A METHOD OF FABRI CATING A THIN FILM Technical field and prior art The
present invention relates to a nethod of 5 fabricating a thin film of
sem conductor nmaterial involving the Smart Cut TMtechni que. An exanpl e of
the wuse of the Smart Cut TM techni que has been described in United States
pat ent docurrent US-A-5 374 564 or in the article by A J. Auberton-Herve et
al, entitled "Wiy can 10 Smart Cut change the future of m croelectronics?”,

Int. Journal verdro b rSpees fEeahion &g eystens, Vol . 10, No. 1, 2000,
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owlng steps
a) bombarding one face of a substrate (for example
15 formed from silicon} with hydrogen or rare gas type light
ions (for example helium) to implant sald ions in a
sufficient concentration into the substrate and create a
layer of weakening microcavities;
'b) bringing said face of the substrate into intimate
20 contact with a stiffener or receiving substrate; and
c¢) fracturing/splitting at the layer of
microcavities by applying a heat treatment and/or
mechanical detachment stress, such as inserting a blade
at the level of the layer of microcavities and/or
25 applying tensile and/or bending and/or shear stresses,
and/or applying ultrasound or microwaves of suitable
power and frequency.
By detaching a portion of the implanted substrate,
that method can produce a thin film with a homogeneous
30 thickness substantially corresponding to the distance
between the face of the bombarded substrate and the layer
of microcavities formed by implantation. Compared with
other known methods of fabricating thin filmsg, such as
the method known as “SIMOX” (described in the document
35 "SIMOX SOI for integrated circuit fabrication”, Hon Wai
Lam, IEEE Circuits and Devices Magazine, July 1987) or

methods of thinning a wafer by chemical or any other




Lam |EEE Crcuits and Devices Magazine, July 1987) or nethods of thinning
a wafer by chem cal or any other 2 chem cal -nmechani cal abrasion, that

nmet hod does not require very high inplantation doses, nor an etch-stop
barrier. However, with that nmethod, the pulk of the 5 transferred thin film
contains a sinple netal (Al), transition netals (Ti, C, Fe, Co, N, Cu,
Zn, etc), walkali netals (Li, Na, Ketc), alkaline-earth netals (My, CGCa,
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presence of transition metal type impurities may cause

large variations in the electrical properties in the t

15 transferred thin film.

Summary of the invention _ I
The invention aims to overcome the disadvantages
mentioned above and proposes a sclution which allows the
20 production of thin films by a method comprising a step of
implanting light ions to create a layer of microcavities
corresponding to a zone of weakness at which the
substrate can be split (Smart Cut™ technique), while
reducing the bulk concentration of impurities present in
25 the detached film.
This aim is achieved by means of a method of
fabricating a thin film, comprising:
a) at least one step of implantation by bombarding
one face of a substrate formed from a semiconductor
30 material with light ions of the hydrogen or helium type,
alone or in combination with other species (for example
by boron-hydrogen co-implantation) to form, at a
predetermined depth in the substrate, a layer in which
gald implanted iong are concentrated, said concentrated
35 layer defining a thin f£ilm in the upper portion of the
gubstrate;



predeterm ned depth in the substrate, a layer in which said inplanted ions
are concentrated, said concentrated 35 |layer defining a thin filmin the
upper portion of the substrate; 3 b) a step of bringing the face of the
substrate into intinmate contact with a stiffener; c) a step of detaching the
thin filmin contact with the stiffener by splitting at the concentrated

| ayer of 5 ions; in which nethod, after inplantation step a) and before

det achnment step , a'heatc%g at.ment s i . car %gg out, t.o tra

L R
contam nants in t eacg’r?ceéant raff)e&nqlélﬁert?%f i rrﬁ] ant ed's oE"r}“lsb,‘Stsra‘—’}tcie 784t ment

not causi ng ihQ igpgltiet tdomgasft twhehs tbsttrdidifersr;t he concentrated | ayer of
i npl anted ions. Afiter ), - bed : |
A R e L -

contam nants and by the detachnent el'i m na

step carri edhsustiffifeners bymsiedrtatiingn aft e womdeghg attqsl layer of

devel opnent /ifgygrati on of mcrocavities at the concentrated |ayer of

inplanted ions which formtrap ig% cavities and secondly, allows diffusion
[

and trappi ng of tfle Yedrtam teh drrdantEtden MieHh i of the
substrate | geFiced alk@eerHme2Gddrap)i,NG MetotaWalurmit Wieih igorresponds to

cont am nati 52089 SLteROopt R S SFFaLS. LOTiR SRR  pol 1 shi ng
and/ or appr davieat ef seipdeinteel dlvers,calaiat ttask tremtelriat retuesittee sur f ace zone
cont ammant SoT Hre R FEE. SRRt gt R, e AR el o5 (e
i nvention alimpidenties! pgiogduct iAdrkerofstiep w)fi tine Izavien pex tuadhesk dy
concentrati @390 i P RRAMRAM I SRRY €%d by the detachment step is
eliminated.
The heat treatment step carried out after
15 implantation firstly allows the development/formation of
microcavities at the concentrated layer of implanted ions
which form trapping cavities and secondly, allows
diffusion and trapping of the contaminants in said
cavities. The portion of the substrate located above the
20 trapping microcavities, which corresponds to the thin
film to be transferred, thus has a reduced concentration
of contaminating species except at the surface.
Chemical-mechanical polishing and/or appropriate
selective chemical attack can eliminate the surface zone
25 which has been perturbed and contaminated by trapping of
the contaminants and by the detachment step. As a
result, the method of the invention allows the production
of thin films having a reduced concentration of
contaminating species.
30 The substrate may be a substrate of gilicon,
germanium, silicon-germanium, gallium nitride, gallium
arsenide or silicon carbide.
In one aspect of the invention, the method also
comprisges an additional implantation step consisting of
35 bombarding the face of the substrate under implantation
conditions which are different from those used for the

