METHOD TO THIN A SI LI CON- ON- | NSULATOR SUBSTRATE The invention lies in
the area of the fabrication of silicon-on-insulator substrates known to

per sons skol2bedi2pe23t he art under the acronym"SO". A SecTarbemnsiies
conprises a silicon oxide Si02 5 |layer, buried between a silicon carrier
substrate and a silicon surface |ayer cal|led the "active layer" since it is

on or in this layer that conponents will subsequently be fabricated
intended for applications in the areas of electronics, optics,
opt oel ectronics or 10 m croel ectronics. The present invention nore

specifically concerns a nethod to thin an initial substrate of SOT type,
making it possible to obtain a SO substrate having a silicon surface |ayer
that is thin, even extra-thin, and whose 15 surface is free or alnost free
of polluting particles. The integration of transistors in

m croel ectronics is nade with increasingly smaller dinensions, since it is
desired to increase the nunber of transistors packed on a wafer (or
substrate). Breaking the "technol ogical 20 barrier of 22 nanonetres", i.e.
fabricating transistors having a width of 22 nanonetres or |ess, may |ead
to requiring the use of SOT substrates known to those skilled in the art as
"fully depleted" substrates. 2 In said substrates, the silicon
surface layer forms a so-called "depletion” layer in which the
concentration of nobile charges is much |ower than the equilibrium
concentration. 5The fabrication of a "fully depleted" transistor requires a
reduction in the thickness of the active silicon surface |ayer, which on

this account must Wperesyato tery A essidan- G- nenenetsessupieter@ably in the
order of 10 to 30 nanonetres. 10lt is also to be noted that the thickness

of the buried oxide | ayer can also be reduced i.e. to |less than 15
nanonetres, if it Thedesivieed itom usieed his type a0feaSA f suhst rabe itcar ibhe

fabrication ogfconpgnents intend%d for aB%Iica ions.,of " power" or

| o
"menmory" type’t15The {ERINAEr 1{RE T4ESTr e aEFF9ee§iI#@gﬁnsuﬁkacgersons

skilled in the art under the acronym "SOI".
A SOI substrate comprises a silicon oxide SiOQ;
5 layer, buried between a silicon carrier substrate and a
silicon surface layer called the “active layer” since it
is on or in this layer that components will subsequently
be fabricated intended for applications in the areas of
electronics, optics, optoelectronics or
10 microelectronics.

The present invention more gpecifically concerns a
method to thin an initial substrate of SOI type, making
it possible to obtain a SOI substrate having a silicon
surface layer that is thin, even extra-thin, and whose

15 surface is free or almost free of polluting particles.

The integration of transistors in microelectronics
is made with increasingly smaller dimensions, since it
is desired to increase the number of transistors packed
on a wafer (or substrate). Breaking the “technological

20 barrier of 22 nanometres”, i.e. fabricating transistors
having a width of 22 nanometres or 1less, may lead to
requiring the wuse of SOOI substrates known to those
skilled in the art as “fully depleted” substrates.



| ayer, the nore it is required to renove a substantial quantity of materi al
fromthe initial SO substrate. When it is desired to thin the active
silicon swofamezb@yer of the substrate, notably by etchipog/EPRE1026510%
ascertai ned that the edges of the wafers are fragile, that they may break
and formparticles which are redeposited on said active |ayer, thereby
polluting this layer. Also, with state of the art nethods to fabricate 25
SO substrates, it is known to conduct treatnment called Rapid Thernal
Annealing (RTA). It is known that the effect of this treatnment is to reduce
the roughness of the sklidcenbsurbaee,| ayer stidiachi eve fsweotihiyeg tthemeof . |t

|8 3l so known,{ am.dosurent, BR.2,852 149chy 1he 30,3001 eante that JRTA

treatment can“have gﬁe effec over encapsu

peri pheral edgé ofokhke bahbadesxide ma?éribﬂﬁﬂhetsam §Ubsteapell@mdUﬂhat
this encapsul athen¢ancprgvent chem cal attack and del am nation of the edge
of the buried oxide |ayer 35 during a subsequent treatnent step of the
substrate. > TBgi of ForA G3'etheRt i3 tﬁéﬁéﬂbr%@@%ﬁﬁ?%el?rééﬁdﬁépéd

during the fipeghirgsstepseafucti®@l sHbstuat ehicknessHowevedhe t hetappl i cant
has found t hat the active.silicon |ayer is on5|derabl t hi nne t he

so- 5 called Séﬁ@ﬁﬁ&ul%ﬂ? oS | &gEF T . &t P&yéf:F%c ﬁﬁOPH g8FF phéFal
edge of the bengued ad dey beeenﬁ@adadﬁgewnmthnedmngﬁﬁféxﬁbly31nt$he

protective roleg., ¢ 6998“%%dn558%§%rés showi ng the state of the art,
illustrates an encapsuﬁatlon l"ayer artly 10 encapsul ating the edge of a

substrate QOTvmosétadﬁ\@#%ﬁlF@o@qzﬂ@ﬁe@w¢h9§ &hehi kst af Itegst 100

nanonetres. Thi;$iencapsdkation | ayer sigoceasekizdated ihy t he onset +ohn
silicon bridges PTﬂ%enerated during RTA treatnent. 15The perspectlve

di agram i n fléérga §?§6e§h0%§ Hﬁels desired to use this type of S0OI
substrate for the fabrication of components intended for

applications of ”“low power” or “memory” type.

