISTS alfdiit 380 3mn3ges HoWRS er 1 $7EE ¥t mat i on
of the weakwzomne iBsedohe r esiirdset ed froman chpl anfallonipyocedstailed The
weak zone al so, _be formed by any techpique that can.introduce om ¢
species | nﬁgFﬁngSﬁSP sdbstrat € a th%eg%g??%% déBt h,thfeor Eé@?éerr%cﬁeg a

di ffusi on téchnigge mmywhéchsed. Wth reference to Figure 4C, the
donor substrate 31 By ﬂ%ndfdigya"%;%a&l@QQ@§%95_‘n§0t@zer %%yaegiéfybstrate

1, the oxide |ayer eing |ocated at” the I nterface: , e receiver
substrate 1ips Bhgpi@afegtaviiyi asn subshrhien &t i bhal MPIESPEFEd MW th a

native oxidene pox 1&bds, 18xkdeil@cshlbaoNnEdoaesrsybstiratiest ecei ver _
substrate) bonding_i s obtain t er nat |t§£el y, as indicated above, if
I

ed. A ,
the donor substrat & P8R8t 26oVver éF Wilt S HE txi VARCW BlttHast Tt s

silicon surkacgrexprsaedn phecexsdéckayebriwakdnieafiosoBdsonuthereecei ver

substrate 1 and an_Qxi| de-tgii Itig)(;%% : Q&Iesl;r?\é_%rtes%set rAl .-Oquo%te%ég)ﬁ]ﬂ at e)

a G
woul d al so be obfaffAgd s errﬁ]loy such™a bonding s ere is no

ri sk of an &nt esdeaed t hatiows natraugt et by ¢l e ¢t e obBai ne¥RT i n
contrast togthe.¢ase.of oxide-to-oxide bonding as nentioned in the

i ntroducti on. ‘Before the substrates are brought into contact, the

oxi de | ayer 2 | ocaFfédugfst A8 &0r fidce e tPoridie Sistast S PT st ubj ect ed

to a plasmatheediRlss for fabricating an S80I structure according
ro the invention;

- Figure B5A is a histogram showing the bond
strength as a function of the pressure during the
bonding of the substrates; and

- Figure 5B is a graph illustrating the
optimization of the pressure of the bonding in a
partial wvacuum with respect to the post-cleaving
defectivity.

In order to make the figures easier to understand,
certain very thin layers have been enlarged and the
various layers in the figures are therefore not drawn

to scale.

DETAILLED DESCRIPTICN OF THE INVENTION

The fabrication of a silicon-on-insulator
structure having a buried oxide layer that is 25 nm or
legg in thickness will now be described.

To form such a structure, a donor substrate is

provided from which a silicon layer, intended to form



Preferably, said plasma is an 02 plasma, but a plasm based on oxygen,

argon, nitrogen and/or helium may al so be enployed. 12 Said plasma
treatment activates the surface of the oxide |ayer and increases the bond
strength. The step in which the substrates are brought into contact

with a viewto bonding themis carriedtbut in a partial vacuum generally

at roomtenpeeatiit@athin laSRecidd ced y,sdhe substedtes tudre bonsted are
pl aced in a chanber 1Q0 the interior of which nay be depressurized.

| ndeed, the"ApPFrtaht®has observed that carrying out the bonding step in a
parti aI vacuum and gwt fat atsospleeriingpk esvélm'r@,tl'alﬂ owsythe Ja‘e(mrﬂxattsl on of

bubbl es to P?oﬁUbﬁﬁﬁg 3gglyogedgﬁles or %g dOBQﬁ§§Q§oI

pressure of "sard vacuum tmeen
preferably béeaéenge 5 bhe 10thbekness OEvenﬁh%re %ﬁﬁﬁﬁﬂaged@ﬂﬁﬁ t he

Appl i cant has,derppsthatgahd hate aRALY abuyackie Wikh anahsol ude pressure
of 1 nbar allows the presence of water at the bondaﬂgilnterface to_be

mi ni mi zed W-RRSEE 5598r§€Fyt§PF§B?FﬁgGFhéhﬁoﬁH1 H99R FAET K fi ci ent
bond strengthei sOpreseEYedcED aIIOM/coanete transfer of the |l ayer and thus

to avoid non-transferred zones_bein ener.a structure.
In an SO substrgﬁgé’ngﬁ-%95WsF§Frggtggﬁ§ &e o &S PR FE thin
silicon IayEDINWmubEufE£$jlncen Haesv g Exah@ﬁekneSStOthéOrecmiVEW
substrate. fhese %efsgﬁt S e generally, gug t&é&ﬁ&@%@%%em%

