1 Process for fabricating a substrate of the
silicon-on-insulator type Background of the invention
The present invention relates to the field of
‘E}rocesses for fabricating 5what are called S

22O %n i nsul ator) substrates. %T@a%%iogns*f

substrate conprises a silicon pxide (Si Q) |ayer

buried between a bulk silicon substrate and thin
silicon | ayer. These substrates are
intended to be used in the fields of electronics,
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and transfer The i@inBok REat&URGO bhrticularly to the finishinkOsteps of these
reducE tgee roughness of this active layer, a finishing
annedPi§ operation i's then carried out in an’

at nosphere contai ni ng hydrogen, an inert gas or a

m Xt yéseriftfontofthelpyibr gS€s, at a tenperature between
1100C and 1350C. This 25tenperature range i s chosen so

as, on the one hand, to limt the annealing tinme and,
th the ot her hammmpleofampersaivy fabomatingian §9? 8pstgte is already
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mixture of the two gases, at a temperature between 1 100°C and 1350°C. This
25 tefnperature range is chosen so as, on the one hand, to limit the annealing time and,
on the other hand, to avoid any contamination by impurities, such as heavy metals.
The above document specifies that the aforementioned heat treatment
- may be carried out by a technique called "long annealing” for a time between 10
minutes and 8 hours, or by a technique known to those skilled in the art by the name
30  RTA (rapid thermal annealing). In the latter case, this process is carried out in an
RTA annealing apparatus that allows rates of temperature rise of greater than
10°C/s and relatively short annealing times, of around 30 seconds to 1 minute, to be
achieved. ‘ 7 ‘
Finally, this annealing step may be followed by a sacrificial oxidation

35  step.



Finally, this annealing step may be followed by a
sacrificial oxidation 2 However, the process

described in that docunment has several drawbacks,
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1100C, *1150C xistr t@ORlGnentas pmolts areplptted in the appended figure 2,
which represents on the y-axis the change in standard uniformity Asioz as a result of

annealing this buried silicon dioxide layer and on the x-axis the thickness Eg; of the
30 silicon active layer before annealing, expressed in nanometers.
Curves d, eand f represent the results obtained after annealing at
temperatures of 1100°C, 1150°C and 1200°C, respectlvcly _ _
An annealing operation at 1200°C for example is an operation during
which the temperature gradually rises over several hours and is then held for 5
35 minutes at 1200°C.



An anneal i ng operation at 1200C for exanple is an
operation during whi ch the tenperature gradually
ri ses over several hours and is then held for 5

35m nutes at 1200C. 3 As may be seen in figure 1li t he
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in an atmosphere containing hydrogen and/or argon is not completely effective for
minimizing the roughness of the surface of the silicon active layer and above all for

30 minimizing it homogeneously. :
It is also known, from document US 2003/0134489, that a fracture in
a substrate, obtained by implantation followed by detachment annealing, leads to
the formation, on thé surface of the thin detached layer, of a particularly rough and
damaged localized zone, hereafter in the description called “dense zone”. This
35  dense zone is located on the edge of the substrate wafer. It corresponds to the zone
where the detachment was initiated, that is to say also to the zone in which the



It is also known, from docunent US 2003/0134489, that
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hereafter in the description called "dense zone". This
35 dense zone is located on tHe edge of the substrat e
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" the invention The aimof the invention is to solve the
af orSewrewmry oftbelingderiobacks of 15the prior art.
In particular, the object of the invention is to

provide a fabricati process, whi ch makes it .possible
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the “donor” substrate, so as to form thercin a weakened zone which forms the
25  boundary between said thin layer and the remainder of the donor substrate;

b) this donor substrate is bonded to a substrate called the “receiver”
substrate, by molecular adhesion, a layer of silicon oxide (8iO,) being interposed
between the two; o

_ c)said remainder of the donor substrate is detached, along the
30 weakened zone, so as to obtain an SOI substrate comprising the silicon receiver
‘substrate covered with a silicon dioxide layer and a thin silicon layer;

d) one or more finishing steps are carried out on said thin silicon
layer, including at least one long thermal annealing step for a time of at least 10
minutes, in a gaseous atmosphere containing hydrogen and/or argon. -

35 According to the invention, step a) is carried out by co-implantation
of atomic or ionic species and/or step c) is carried out by a mainly mechanical



b) this donor substrate is bonded to a substrate
called the "receiver" substrate, by nol ecul ar
adhesion, a |layer of silicon oxide (Si02) being
interﬁosed bet ween t he two;
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25 _ - said thin silicon layer has, over its entire extent, an RMS surface
roughness of less.than 3 angstréms over a scanning area of 30 pm x 30 pm;
- the thickness of the thin silicon layer is 200 nanometers or less;
-the thickness of the buried silicon oxide (Si0;) layer is 50
nanometers or less; and : -
30 ~ ~the thickness uniformity of the buried silicon oxide (Si10,) layer 1s
1.8 nm or better. ' C

Brief description of the drawings

35 Other features and advantages of the invention will become apparent
from the description that will now be given, with reference to the appended
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Description of the preferred embodiments

~ This process will now be described in greater detail.

