1 PROCESS FOR OBTAINING A THIN FILM PARTI CULARLY A

SEM CONDUCTI NG FI LM COWPRI SI NG AN AREA PROTECTED FROM | ONS, AND
| N\VOLVI NG AN | ON | C | MPLANTATI ON STEP Technica] domai n : ~This
invention relates to a process for obtaining a thin film conprising
an, area protected from ions, |nvoIV|ngaan lonic inplantation step.
In particular it relates to obtaining a semconducting thin filmin 5
whi ch active Iayers are created, for exanple Create MOS transi stor
channel areas. : State of prior art 10 In the subject of

sem conductors, it |s soneti nmes necessary::to make sem conducting
thin films, for PROSERWIFOR OSTATNIEG ASTHIRGAIIh FARNIAUSARLY A

substrat es. G ier cordhersnef r Bk f@oﬁ@ﬂzf‘%ﬁs- @2&%@2& gase gﬁlot‘ﬁ%yact

been devel oped. One_of the nost recent met
that inplantation of TOW3 oANR FMYQLVING g IONEGJdEIMBEANTAT BONe®TERBNuUCt i ng
mat eri al i nduces the formation of brittle zones at a depth close to the
average ion penetration depth. Document FR-A-2- 681 472 di vul ges a
process that usefechndcgdogempgnto obtain a 20 thin film of
sem conducting materi al . This process consi sts of applying the
following steps to a platelet of the reqU|red sem conducting materi al
and conpri sing Bﬂénénﬁaoelon relates aofar@moFepbambatUMIaﬂhaQ@ bybl
bombar di ng t he 2 he latel et using |ons, capa e
of ) crggﬁﬁﬁg gl 9efxx&ﬁ?j§§1 % EFESUbBF%E af?hI;Fom |
involving an ionic 1mplantat10**

step. In particular it
relates to obtaining a semiconducting thin film in
5 which active layers are creat " for example to create

MOS transistor channel areas.

State of prior art

10 In the subject of semiconductors, it is sometimes

necessary to make semiconducting thin films, for
example to make “Silicon O Insulator” substrates.
Other methods of making thin sSemiconducting films have
been developed. One of theimost recent methods is
15 Dbased on the fact that implantation of ions of a rare
| gas or hydrogen in a semicon eting material induces
- i a depth close to the
Document FR- A-2 681 472

divulges a process that uses thls property to obtain a

the formation of brittle zones

average ion penetratlon depth.:

20 thin film of semiconducting. 'terlal This process

consists of applying the folle .ng steps to a platelet
of the required semiconductiﬁgfﬁaterial and comprising

a plane face:

- a first implantation step by bombarding the plane
25 face of the platelet u51ng ions capable of

creatlng a layer of “gaseous microbubbles” within

the thickness of the pla let at a depth close to
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the thickness of the platel'et "at"™"a depth close to B 12691.3 JL

2. the average ion penetration .depth, this |[ayer
separating the platelet into a |ower region containing the-
mass of the substrate and an upper region formng the thin film
the 'chosen ions 5 bei ng either rarg gas.ions or hydrogen gas ions;
- a second step in which the plane surface®of .the pl atel et is put
into intimate contact with a- support or stiffener) conposed of

at | east one | ayer of rigid material thi.s intimte contact 10
possi bly being ‘made by neans of an adhesi.vi subst ance, by
the effect of prior pteparatémagedf ion penetrabibacedepvin, heatisand/ager

el ectrostatic treatnent ntgraton1§ band betmeen the

0
SuppOrt ancUTRATRF ke oS, SPISLETEE | IRELT! BT ToRE RERLR
of the platelet and contalnlnguppermaasseﬁbty abuasteﬁperahdrenQM@waﬁ
t han the tenperatu at Mhh ﬂqplan gtlo
carried out and suffiEF&nP™t P ?ep‘é}?h? or t rl?)%st‘?/\luﬁéerJror“I‘?e

thin filmarmd the subsénageemassr EQre gas 1$hs oteﬁpataguhegas abasgt;
400[err] C for silicon,

This d the foll
expl anati on for~ Bh&SCPRM OSLREPS ocuggﬁé S S]xeﬂztf %gr:%ci%g\f’)\nﬁg

Firstly, the first iopilatkptaniatigut stiggd S;_l'" @maed con®alkt bymmescantl ng
a plane surface of a sem conducting 25 material::platelet to an i on beam

the plane of this SHPRAEt s UPEa %ﬁﬁ?@F%)tﬁ@ﬁﬁaﬁﬁgoﬂﬁnﬁ%l%eﬁéFaﬂﬁﬁ to

a princi pal CryStQE&EQrQﬂh'QlahéthéibfiEﬂ['-%%1%” Wi ChHate ddMact
sem conduct i ng mat eri al perfectt - nonocrystalline, or

more or |edd incli nedp@pﬁhbmsp%%ngo m@%ea Ry eRs @fystad | SGh@sHive
plane with the samegypstance, by the effect

. prior preparation of
surfaces and heat and/or electrostatic treatment
to encourage interatomic

and the platelet;

nd between the support

15 - a third heat treatment p of the platelet and

support assembly at a : perature greater than
the temperature at whi; the implantation was
carried out and sufficie . to create a separation
between the thin film the substrate mass.
20 This temperature is abouti400°C for silicon.
This document proposes t following explanation

for the various phenomena 'served by experience.