implantation of step a), said additional implantation




30 The substrate may be a substrate of silicon, germanium
silicon-germanium galliumnitride, gallium arsenide or silicon carbide. In
one aspect of the invention, the method al so conprises an additional
inplantation step consisting of 35 bonbarding the face of the substrate
under inplantation conditions which are different fromthose used for the

i npl antation of step a), said additional inplantation 4 step being carried
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The additional implantation step may be carried out

15 with helium gas ions.

In step c¢), detachment of the thin film (substrate
fracture) may be brought about by a detachment stress
applied at the concentrated layer of implanted ions. The
detachment stress may consist of applying a heat

20 treatment (an anneal carried out at a temperature which
is higher than the temperature of the trapping heat
treatment) and/or a detachment mechanical stress such as
insertion of a blade at the concentrated layer of
implanted iong, and/or the application of tensile

25 stresses and/or the application of ultrasound or

microwaves with a suitable power and frequency.

Brief description of the drawings
- Figures 1A to 1lE are diagrammatic sectional views
30 showing the production of a thin film of Si in accordance
with one implementation of the invention;
Figure 2 is a flow-chart showing the steps carried
out in Figures 1A to 1E;
Figures 3A to 3F are diagrammatic sectional views
35 showing the production of a thin f£ilm of 8i in accordance

with another implementation of the invention;




m crowaves Wth a suitable power and frequency. Brief description of the
drawings Figures 1A to |E are diagranmatic sectional views 30 show ng the
production of a thin filmof Si in accordance wth one inplenentation of
the invention; Figure 2 is a flowchart showi ng the steps carried out in
Figures 1A to |E; Figures 3Ato 3F are diagrammtic sectional views 35
showi ng the production of a thin filmof Si in accordance wth another

i npl enrent ati on of, e _j.nvent,i on; Figure 4 is.a flowchart .of the steps
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Detailed description of implementations of the invention

The method of the present invention is applicable in

15 general to the fabrication of thin films of semiconductor
materials from any type of substrate compatible with the
Smart Cut™ technique. Such substrates are in particular
substrates of silicon (8i), germanium (Ge}, silicon-
germanium (SiGe), gallium nitride (GaN), gallium arsenide

20 (GaAs), silicon carbide (8iC), etc.

The invention proposes applying, during the
fabrication of a thin film using the Smart Cut™
technique, an additiocnal heat treatment step, after the
implantation step and before the detachment step, which

25 additional step serves to form microcavities at the
implanted layer in which the contaminants present in the
starting substrate and/or introduced during the
implantation and bonding steps are trapped. Said
microcavities have incomplete chemical bonds on their

30 internal walls which can trap atoms of contaminating
species.

This additional heat treatment must be carried out
at a temperature sufficiently high to allow the
contaminating species to diffuse into the trapping

35 microcavities but without exceeding the limiting
temperature which causes fracture of the substrate at the

implantation layer by a crystal rearrangement effect in




25 additional step serves to formmcrocavities at the inplanted |ayer in
whi ch the contam nants present in the starting substrate and/or introduced
during the inplantation and bonding steps are trapped. Said mcrocavities
have inconpl ete chenical bonds on their 30 internal walls which can trap
atons of contami nating species. This additional heat treatnent nust be
carried out at a tenperature sufficiently high to allow the contam nating

species to qiff i t r j 35 _m.crocaviti Rut. Wt t exceedi ng
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Physics, Vol 85, Thel dodaimieatys M CohPR9isand of' Get uerdteg-ielg pleatti namdand
silver to caviities formed by. drogen inplantation in silicon" by A

Ki nomur a et %51 ,lmﬁuacr?teaatrlcfrhsjtrﬁ%%%%gcaa‘ﬁ]dt%ﬁ hlo%ss?%aﬁ'ills?%sbﬁesear ch B
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H or i nmp) fia f d t for gat . Ve, h appi ng
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Nuclear Instruments and Methods in Physics Research B
127/128 (1997), 297-300, disclose the formation of

15 trapping cavities by H' or He implantation followed by
heat treatment. However, the trapping cavities are not
used to fracture/split the substrate. In contrast, in
those two documents, the contaminants are deliberately
introduced by ion implantation and are conserved in the

20 substrate.

A method of producing a thin f£ilm in accordance with
one implementation of the invention is described below
with reference to Figures 1A to 1lE and 2.

In this implementation, the starting substrate or

25 donor substrate 1 is constituted by a wafer of
monocrystalline silicon covered with a layer 2 of silicon
oxide (810;) obtained by thermal oxidation and having a
thickness of about 1450 A [Angstroms] .