15 The thinner the desired active silicon surface
layer, the more it is required to remove a substantial
quantity of material from the initial SOI substrate.

When it is desired to thin the active silicon
surface layer of the substrate, notably by etching, it

20 is ascertained that the edges of the wafers are fragile,
that they may break and form particles which are re-
deposited on said active layer, thereby polluting this
layer.

Also, with state of the art methods to fabricate

25 SOOI substrates, it 1s known to conduct treatment called
Rapid Thermal Annealing (RTA). It 1is known that the
effect of this treatment is to reduce the roughness of
the silicon surface layer to achieve smoothing thereof.

It is also known from document FR-2 852 143 by the

30 applicant, that RTA treatment can have the effect of
overlapping and encapsulating the peripheral edge of the
buried oxide layer of the S0I substrate, and that this
encapsulation can prevent chemical attack and
delamination of the edge of the buried oxide layer

35 during a subsequent treatment step of the substrate.



bri dges PT and the oxide | ayer OX which can be seen at certain points

bet ween the bridges PT. On the other hand, and as can be seen in
appended woguroei22028hi ch illustrates a test result obtai retd/Brgomhss1ad
applicant, if it is sought to further thin the active silicon |ayer CA of a
substrate SO, using a thermal oxidation process followed by an etching
step, it is found that the bridges PT are either broken or have

di sappeared. 25In this case, after said treatnent, since the encapsul ation
| ayer is strongly damaged or has di sappeared, the chem cal product used for
etching infiltratesatheRirat erktacechet Wweenhthe fbuei eduaxinde yl apeduaned he

surface SIlIC%pFﬁ § tﬁgg% ESB. sg@g%rag% Eigbﬁ %gﬁégrggg particles of

silicon, and s er W Th OXI de refman S, eak up and
re- dep05|t on the é@WEV@rsurt@%eaﬂﬂkﬂcaﬁtth@SSCfoguﬁstEQQ@ wieay eftbee

substantial pgkhutionsof;dhe %!Pékr ate &énQPé@Eé(@ﬁy mekin@d,t ki otor
subsequent use in conponent 3 abrication. Additionally, the polluting

particles fay C8er&fch AE RSO 0F 19501 - §ub§ﬁ%ﬂ¥?ye¥-faClngTﬁéeperson

skilled in theeaiphesatthetgtone dhssvadedd baiydsi pgceneli Agrbgetihibnga SO
substrate, whether or ?8%§a Ld s bstra%e had undﬁrgone RTA treatnent. 5The

obj ective of t'fle PHVEAt F%Sté SoPve thé&dbove-Eited drawbacks of the
prior art. Oheppardedculiggumbj ect ishewohat hené neeateomfi sthe pravi de a

met hod al | owi ng thntggltgg of grhe ag bﬂgséy%%ﬁ 'aﬁ%;y Qf ancgni tI‘pat $a%by

substrate of Sa whi | st nating the particles gene
this th|nﬂlngen@ﬁéﬁﬁéﬁtéﬁgnéﬂmtHﬂ%ﬁ%apfs@béﬂﬁéﬂéfﬁés Pekenvhpeei ggsliye

subjected to engapsul atippedreahmentaandbor ¢10; £1api 4k t hermal s @anneakishg of
RTA type. articul ar objective of the |nvent|on is.to 15 provide said

et hou wi t b WADGNTFECRGtaasi B bt 6 6BPATA A 801 L6uBS: ridt 6 RRbLe dacerve
silicon surfabg lageroras af htkness ofidess PhagehBrnasaneuresgarda s of
sui tabl e qualtr aE%EDEhe subsequent fabrication of conmponents.

15 The perspective diagram in figure 1A also shows the
bridges PT and the oxide layer OX which can be seen at
certain points between the bridges PT.

On the other hand, and as can be seen in appended
figure 2 which illustrates a test result obtained by the

20 applicant, if it is sought to further thin the active
silicon layer CA of a substrate SOI, using a thermal
oxidation process followed by an etching step, it 1is
found that the bridges PT are either broken or have
disappeared.

25 In this case, after said treatment, since the
encapsulation layer is strongly damaged or has
disappeared, the chemical product wused for etching
infiltrates the interface between the buried oxide layer
and the surface silicon. The edge of the substrate 1lifts

30 up and particles of silicon, and silicon together with
oxide remnants, may break up and re-deposit on the
active surface layer of the S0I substrate. Therefore
substantial pollution of the substrate is observed,
making it unfit for subsequent use in component

35 fabrication. Additionally, the polluting particles may

scratch the surface of the SOOI substrate.



For this purpose, the invention concerns a nethod 20 to thin a
silicon-on-insulator substrate SO called the "initial substrate"
conpri si ngoaorvize@en oxi de | ayer Si 02 buried between a eCIriBPRM0OSIIDS €F
substrate and a silicon surface |ayer. According to the invention
this method conprises 25 the foll owi ng sugcessive steps, consisting of
conducti ng: - thermal oxidation treatnent of said initial substrate
to cause oxidation of part of said silicon surface |layer, 30- a first cycle
of etching then cleaning, - a second cycle of etching then cleaning, the
etching of the firShecygeadshel ngslerfod nednso tas f Hity t Osrembeectthee

t her mal oxi de 4. r .far t LN I jlico rfac a to lift
off all the 3§l§%§€ggﬁem§g¥%sg?%£ﬁ1Pﬁ%heg'e1%? gg?g fhi$?£|%§%§§?%§Fé, t he
et chi ng of thehssbend oycl endlei ngapér f sriesd ege 5 hahovenfievgrihe SGAf ace
of said thinned.suhstrate, the polluting particles formed during said first
et ching cycle and whi ch have deposited thereupon, so as to obtain a

so-cal led ®final" $PPi comldmtivRulodt ofPes Wit v SOT WRosE 1 nhéd

surface | ayer abekBscafcactrua@bbayer of the pAceer dirig to ot her advant ageous
but_non-1imi ting characteri stigs, of the davention, take along or in.
conbi nati on
provide a method allowing thinning of the active surface
layer of an initial substrate of SOOI type, whilst
10 eliminating the particles generated by this thinning,
whether or not this SOI substrate has been previously
subjected to encapsulation treatment and/or to rapid
thermal annealing of RTA type.