Firstly, the first ionic 1mplantat10n step is carried
out by presenting a plane surrace of a semiconducting
25 nmaterial platelet to an ion: beam, the plane of this ~

plane surface being either approx1mately parallel to a

principal crystallographic pla, }1n the case in which

the semiconducting is perfectly
monocrystalline, or more or less ‘inclined with respect
30 to a principal crystallographlc plane with the same

indexes for all grains in?pthé case in which the

material is polycrystallinej; This implantation can

create a layer of gaseous microbubbles that will create
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indexes for all grains in the .case in which the material is

polycrystalline.. This inplantation can create a |l ayer of gaseous

m cr obubbl es that will create B 12691.3 JL

3 a fracture zone at the end of the heat treatnent. This | ayer
of m crobubbles thus created within the thickness of the platelet is at
a depth close to the average ion penetration depth and delimts two
regions within the 5 platelet separated by thls | ayer; the first region
will formthe thin filmand the second region Wil form the rest of the
substrate. The expression "gaseous m cr obubbl es" neans any

cavity ' or mar braaviuty zonegahetbéeénuyofhehenpbaMtameameMthydﬂbgen gas

or rare 10 gas,ions | a The cay ities. nma her in a
very ﬂlattenedlaYSFnl Pﬁc5g§855aﬁﬁd§huﬁnFﬁ a &9 Wlthﬁéigﬁt, G KBeE Tl e
of the order ofof taw IleTa&;re-l&ttOmsC at aokﬂqbtamcesose 006 theheyeramey iorbe

I n appr oxi mat el

h I t her f ff
rom 15 Che vBSF8FFRABR: RN A ode LHRGEE A0 1S4 ay BRERR TP not

contain a gaseogsapbase. sefMrdtwdt bg tthisl layest:ep, thehefiheat rdgfl@ﬁi ment
is carried out ficiently

ténperature to cr, e t he
fracture onélﬁaﬁHrms§B§ LPanBéWWEQE'%Pﬁ snp FEGIERs Witds T

result  of eh¥staddt NSf ¢lear cangerRkle.  IThe éi@prnssa.éﬁm“@ém&ﬁis ng
material, for exanple such as by the effect, of mcro-cavity omﬁht
and/ or pressuremFﬁrPHQ blesnlchBﬁBBIesanY CaVlT%peﬁHTngm%ﬁ¥°T

i mpl antation cgadieth®Rd by Nen5impadhtheSofl Jof Hphrdddesgaay oer ﬂ@é not
be observabl e after the inplantation of a gas, for exanple such as

hydrogen, U} nggesardsfissinntaeebersrialni R opyvities maviRe &b
silicon, there gpy e yACf0-fAQYILEN@Y WebPnd@ in::other words with low

height, for example of the order of a few inter-atomic
distances, or they may ;fbe in approximately
hemispherical form or in any other form different from
15 the two forms mentioned above. =~ These cavities may or
may not contain a gaseous phase. During the third
step, the heat treatment is carried out at a
sufficiently high temperaturerﬁo create the fracture
zone and separation between rthe two regions, as a
20 result of  crystalline rearrangement in the
semiconducting material, for ;éXample such as by the

effect of micro-cavity growth' ¢

nd/or pressure in the
microbubbles.

Depending on the conditions, the

25 cavities or microbubbles may or may not be observable ~
after the implantation of a for.example such as
hydrogen, using transmission é tronic microscopy. In
the case of silicon, there mai : micro-cavities with a
size varying from a few nm to:ia: few hundred nm. Thus
30 in particular, when the implantation temperature is
low, these cavities can only é observed during the
heat treatment'step during whi nucleation is achieved

for example by means of a fas ncrease in temperature
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size varying froma fewnmto a few hundred nm Thus 30 in particul ar

when the inplantation tenperature is | ow, these cavities can only
be observed during the heat treatnment step during which nucleation is -
achi eved for exanple by neans of a fast increase in tenperature

B 12691.3 JL : 4 in order to
termnate the fracture between the thin 4filmand the rest of the
substrate at the end of the . heat treatnment: Furthernore, it
appears that this process may be 5 applicable:sto all types of
crystalline or non- crystalline solid erials. This process

can be’ appliredortier die! eethlifiateCoHBICE
materi al s, and anmorphous sem conducting nmateri
useful if the fity nandi Fhe SSSH R the co
speci fic featuresdthatraigent. Jenerated whe
part of its initial substrate. It is
t hr ee- di nensi onal ~ FHYUNRF®IRr stiberRRIAG Nt
m cr o- el ectr@gni ool S ans: t hgtpkatakats igan ke obhahred
made by stac in§ﬁ¥%|n IbsE%?cqﬁEEcti%?%ﬁlnx Con%?ising el ectronic
conmponent s igrystmllineg esoldidremiteidialst. spadBis PHEGEVEr, Cafhebe

i npl antation of j . 1 hrough . rically L vie.d ayers ; 1
def ects that rmdilé)éjﬁf%{ cﬁgr-a?tl %ﬁi.%s?{t %gs? "of acgcsoﬂt éeﬁ)c/dérrpo%%ﬁg?ﬁsgggﬁgﬁg

them unusabl e. maftesiabst hend amergioupasenicprdugtingrmaberielsareas and
grid oxide layers I Ra YOS Lranskshe Sis  the DASH PUELIMOT obB8ined