transferred Tayér an he 'recel ver su rate not bel ng strong enough
Therefore, wheA iedteprgfensednbuan EhemﬂP@@raEubﬁérﬁﬁﬁerface care shoul d

be taken to ensufget kind:heshond-bel weey tde substhiakesriysestir angienough.
Furthernore, . the atnosphere of the chanber 100 is npisture-free, i.e. an

at nospher e Eoht&PRI AP FEE%t?han 100 ppm of water. This very | ow

noi st ure contentAaﬁdrhhelpamyLaltmacuuﬂnﬁﬁmpe@3B$Erib@ thayaddkiianal wat er
nmol ecul es contribu%ed %¥ asna treatngnt. oned he amount of
water at th&°BBRaEr %g%ace can beSni nini zel ?wiﬁunﬁ %omever reduci ng

t he nunber mﬁlmaﬂey@nnkéhuV@slwmszm&begnﬁée t Héshondi hgea Llayveet efake pl ace

in the absenge.pof o \g@% Rhkothihe b yid1ue ofat he; plasiaibygal mRntye a bond
that is strgng egou to prevent no -trans rred zones i s obtal ned. .
ransferred

With reference to Figure 4A, an oxide layer 2 1is
formed on the surface of the donor substrate 31.

Said oxide layer 2 1s intended to form the buried
oxide layer of the SOI structure.

Said oxide layer therefore has a thickness of 25
nm or less and preferably a thickness of 15 nm or less.

Specifically, the suxrface of the donor substrate
31 may be thermally oxidized.

Alternatively, the oxide may be deposited, for
example by chemical vapour deposition (CVD).

Alternatively, said oxide layer 2 could be formed
on the receiver substrate, by exposing the silicon to
the surface of the donor substrate.

However, it is preferable for the oxide layer 2 to
be formed on the surface of the donor substrate 31,
especially when the weak zone is formed by implantation
of atomic species. This is because the implantation is
then achieved through the oxide layer 2.

A weak zone is formed in the donor substrate, this

weak zone defining the silicon layer to be transferred.



Figure S5A illustrates the bond strength E (expressed in ma-/nR) for various
pressure values P applied in the chanber 100 during the bondi ng. Thi s
hi st ogram shows the results of trials in which a donor substrate with a 10
nmthick oxide |ayer that was or was not subjected to an 02 plasm
activation was bonded to a silicon recetver substrate at various pressures.
For each data parigtihe | ekt - bades cotiwm ek espordsit obkhagcasenwere the
bondi ng was, carried.out w thout prior_plasnm _treatnment of the substrates,
wher eas t he'Pi gt hgﬂaogolﬁ%g%%‘—’f @spond? t &Wg%eanéangcéoﬁe?% HEWShdi ng was
preceded byspaac02s pl Asmaekasal eehydodgeheand/de hayeumcoveri ng t he donor
substrate. - t ngdiNg i i ut in a
partial vacuum r{llﬁée %égggég%g?hgﬁ%rﬁg&g? tkﬁg)ﬁ%\?\)ngr? '%ﬁiéascbg%{(f “?eqai}és) carried

in
out at atnospheric3pressare {a0uBdnbaY. 2 @%%ver%ukls‘rf@mﬁgl@ rengt h
varies little-betyeen: dsand 10Q riarcianda $ak1séAactary cwal uaies obt ai ned

when a plasma treatnment is applied to the donor substrate. Under these
condi ti ons, tPoR8i RGPS EETFE Y| & - Svaduui g 7ot OF e88C%t NPEs . 1ess,
However, inptdecadisence ofhidiengdasod tdeaigwmnt 210henkonsly st pengidd i s too

| ow and the_nunber_ of nop-transferred zones signifi y_l Nncreases.

F gure 58 | FTHBLTaT PP REe b aPT R F ot AEPRES pobtoer byl 1) BB ectivity D (in
terns of the nunibevevérbubiiiesfandahbant rahstder edezlonesneasia fmgicti on of
the pressurg P appligd.in.ihe ef ;1 390, guyring the bondi ng of the
substrat es. elz'l tl'%i% grgggélgﬁomé tg% resu?ts of trials in which a
donor substrate W€ hWgaEQ Z9Ret Mgk D¥EULT aferrefatynds s i @8t €t'@ o an 02

pl asma actiy@itonc-¥as bardedute aasbliieon sheecaicker isulst nale aloiF i ous
pressures. After thgl cl_eavi ng f tﬁl,: %onor substrate,. ﬁ%b,l es and
non- t r ansf eF1RACZdNR s e FEc St EG USTRE M WS UAXS & i 1.