One particular objective of the invention is to

15 provide said method with which it is possible to obtain
a SOI substrate whose active silicon surface layer has a
thickness of less than 50 nanometres and is of suitable
quality for the subsequent fabrication of components.

For this purpose, the invention concerns a method

20 to thin a silicon-on-insulator substrate SOI called the
“initial substrate” comprising a silicon oxide layer
Si0, buried between a silicon carrier substrate and a
silicon surface layer.

According to the invention, this method comprises

25 the following successive steps, consisting of
conducting:

- thermal oxidation treatment of said initial
substrate to cause oxidation of part of said silicon
surface layer,

30 - a first cycle of etching then cleaning,

- a second cycle of etching then cleaning,

the etching of the first cycle being performed so
as fully to remove the thermal oxide layer formed, to
thin said silicon surface layer and to 1lift off all the

35 unstable parts from the edge of said initial substrate,

the etching of the second c¢ycle being performed to



10- the initial SOT substrate, before said thermal oxidation treatnent, has
under gone overl appi ng and encapsul ati on treatnent of the peripheral edge of
sai d buriwd2sidi2e@3 oxi de layer Si02, with a so-called PemEepsioiosiibon”

| ayer derived fromsaid surface |layer, 15 and the oxidation treatnent of
said initial substrate is conducted so assto cause oxidation of said

| at eral encapsul ation | ayer over its entire depth as far as said buried
silicon oxide Si02 |ayer; - said overlapping and encapsul ati on
treatment is 20 conducted using rapid thermal annealing, RTA, - the
thermal oxi datieonver eatarenthe sscofiduet ed ataial tenpetat usebetrbetnweene800C

and 1150G o117, 4 dfferent. oxidatdon and slching sieps. ate gopduct ed

so as to obta i'con-on- |nsu fate os€e so-call ed
"extra-thin" aetilee sifli conidhayéradvsas dappﬁllctleﬁles‘shmesporam 00| eéss. to -

the different jgxidati on and etgohing steps are conducted,so %%shQa%tra' n a
final S|I|con on-i nsul ator substrate whose so-called "extra-thin" active

silicon 30° ay8Pshasts t APEknEResef Boimmrdr Jwslce laver sdiagmsni eial
siIicon-on-inaukab@rlaybstrate SCF conprises a silicon surface |ayer whose
t hi ckness is 400 nghor l.ess the first and/or segond cycle

is 35 performed us 505d539e'ﬁ9d %P@&br?§938£8g?ﬁ VS0l T oRCGi M dfed Y wat er
to a concentrateoacokrbetween 20% and B E26Bohy vodkere,alatne tcenpemat ur e
of between 20C and 3QC for a tine of between 30 seconds and 500 seconds;

10 - the initial SOI substrate, before said thermal
oxidation treatment, has undergone overlapping and
encapsulation treatment of the peripheral edge of said
buried silicon oxide layer Si0O,;, with a so-called
“encapsulation” layer derived from said surface layer,

15 and the oxidation treatment of said initial substrate is
conducted so as to cause oxidation of said lateral
encapsulation layer over its entire depth as far as said
buried silicon oxide S5i0, layer;

- said overlapping and encapsulation treatment is

20 conducted using rapid thermal annealing, RTA;

- the thermal oxidation treatment is conducted at a
temperature of between 800°C and 1150°C;

- the different oxidation and etching steps are
conducted so as to obtain a final silicon-on-insulator

25 substrate whose so-called “extra-thin” active silicon
layer has a thickness of 50 nm or less.

- the different oxidation and etching steps are
conducted so as to obtain a final silicon-on-insulator
substrate whose so-called “extra-thin” active silicon

30 layer has a thickness of 30 nm or less;

- said initial silicon-on-insulator substrate SOI
comprises a gilicon surface layer whose thickness is
400 nm or less;

- the etching of the first and/or second cycle is

35 performed using a pure hydrofluoric acid HF solution

diluted in water to a concentration of between 10% and



- the etching of the first cycle is performed using a pure hydrofluoric
acid solution HF diluted in water to 5 a concentration of 10'25 by vol une,
it is appivoedicat2@3t enperature of between 20C and 30C f ecTtaprRéwmsabs bet ween
100 s and 500 s, to renmove 100 nmof silicon oxide; - the cleaning of the
first and/ or second cycle is 10 performedgby imersing in water, then in a
first bath of solution containing a m xture of amoni um hydroxi de (14110H),
hydr ogen peroxi de H202) and dei oni zed water, then in a second bath of
solution containing a m xture of hydrochloric acid (HCl), hydrogen per oxi de
(H202) and 1550@ib@izedumateat a temp@themrehaﬁabéembshi@@ °andnadwsaritages