I nvention T
' 10 comprises some elements or specific features that were

this film still formed
hus possible to nake a

F (Hii$ PIOFPFRsMaY |Rethe

1 formed part of its

generated when this film sﬁ“
initial substrate. It is  ?_§$ possible to make a °
three-dimensional structure superposition of thin
films. In the micro—electr: cs domain, this means
15 fhat platelets can be obtaiﬁ made by stacking thin
semiconducting films, comprié ~electronic components
in the three dimensions o; space. However, the
implantation of ions through ;
may create defects that modi the characteristics of
20 the componehts, or make them .Gnusable. This is the
case particularly for channel: areas and grid oxide

layers in MOS transistors.

Description of the invention

25
Thus, the process divulged:by document FR-A-2 681
472, which is technicalli .@;ry interesting, had
limitations in some of ﬁbes;f applications. The
inventors of this patent halnu ;'nd a solution to this
30 problem. "They have dis red that under some

conditions, a masking techn;qﬁ :'‘can be used to protect
areas sensitive to the trans%eriof ions, which implies.

an absence of micro—cavitiesﬁihfthe areas corresponding
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25 Thus, the process divulged by docunent FR-A-2 681 472,

which 1is technically very interesting, had limtations in sone
of these applications. The i nventors of this patent have
found a solution to this 30 problem They --have discovered that

under sone condi tions, a masking te&ﬂnlquez can- be used to protect
areas sensitive to the transfer of ions, e npl i es an absence of
mcro-cavities in the areas correspondi ng B 12691.3 JL

5 to the nasked areas, and neveritheless obtaining

cl eavage in the substrate so that a thin fil m:gan be detached. This is

possi bl e if the&on dtheof ma(klednasel@ias, anda geye nidte lesseedobtaiming ng
di mensi on deter 'ned 5 t rd al MRk g €r;iSHD t

Thi s . prlnC|g Nty { e apg{gR %t%() stbugturggh%ﬁ ?M Tl fe
el enents have ddmhedmderhztrefm agyilkalrg ait f otnbe widsle of eatlenmasked

Kk f th b h
The | bl ant at MRS IPRS: A1 16+CRedon ( REMbEIRReEar e roSetran 2T 1o

Inrake these 5 RIEMtHsS snagmfia:]antma/karmgromf tHﬁén smbsat]nateto t hBhis
imting dimension refare, __the puUrpos the .invention is
a process Hﬁﬁnc%ﬁﬁ%JﬁFﬁg iﬁ Ehﬁnappﬁﬁﬁgf'?tﬁﬁﬁucFPSﬁF &QLWhlcg
substrate nmade élferferies ermEwed biRiner male tbe50 gTuimlahtatlbﬂLngtneaaosed

of a region of the substrat e adjacent to -of es and separ at ed
fromthe rest dFL§MeNts méﬁgépﬂaﬁge%ﬁ ?Ea§Pe Qﬁ??ﬁﬁ% Bglﬁf%xﬁggedf
mpmgntathanmng 20 strps:

rom the saigbdLgsHPi1Y h%_el?JsQQQS'% cOHPrdrsd _n
ipn is to make these

. 10 case, the purpose of. the invé

——

elements significantly narrowe: than or equal to the
limiting dimension.

Therefore, the' purpose o the invention is a
'ilm starting from a

terial, this thin film

process for obtaining a thin
15 substrate made of a determined:
being composed of a region of thé substrate adjacent to

one of its faces and separatéd:from the rest of the

substrate, at least one struétgfe being created from
the said region, the process .¢or
20 steps: '

- generation of the said - ructure until at least

> two superposed areas maklﬁg up the structure are
obtained, the upper arg@_ éctlng as a means of
masking the lower area b?iégfining a width of the

25 masked area in the suﬁétﬁéte not exceeding a ~
determined limiting dimeﬁéf@p for the material of

the said substrate,

.- ionic implantation of the ;ubstrate through the

said surface of thelfsubstrate, capable of

30 creating a layer of mlcro cavities within the

thickness of the substrate,and at a depth close

to the average ion peneﬁr tion depth, delimiting
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-generation of the said structure until at |east two super posed
areas nmaking up the structure are obt ai ned, the upper area acting
as a neans of maski ng the | ower area by deflnlng a width of the 25
masked area in the substrate not exceedifig a det er m ned
l.Limting dinension for the material of. . ‘the said substrate,