It may be seefnhihghdimagrBphukbat the nost advant ageous pressure range (in

ternms of post-cleayin fectivity)li bet wee ) 199 !@gr A
pressure of abou‘tﬁliﬂlrr%éar%%rs?ricﬁe %%t F%gﬁ%ﬁr gsé',s’\ﬁr gh%)og%%g%i m zing thee
presence of 3hates whdhéedl sby mimdhégibrr t hedideseeti Viey.a Furedssivar e,

Figure SA C%%éﬁﬁtéhaf, arREeSSUNR a8l aW a5 LeAhar ichdidy digadvant ageous
in terns of bond strength and thereforé in terns of NIZ defects. It
may t her ef otet®ef@8fel uded fromthe above that, to obtain a satisfactory

conproni se bet weene bulblei ef estibsenatbe oneshang and INTZadef ectsoron the
other hand, it |s necessar% bgﬁﬁfg to carry ou%1 t he Eondi ng.i n a partial-
vacuum of bBtWEEh2BS1 SRHITBBIMhar Vit &fefablly®oP2hbdat °F 46ar, and to
activate the surface, of oxhéedonesisibst r af @éodef orelizsrd-dhe nearesivdr a pl asna
treatment. _ ... h&: 8 $:de@nd 31 have been brought into

r bstr
contact, a ond-sﬁ%ﬁg}?%gm ng E%a{%?rea ment is carried out that also has
the effect of inkltarnagivhdével esvi pgdorathe daporesulist rahe Jonaer t he weak

zone 32. substrate is not covered with the oxide layer 2 but has
its silicon surface exposed, the oxide layer would be
formed on the receiver substrate 1 and an oxide-to-
silicon (receiver substrate-donor substrate) would also
be obtained.

By employing such a bonding step, there is no risk
of an interface that is not completely c¢losed being
obtained, in centrast to the case of oxide-to-oxide
bonding as mentioned in the introduction.

Before the substrates are brought into contact,
the oxide layer 2 located on the surface of the donor
substrate 31 is subjected to a plasma treatment.

Preferably, said plasma is an O, plasma, but a
plasma based on oxygen, argon, nitrogen and/or helium

may alsc be employed.



For this purpose, a tool (oven) other than the bonding tool is used.
According to the invention, this heat treatnment consists of an anneal
carried out at a tenperature of 350C or | ess at atnospheric pressure.
It is particularly advantageous for the cleaving to initiate at a constant
tenperature |ying between 300 and 350G2 The tenperature of the anneal
must not be too low (for exanple | ower than 250C) because it would not 15

sufficientlystrengthen.thebondandwoul d t herefore | ead t nan-t sferred
zones being for n‘gg 1A BIF8ANEAPAFEEES &ChaNBEr Sof T aﬁrﬁe atgrﬁ/ from5
to 15 hour soxide }.,amrlazgdt hhsranseal thehleaondieawaggbm the donor substrate

31 in the weak Ze) §€8§S mdﬂfﬁﬁ“&h subsé&aEggub&%dbfgﬁ§ﬁy(¥HE g may be

assisted or tri ggere ano hér éener sourc an
addi ti onal Sent@@to‘fflb@cﬁaﬁﬂ-@a’l t@n@pgylmg themTh@s cafra’rle&&mﬂ em @ bl ade

may be 'nseé&?@léﬂtQaéﬂﬁm“5$5n§9ﬂfi§2at roomASebblabgrseen in nore detail
bel ow, applying such a erature bond-strengt heni ng anneal, conbi ned

wi th bonding in %P%‘é%ﬁ%ﬁl%ﬁcuuﬁ?eun%‘k%%’fae%‘?? P ovlRE t HPTRShI i3 ef f ect

observed i npthegedii nal SCAFhsihbeet e tehdeinedyeed. of whWW¥h hmaef esence to
Fi gure 4D, gfter the.clgavi ng the structure forned by the receiver
substrate 1%€PhE°3XTH2"Fayer 2 and the transferred layer 3 is obtained.
To formthe finan@&HAdst roinet ua&ppllct&mrst hatedbh e Fredr ¢h4E) ,carxariioys

finishing ol pont S, ap earcied aul OnpLbesLbi 0 allbeondayene oo After

t hese treatnen eerr carr [ na ayer i S substantially
t hi nner t haptnherhayse @Wunﬁas 2} bois? ethed. fomati%r@évé?ub@rﬁﬂ?m

treat ment i g_ocgérg@gsgyﬁtggﬂ§p§é5ug§aect s in the layer 3

Preferably, the absolute pressure of said partial
vacuum lies between 0.1 and 100 mbar and preferably
between 0.5 and 10 mbar.