In a first implantation step (step S1), the

30 substrate 1 undergoes ionic bombardment 10 of hydrogen
ions H' through the flat face 7 of the substrate
comprising the (8i0,) layer 2. Implantation of H' ions is
carried out at an implantation energy of about 37 keV
[kiloelectron volts] and at an implantation dose of about

35 5.75 x 10° atoms/cm® [atoms/square centimeter]. These
implantation conditionsg allow a concentrated layer 3 of
ions to be created parallel to the face 7 of the




A nmethod of producing a thin filmin accordance with one inplenentation of
the invention is described below wth reference to Figures 1A to |E and 2.
In this inplenentation, the starting substrate or 25 donor substrate 1 is
constituted by a wafer of nonocrystall |?e silicon covered with a | ayer 2 of
silicon oxide (S O2) obtained by ther oxi dation and having a thickness
of about 1450 A [Angstronms]. In a first inplantation step (step Sl), the 30
substrate 1 undergoes ionic bo ardment of hydr en .ions H through the
flat face 7 °0PSH t?ul?&raatpge ?’ ant ation of
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regi on of the Sll%@t 1a{0d g At o sy ifo SHe A @dhiatdehadf Whife substrate 5

1 (Fi gure |’%)onc@i‘1‘%r'a'fﬁ|o%mo%t ienjdase;ihscyel @8&769 soikhat;riFheieg@negntrati on
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of H ions

principally determined by the implantation energy level.
In the example described here, implantation is carried

15 out at an implantation energy of about 37 keV, which

allows the concentrated layer 3 of H' ions to be formed
about 300 nm [nanometers] beneath the face 7 of the {
bombarded substrate 1.
The implanted starting substrate 1 is then bonded,
20 for example by molecular bonding, to a stiffener 6, for
example a wafer of silicon (step 82, Figure 1B). The
starting substrate 1 containg residual impurities (such
as fluorine F, carbon C, etc). Furthermore, the steps of
oxidation (formation of 8i0; layer), ion implantation and
25 bonding may increase the amount of contamination by
impurities in the starting substrate 1.

In accordance with the invention, a suitable heat
treatment step is carried out which allows the
development and/or formation of microcavities in the

30 concentrated layer 3 of H' ions and diffusion of wvarious
contaminating species to the microcavities where they are
trapped (step $3, Figure 1C). In this implementation,
the microcavities not only constitute traps for the
diffused contaminating species, but also a plane of

35 weakness allowing subsequent fracture of the substrate by

applying mechanical stresses.



about 300 nm [ nanoneters] beneath the face 7 of the bonbarded substrate 1.
The inplanted starting substrate 1 is then bonded, 20 for exanple by

nol ecul ar bonding, to a stiffener 6, for exanple a wafer of silicon (step
S2, Figure 1B). The starting substrate d contains residual inpurities (such
as fluorine F, carbon C, etc). Furthernore, the steps of oxidation
(formation of SIiQ2 |layer), ion inplantation and 25 bondi ng may i ncrease the
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out whi ch alkinowslt k¢ 3GEVE (fpmslﬁt p@r:rd-/O@r cffoLgati drth@errh crtfomh tdtes in the

30 concentratedhayen 3 b 1|jy Q3¢ %h@% el lcﬁ%ﬂa?ir?:l‘% \éﬁ'ﬂ%rﬁ@tﬁﬂﬂéﬁa“ ng

species to the mcrocavities where are ~ trapped tep S3, Figure 10).
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with a fracture.

15 In the example described here, the heat treatment
step is carried out after the step of bonding onto the
stiffener (step S2). However, this heat treatment step
may be carried out before the step of bonding onto the
stiffener 6.

20 After the heat treatment step, a thin film 4 is
detached from the substrate 1 by splitting (step S4,
Figure 1D). This step is, for example, carried out by
applying mechanical stresses, such as by inserting a
blade at the microcavity zone, causing a fracture to

25 propagate along said zone.

The thin film 4 transferred onto the stiffener 6
contains few contaminants in its bulk apart from at its
fractured surface 8 which, after the heat treatment step,
concentrates the contaminating species which have

30 diffused and which are trapped in the microcavities.

A conventional polishing step (chemical-mechanical
polishing) is then carried out to eliminate the perturbed
contaminated zone of the surface 8 and to reduce its
roughness (step S5, Figure 1E). The thickness withdrawn