-ionic inplantation of the substrate through t said surface

of the substrate, capable: of 30 creating a |l|ayer of
mcro-cavities w.thin the - thi ckness: of the substrate and at a
dept h cl,ose to the, average i Qn_penetrati on degth deI|n1t%n

B 12691. 3 JL ' the sald region within th subsgr te except fq

sai d region within the syast e@fr@e%%%atmt;orto the masked ade@d correspondl ng
to the nmasked area, - heat treatnent at +a suff|C|ent|y hi g
tenperature hepd fraleatmgnts gdcrurdtiigeiohdia rsemi?ea@%qfur%r 5
m cro-cavities, thlsdfrﬁgkgreal|f§hégﬂfg)emﬂ“i long thlSCODéy@HOU§IIf
the width of the masked areais suff tly mal | npar ed
with the S5said micro-caviitiesy dfehsfeactys edllshféﬁlt Pﬁ&@ﬁs EFJF“E%

wi dth of then mHRdsar 8 ithedOhigeh _eEhlay e Bldd WakBalli s

respect to the said |imting dinmension,. ;
filmfromthe rest oﬁuﬁﬁéClentlY ssabit r azqn
separation if the ltl nﬁ&EHrﬁ ldneys
t he appllcatlon o ani ca s-pet ween the sa

region and the rexf tife mkesijtasqeraatlé ngtogfeficiently Smahbt‘m@hl i ne
s di Scontjf@uous Tryessﬂeac!‘tt &o @R said llmlt r%a%.r&emastlotrpere are solid -
bri dges between the

- separatlon of the thin film from the rest of the

separation of the thin
¢ther Wi sthpl e said

6ht1ﬂHHH§rE5HE%e wfﬁth by

substrate either by sit separation if the
fracture line 1is cd' auous, or by the
appllcatlon of mechanical rces between the said
15 region ¢and the rest 'of he substrate if the
fracture line is discontiniious. This latter case
means that there are seldetbridges between the

fracture lines.
Another step may be incl 'd between the ionic
20 1mplantatlon step and the heat. atment step, in which
the substrate_ls rigidly bondei e a stiffener, on the

side of the said region that will form the thin film.

Ionic 1mplantatlon may be: done using hydrogen ions
or rare gas 1ons 2
25 . Préferably, the 1 are Dbending -
and/or tensiéh forces. i ""be applied during or
after the heat treatment stepiﬁ _
For example, masking means may consist of a layer
deposited on the said substrate surrace

30 If the substrate is a semlcond&ctlng substrate, the

C component. This

structure may form an elect

‘electronic cﬁmponent may be a _tran31stor, the upper

area compris

g the tran51stor grld
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fracture lines. Anot her step may be included between the ionic

20 inplantation step and the heat treatnent step, in which t he
substrate is rigidly bonded to a stiffener, on the side of the said
region that will formthe thin film Ionrc i npl antati on may be done
usi ng hydrogen ions or rare gas ions. 25 ' Preferably, t he
méchani cal forces are bending and/ or’ tensi on forces. They nmay be
applied during or after the heat treatnent:step. For exanpl e,
maski ng means may consist of a layer deposited on the said substrate

surface. 30 1f the substrate is a senicon

structure may formn agsarrei@ﬁ:lerpﬁl €he CamR@NeA! '1sThbp11cabeleec:tdoufthé:

conponent may be a transi stor the u -ea rising th
trgESIStOF g?/Idcase in whgch the lJelranlconductlng su syrat% made 5

particul ar, the dinvefsd,onihs wiMn cehke élCEdth.Ebnlc eaﬁr@ohanrmli:i\ heMos
senlconductrng substrate made. of . silicon, - whi ch the electronic

conponent is a MASS1StQL A difor %rWWWt i D HeadFdt he

grid 5 oxide Iaele andyetheanghanned aheaAnedf ddias ryps this MOS
transi stor. The upper area naé t hen advant ageously nprise the

pol ysilicon gri FFEMSHEMOS trEi $PBPT aradpditt e8N8AH t"‘f’fe"%ﬁ”r%g%%‘ﬂ%y
llayer, or it nmadapsisd the eIyl Vi @nt RirS P be. tH Add twéhspswe
polysilicon, 10 grid, mask |ng ‘means, may conpri-se a |ayer nade of resin

or any other matdSAQFLtRSONt EBSOTRIR ‘Pr‘hﬁﬁs lgyethe OF 1fr MRy conpgist

i mpor t ant adVa'Er?cQLerel%f of t'tir?a.s (ﬁ%lci hatrn agded add vied Yeh@r 981 4 BNSESK OF S
may be obtai ned since the of the nasked area only corresponds to
the width 150 of9zifh gFi‘%ikl’Hbs@$%fP§/ RRY hCPRprifpgnks layer madepyoirseeddi ng
this vay, it melobeafgCensl) datdiid) depbBEcbnich | il ARt ahien i &
het er ogeneous nedi um " f or . exanple in the semconducting substrate
and t hrough QKﬂﬂxiregﬁ@nshﬂﬂanﬁyﬁn)t#ﬁﬂ%ﬂtﬁ?ﬁan@fso@heé ariems. that

relatively large transistors may be obtained since the

cting substrate, the

width of the masked area only - corresponds to the width
15 of the grid, possibly with itszflanks. '

By proceeding this way, it'ﬁéy be necessary to make
the ionic 1mplantatlon in an heterogeneous medium, for
example in the semlconductlng substrate' and through
doped regions: _maklng up the-_draln and source areas.