Evenn more  advantageously, the Applicant has
demonstrated that a partial wvacuum with an absolute
pressure of 1 mbar allows the presence of water at the
bonding interface to be minimized without adversely
affecting the bonding guality, i.e. sufficient bond
strength is preserved to allow complete transfer cf the
layer and  thug to avoid non-transferred zones being

- generated in the SCI structure. _

In an S0OI substrate, noen-transferred zones (NTZs=)
are holes in the thin silicon layer where the silicon
has not transferred to the receiver substrate. These
defects are generally dus to the bond between the
transferred layer and the receiver substrate not being
strong enough.

Therefore, when reducing the amount of water at
the interface, care should be taken to ensure that the
bond between the substrates is strong enough.

Furthermocre, the atmogphere of the chamber 100 is
molisture-free, i.e. an atmogphere containing less than
100 ppm of water.

This very low moisture content and the partial
vacuum compensate for the additional water molecules

contributed by the plasma treatment.



Said treatnment is typically carried out at a tenperature above 900C, for
exanpl e at about 1200C To prevent bubbles formng in the final SOT
substrate, it is inportant to reach the tenperature of the RTA treatnent
very rapidly. Thus, it is necessary to pass fromthe tenperature of
t he bond-strengthening and cl eaving anh®al to the tenperature of the RTA
treatnent at a ranp rate of at | east 10C per second. This i s because

a tenperature rise that. is this rapid allows the structure to be set and
prevents the for Mat?Fon-BF ﬁWBBPEsP@ ygter at'ﬁh%Sh@&é;qﬁﬂﬁn BE carri ed

out in a chaahebeequippezed t iwanhbotr aeevieanpreaht dmg ng hthenunleat ment
Lenperatur e pl gheau tobe reached 1.8 VALY SOt HLBinb! T8y Rl exanpl e
p Xi or . Once a te

be carried out Ii'm an oven or an éepitaxidl reac . ‘ nper at ur e
of about 900&kespieaehéd, thhepdsiencro ofi slatef)bmdlbllieng kit clirrtiusy decause,

above this Eﬁgpggg% %etﬁggg%%gﬁhngaogoh@etﬁ%g{qggnsgggngcg%b%gh to The

RTA treatnent typically lasts for _about a nunber of secdonds td a nunber of
m nut es, foPTEXERPI BOBEHRBATSDT8RCHARESahll EBLA{LRELesS. After this

treatment, it ispugipPortant whatiskaaRekat echsé USRA O EEbERGLRO rOOM

tenperature since the hydro -has _di ffused beyond the bondi i nterface
angpis theréFﬁPEeﬁﬁ?gcdﬁébF%fg?)geﬁgFatVﬁEIBHB%I%E?SSHIe W?é&%%ﬁﬁfence of

t he transfenppilikdyer Shdashahberbten denbdngt thtedohgiihfe Applicant.
Conparative tri al.g; wer.e. i i t a of =3 5,..330 and
J[.ﬁlgve J.gt?c%g&fefrge%o%% { Hae %@é‘&ﬂ%% Ef 2t£'9a :J_I‘?’

510 nm The "greater . e weak zone, the smaller the
nunber of bubblLesaolfoeored dittarattchevttleani nf. nm-thickogsiigie kaiew| oser

the depth otpLbe,ueak,-zopg hstt QuEREF@é@elii Abt §n bhe &l edcd gy dnyber  of
m cr o- bubbl es observed after the A treatnent. The optinmal thickness

of the weakV2En&@¥EEMs t Be FiddaEd RCHbEE 54bShARATE 2t Workdter, it is

i nport ant tgr@gggrégat t he conb!nation of bondi ng !n a partial vacuum and a
e e BRRC A GnOL MR NS T eRd! ! o1 LR AL HRex RSt
corresponds to the case where the bonding was carried
out without prior plasma treatment of the substrates,
whereas the right-hand column corresponds to the case
where the bonding was preceded by an 0, plasma treatment
of the oxide layer covering the donor substrate.

Tt may be seen that, when the bonding is carried
out in a partial wvacuum, the bond strength is lower
than when the bonding is carried out at atmospheric
pressure {1013 mbar) .

However, the bond strength varies little between 1
and 100 mbar and a satisfactory value 1is obtained when
a plasma treatment is applied to the donor substrate.
Under these conditions, bonding in a partial vacuum
does not lead to NTZs.

However, in the aksence of the plasma treatment,
the bond strength 1s too low and the number of non-
transferred zones significantly increases.

Figure 5B illustrates the variation in the post-
cleaving defectivity D (in terms of the number of
bukbles and non-transferred zones) as a function of the
pressure P applied in the chamber 100 during the

bonding of the substrates.