35 by polishing is of the order of 1500 A. The

contaminated/perturbed zone may alsc be eliminated by




with a fracture. 15 In the exanpl e described here, the heat treatnment step
is carried out after the step of bonding onto the stiffener (step S2).
However, this heat treatnent step nmy be carried out before the step of
bonding onto the stiffener 6. 20 After §he heat treatnment step, a thin film
4 is detached fromthe substrate 1 by splitting (step S4, Figure in). This
step is, for exanple, carried out by appl yi ng nmechani cal stresses, such as
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cont ai ns feﬁn@@ﬂﬂawhnwmt$q nmanWantmea@wmﬁahﬁomQMQHHE§s'fractured surface 8
whi ch, after thezheq 0 tr HEQ& t aty]

speci es which have 33.&,??%&P§%H%%E%hlg% %%%Eth%%§ I'n t@giﬁ¥¥?005§gtles
convent i onalthgal ibshiepp lseeh e ivomsediidndeh iec A1t TusEILizshiang) ﬁ%PQ¢EW|carr|ed

out to e i mghgt %etf@%t@,e@tférs@ﬁ ﬁpr&trémt&%%%&%% & 1he st a9 8 and to
reduce its roughness (step S5, Figure |E). |ckness wi't hdrawn 35 by

polishing is of Fﬁéuéﬁ@eﬁﬂoﬁol§@baﬂd-ﬁhéll@§ﬁﬁéﬁﬁh§té@Wﬁé¥¥ﬁWbéHfibne may
al so be el i mgtaload JFY pRodsrliesf iaveshemioal iat ta%@@r(d%lrf‘d&! RE)tropHeonal Iy

fol | oned by Ilshlng i mprove the suyrface rou ess. A final high
tenperature néﬁﬁ % Fifde é%p S 1 3tonsol i date t he
structure amésmﬁmerd abame (ieif&(ﬁas: mme:selagreim tdfent:fo&m:sj‘aezrﬂtemEf idma (step
S6). Hur 45,384 9 3 and fJr IS 1At .13 ALt IR O, @ Yo of

produ0|ng athin m’in accordance w ththe inve i s Inmpl enent ati on
di ffers frofpetingt vdest tichédaghde iaenttleati navd 5 ay@r@m‘ atihemdavi ties are

10 formed inyhhg syhsthate @t didS genk depths. one layer

The starting substrate 10 is constituted by a wafer

of monocrystalline silicon covered with a layer 11 of
15 gilicon oxide (8i0;) obtained by thermal oxidation and
having a thickness of about 1450 A.

In a first implantation step (step S10), the
substrate 1 is firstly subjected to ionic bombardment 20
of helium ions He through the flat face 13 of the

20 substrate comprising the (Si0,) layer 11. He ion
implantation is carried out at an implantation energy of
about 60 keV and an implantation dose of about 1.5 x 10%
atoms/cm®. These implantation conditions allow a
concentrated layer of He ions 12 to be created in the

25 substrate 10 at a depth of about 300 nm (Figure 3A).

In a second implantation step (step S11), which may
be before or after the first He ion implantation step,
the substrate 1 undergoes ionic bombardment 21 of
hydrogen ions H* through the flat face 13. H' ion

30 implantation is carried out at an implantation energy of
about 32 keV and an implantation dose of about 1.5 x 10%°
atoms/cm®. These implantation conditions allow a
concentrated layer 14 of H' ions to be created at a depth
of about 230 nm in the substrate 10, defining a thin

35 layer 15 in the upper region of the substrate 10 and a

portion 16 in the lower region of the substrate




being used to trap the contam nants and the other to allowthe thin filmto
be detached. The starting substrate 10 is constituted by a wafer of
nonocrystalline silicon covered with a layer 11 of 15 silicon oxide (Si02)
obtai ned by thermal oxidation and haviRg a thickness of about 1450 A In a
first inplantation step (step S10), the substrate 1 is firstly subjected to
i oni ¢ bonbardnent 20 of heliumions He through the flat face 13 of the 20

substrate CQQH&%%EQ%_thhQ§%3§Q H%%b 6%%%b%%e QN is carried

out at an inplantation an |rrp antation dose of
about 1.5 x (Fam®reatddis/ cnR. These inpl antati on condl tions allow a

concentrated |aYQ%_QEEH%1h%&$1 1%%t%%1%f eate %t%ﬂ? 12D Syt rate 10 at a
dept h of about 300 nm (Figure 3A). In_a second i npl antatlon step (step S11),

whi ch nay BE&Eensed ieon seaon He filgherméhagh thepiseaond on step, the

substr atse 11%@1%&‘&%%§drp@t‘épbqf§%@;ﬁmﬂt 2170 s gy egedeons H through the
flat face 13. H ion nplantatlfn is . carriied out. at an Qg!antatlon
a

energy of &8@&{6%5‘%@9 &ﬁd’egn TP iabEadicn? d6Sates TR
atoms/ cn2. Thegedrnuloantat isur feerdidi ek adewratecateentdtat ed | ayer 14 of

' b a_d b 230 h
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portion 16 ﬁmmﬂh@tbmm&nlreglon of the substrate 10 corresponding to the

remai ”g&‘i of thez?féb tm:;i') a%tje% s(tF'rg:lirn% %%}L)stlr%tiehelof' ttHé}Plbgﬂ%?etd on step