20 This goes ﬁegainst standard ?S:actice applied by an
expert in the subject who woﬁld completely mask the

various actlve regions of a f“ponent, in other words

including the drain and sourc f a transistor, before

making the-lonlc 1mplantatloo The ‘inventors of this
25 1invention discovered that the a corresponding to the -
grid oxide, rather than source ﬁd drain areas, is very
o “ An ionic implantation
through the source and dﬁ ~areas induces some
disturbances in the traﬁ etor characteristics.
30 However, these disturbance 'are acceptable for
operation of the transistor.

The trénéistor grid acf as a mask for the

sensitive area during the implantation, consequently

B 12691.3 JL



20 This goes against standard practice applied by an expert in

t.he subject who woul d conpletely mask the various active regions of a
conmponent, in other words “i.ncluding the drain and source of a

transi stor, before maki ng the ionic inplantation. The inventors of this
25 "invention discovered that the area corgesponding to the grid oxide,
rather than source and drain areas, is veré sensitive to ionic
inplantation. An ionic inplantation through the source and drain
areas induces sone di sturbances in t he t ransi st or
characteristics. 30 However, = these disturbances are accept abl e for

operation of thenéranssshor.need to adHeant eaddititoal graskiragtstas ia

mask for the sensitive area during .the. . inplantation, - consequently
B 12691. 3 JL the process €o qb 2 P8 8 "Bnid "Fith! 3 there is no
need to add an addiNeoomablsaskhag shep source drite qrraicessegbombt@anm det hin

film te also_that_the,source and drain regions may be f or med
after the ioniEp?ﬁ$?3n?gf?5nt§?eb9n%c lmpf%ﬂgaﬁéﬁ?uﬁ??ﬂ'mhich ionic

i npl antati ol i s doneheamnediumaliao whe chonpesied iodpldidtfarient iwmt éohal sanboth
in a di nension parallel to the Lnpl.antatiqn beamand in a di rection
per pendi cul ar ?gsoi '?’.e coppgsed d%tpi‘il&r}tetrﬁé’ ma 8féfagaenel??§/hof”i hé

medi um the subgiméheiean gaealQflr acs urhd avgylamtdt idreaseamsleed ftomat he

i on beam Wien naterials are rogeneous and/or the suyrfac

e het
topol ogy of thedSEBSEIaRe PErRRRGSUbBOS the | TAiSer ufeSPHtepatifes
not only in Retfkdgneitbutof thOduadi @GNS tHY suBStrelserved be

depending on _the 15 differences in the position of inBIanIed Epns due
to a dilf’f er ERRECBEERe iV aheWit BpR TR DoMeE k6 theP®yafFpGuston beam.

When materials  are heterogeneous and/or the surface
topology of ﬁhe substrate 1is heterogeneous, the
fracture ©propagates not only in a ©plane, but
undulations méy be observed depending on the
15 differences in the position of implanted ions due to a
difference between the stopping power of the various

materials with respect to these ions.

Brief description of the drawings

20
The invention will be better understood and other
advantages and’ specific features will become clear
after reading thé following description given as a non-
restrictive eXéﬁple ~and accompanied by the attached
25 figures in whiéﬁé
- figure 1 is side view of a substrate in which an
ion implantation has been.carried out,
- figure 2 is a cross-sectional view of a silicon
substrate -in which a MOS transistor has been
30 preparedﬁénd in which the process according to
the inveﬁ_ion is applied,
- figuresjig'txa 3D illustrate application of the

process .according to the invention to the
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materials with respect to these ions. "~ Brief description of the

draw ngs 20 The invention will be better understood and ot her
advant ages and specific features will becone clear after reading the
foll owi ng description given as a non- restrictive exanple and
acconpani ed by the attached 25 figures ig which: - figure 1 is
side view of a substrate in which an i on inplantation has been
carried out, - figure 2 is a cross-sectional view of a silicon
substrate in which a MOS transistor has been 30 prepared and in
whi ch the process according to the invention is applied,

- figures 3A to 3D|IIﬁﬁﬁﬁ%ﬁ%¥eﬂﬁﬂ@céhianséﬂlpﬁ@ film compmpidessa MOS
according to the iny éfgt fofréﬁ its t@a&zg%%é%rgte \pg, another

9 , transfer a thin silicon n1conpr|3|ng

transi stor fron1|ts||ﬁupnnrtnﬂkﬁmqn@ to another support el ement.
5 Detailed description of enbodinents of the invention | n order
to sinplify the description, it will be assunmed that the inplantation
is done undebp cdieliaibed descxiption hef embpedimenvs t¢estheabnvémtionserved
after 10 inplantation and that masking is done above an area sensitive

to i nplantation.
In order to simplify the description, it will be

assumed that the implantation is done under conditions
such that micro-cavities can be observed after

10 implantation and that masking is done above an area
sensitive to implantation.