Specifically, the Applicant has observed that inplenenting, in the known
Smart Cut TM process, either bonding in a partial vacuumor a

| owt enper at ur e bond- st rengt heni ng anneal does not sufficiently reduce the
bubbl i ng. The tabl e bel ow denonstrates the synergistic effect of
these two treatments, relative to a knbwn 17 Smart Cut TM process and a
Smart Cut TM process in which only one of these treatnents is carried out.

The tabl e shows, _at varlo oints.int cess abri t| n SOT
substrate, the nd I5PF ubglloé“’sS itohuentrgdselﬁg{ér)l gg \Elt:gé%% ?hs%%ct%nfmt hod
and/ or usi ngoaoKLAuwehcateSPZthnspé@t |rmntﬁ1@@lk oxide lgyeanytledsevas he SOT

structure |§885Fggggd dd oggla oS Ly Qogggmgélgs_éﬁa%%scqy&g&gdwtgh A 25

nmt hi ck oxi ayer and 1 npl anted so as to forma weak zone at a dept h of
330 nm andsﬂ—éﬁpa SEFEEVATr 8eeplERTSUBSt YAF EOUPr BERSSUSEEp Known Smart Cut

m process Smart getavprasesswvihgherdivlg idgbrpaiddad ratacuwiddies
and non-transferred zones were counted using a visual
inspection method. '

It may be seen in this graph that the most
advantageous pressure range {(in terms of post-cleaving
defectivity) lies between 0.1 and 100 mbar.

A pressure of about 1 mbar is the optimal pressure
for minimizing the presence of water while also
minimizing the defectivity. Furthermore, Figure B5A
confirms that a pressure as low as 1 mbar is not |
disadvantageocusg in terms of bond strength and therefore
in terms of NTZ defects.

It may therefore be concluded from the above that,
to obtain a satisfactory compromise between bubble
defects on the one hand and NTZ defects on the other
hand, it is necessary both to carry out the bonding in
a partial wvacuum of Dbetween 0.1 and 100 mbar,
preferably of about 1 mbar, and to activate the surface
of the donor substrate beforehand by means of a plasma
treatment.

After the substrates 1 and 31 have been brought
inte c¢ontact, a bond-strengthening heat treatment is
carried out that also has the effect of initiating the
cleaving of the donor substrate 31 in the weak zone 32.

For thisw purpose, a tocl {oven) other than the
bonding tool is used.

According to the invention, this heat treatment
consists of an anneal carried out at a temperature of’
350°C or lege at atmospheric pressure.

It is particularly advantageous for the cleaving
to initiate at a constant temperature lying between 300
and 350°C.

The temperature of the anneal must not be too low

(for example lower than 250°C) because it would not



nbar) Smart cutTM process with | ow tenperature (300€) anneal Smart cutTM
process with bonding at 1 nbar and 300C anneal (enbodi nent of the
i nvention) Post-
15
sufficiently strengthen the bond and would
therefore lead to non-transferred zoneg being formed.

Said anneal lasts a number of hourg, preferably
from 5 to 15 hours.

During this anneal, the c¢leaving of the donor
substrate 31 in the weak zone 32 is initiated.

If required, the cleaving may be assisted or
triggered by applying another energy source, for
example an additional source of mechanical energy.

Thus, for example, a blade may be inserted into
the weak zone 32,

As will be seen in more detaill below, applying
such a low-temperature bond-strengthening anneal,
combined with bonding in a partial vacuum, unexpectedly
allows the bubbling effect observed in the £final S0I
structure to be reduced.

With reference to Figure 4D, after the cleaving
the structure formed by the receiver substrate 1, the
oxide layer 2 and the transferred layer 3 1s obtained.

To form the final SOI structure {(illustrated in
Figure  4E), various finishing treatments are carried
out on the thin silicon laver.

After these treatments have been carried out, the
final layer 3' 1s substantially thinner than the laver
3 that was transferred.

Moreover, an RTA treatment ig carried out to
repair defects in the layer 3.

Said treatment 1is typicalliy carried out at a
temperature above 900°C, for example at about 1200°C.

To prevent bubbles forming in the final 8S0I
substrate, 1t is important to reach the temperature of
the RTA treatment very rapidly.

Thus, it is necessary to pass from the temperature
of the bond-strengthening and cleaving anneal to the
temperature of the RTA treatment at a ramp rate of at
least 10°C per second.