(step S10), the I on energy her e s&con
i mpl ant at i orfoat @ﬁacml@pbglﬂpléﬂﬂ@rcmn@rl@@t e t® acatddiiarmed 1.ayf@r 12 of He

i ons | ocat e@%qed%eglﬂl\@otnh wal FRIP G P gihe %lirgflﬁ%e @fy thepgbstrate than
the starting substrate 1 contains residual impurities (such
ag fluorine F, carbon C, etc). Furthermore, the steps of
15 oxidation (formation of a layer of 8$i0,;}, ion implantation
and bonding may increase the amount of contamination by
impurities in the starting substrate 10.
' In accordance with the invention, a heat treatment
step is carried out which allows the development and/or
20 formation of microcavities in the concentrated layer 12
of He ions (i.e. 300 nm beneath the surface of the
substrate 10) as well as the diffusion and trapping of
the various contaminating species in said microcavities
(step 813, Figure 3D}). 1In this implementation, the
25 microcavities of the layer 12 only constitute traps for
the diffused contaminating species.
The heat treatment step may, for example, be an
anneal at 400°C for 1 h te locally increase the quantity
of fluorine ions and carbon impurities in the layer 12
30 and, as a result, to reduce the concentration of fluorine
ione and carbon impurities in the remainder of the
substrate and in particular in the portion corresponding
to the thin film 15 to be detached. A portion of the
impurities is also trapped in the concentrated layer 14
35 of H' ions, but in a smaller gquantity with respect to the
| concentrated layer 3 of H' ions of the implementation

described with reference to Figures 1A to 1E and 2.




concentrated layer 14 of H ions created during the second inplantation. 10
The i nplanted starting substrate 10 is then bonded, for exanple by

nol ecul ar bonding, to a stiffener 17, for exanple a silicon wafer (step
512, Figure 3C). The starting substrateg,l contains residual inpurities
(such as fluorine F, carbon C, etc). Furthernore, the steps of 15 oxidation
(formation of a layer of Si02), ion inplantation and bondi ng may increase

t he anmpbunt of contanm nation b impurities in,the startjng substrate 10. In
accordance with ?[&‘é'% Mt &&%atgegﬁ:atsqqpeﬁ%ﬁe ey § Cg‘atr rF B whi ch
al l ows the devfelreprentafaed/ dthe 2% dporafatbionliofy niler eoaMifidresri n t he

concentrated | ayer f 'SQ? (i - n neath the af,. t he
substrate 10) as.%mrleljal%n%sa]tl_ﬁeé I usciag:r}: lgé(r%ig %L{Ea%% ﬁag %f t az&{%/gae?ﬁ%blgh

cont ani nat i ¢ dpediess tharsdihe Heampswaliute ot (tdeehesus, tr@apmender I n this
| mpl eneny at kQRpdikey B d 1681 Unildie ilA¥RIF fliz QMUY ONSiddul e traps
for the diffused contam nating species. The heat treatnent step may, for
exanmpl e, be P¥h @ Sfvedalatrepgrenasmenty affqdcdm FhahGhaderatfe attantity  of

fluorine i owe@%x@aripprtnmrdﬁd@wt&e@%ﬂ R c&c@;@%e@aa@yéﬁsul t, to
reduce the conc ration of fluorine ions anlqll cahbon I'ELFHUH ties in the
remai nder of% IR ubSPPat EPAAGCLAIpRPENEGRaFPRNEPAB SoMM dn &5 r@gﬁonding
to the thingdddtrcld 160 die tdet ached nddperft ittie Gluddt@ratdamr i tdtego i s al so

Quant |t wi P oe et s ¢ e Wb REBRartd ToRer o ™ bnd g i
i npl ement at icem cdewer ithed swilidt regfeerldncee tioraéitgureesatlAlteo 1E and 2. 11 This
e b AT DS, D 104 LKL SRl sl step of
beneath the surface of the substrate 10.
The thin film 15 transferred to the stiffener 17 is
15 about 230 nm thick and containg few contaminants in its
bulk and on the surface, since a porticn of the
contaminants has been confined to the trapping
microcavities of the non-transferred laver 12.which
subsists in the portion 16 of the remainder of the
20 substrate.

A conventicnal polishing step (chemical-mechanical
polishing) is then carried out to eliminate the perturbed
zone of the surface of the thin film 15 and to reduce its
roughness {(step 815, Figure 3F). The thickness removed

25 by polishing is of the order of 1500 A. The perturbed
zone may also be eliminated by selective chemical attack
(etching) optionally followed by polishing to improve the
surface roughness.

A final high temperature (1100°C) heat treatment

30 step (step S16) may be carried out to improve the quality
of the transferred film.

Measurements were carried out (Figures 5 to 7) to
demonstrate that, for implantation conditions compatible
with a subsequent step of fracture at the implanted zone,

35 a post-implantation heat treatment can trap contaminants

present in the implanted substrate.




I's higher than the tenperature of the heat treatnent for 5 trapping

contam nants and which is sufficient to create, by a crystal rearrangenent
effect in the substrate and pressure in the mcrocavities of the
concentrated layer 14 of H ions, splitting between the thin film 15 and
the portion 16 of the remai nder of thei€ubstrate 10 (step 10 S14, Figure
3E). An anneal at 5000C for 30 min [mnutes] can cause the substrate 10 to
fracture at the _concentrated |ayer 14 of H _ions |ocated about 230 nm
beneat h t he surfgéguﬁﬁstﬁe%ﬂst%% e TRRUCE @ MRSt aneiHst &fred to the
stiffener 1ZHes colﬁie&h&lattlzﬁﬂ dIMdditeinianthteorAdihdewcont am nants in its
bul k and on_the surfa &ﬁl ortion _of the ontta nanci r]:‘ been
confined ton}oﬁlé)cfflygﬁ g ISR 5988 GF H5Fe B1TYHd q:%\ey