of the inventgggo the geg? ggggggegb egghmg hgl cgga%rlptlon gi ven

with referenc ap . rawm ngs in |t|on to figures 1
and 2 20 already descheb@@cmdgd@él @bﬁnélpﬁ@t 6y cof @bs@ﬁ\réplrm@ﬁ urdeg

scanni ng e'ec%rﬁﬂrgl%&e%%@ﬁﬁogﬁcOB%l%d%%lﬁklénsﬁk'%HQ%E%@i%n andcfi gure 1A
which is a _schematic illustration of the SO substrate in figure 1. -

figures 3 and24 YPEGIE FForRbOREN VAL okhié TRE8T25 urdet SsEamitsg etlectr on

m croscopy of ttekmpeialtta@e of tkhae:v@dri con°’surfage JEyer fof- ast m'meed 0901
substrate res 8%tlvely an | dlatiﬁSta e of H@i neth qfornlng to

the invention S5 the f?ngp d F50Ures P@'éﬁ aFé $EREmati cs

illustrating 88itlke different steps of the method conformng to the

i nventi on. The, H? qgaagggrq&n%ﬁ- {g?%ﬂ”g @Pé?”s&&&hd”QQ@?% is e

descri bed. Figure 5A strate strate rrsin
substrate 12 i resifoireed, broateg @ity anl apeers @he§|PPc@nfé%ﬁ@ebgﬁﬁzoénd a

surface layer s41i8ishl i €8Ataining a mixture of ammonium hydroxide
(NH;,OH), hydrogen peroxide H;0,) and deionized water,
then in a second bath of solution containing a mixture
of hydrochloric acid (HCl), hydrogen peroxide (H;0,) and
15 deionized water.

Other characteristics and advantages of the
invention will become apparent from the following
description given with reference to the appended
drawings in which, in addition to figures 1 and 2

20 already described and depicting photos of observations
under scanning electron microscopy of one edge of a SOI
substrate, and figure 1A which is a schematic
illustration of the SOI substrate in figure 1:

- figures 3 and 4 derive from observations made

25 under scanning electron microscopy of the surface of the
silicon surface layer of a thinned S0OI substrate
respectively at an intermediate stage of the method
conforming to the invention and at the final stage;

- and figures 5A to 5F are schematics illustrating

30 the different steps of the method conforming to the
invention.

The method according to the invention will now be
described.

Figure 5A illustrates a SOI substrate 1 comprising

35 a carrier substrate 2 in silicon, coated with a layer 3

of silicon oxide Si0O; and a surface layer 4 in silicon.



7 The oxide layer 3 is therefore buried between the two |ayers 2 and 4.
Preferably, the thickness of the silicon surface layer is 400 nmor |ess.
Thi s SOT wohstwat@3nmay have been obtai ned, for 5 exanpl eCTEPROG/0851bRYEr
transfer process using the follow ng chief steps: creating a
weakened region in the thickness of a doner substrate, formng an
oxi de layer on this donor substrate 10 (preferably before creating the
weakened region), or on a receiver substrate, bondi ng t he

donor substrat eand recei ver substrate, det achi ng al ong sai d weakened
regi on. 15An ekeanpleidd Bavert Bansf ethprotess bsrﬁbd Srerte@ut  Oher asess of

whi ch a descr:%/étﬁle&’@ ?ag{ll&e fOF!ngEE Eér?/t,w?% th 'k'n%% 3 Ln “' %tﬁcon

Technol ogy : erira 0 VLS Jean-Pierre
publ i shed by sKrfwee Aeadeniie PUBI hgher" leséges 50 and 51. 20It vvl || be

noted that during thesdet@ehnenisStaR i ShROSSIblE, thale Jaye, transfer
i s acconpani ed by the creation of a substantially annul ar peri pheral

shoul der aroufidef'RéCsubs€rafe Ehat oH&S bééﬁnﬁéﬁﬁedpr?ﬁ?§ssh&ﬁP&@r $h&l | be
called a "ringo 1aadl@grbh@§frgt@pgnce 10. 25 According to a first

enbodi nent of the invent%on t he g? strate 1 |s.gubkﬁg dtor p|d
thermal anneal i ng RTALSe¢onbdcfed %Q%eyﬁﬁﬁ%ﬁQN%po? Det Wik D?EEO& afid
1230C, for a shoot Bhbexrgeaerally | ess than ten nlnutes in a hydrogen

and/ or argon atnnsphgégmiI i Oggggeﬁ%&k§:cgﬁrl e or%Oﬁgr S%%g%%gkgooven.

Preferably, it is conducte at a tenperature in er of
time of |e1§)s t(Rap Lerpbé Yribedoas, creatlm}s deh %%a%eé@ﬁadmew@me 5B, °the
effect of thig RIActkeat geRLti-g+E0 cause the overl appi ng and encapsul ation

- bonding the donor substrate and receiver
substrate,
- detaching along said weakened region.

15 An example of said transfer process is the SmartCut
® process of which a description can be found in the
work: "Silicon On Insulator Technology : Materials to
VLSI - 2" Edition" by Jean-Pierre Colinge, published by
"Kluwer Academic Publisher", pages 50 and 51.

20 It will be noted that during the detachment step,
it is possible that layer transfer is accompanied by the
creation of a substantially annular peripheral shoulder
around the substrate that has been formed. This shoulder
shall be called a “ring” and carries reference 10.