It comprises a first series of steps for the formation, detachment and

25  transfer of a thin layer onto a donor substrate, illustrated in figures 3A to 3D, and a
second series of steps for finishing, illustrated in figures 3E to 3H.

Figure " 3A shows a donor substrate 1 made of preferably
single-crystal silicon (Si) covered with a silicon dioxide (8i0;) layer 2, the free
surface of which bears the numerical reference 20.

30 o The oxide layer 2 may result from thermal oxidation of the donor
substrate 1 or may have been formed by deposition, conventionally by one of the
chemical vapor deposition techniques known to those skilled in the art by the
acronyms "CVD" (Chemical Vapor Deposition) and “LPCVD” (Low Pressure
Chimical Vapor Deposition). ‘

35 Figure 3A also shows a rece:ver substrate 3, made of smgle -crystal or

polycrystalline silicon.
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' In the case of co-implantation of hydrogen and helium, the helium is

" preferably implanted before the hydrogen.
Figure 3C.shows the step in which the receiver substrate 3 is brought
into intimate contact via one of its faces, referenced 30, with the face 20 of the
35 insulator layer 2 of the donor substrate 1,
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and 600C, . More precisely, this hybrid treatment comprises:
-application of a heat treatment for controllably weakening the
weakened zone 10, that is to say a treatment interrupted before detachment is
30 initiated; and then '
-application of an energy pulse that triggers “self-sustained”
detachment along said zone 10. ‘
An energy pulse may be applied using a machine for automatically -
separating wafers, for example a machine as described in document

35 US 2006/138189.



20 preferably at about 500C, for a tinme |ong enough to
obtain this detachnent, typically around one hour.

In the rest of the description and the clains, the
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30 the SOI substrate in a gaseous atmosphere, or under wet conditions, for example by

heating in an atmosphere containing water vapor.
Whether the oxidation is carried out under dry or wet condmons the

oxidation atmosphere may also be charged with hydrochloric acid.
The oxidation step results in the formation of a silicon oxide (8i05)

35  layer 111 on the surface of the thin silicon layer 11.



“The finishing steps will now be described. A
sacrificial oxidation operation is carried out on the
surface of the thin layer 11. This operation is made

up of an oxidation step, shown in figure 3E,

"P’rﬁﬁ{mﬁ@ ¥ 1 oned by a heat treatnent and thenp(%@mggbs’%&m
deoxi dation step shown in figyre 3F. The
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30  atime of less than 10 minutes, the treatment is ineffective while for longer than 15
hours it is no longer economic in terms of production costs. -
This annealing is carried out in a suitable furnace.
The SOI substrate obtained bears the reference 6.
It should be noted, on the oﬁe hand, that the sacrificial oxidation step
35 shown in figures 3E and 3F is optional and, on the other hand, that, when it is
carried out, this may be carried out after the long annealing step of figure 3G.



The thin residual silicon |layer bears the nunerica
reference 112. It Is slightly thinner than the |ayer
11 . According to the invention, and as
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It may be scen that the implementation of the method according to

the invention does not achieve any roughness reduction in the center.
However, it may be seen that such implementation does have a
30  markedly beneficial effect on the edge of the substrate, in the region where a dense
zone is observed with the method according to the prior art. In addition, the RMS
roughness values are low, less than 3 &ngstroms for a scanning area of 30 pm X
30 pm, are homogeneous over the entire area of the substrate, and arc reproducible.
Furthermore, at annealing temperatures not exceeding 1100°C, the
35  diffusion of oxygen coming from the silicon oxide layer i is greatly reduced, so that
the thickness of the oxide layer remains uniform. '



Figure 4 enabl es the surface roughness of the thin
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After said SiO, laye'r- was bonded onto a silicon receiver substrate,
35 the process of detaching and transferring a thin silicon layer with a thickness of

about 250 nanometers on the Si0O, layer was carried out.