whi ch subsu:sn‘:siutrldnhae Mdnm&@mﬂl tried” erremenien der Em‘gum 200 amisthfat e A
conventizonal NG4S I chani, G qlhsh st +carried
out to e |mana e %ert(Sj%‘lb(S?]%z@o(r%-gL (0] t%en(s a e 8@%@% Jlle% 15 and
to reduce |tS§ecrl@L$gm1ﬂe§éle( ﬂm@mrameg@wempmpi@@uaﬂm@senmd 25 by
pol i shi ng | el B QAL ADA%whantd iRef WYREds Zzopamy al so be

el imnated by selectiye chemc attack (etchin optlonally fal |l oned by

pol i shing t & ’Fprovd t MECEHr¥Bde r Fughess S A imAho die ifFerldicur e

(1100C) heatoHtzadERs 30 PRk ibH &F SHD) JoAiRe B iRG-ilord Gridprove the
quality of the transf%rred film Measurenents were carrled out (Figures 5

to 7) tif dEFIRSERHES n&E MGy el &eRHTERte S ER %h?%ﬁﬁ%’ﬂoﬁe with a
subsequent siiep ehe nagtentd o (Sted B3, amtlgdlréon@) 35 ™hgpost - i npl ant ati on

heat treat ment, can 1Al CQULATIANS o LSRNt LN e il anted subsrate. 12 )
ion mass spectroscopy (SIMS).
Figure 5 shows the influence of the duration of the
15 heat treatment of the invention on contaminant trapping
in the case of fluorine. The four curves of Figure 5,

Pisooc-sons Pasoec-zons Pasoec-1sn, and Pisgec-en, coOrrespond to the

concentration of fluorine observed in the thickness of
the Si substrate implanted with hydrogen ions for a heat

20 treatment carried out at a temperature of 350°C for a
respective period of 50 h, 30 h, 18 h and 6 h. It should
be observed that the concentration of fluorine increases
gignificantly at a depth of about 300 nm in the
substrate, which corresponds to the implanted zone in

25 which the contaminants are trapped.

The increase in the fluorine concentration in the
trapping zone {(i.e. at a depth of about 300 nm in the
substrate) is greater when the heat treatment at 350°C is
carried out for a period of 50 h.

30 Figure 6 shows the influence of the temperature of
the heat treatment of the invention on the trapping of
contaminants in the case of fluorine. The three cuxrves
of Figure 6, Piso-sihs Pago-2n and Paspec-smm, cOrrespond to the
concentration of fluorine observed in the thickness of

35 the Si.substrate implanted with hydrogen ions for a heat

' treatment carried out respectively at a temperature of

350°C for a period of 51 h, a temperature of 400°C for a



Figures 5 to 7 show the results of neasurenents of the concentration of
contam nants obtained in nonocrystalline silicon substrates inplanted under
the conditions described with reference to Figures 1A and 1B 5 and steps S1
and S2 of Figure 2 (nanely inplantation,qf H species in the Si substrate
at an inplantation energy of about 37 keV and an inplantation dose of about
5.75 x 1016 atons/cnR). Figures 5 to 7 showthe results obtained as a

function of tehe on%i éirglns ration and/ or (]j.F04t r@ture) of . té;e theat

treat ment sE&p N &ccdr danéE W% I FRE LR i%n 15 é - FREEAGE The

concentrat i &nmiwasurlénsicsilve e cdraemedoiwthaly thec arosrant faoniorasst ‘

Spect r oscopy(gl - QWS SNAS 4378 It ugnce i ttlp%fjlg]:?cﬁl@n of the 15
) orfl\{ ;tsh 5ihg Cint

heat treatnen ne I nventi on n cont'am ant trap | | e case of
fluorine. TROO &y iguhes sofostizpice Ihico3R00CEEend=85EC-Hdeh, P3500C- 18h,

and P35QC- 6RmAentesPithe Al RBCINGORY IRt iRlarits A& figsdved in the
thi ckness of  "the Si substrate inplanted with hydrogen ions for a heat 20
treatnent carf édEEESR & (dFHSCAHE B IsT0EE fdHoF s pdttiRfe period of

]{3'0 h, 30 h, ti&phpiard z_@rié_f(_'it.eih;alﬂ & d@g@b&ﬁr\a?é%h@todggnqqmﬂw_ Lati on of

uorine increases . significant at a.dept h of about . nmint

substrate, \ﬁlﬁ% r@&?ﬁegﬁoﬁd@%ﬁg %I’W@ni S REEE f&r‘?@%i“}‘?“;s %ictﬂpﬂ?éie

cont am nant ouar ett Bapped fokhe ipreriessef 51t e f Hoorvee cancesttaudtd are i n t he

r appi ng, 200 dl £ %A deRth of ADOUE 300 omii the substpate) is oreater
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when the heat "treatne I'S carried out ra perio 50 h. 30
Fi gure 6 shéowspehe tiuxfesuaddd °6F aride 4568 r gy €oof pathedseatft tmusdt nent  of

the i ti i ] i f4 ine. Th
i ee curvee o Brgure B BASIRIR. TPA0n 30 s BIn0e. Bam Cor Rosnd to

the concento®d i2dsoft Bty dtiend lowganee ¢ ffeatiaeyi-ckness of

Figure 7 shows the influence of post-implantation

15 heat treatment as a function of the nature of the
contaminantg, in this case contaminants of the organic
oxygen (0) and carbon (C) type. The four curves in
Figure 7, Po-impl: Po-s00°c-ins Pe-impy @nd Pcosgoec-1n, coOrrespond
respectively to:

20 - the concentration of oxygen impurities observed in
the thickness of the Si substrate implanted with hydrogen
ions without heat treatment;

the concentration of oxygen impurities observed in
the thickness of the Si substrate implanted with hydrogen

25 ions subjected to heat treatment carried out at a
temperature of 400°C for a period of 1 h;

the concentration of carbon impurities observed in
the thickness of the 8i substrate implanted with hydrogen
ions without heat treatment;

30 - the concentration of carbon impurities observed in
the thickness of the Si substrate implanted with hydrogen
ions subjected to heat treatment carried out at a
temperature of 400°C for a period of 1 h.

A reduction in the concentration of impurities is

35 obgerved over the whole of the implanted substrate (the

entire analyzed depth) and in particular over the entire

thickness of the substrate (between 0 and 200 nm),




35 the Si substrate inplanted with hydrogen ions for a heat treatnent
carried out respectively at a tenperature of 350C for a period of 51 h, a
tenperature of 400C for a 13 period of 2 h, and a tenperature of 450C for a
period of 8 mn. It should be observed,that the concentration of fluorine
increases significantly at a depth of about 300 nmin the substrate, which
corresponds to the 5 irrpl ant ed zone in which the contam nants are trapped.
Thelncreaselnthe on.af fl.yorine.in the rappj ng zone (i.e. at
a depth of &68dt S:?(%l %’téh ér) 5o g &W&ns\/ﬁ?ﬁ‘pﬁo ‘e t treatment
is carried tduts atanmc ftdne a:cpmarmdajrflcﬁnldf ddosererdmpurighoulsd be 10
observed th t%ﬁt rried o a i ghe grat (400C and
450C) but fg:ie perl o?fg[ %rmc Oi%gstse FlléllnLE tf,ut%ng%el hl%] rEHT ma and 8 mn
for 450C, d¢araifegmadap the fluorine effectively. FI gure 7 shows t he

i nfluence of post-inplantation 15 heat treatnent as a function of the
nature of the contamnants, in this case contam nants of the organic

oxygen (0) and carbon (C) type. The four curves in Figure 7, Po-inps,

Po- 400”c-ih, Pc-inpl and Pc-4o0o0c-1h, correspond respectively to: 20 the
concentration of oxygen inpurities observed in the thickness of the Si
substrate inplanted with hydrogen 1ons wthout heat treatnent; the
concentration of oxygen inpurities observed in the thickness of the Si
substrate inplanted with hydrogen 25 ions subjected to heat treatnent
carried out at a tenperature of 400C for a period of 1 h; the concentration
of carbon inpurities observed in the thickness of the Si substrate

i npl anted with hydrogen ions without heat treatnment; 30 the concentration
of carbon inmpurities observed in




the thickness of the Si substrate inplanted with hydrogen ions subjected to
heat treatnent carried out at a tenperature of 400C for a period of 1 h. A
reduction in the concentration of inpurities is 35 observed over the whol e
of the inplanted substrate (the entireanalyzed depth) and in particular
over the entire thickness of the substrate (between 0 and 300 nm, 14
corresponding to the thin filmto be transferred. In this manner, the
concentrati g ef CArdrMmgpUfdty is reduced by a power of ten in the future
thin filmto be transferred. 15 WHAT IS CLAIMED IS: 1. A nethod of
fabricating la thiteHIdmol Ry iaiging)a dthiedsilonCHRBLHBING hpl ant ati on by

borbar ding one fa@CQatpfl@as%JQﬁé e of et 008 £ SN 1IGP NEILEE £F 3 Pndrat er i al
with ions to fo;é% %g e eterm ng%rr th in the substrate, a layer in

whi ch said i CEr A FIHLRIUE R | ayer
defining a titerifdl mith thendipperf Qe t ian Dfprdieisamsined edefh aist ep of
bringing th 1Iaceboftt e substrate mtch.]]I 0 int nat contact with a
stiffener; q3) a St Ot HettacH g t1e 54 ‘%1% WihH *the
stiffener tncqqﬁenuraquu sdﬁdcnnnnﬂnumaunﬂqugﬂr(ﬁef1mnng ahegienn, after
i npl antatio r 5 t he met hod al so
conprises a eat tre (r:’flérﬂ Iopeor'{l r?eé@qg{(;gﬁt amn tg%ttcé whi ch step does not
cause splitting &f) thetsamxnf éllelrallrtg‘lé:hﬁ)rﬁﬁeqﬁ redt eiche | 2iyestiodite ohistand,
after sfep C&)ntl%a'%eeﬂzcg{té’&é helrawi g fd¥ezone perturbed by trapping the

contam nants and hy 0 the detachnent step ¢). 2. A nethod accordj ng to
claim1, mherelnchlﬂsﬁQﬁPzﬂf detaching the thin film in contact with

the stiffener by splitting at the concentrated layer of
ions;
wherein, after implantation step a) and before
15 detachment step c¢), the method also comprises a heat
treatment step to trap contaminants, which step does not
cause splitting of the substrate at the concentrated
layer of ions and, after step c), a step of withdrawing
the zone perturbed by trapping the contaminants and by
20 the detachment step c¢).