25 According to a first embodiment of the invention,
the SOI substrate 1 1s subjected to rapid thermal
annealing RTA, conducted at a temperature of between
1000°C and 1230°C, for a short time, generally less than
ten minutes, in a hydrogen and/or argon atmosphere. This

30 process is carried out in a suitable oven.

Preferably, it is conducted at a temperature in the
order of 1200°C, for a time of less than three minutes.

As can be seen in figure 5B, the effect of this RTA
treatment is to cause the overlapping and encapsulation

35 of the peripheral edge 30 of the buried oxide layer 3,



35 of the peripheral edge 30 of the buried oxide |ayer 3, by a | ateral

| ayer called an "encapsul ati on" |ayer and referenced 40. It will also
be not ed wbabiwhe®sencapsul ati on treatnent can al so be earmpeaioosi19dy | ong
anneal ing, for 5 exanple annealing at between 1000C and 1250C, for a tine

of between 5 m nutes and a few hours, insgead of using RTA Thi s
encapsul ated substrate 1 forns the initial SO substrate to which the
t hi nni ng nethod of the invention 10 is appli ed. As shown in figure

5C, this thinning method conprises a first thernmal oxidation step,
conducted in ayhefikaﬂéfdloygpetequﬂnﬁan&nnaw$@¢&pbmgeﬂiﬂﬁ" b¥eer and

t enperat ure r@ggg§e§ gegween 800C and 1150C. 15 This thernmal oxidation is
conduct ed under condi'tions ‘permtting full oxidation of the |ateral
encapsul ation | ayeft40wile. @k$@aﬁb@nIé%ﬁéhdﬂﬁgﬂbvémlﬁtse@ﬁﬁpﬁ@l@éppn as

far as the peripherahredge %@s@fbbh%aQQEb%do%%'%% h%%%ra%ne%QI%%-0¥bQ'ZEd
encapsul ation | ayer carries reference nunbe o) Al s

oxi di zati on t PEafReRt HMHL Gl Y ﬁﬁgjfﬁ%le¥9%%t oﬁn6X|%ﬁ59 ﬁb tﬁ%ruﬁper

part of the Slthln@OI'bf_SUkBé@xﬁ@eﬂlaBeﬁllﬁutEQI srexi di zed paydrgar ihesesef erence
25 41. con§&gU|ng oxi di zation of the encapsul ation |ayer 40' as
far as the buP e layer 3, it is possible during subsequent steps
conpletely to renDWblandnbapem@a$edthebpembpheﬂaﬁoemgetae afhilcapér s®I 30 As

1) ustrated Tg,tlatecSh, aufiastishemioal; o ceston Lo then sactiad out

performed firstly to renove thin the
silicon suY% aée bapered. and secondly to conpletely lift away all the

unstable parts of hhe edgenof isai desx rate, i . enithecB5naxhdi zedthod
encapsul ation | ayer 40'. The thinne surface 9 layer 4 carries reference

4'. The thi nn6A™BETS§GhSEt FAFE el FIBE I grdriehéanystep, conducted in a

horizontal oven (equipment marketed by TEL), over
temperature ranges of between 800°C and 1150°C.

15 This thermal oxidation is conducted under
conditions permitting full oxidation of the lateral
encapsulation layer 40 i.e. oxidation extending over its
entire depth as far as the peripheral edge 30 of the
buried oxide layer 3.

20 The oxidized encapsulation layer carries reference
number 40°'.

Also, this oxidization treatment additionally has
the effect of oxidizing the upper part of the silicon
surface layer 4. This oxidized part carries reference

25 41.

By continuing oxidization of the encapsulation
layer 40' as far as the buried oxide layer 3, it 1is
possible during subsequent steps completely to remove
and to expose the peripheral edge 30 of layer 3.

30 As illustrated in figure 5D, a first chemical etch
step is then carried out performed firstly to remove the
thermal oxide 41 and thereby thin the silicon surface
layer 4, and secondly to completely lift away all the
unstable parts of the edge of said substrate i.e. the

35 oxidized encapsulation layer 40'. The thinned surface



It is noted that oxidation of the silicon surface |ayer 4 is only conducted
over a certain thickness 5 (layer 41), so that after the renoval of this

| ayer 41,woheicinorsaed | ayer 4' has the thickness it is @evippedotossiopt ai n
Persons skilled in the art can therefore adapt oxidation paraneters taking
into account the initial thickness of |ayer 4 and the desired thickness of
the 10 thinned | ayer 4'. In one particular application of the
invention, a SO substrate is obtained whose thinned active silicon |ayer

4' has a thickness of 50 nmor less (extra-thin layer 4'), even of 30 nm or
| ess. 15The eflekest dp desr rireaf ercafd nercondirct ethesthgnacliydoaf lsubsitcaael d HF
bat h. However u e.carried out using another strong acid such
as sul phuric 58?% %g ngg&% Cg &réferably, hydrof l uoric acid HF solution is
used 20 at a conceﬁtraﬁldnﬂéﬂilﬁhQS reige¥%iby vdl ubke i alhaten, sprébeecabl y

at a Conce“trﬁég%@ ofi 1096 by, 40l wom ghp WAt ebve Thi s QI ytdon %%1%&%%%%d at a
tenperature of between 20C and 30C, preferably in the region_of 25C. This

treatment Ps doR¥BEL dd)Forsa tate BFt Vet et S0 €et onfis T5SaRd Y580 “deconds,
preferably beﬁ;‘h@emhmae@eq%@@& and 100 sescondsckiess het pretiesabky frer 100