Finally, a thermal annealing operation was carried out
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uni formty wahiddéthehimehharplwis oatied ot dmstiynby ianhcaBnP2t a

t hl ?e!(ngp%i?'agmg of :Jilf'o%b QFG d%?'i‘%% l?u whicﬁl did ]n_gt result detachment

covere anoge
ei | If@lWeQGDYdﬂExiiRPécarﬁé‘?e? an, G Hiseaf %ﬁe@g ok, which
CO- infephanfthBy iriggered sdifysisnined dandhmzal i um wi t h the

aramet er s g‘éﬁﬁaﬂg g gacgﬂ:gjé\%xlﬂ%g rv@ag% e&l Qe fgllowcd by thermal

x10161-r1c
2x 1 euspkingyrder tbmmwondlsenﬂ@éw the case of example 1- After
sai d Si 02 | aymk swasrebsinndeth @ainpled wirk bltained.ecei ver

substrate, 351th|3 rcpce% a%éc?rﬂigg c?ﬁ'& %ﬁt@hlﬂgl 1ft o d ﬁﬁ&%gtgroisgf&e to |

-a thin silicon ess o
nan @h@tneqrnsswrsubﬂ@tesmo’@um}ze ﬁmwbcwrw‘élqya&as ugdorm surface
1501 SoulBhais RNE 16 tseP MERSF ey ddnee zes af iwomld e e case with the

ﬁgz(j)aécle'\;%% %t thegllargoer g&eﬁnastb% ag!tue 3%16 %ﬁ@ E?Jn?é ﬁu“eﬁ og dg layer
t he ofppifirmethickness fin additiare ﬂtgwaﬁensg'@lsh%rﬂeéw&ﬁﬁl rgsulf ina sificon
S hOQerer H&lefé']a ma.ehm ﬁ;aglw;sg; it.ggamdd ®el fngstisha(A)elr an AFM

tachnent . Ffﬂ i? rﬁCflflCla| oxi dation was

car USSRt Sca?B oM g )f? her mal anneal i ng under. t he
1$ane condi t i oFsaSOR rsubsiestes aefe cxsellent AHalie pre qhfgined; fhat are
I es WattRuldy biltaBlFOPApplidatioRs B thdiabiicuidn of electronic compdixts for
procelBsrlet ccordkg ed O the invention therefore makes it
poss! b THBYA R an SOT substrate in which the thin
silicon act i vEhel igyRntionds algo pATERAT adiaptageoug dn the case of SOI.
roughp@ses hivigl: i1s to say free of the dense zones as

%’fﬁm d be the Cat?-leel\é\ﬁpfl%hsnf &% 1%?%%%%&&% BFZM d&Bmg{ﬁIS’ (nm) |

i s being achi eve buried oxi
| ayer les siae, flewpite thiy enabisknash dasa@lmeqnoqf the Ippgied Qxidg lpyer does
fi niphiakgphégatdmnts result in a silicon |ayer having
a | ow RVM5 rough 0 2 r )of 50
for an MM m c?aogco gmjéeér?xelf %38 later g‘aﬁﬂn? étﬁﬁﬁn&éo
SO nanpraeteraten) of 13&5)( siapg, Enen am qa§ﬁ éheeb%f'b?féhﬁwsﬁ H’Hf"ﬂmw

B € PRhkint Garly suitable for appl ications in the
fabrication of electronic conponents for which they
are intended.




The invention is also particularly advantageous in the

case of SO substrates having: 20- a thin upper

silicon layer with a thickness of 200 nanoneters (nm

or |l ess since, despite this small thickness,

di ssolution of the buried gxide |ayer does not take

pl ace; and/ or - a thin buried oxide

(Si02) |ayer having a thickness of 50 nanoneters (rim
CLAIMSess, since, even in this case, the | oss of

thi ckness uniformty 25renmains small. 14 CLAIMS 1. A
1. Pr ogesscdso ol Abricatig Agubstsatbsifriat eSQIf (siliven S@A insulator) type,
confpridingibie fellowinpssiéyat @mpistiygpim: conpri sing the fol | ow ng

steps, consisting in: a) atomc or ionic

S pes) sesmitice idnipdpatieesreiinpanteddntol acdlivon shistratd elledthed'donor”
subfshete, stoaoto' foat Bkéreiat £weslenad zdre Widclnfdriverthé howndary between a
thinegkemedhe coneninder ofithedlonsr substrddoundary bet ween a thin

| ayer and the remai nder of the donor substrate;

b) bhihss dbabpsubsithistis bdeled so boutsadte called Bwlisdceized substrate, by
mobeehilaeddiekion, 1 lageiof sititorsedidd Iredrtgaintepyosat belovgkmthe two;

adhesion, a |layer of silicon oxide being interposed

bet Weaid tehairdenof the donor sahstmad d deenkddy eleng tfe wdakermbdrzone, so
as sublsthinadreSOE sulstrachetprisingnde tshieoneealedbre dubstnate, coyeredsvith a
silitan dibtide hyemran8@l thiudliondgyer;conpri sing the silicon