Figure 1 shows a cross-sectional view of a
substrafe 1, for example made of monocrystalline
silicon of electronic quality and with a plane surface

15 2. Substrate 1 is subjected to ionic bombardment shown
by arrows, through the plane surface 2. For example,
the implanted ions may be protbns. The energy supplied
to the ions and their dose 1is determined so as to
obtain a layer of micro—cavities 3 within the thickness

20 of substrate 1 located at a determined depth from fhe
plane surface 2. Document FR~A-2 681 472 gives

{ information about the ion energy and implantation dose
. to obtain a layer of micro- cévities at a given level.
The micro-cavities layer 3 dellmlts an area 4 in the

25 substrate. A  subsequent heaL treatment at an -
appropriate temperature, for~example of the order of
400°C, transforms the layer .of micro-cavities into
micro-cracks inducing a fracture line enabling
separation of the region 4, whlch becomes a thin film,

30 from the rest of the substratéé

Figure 1 shows a mask Sfﬁnserted between the ion
beam creating the ionic iméyantation and face 2 of

substrate 1. . This mask is €@fficiently thick to stop
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Figure 1 shows a cross-sectional view of a substrate 1, for
exanpl e made of nonocrystalline silicon of electronic quality and with
a plane surface 15 2. Substrate 1 is subjected to ionic bonbardnment shown-
by arrows, through the plane surface 2. For exanple, t he i npl anted
ions may be protons. The energy supplied to the ions and their dose is
determ ned so as to obtain a | ayer of M cro-cavities 3 within the

t hi ckness 20 of substrate 1 |located at a determ ned depth fromthe

pl ane surface 2, Docunment FR-A-2 681 472 gives i nformation
about the ion energy and inplantation dose ~ to obtain a |ayer of

m cro-cavities abna d¢iheén feact . it. Tmnsequentthyitths mdyeo-Baddltiidist s an
area 4 in the 2 bsiraje. sequeny t ot

appropriate terr%%?’%?ufgte,%f%Ptg§§un8?§801%‘q} h%lt’oraggr% o§ ES@E%@%%?{‘& o
transforns themab&yér ehd mher pacavifi ¢he ismbstratenbeteeenadhs pladeci ng

a fracture | i ne._enablin separ atign of. the r.eqiQ ' | C comes
athinfilm SOSuFface b ggg oFrF% Bbatr afst dl%Qur%ﬁégu?@’lqéﬁgﬁ% a

romthé r ( e substrate.
mask 5 inserdedihpieeecattiba.i on beam creating the ionic inplantation
and face 2 of substrate 1.  Thi sk is_sufficiently thick taq,stop
10 i ons thapnié§8hwqat Eﬁﬂé&q é%t?§?ec£ﬁgﬂﬁ{§ogggﬁ?f?%s%hatﬂayer

3 is interruptedndaragofkeezondi®ibasportiing didcont imask 5 imnthe e quao+  of
t he substrate between thelapl ane surface 2 and area 6 js no% di.st ur bed
by ionic 5 inpl §AVALIER. 1aYer dogd PRE RREAVSHGMRIPRAGXERR e I Hpear ed
t hat, under cgal® sC WidiHimthe i Srél SNt i@l Lyyeén HBOGiAGCROGre heat
cavities | ayer does not prevent propagati on of nic¢ro- cracks within the

m cro- cavi ti®s FEFELTG0G nF%8e heat TH® PFEREABRLCNst 85, MICHRT Cracks
propagation of defledid® @radkfe valulependsh&nwibenval ug. ehet e sMedt M de Of

t he nmasked area6 dur?ﬂ%ug&; ;ﬁ@g{%@%ﬁtion
For example, 1in the case of a monocrystalline
silicon substrate, if the width 1 of the masked area 6
15 is less than 0.8 uym, the fracture may propagate between
the micro-cavities located on each side of the masked
area. If the width 1 of the masked area 6 exceeds 0.8
pum but remains less than a given limiting width, the
crack may be propagated by means of mechanical forces,
20 for example bending or tension, applied between region
4 énd the rest of the substrate in order to separate
them during or after the heat treatment, without
mechanically altéring the thin film obtained.
Therefore the limiting width for a given substrate
25 material is the maximum width of a masked area that-
.enables the thin film to be detached without mechanical
alteration damaging to this film. This limiting width
also depends on the size and density of cracks induced
in the substrate and therefore parameters that
30 determine these cracks (implantation energy and dose,
temperature of the heat treatment).
Note that this width l, which corresponds to the

width of the';masked area, may be significantly
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For exanple, in the case of a nonocrystalline silicon substrate, if the
width 1 of the nasked area 6 15 is less than 0.8 [err]m the fracture may