ds. dr of d | ut
concent s at i on BIEI00 BRI Th W ern S5 1o {7 bEPSEEAC 160 A 500
seconds at bebtweent20C amdr&@éteﬁstdxﬂemuyelb®© natobuoki déhe initiEhAe tinme
spent in the gglg%gﬁ S ef‘”f’&fé%ywra%?r{h&”@ SHQefdh%]ﬁl*B]&&eés off e

oxi de generat ermal oxi dation treatnent Istime is slightly
i ncreased ﬁowé@éﬁneﬁoléﬁ§@ré full renoval of the oxide 35 according to the

invention. 10 Tn HMHes ﬁéftSic@I&P Qgﬁamlbgtiehl @@%@/ anb&hsiog! eaning
step using treatnent known under RCA. first treatment

consi sts of sﬁ@&eﬁﬁhﬁﬁ%?HQHﬁﬁsPﬁéaﬁﬂﬁdS@hQﬁﬁnﬁW%ﬁ¥?q active silicon

layer 4' has a thickness of 50 nm or less (extra-thin
layer 47), even of 30 nm or less.

15 The etch step 1is preferably conducted using a
hydrofluoric acid HF bath. However, it could also be
carried out using another strong acid such as sulphuric
acid for example.

Preferably, hydrofluoric acid HF solution is used

20 at a concentration of 10% to 50% by volume in water,
preferably at a concentration of 10% by volume in water.
This solution is applied at a temperature of between
20°C and 30°C, preferably in the region of 25°C. This
treatment is conducted for a time of between 30 seconds

25 and 500 seconds, preferably between 100 seconds and
500 seconds, further preferably for 100 seconds.

Typically a hydrofluoric acid solution HF is used
at a concentration of 10% by volume in water, applied
for between 100 and 500 seconds at between 20°C and 30°C

30 to remove 100 nm of oxide.

The time spent in the HF Dbath is evidently
proportional to the thickness of the oxide generated by
the thermal oxidation treatment. This time is slightly
increased however, to ensure full removal of the oxide

35 according to the invention.



5- a first bath of water, preferably deionized water, a second bath in a
sol ution known as "SCl1" (Standard Clean 1) which contains a m xture of
amoni umwo 20twyde@si de (NH4011), hydrogen peroxi de (H202rTardodesxans zed 10
water, then a third bath in a solution known as "SC2" (Standard C ean
2)whi ch contains a m xture of hydrochlorig acid (MJ), hydrogen peroxide
(H202) and deioni zed water. 15Preferably the SC1 bath is applied at a
tenperature of 70C for a time of 3 mnutes, whereas the SC2 bath is applied
at a tenperature of 30C for a tine of 3 mnutes. After this cleaning step,
it is observed thatTh26 ndhesousepahti bbed cassi Sbilngwkdt hbef si | ifdestand

silicon oxide rti.cle v i ted e a o] e i nned

| ayer 4'. TheSEQSQ%ﬁgc%§%%E§¥$§§$é$§$ﬁ%%%ﬁﬁ %ﬁ?#$gﬁ$§é%Egﬁ nkgbgngkg"of t he
surface of thé&htiep fiapdr YeadimenR5cSGHIsUhSOF atecobBaiimed vatimkirs 1s0age i n
the met hod of +thesprventien ks khl.ustrated in figure 3. The substrate 1'
energes framthis step in a relatively soiled state, even very soiled since
the denol i shed bridgés &f“Ehe PatéraPien¥apsdl at PERIF&GEL Y40 BEETGEFES t ed
in the form 3Qaetrparticles or debris. Next a second etch step is

performed, also preferably wth hydrofluoric acid. HF solution undger,.the
condi ti ons descri bed %bdv%?oné lxﬁngHQ eﬁfei?f%?l?%i:k%%@%n&“%tcﬁcétep i's
to lift away 35tthdaddbCileah Whi cthinds aocunishat edmdortthe stir Bagendfunt he

thinned 501 SH?@EB@HEelkNH4OH), hydrogen peroxide (H»0,) and deionized

10 water, then

- a third bath 1in a solution known as "3C2"
(Standard Clean 2) which contains a mixture of
hydrochloric acid (HCl), hydrogen peroxide (H;0;) and
deionized water.

15 Preferably the SCl bath is applied at a temperature
of 70°C for a time of 3 minutes, whereas the SC2 bath is
applied at a temperature of 30°C for a time of 3
minutes.

After this cleaning step, it 1is observed that

20 numerous ©particles consisting both of silicon and
silicon oxide particles have been deposited on the
surface of the thinned layer 4’. These particles carry
reference 5 in figure 5E.

An example of the surface of the top layer 4’ of a

25 SOI substrate obtained at this stage in the method of
the invention is illustrated in figure 3. The substrate
1" emerges from this step in a relatively soiled state,
even very soiled since the demolished bridges of the
lateral encapsulation layer 40 are deposited in the form

30 of particles or debris.

Next a second etch step 1s ©performed, also
preferably with hydrofluoric acid HF solution under the
conditions described above.

The effect of this second etch step is to lift away

35 the debris 5 which has accumulated on the surface of the
thinned SOI substrate 1°'.