recei ver substrate covered with a silicon dioxide

| ay@y ot mork Hinishivig stepsard @ysed out on said thjn shendayeminduding
at Jebsticmhilong theepa aanealingrstépefir eutmoof Wdeadt thimingtesiis @rgaseous
atrha@epbere dontinidg hydumgen endfor grgon, ohgraihsteped) iasaaiad; ouy by co-
implaniatipn pf atomice iofic apecie@ a\gd/ omvhq:renm slep ©) isvapriegoa by sainly a
megharienp detaehroert amdn 8 AWERLNS PR Oh SteRh afeeitpoothing
ankrgabgnd )are 81l carrigdeent ewg%rﬂneéawﬁp ph SRFIpAE it Gief exgseding
11908Gi ¢ speci es and/ or wherein step c) is carried out by

mai nl y a nechani cal  detachnent, and mhereln said
2. ann@h¢ Pragesstas pﬂaéme i) §maﬁew th? e%‘FPSa?ﬁ P&*P St least
ongpacrigeiel Pdption ot e f‘é?etsléﬁﬁg g lgh ;gf %31 3@@ bya fon so
as linanate dhy ﬁlﬁlgf Ress gEmaterip g 8 MEREHCR B ¢l ai m

1, wherein the flnlshlng steps conprise_at | east one
3. sacihe PEICES 45 £1aURed BrEO 1 Hch FYISEEIS Siep 20 EOTSTOTS B D FIE Ut &
hygleogern/ F%WPG%@HﬂB9aHOHeOX|datlon so as to elimnate the

4 o, Thapror °fﬁ%ieié§ OO b R %ggg t S Prment of
stepise dniaiee by aayechi Sronop BapE eﬁ]ﬁ

hydr ogen/ hel i um co-i np] ant ati on. ess
@aﬁhé@mﬁ%o%ec gjmeq i ciﬁ%l@éeauoei@ E"Ihﬁlfeﬁ‘ist evafFé%C@FW Rbstep o is
card‘ QUhWENt of step c) is initiated by a rrechanl cal

action on the weakened 19 5- The roces

m hou
mé'@@r:aﬁ%frmrg L %k ?ﬂ% s W%@;W t

for further ning the akene wi.t hoyt :
it Qi RER R ket AR RO R Theahigofigie refeinder of
the donog gpRsir Eeubst rate, and applying a pul se that

i nduces sel f - sust a| ned det chmencf fromthﬁ Berml nde
6. of {Ih8 PERSRTAsS @ne of the preceding claims, which consists 1n formmg

the silicon oxide layer by themg} oxidation of the donor substrate and/or of the receiver
substrate and in bonding the two substrates to each other so that said silicon oxide layer
lies at the interface.




6. The process as clainmed in one of the preceding

clains, which consists in formng the silicon oxide

| ayer by thernmal oxidation of the donor substrate

and/ or of the receiver substrate and in bonding the

two substrates to each othej; so that said silicon

oxide layer lies at the interface. 15 7. The process

as clainmed in one of the preceding clainms, wherein the
7. sacthé ipeicats axxéldateddn dre afahe ipecteding clamier whkrginothe wacrificial
oxidatiah tsi @nded aitt wndee dpesavelr @nditonect a7@0Petatarenet@@n 700°C
an@1100M@ process as clained in one of the preceding

cl ai ms, wherein the annealing of step d) is carried
8. out Theprogessmsictainred imeneodf thé phoedisg clains, Wherqm deeswmealing of
stepldismactiddroubd foe aghaxihemgieeeldishgurst ai ns, wherein said

thin silicon layer has, over its entire extent, an RMS
9. sur fThe pracessgiswkdised fn bmssf thharecddiag geims véhepainr said thin silicon
layschasnovey itaeptireektedl) aprRMS Sarfapmroughndisef hass thews3 angstroms over
a scAraingeoted of 3onen gfotbe precedi ng cl ai ms, wherein the

t hi ckness of the thin silicon |ayer is 200 nanoneters
100r [Thegrocesslas cRimesirooessf the prdcadling dlaims,ovlereifi théthickness of
thegthircsiiikondayek &i 209, nanhwetsisorless. t hi ckness of the buri ed

silicon oxide |layer is so nanoneters or less. 12. The
11.pr o@hs prawssscisataimed imonmef the prévedipg elrinds, nwher¢iaithe thickness of
thenheiedisticoh exitlt laytarie 56 nemarhesersiorjessf t he buried silicon

oxide layer is 1.8 nmor better.
12, The process as claimed in one of the preceding claims, wherein the thickness
uniformity of the buried silicon oxide layer is 1.8 nm or better.