propagat e between the mcro-cavities |located on each side of the nmasked
area. If the wwdth 1 of the masked area 6 exceeds 0.8 pm but remai ns

| ess - than a given limting wdth, the gfack may be propagated by neans
of nmechanical forces, 20 for exanple bending or tension, applied between
regi on 4 and the rest of the substrate in order to separate t hem
during or after the heat treatnment, w thout - mechanically altering the
thin film obtained. Therefore the linmting width for a given

substrate 25 natidifiedents frpm nehe nuifhdONest WA lehs REEF a2 tifaes are
enabl es the thlgug%fﬂéo be,d BéEheQHMtEE%ﬁ ﬂgCB@@I%@rLectﬁyt 4 B4 1 D&

damagi ng to thi Thi's ting wd al so depends on the si ze
and density of anack@e|nda§ed of am igndc sippleatatismd PHEr ePdre Pe

paraneters r?kper%eﬁ regnﬂe &D@é?g@BECkﬁep@n@Hh@m ald onlrggglgglgyagﬂgn

dose, tenpera%ure eat tre Not e t at this width
1, which cor bespmmdi tieonhe E‘wmerm@fe,th@e neRkEtien ekt ndy ben

significantly Iﬁla$%é£ 694 3 %bterlal 1s random aﬂ@1§¥é¥ﬂs€féﬁmtgﬁd
w dt h over mhlch Cro-cavities ar mssing. |In fact, the beamis not

per f ect | yt par aldlcbépendst i gnt mdecaseqoénaal |an| col hps horat |e@r¢01-t§l]'—ter@® be
convergent or diVvergen endi | a1 | n
SIS0 1 BLLLED 5 OBt e

Furt her nore, %ltlon

random and statlsmlambrphdus 31dapendsnnn12®eks&quéMaakﬁtenﬂﬂlst@néard
encount er ed

in annrphou%BZiI?%%%Qgiéggﬁukg %feﬁ%gpl?egalégf g%re ) IEReNGh BBLAR o
Tables is equal to 0.2596 pm. :

In the example shown in flgure 2, the substrate 10
is a board of P doped monocrystalllne silicon. A MOS
transistor 12 was produced on' a plane surface 11 of

15 this substrate. This tran51stor 12 comprises a source
13 consisting of an n' doped region and a drain 14 also
composed of an n* doped region; A silicon oxide layer
15 was formed on the surfaéé 11 of the substrate
between the source 13 and ﬁné' drain 14. The oxide

20 layer 15 was covered by a polférystalline silicon giid
16. The transistor 12 was completed by surrounding it

with a thermal oxide layer 17, ﬁand by providing silicon

nitride spacers 18 on the flaﬁls of grid 16.

The grid oxide layer 15 ”nd the subjacent channel
25 area 19 form a sensitive area;llnce these layers may be '~
disturbed by the passage -gf "implanted compounds.
According to this invention, Eﬁis sensitive area may be
protected during the ionic 1mplantat10n step by the

grid 16 that covers them, thi“mgrld being sufficiently

30 thick to prevent implanted io from reaching the oxide .

layer 15. Spacers may also participate in this

protection.
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10 deviation as defined and calculated in the G bbons Tables is

equal to 0.2596 [err]m In the exanple shown in figure 2, the

substrate 10 is a board of P doped nonocrystalline silicon. A MOS

transi stor 12 was produced on a plane surface 11 of 15 this substrate.

This transistor 12 conprises a source % 3 consisting of an n[err] doped
o]

region and a drain 14 al so conposed an n[err] doped region. A
silicon oxide |ayer 15 was forned on the surface 11 of the
substrate bet ween the source 13 and the drain 14. The oxide 20 | ayer
15 was covered by a polycrystalline silicon grld 16. The transistor 12

was conpl eted by stR¢odfBiAg imMplantagicn sSteer il sbovwde Mwayerrads and by
providing silig oNit§ nks r

Do a%ont oeEfiize 30 LLbRRRSPAEERRCLE18N, LABLLLANES190c01 bR dEcre-
sensitive areacavhtbeshdtededymitinayabeegiond QtgpbedSpbydlnhe*Opassage

Of o D) a0ted cROAPRURAS. ana 0T HI BGSLBALNLE OVeAL AN ST g sgnstive
area nay be prot ect éd duri he ronrc i implantation

grid 16 that coxekedt figom thesxpncb¢nmng ﬂathnuuuﬂqd(%bovajckfchprevent
I mpl anted ion o g oxi Ifye I may al so
partici pate Swiéﬂ{]“_ St th n]i éak %o%%ea is 3 > %3%51 %P imic] %

12 Vm@thomecsuquﬂmmt ﬁromn tsl"t&apsemls ' \ﬂncbyngr rzmamser:na1 antdi gure
2. lonic inpl CE; r " vities I,mting
a region 20 cggﬁéségﬁ £EQH cﬁ h8xe ?#g ;._Sﬁad&? tR"g- d{% %%ﬁ&lty
formed by ar eaf2]2m5 ZQraxskgdbbrompdneat@dI ifeam - thd\s suestirated wbtlveori f the

Wldth of tllae hou reé"‘pﬂ)fle Ssmeél't]g‘rplca lfoj}:;_,_:éelsng

depending on the
width of the area 22. For exaﬁﬁie, a 0:5 pm wide grid
16 does not prevent propagatlon ‘of micro-cracks in the
fracture plane under normal condltlons of use of the
process divulged in document FR-A-2 681 472.