11 The first cleaning step and second etch step are successive steps
i.e. they follow after each other. Finally RCA cleaning is carried
out such we 2dageei2bed previously, to obtain the final sebFtErad10/05319%
illustrated in figure 5F, in which the silicon surface layer 4' is thinned
and wi Il subsequently formthe | ayer on whi ch conponents are to be

fabri cat ed. An exanple of the result obtained after this cleaning
step is illustrated in figure 4, in which it 10 can be ascertained that a
| arge quantity of polluting debris has di sappeared. According to a

second vari ant of @hbodiimernt ofcthéengnwerio cardt hecbndt iclctsubseépatteel has
not undergone P ggg@gsgkgglon %ttheg e Qﬁigagkgg tggﬁ%ﬁg@% ES therefore
F ide ayer 1.

15 conducted $0 as to form'the . . e subsequent steps
are identical to tﬁ@géldyscﬁﬁﬁedQﬁﬂaﬂﬂﬂgfik%t embodtdreneut suchwels the

met hod ConfOr@b@@rlgeﬁh%déVHﬂﬂéfy‘ td bechharehQr er possi Bligsc LE RTA
treat nent has been used, to mai ntai n the beneficial smpothing effects of

this treat RentllAGarersraliry, fﬁyuﬁ%aﬁgfoﬂntH@”ﬁﬂYs?h%xﬁéﬁaéane§€ﬁf§F§p it

is possible tozbheeak alik th@nhéddgaa on 1neakeredueegilgnsoeh tthe layer
encapsul ation | a which i s nost z% E? %e t he |I|con oxi de layer is
(0]

r,
very thin, SOOES%gﬁSP §88§88§8ﬁ?|§th 8b5%8ﬁ §flep does not have any
bridge to denDI|shAandekhapééorefdoeSenotegeﬁerab@tanmemmrafpekluthn@

particles or §§ §DBUQH§£JO#%I-@?EgtBQQE cles %9ggfsluftgglofﬂ ;Lhe;surface

of the thinne ate atter advant age 0 éxists even if the
initial Sadf s@@@tﬂé&eaﬁggrh@%n%éeﬁh§ﬁbj@cﬂéégﬁoCﬁﬁyﬁﬁﬂévl@ﬁsFéﬁéaﬁgﬁﬁatlon

12 debris has disappeared.

According to a second variant of embodiment of the
invention, the initial substrate 1 has not undergone any
encapsulation step. The oxidation treatment is therefore

15 conducted solely so as to form the oxide layer 41. The
subsequent steps are identical to those described for
the first embodiment.

With the method conforming to the invention, it is
therefore possible, if RTA treatment has been used, to

20 maintain the beneficial smoothing effects of this
treatment. Additionally, by means of the first extended
etch step it is possible to break all the bridges or
weakened regions of the encapsulation layer, which is
most easy since the silicon oxide layer is very thin, so

25 that subsequently the second etch step does not have any
bridge to demolish and therefore does not generate any
more polluting particles or debris but allows these
particles to be lifted off the surface of the thinned
substrate.

30 This latter advantage also exists even 1if the
initial SOI substrate has not been subjected to any

previous encapsulation.



CLAIMS 1. Method tothin a silicon-on-insulator substrate SOL(1)called the
"initial substrate" conprising a silicon oxide |layer Si02 (3) buried

bet ween aweizbiocam2sarri er substrate (2) and a silicon secrareodobayer (4),
this nmethod being characterized in that it conprises the foll ow ng

successi ve steps consisting of conductings t her mal oxi dati on
treatnment of said initial substrate (1) to cause oxidation of part (41) of
said 10 silicon surface |layer (4), a first cycle of etching then
cl eani ng, a second cycle of etching then cl eaning, t he

etching of the first cycle being conductetlspias fully to renove the forned
thermal oxide (41), to 15 thin said silicon surface layer (4) and to lift
off all the unstable parts of the edge of said initial substrate (1), the
etching of the second cycle being conducted to renove fromthe surface of

sai d thinned substfate, thepelduting p@ﬁih¢'%§ (3) 1fiepred ndunisng -$aid
first etching 20 cycl e and whi ch have ep05|ted t hereupon, so_as to gbtain

a so-cal | ed "FHREFT2SF| i BH- on{t hsulcatdr ScﬂjghbstF%%El%i SUrd<é tehi nned
surface |ayer cofipyiEohgs aar iaglbovie dxayer .1 adekhigimi,ng 3r5rebln@dea1ccb@rt@lzie@gl to

I 1, 25 ch d ti SO bst 1)
St ner mml Ol SR ICSHT ¢ PBEE Hehy SRAE Aer Joho Biert appf hg Ang 1 Tace ©
enpapsu!atﬁonlayeatnenb othiheHpﬂﬂmmheb@imydgba¢3ﬁye@ﬁzsdldibuth@d gitl i con
oxi de Si 02 |ay §ﬁ5§§£e }ﬂiaf§9l ﬁ%k&dsg%%%%gﬁ%'at 3 OXIgXﬁE éé?% 3Q ¢

derived froms surface 1ayer in that t ation treatment of
said initial sabstciied(l) is conducted so as to cause oxidation of said