2. A method according to claim 1, wherein, in step a),

the ions are ions of hydrogen gas.

25 3. A method according to claim 1, wherein the substrate
is a substrate of silicon, germanium, silicon-germanium,

gallium nitride, gallium arsenide or silicon carbide.

4. A method according to claim 1, wherein the substrate
30 ig a substrate of monocrystalline silicon, and wherein
the contaminant trapping heat treatment is carried out at

a temperature in the range 350°C to 450°C.

5. A method according to claim 1, wherein the contaminant

35 trapping heat treatment is carried out at a temperature
of about 350°C for a period in the range from about 18 h
to 30 h.




the ions are ions of hydrogen gas. 25 3. A nethod according to claim1,
wherein the substrate is a substrate of silicon, germanium
silicon-germanium galliumnitride, galliumarsenide or silicon carbide. 4.
A method according to claim1, wherein the substrate 30 is a substrate of
nonocrystalline silicon, and wherein the contam nant trapping heat

treatnent is carried out at a tenperature in the range 350C to 450C. 5. A
nmet hod according to claim1l, wherein the contam nant 35 trapping heat
treatment is carried out at a tenperature of about 350C for a period in the
range from #odt B Hed tte@rdingléo G:1aAmmat,hdoiradeor diowpis iciaian 1,

further comprysi : | nl_ant tt}&pbardl ng
the face (r)rf%dt etq%u srlt rlgrgﬁ %ﬁ%"loglnrsg%u decr%tdcsgr% t| on?\?\%r{% ]%glﬁfer from
t hose used ffgce 8 iths @tﬂ%ﬁ@i%f‘ﬂlﬁ%ecﬁﬁ ur%rd e ttidome wWinittant ati on

step beigng %arfrfieedf%macthoéee%%te@tf&fn HHEp %g:t%tﬂt@h%@rcw MUy s hi gher
than that of step to create a concentrated | ayer of ions at a If greater

depth than &% RISNGI iBh S e ed A CaRiTh Stefla). 7. A

net hod accondisig @ %'rﬁllmﬂpﬂ.arwéﬁtrl@im,eﬂe&g%ﬁlﬂuc@ﬂcﬂé igded MHaNt@don step,
the ions are ons of hllum as. 15 B. g&&%’r accor njg:ito claim?7,

wher ei n t he FuF&EPad tF fBGH YA i 19 &@n,? and
wher ei n th@x@am:teamde@mh tt&mpltﬁ@ leatcertaattrent] ssteap dfs ieard i@katmd at a
terrperaltd.lredg l%o%% 400 for a period of about 20 1 h. 9. A nmethod
according to ¢l rein, in step c), a detachment stress is applied
to the concentrated | ayer of inplanted ions.

7. A method according to claim 6, wherein, in said

additional implantation step, the ions are ions of helium

gas.
15
8. A method according to claim 7, wherein the substrate
is a substrate of monocrystalline silicon, and wherein
the contaminant trapping heat treatment step is carried
out at a temperature of about 400°C for a period of about
20 1 h.
9. A method according to claim 1, wherein, in step c}, a
detachment stress is applied to the concentrated layer of
implanted ions.
25

10. A method according to claim 9, wherein the detachment
stress consists of applying a heat treatment and/or a
mechanical detachment stress and/or a tensile stress
and/or a bending stress and/or a shear stress and/or

30 ultrasound or microwaves.

11. A method according to claim 1, wherein, in step c),
an anneal is carried out at a temperature which is above
the temperature of the contaminant trapping heat

35 treatment, to cause splitting at the concentrated layer

of ions formed during step a).




25 10. A nethod according to claim9, wherein the detachnent stress
consists of applying a heat treatnent and/or a nechanical detachnent stress
and/or a tensile stress and/or a bending stress and/or a shear stress
and/or 30 ultrasound or mcrowaves. 11. A-nethod according to claimil,
wherein, in step c), an anneal is carried out at a tenperature which is
above the tenperature of the contam nant trapping heat 35 treatnent, to
cause splitti;ng at | ayer_ . _of, i qrred duyf,i ep a). 17
12. A met hod lgc'c%r Hllte%glot%g%c%%%gr%q%%d Oe?ég'lar}“} hlé g’ti%ﬁfeo Wt hgc]gré;\g\no% t he
perturbed zomé thslrgarinide & heu ey urdiesihnzeoale meclvarirdgd sait 9 ng or by

sel ective cheMegfloalatdrtlionidal3 pA iMBlibed ACERr 1@ dta v @iHBmkcdurt her
conprising, after step c), a step carriéd out "at about 1000C to anneal the
thin filmtr&t$PEkred to the stiffener.

5
13. A method according to claim 1, further comprising,
after step c¢), a step carried out at about 1000°C to

anneal the thin film transferred to the stiffener.