This ig because a temperature rise that is this
rapid allows the structure to be set and prevents the

formation of bubbles.



cl eaving (visual inspection) Several hundred visible defects (essentially
bubbl es) A few tens of visible defects (bubbles and NTZs) No or very few
vi si bl e
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This treatment may be carried out 1in a chamber
equipped with an infrared lamp, allowing the treatment
temperature plateau to be reached in a very short time.
Tt may for example be carried out in an oven or an
epitaxial reactor. _

Once a temperature of about 900°C is reached, there
is no risk of bubbling occurring because, above this
temperature, outgassing of the hydrogen gas occurs.

The RTA treatment typically lasts for about a
number of seconds to a number of minutes, for example
between 30 seconds and 15 minutes.

After this treatment, it is unimportant what ramp
rate is used to return to room temperature since the
hydrogen hag diffused beyond the bonding interface and
is therefore not capable of generating bubbles.

The influence of the transferred layer 3 has also
been demonstrated by the Applicant.

Comparative trials were carried out with weak
zonesg of 22 to 275, 330 and 510 nm.

The greater the depth of the weak zone, the
smaller the number of Dbubbles observed after the
cleaving.

However, the closer the depth of the weak zone is
to these 1limits, the greater the number of micro-
bubbles cobserved after the RTA treatment.

The optimal thickness of the weak zone seems to be
located at about 330 nm.

Moreover, it 1s important to note that the
combination of bonding in a partial vacuum and a low-
temperature bond-strengthening anneal results in an
unexpected improvement in terms of bubbling.

Specifically, the Applicant has observed that
implementing, in the known Smart Cut™ process, either
bonding in a partial vacuum or a low-temperature bond-
strengthening anneal does not sufficiently reduce the
bubbling.

The table Dbelow demonstrates the synergistic

effect of these two treatments, relative to a known



def ect s(no bubbles) No or very few visible defects (no bubbl es) Post-RTA
(SP2 and vi sual inspection) Ext ensi ve m cro- bubbling observed by
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Smart cut™ and a Smart Cut™ in
which only one of these treatments is carried out.
The table shows,

for fabricating an SOI substrate,

process process
at various points in the process
the number of bubbles
counted using a visual inspection method and/or using a
KLA-Tencor SP2 inspection tool.

the SCI structure is produced from &
25 nm-thick

In any case,

gilicon donor substrate covered with a

oxide layer and implanted so as to form a weak zone at

a depth of 330 nm, and from a silicon receiver
substrate.
Smart cut™
Smart Cut™ smart Cut™ |procegs with
process with | process with | bonding at 1
Known Smart . .
- bonding in a low- mibar and
Procesgs Step Cut .
partial temperature | 300°C anneal
procesgs .
vacuum {1 (300°C) {embodiment
mbax) anneal of the
inventicon)
Several
A few tens
Post - hundred o No or very No or very
] o of wvisible o o
cleaving visikle few vigible few visible
defects
(visual defects defects (no | defects (no
. i ) (bubbles and
ingpection) {essentially bubblesg) bubkles)
NTZg)
bubbles)
Extensgsive No bubbling
Post~-RTAR micro- ohserved
{82 and bubbling either by
" visual observed by visual or
inspection) visual SP2
inspection ingpecticon
After
sacrificial ‘
. No bubbling
oxidation - - -
obgeaxved
(SP2
inspection)
Final S80I AC < 60
gubstrate interface




vi sual inspection No bubbling observed either by visual or 5P2 inspection
After sacrificial oxidation (SP2 inspection)

18
(SP2 closed

inspection)

These data show that, for the known Smart Cut™
process, Dbubbling 1s already very widespread post-
cleaving. The bubbling was therefore not measured in
subsequent steps of the process for £fabricating this
SOOI substrate.

For the process in which the bonding was carried
out at a pressure of 1 mbar, a significant decrease in
the bubbling was observed post-cleaving.

However, the level of bubbling was still too high
and therefore the bubbling was not measured in
subsequent steps of the process for fabricating this
S0I substrate.

For the process in which the bonding was carried
out, in a known way, at atmospheric pressure, but in
which a bond-strengthening and cleaving anneal was
carried out at 300°C (or lessg), bubbling was not
obgerved.

However, after the RTA treatment, micro-bubbling
was observed, visibkble to the naked eye, over
gubstantially the entire surface of the S50I substrate.
The term “micro-bubbling” is understood to mean small
bubbles present in a high density.

Although =small, these bubbles are not acceptable
for S80I substrates that are so thin and therefore the
bubbling was not measured in subsequent steps of the
process for fabricating this SOI substrate.

Therefore, applied independently of one another,
bonding in a partial vacuum and the bond-strengthening
and cleaving anneal alleviate the bubbling effect post-
cleaving, but defects appear 1in subseguent steps,
especially during the defect-repairing RTA treatment.