| at eral - thermal oxidation treatment of said initial
substrate (1) to cause oxidation of part (41) of said
10 silicon surface layer (4),
- a first cycle of etching then cleaning,
- a second cycle of etching then cleaning,
the etching of the first cycle being conducted so
as fully to remove the formed thermal oxide (41), to
15 thin said silicon surface layer (4) and to lift off all
the unstable parts of the edge of said initial substrate
(1), the etching of the second cycle being conducted to
remove from the surface of said thinned substrate, the
polluting particles (5) formed during said first etching
20 cycle and which have deposited thereupon, so as to
obtain a so-called “final” silicon-on-insulator SOI
substrate (1'), whose thinned surface layer (4') forms
an active layer.
2. Thinning method according to claim 1,
25 characterized in that the 1initial SOI substrate (1),
before said thermal oxidation treatment, has undergone
overlapping and encapsulation Lreatment of the
peripheral edge (30) of said buried silicon oxide S5iOQ;
layer (3), with a so-called “encapsulation” layer (40)
30 derived from said surface layer (4), and in that the
oxidation treatment of said initial substrate (1) 1is

conducted so as to cause oxidation of said lateral



13 encapsul ation | ayer (40) over its entire depth as far as said buried

silicon oxide Si02 |ayer (3). 3. Thinning nethod according to claim
1 or 2, cwenraowrei2zed in that said overlappi ng and encapsulertoionsa9s
treatnment is conducted by rapid thermal annealing RTA 4. Thi nni ng

met hod according to any of the preceding gl ai ns, characterized in that the
thermal oxidation treatnent is conducted at a tenperature of between 800C
and 1150C. 105. Thi nni ng nmet hod according to any of the preceding clains
characterized in that the different oxidation and etching steps are

conduct ed SO aschosobtainnalbiyeal (40l)i corrontisnsultatrer dephdt Bat €ail'ay whose
so-cal l ed "ex t C | I 4')_h a 15 thickness of 50
nm or |ess. sata ngl$ﬁ b X§C%h t%gg a%%g 1 %¥ ?§1aln15 characterized
in that the differ8dnt oxi dﬁtqm%@%‘th@ngcgpéﬁsngr &OocoHdict el 86 &s t o

obtaln a f'”ahhékbb%@@ QQd'@%UE%%Qrs%HQSBE%E§a%$1hg %ﬂ@S%n%%p%%ha%qO%o
"extra-thin" active silicon |ayer (4') has a thickness of nm or | ess.

7. Thlnnlné né?ﬁé&m§€60ﬂ8|ﬁ6n98C§69 Bt tRB1pr é68dMARY éP&?ﬁélnghgpécterlzed
inthat said initial sili cmnmngnsuiea;m@ Sectosubstrate (dyy canmpricses a 25
silicon surface |ayer (4 thlcgness f 400 nm.or |less

Thi nni ng neth86@88§6P8|né ?6m§hy of “tAe-prete iﬁﬁlclgi t%ﬁhr&@@é@@%ed in

t hat the etchimrgdetithe ﬁreatm@mMIOE;seco@dctgdleﬂlsapet¢MHQMﬂtumﬁen@fa pure
30 hydrofluorbg aeld Higsel Baoqlgbkgted in water to a concentration of

bet ween 10’ %)ané %% % by vo%une at a tenperature of between 20C and 30C
for a tindlof betwBen 30 SBToHUBANASOOSeasadsding to amy THi niibrg

net hod accordp@gcbalﬁbalal&m% aharactearized in tpRhtt henet ehifmg ehtt he
first cycle is perfornedaggl gkfhre q¥drofluor|c agld HF solutlont 14

oxldation eps are conducted as
obtain a final silicon-on-insulator substrate (1°) whose
so-called “extra-thin” active silicon layer (4') has a

15 thickness of 50 nm or less.

6. Thinning method according to c¢laim 5,
characterized in that the different oxidation and
etching steps are conducted so as to obtain a final
silicon-on—-insulator substrate (1'), whose so-called

20 “extra-thin” active silicon layer (4') has a thickness
of 30 nm or less.

7. Thinning method according to any of the
preceding claims, characterized in that said initial
silicon-on-insulator SOOI substrate (1) comprises a

25 silicon surface layer (4) having a thickness of 400 nm
or less.

8. Thinning method according to any of the
preceding claims, characterized in that the etching of
the first and/or second cycle is performed using a pure

30 hydrofluoric acid HF solution diluted in water to a
concentration of between 10% and 50% by wvolume, at a
temperature of between 20°C and 30°C for a time of
between 30 seconds and 500 seconds.

9. Thinning method according to c¢laim 8,

35 characterized in that the etching of the first cycle is

performed using a pure hydrofluoric acid HF solution



diluted in water to a concentration of 10% by volune, in that it is applied
at a tenperature of between 20C and 30C for a tine of between 100 s and 500
s, to remwoeoid@20: of silicon oxide (41). 510. Thi nni ngpowtEPeeioasxaes di ng to
any of the preceding clains, characterized in that the cleaning of the
first and/ or second cycle is performed by nmersing in water, then in a
first bath of solution containing a m xture of amoni um hydroxi de (NH OH),
hydr ogen peroxi de 10 (H202) and deioni zed water, then in a second bath of
solution containing a m xture of hydrochloric acid (HCl), hydrogen peroxide
(H202) and dedanuzed wat enter to a concentration of 10% by volume, in

that it is applied at a temperature of between 20°C and
30°C for a time of between 100 s and 500 s, to remove
100 nm of silicon oxide (41).

5 10. Thinning method according to any of the
preceding claims, characterized in that the cleaning of
the first and/or second cycle is performed by immersing
in water, then in a first bath of solution containing a
mixture of ammonium hydroxide (NH40H), hydrogen peroxide

10  (H,;0,) and deionized water, then 1n a second bath of
solution containing a mixture of hydrochloric acid

(HC1l), hydrogen peroxide (H»0,) and deionized water.