In other words, applied independently of one
another, the bonding in a partial vacuum and the bond-
strengthening and c¢leaving anneal simply seem to modify
the bubbling effect, but do not allow it to be

suppressed.



No bubbling observed Final SOT substrate AC < 60 interface 18 (SP2
I nspection)

i¢

In contrast, combining thege EWo treatments
allows, at the end of the entire process for
fabricating the S80I structure, a satisfactory level of
bubbling to be obtained.

The sacrificial oxidation step carried out after
the RTA treatment especialliy allows the useful layer of
the SO0I wafer toc be thinned. '

In the final S80I structure, the defectivity is
meagsured in terms of defect clusters. The result of
this measurement i1s called area count (AC).

A KLA Tencor SP2 inspection tool was used to make
this measurement.

In this respect, the reader may refer to document
FR 2 911 429 which describes a method and a system for
detecting defect clusters. 4 -

Implementation of the process according to the
invention allows an SOI structure having a defectivity,
expressed in terms of defect cliustersg, of 60 or less,
to be obtained.



cl osed These data show that, for the known Smart Cut Tm process,
bubbling is already very w despread post-cl eaving. The bubbling was
therefore not nmeasured in subsequent steps of the process for fabricating

this SOTI substrate. For the process in which the bonding was carried
out at a pressure of 1 nbar, a signifi€ant decrease in the bubbling was
observed post-cl eavi ng. However, the |evel of bubbling was still too

hi gh and therefore the bubbling was eﬁ ﬁgasured in subsequent steps of the
process for fabricating this SOT sub For the process in which
t he bonding was carried out, in a known way, at atnDspheric pressure, but

i n whi ch a bond-gtr gagihenl ng,Andasleayt igy aaneal 1as, carri el ouloat 300C
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"mcro- bubblln understood to an smal |l bubb] es rese B in a |gh
density. gt shal Mt hRRe BubBiRR®Hr eSHBETh E%ptg l'e El‘ao]r
substrates phateaeek&ﬂjﬁhiahandctbeieédraxthEhbube1ngom@slaes mﬁasured in
subsequent sLe n hgeérocess for fabricating this SO substrate.

Ther ef or e, app a Pnd ndently of one another, bonding in a parti al

vacuum and t he boéad- spremg@heglﬁg éndocléwhﬂgpﬁhhedBlwIQﬂW@ﬁkﬁiﬁm

bubbl i ng ef teel RASti¢l e%ﬂg& Qﬁ&eggﬁda@%?ezltn aphsaquent (st eps,
especi al | uring the repairing RTA treatnment In other wor ds,
appl i ed |nd@ﬁéﬁd@ﬁ@l@ﬁﬁsﬁﬂﬁa%NRﬁ?%ﬁte$hé3bonaPn@eﬁﬁgaﬁﬁﬁﬁﬁ%ﬂ Weldtum and

t he bond- stggmgtbgma@gggpgrclgaylng anneal sinply seemto nodify the
bubbl i ng effect, ﬁgt do not al] ow abt to be suppresse

contrast, conbiniR§ £RETE B0 17 ehPePSd 19 t%ﬁt?hé3iﬁd<ﬁ W?ﬁkentire
process forzbabrleaulhgunh$m§0thetsm¢tuoa laysatlsfactory | evel of bubbling

to be obtai ned. %Qﬁ SE&L%E&ﬁé ?5§ %kggesigye%arg ed out after the

RTA treat nent esée% 8} ayer o wafer to be
t hi nned. | hdd hebbndangsorth@t r gengre, Sﬂﬂﬂ,st@@ft@ct iVikly i nedsred in

terms of deéﬁﬁbo%us%ﬁbétrl% resylt ot his inrasurgaent |5 cald egyarea
count (AC). Tencor SP2 'i'nspection tool wds used to make this
neasurenentlocated- at the bonding interface, said bonding being

carried out in a partial vacuum;
{e) implementing a bond-strengthening anneal at a
temperature of 350°C or less, sald anneal causing the

donor substrate {31) to cleave along the weak zone

(32); and

(£) applying, - to the silicon-on-insulator
atructure (3, 2, 1), a heat treatment for repairing
defects at a temperature above 900°C - the transition

from the c¢leaving tempexrature of step (e} to the
defect-repairing temperature of step (f) being achieved

at a ramp rate above 10°C/s.

2. Process according to Claim 1, characterized in
that the bonding step emplovys a partial vacuum of
between 0.1 and 100 mbar, preferably of between 0.5 and

10 mbar and even more preferably of 1 mbar.

3. Procegs according to either of Claims 1 and 2,
characterized in that the anneal of the bond-

strengthening step is an anneal at a constant



In this respect, the reader may refer to docunment FR 2 911 429 which
descri bes a nethod and a system for detecting defect clusters.

| mpl enent ati on of the process according to the invention allows an SO
structure having a defectivity, expressed in ternms of defect clusters, of
60 or less, to be obtained. 20 CLAI M52l 1. Process for fabricating a
silicon-on-insulator structure conprising a silicon layer (3), a buried

oxi de layer (2) the thickness of which is smaller th or equal to.25 nm
onta subpoFETREEAEHAFe Y 1T B HERPo088s B8, RGO Characrer TS 1 hat |1
conprises the hel:kewinglsheps. (a) providing a donor substrate (31)
conprising said silicon layer (3) and said support substrate (1), only one

of said substrates (31, 1) being covered with said oxide |ayer (2);
(b) forming, in #the Rorrssubsrraren@Ble @nkeakizofea{d2) botadihg t he

silicon laygehat3rterized i) cRPARSTRIAGHIMALI NHe S84 S OX1 derlkd! {2);
(d) bonding the donor substrate (31) to the suEport substrate (1), the

oxi de | ayer 2PP}1BEi A FoeavedtaE ERBOBoABPRGTRREetPate, said bonding being
carried out in a partial vacuum (e) inmplenenting a

bond- strengt heni ng anneal at a tenperature of 35QC | ess,. said anneal
causi ng the donor substT%ie ESEPTHITE eiVe %%n&gt h&%ﬁﬁ ilbngo( 3‘2’); and
(f) applyi nghtothesirizedn-ion-thesul atoroxstgemctplasn(sl, 12, ehploy<dieatn
treatment f epairing - t t a abgve 900C - the
transition $%8%15§Z é?e%g?%gg%gﬁgeFQFuggR§% g?g%r(g?yfo t he
defect-repairing tenperature of step (f) being achieved at a ranp rate

above 10U s. 6. PrétosessReeeidingtbo Lai wel, cehagact:ergeds i n that
t he bondi ng step enploys a partial vacuum aof between 0.1 and 100 nbar,

preferably 6PebefkeéRz895 dhd R hbdriaindrdrERemsr eOpr eFBEabf 4L 61 nbar .
3. Process aggerdi(ng te eichhem efr QeddEardd gk Zer0flaf acies iZedvéen t hat the

anneal of t g bond_ st engtheni ng_step s 20;a0ngal 3t (8 G9pshant

7. Process according to one of Claims 1 to 6,
characterized in that the thickness of the oxide laver

(2} ds 15 nm or less.

8. Procegs according to one of Claims 1 to 7,
characterized in that formation of the weak zone (32)
comprises implanting atomic species into the donor
substrate (31).

9. Silicon-on-insulator structure comprising a
gsiliceon lavyer (3", a buried oxide layver (2} the
thicknegss of which is 25 nm or less, and a support
subgtrate (1), characterized in that the defectivity of
the structure in terms of defect clusters is 60 or

less.

10. Structure according to Claim 9, characterized

in that it is a 300 mm-diameter wafer.

11. Structure according to either of Claims 9 and

10, characterized in that the thickness of the silicon



21 tenperature |lying between 300 and 350C of between 5 and 15 hours in

| engt h. 4. Process according to one of Clains 1 to 3, characterized
in that additional mechanical energy is applied to cleave the donor
substrate (31). 5. Process according to one of Clains 1 to 4,

characterized in that an oxygen plasma?¥s enployed in step (c) of
activating theeexide bayes (2). nm or 61e£§pce&a acedetiang yt @oconen of
Claims 1 to 5, charactgrlzed in tha% e %TlCEQess of the silicon layer (3)
is 600 rim9F 88 aRttopF&Fer 4Bty ¥ % Ee 296" nm and 510 nm
preferably being equal to 330 nm 7. Process according to one of
Clains 1 to 6, characterized in that the thickness of the oxide |ayer (2)
is 15 rimor |ess. 8. Process according to one of Clains 1 to 7,
characterized in that formati on of the weak zone (32) conprises inplanting
atom c species into the donor substrate (31).

Silicon-on-insulator structure conprising a silicon Iayer (3" ), a buried
oxi de layer (2) the thickness of which is 25 nmor |ess, and a support
substrate (1), characterized in that the defectivity of the structure in
terms of defect clusters is 60 or |ess. 10. Structure according to
Claim9, characterized in that it is a 300 mmdi aneter wafer. 11.
Structure according to either of Clainms 9 and 10, characterized in that the
t hi ckness of the silicon 22 layer (3') is 50 nmor |ess, and preferably 20
nmor |ess, and even nore preferably 12 nm