15 Figures 3A to 3D illustratefa variant application
of the process according to 1tﬁis invention. These

figures are also cross—sectionalfﬁiews, like figure 2.
Figure 3A showé a p doped{monocrystalline silicon
substrate . 30. MOS transistor 32 has been produced on
20 the plane surface 31 of this substrate. The MOS
transistor comprises an n’ doped'source 33 region, and
{ an n* doped drain 34 region, aygrid oxide layer 35, a

polycrystalline silicon grid 36ﬂ€and a channel area 37.

In this variant, it was conside;3drnecessary to deposit

25 a resin layer 38 on grid 36 to ¢ e gbod masking of the '~
sensifive area of the MOS : sistor. The 1ionic
implantation represented by a Wé causes the creation
of a layer of micro-cavities 39° .the thickness of the
substrate except for the area 40 -masked from ionic
30 implantation. The width ; "' this masked area
corresponding to the width of g' d 36, is less than the

limiting width so that the ' Cess according to the

invention can be used. This eflnes a region 41 in
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WaTTT&sSUTTIng Trom T he sem conducting material and i npl antation and

heat treatnment conditions, the thin film20 nmay be separated fromthe
substrate with or 10 wthout applied nechanical forces depending on

t he width of the area 22. For exanple, a 0.5 [err[mwi de grid 16
does not prevent propagation of nicro-crackf inthe fracture plane
under normal conditions of use of the p %cess_divulged i n docunent
FR-A-2 681 472. 15 Figures 3Ato 3D illustrate a variant application
of the process according to this invention. _:. - These figures are al so
cross-sectional views, |like figure 2. Fiigure 3A shows a p doped

monocrystal | i ne whicborthe thkibstfidme 8Ll MOS fiorawesi sterwedn habebgdane
produced on 20 a rf 31_.0of . _tHii's _suhstrate. The MOS
transi stor conpr?fggse gh %F‘gr ?Pedgggé%éﬁyéﬁél? % F%n?génd an nferr]
doped drain 34 regi ofAnca grideoxiidmilayeimplangationpol ytepst ahds ne ksidn con

grid 36, and a chanpel .area 37, An.this variant, it wa onsi_der .
necessary to depgglmp%fg%dé rtghsel nr?’Z’lﬂ?%r l:?é/ed:n 4°36 moovgeiqslegago@nnagg?ﬁg
of the sensi bixiele drager ofs tthemeMO®Sn ttlaespiboe. surfHwe 3bnof the

i npl ant ation represented by arrows, causes_the eration. of ,a | aye
ot o Gavi 1] 6 36 UPRLERES MOk AR Eah Thetie UEREE: 1AVET BfclhE S ik
area 40 masked fihormrdeni €o3@btiaipl antplinea. fatle 43n dhdt waflll tdursa
“masked ar ea correspondi to the wdth of:grid 36, i_,s | ess_than the
limiting width s&PEndPRSTe Salrrg‘%&f‘s %‘lc]c‘b*?%li’ﬁ%l?p?ﬂ%@ (see ﬁv‘rgﬁtrleor?%éan Bb
used. ThiN?I dﬁf ipﬂ%&eﬂ- nefgi Facéirll?n asf a sé:it;f-ifener aﬂd vlvith a plane
13 j the thin filmw.|IIl he faornmed between the plane ace 31
and the i ordd casteieds A g ioidly gL Lo e unngn Buttase
step has  been thinCEMIEt efbr dfenpBsi By | A¥EAs38fi e MG raBbradl ng”
Sigerr] 5 oxide layer is fornmed on the plane surface 31 of the

h
substrate 30, as feSPHGUetpRaNd apérnef $WHeLdFe 46 andj #%rber g3rh

obtain a plane suihace 43 e Mhidrds0WBndind e RNV achedfidhe thin
film(see figure 3B). A _
' Figure 3C shows the composite structure made

15 previously after the heat treatment step. As mentioned
above, the consequence of this‘heat treatment step is
to transform the micro-caviﬁiés layer into micro-

' cracks. It is then possible to obtain either a
continuous fracture line if the width of the masked

20 - area is sufficiently small.covéafed with the previously

defined limiting width, or'ié_'discontinuous fracture
{ line if the width of the mggked area 1is not small

enough compared with the lim “c"i'-'ng width. This is the

case shown in figure 3C in ich the line of micro--

25 cracks™ 48 is interrupted in thejmasked area 40.

The separation of the.sq ;rate into two parts on
each side of the micro-cracks line is obtained by the
application of mechanical ﬁopéés. This. is what is
shown in figqure 3D in whiéﬁ mechanical forces are

30 symbolized by arrows.
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plate 45, acting as a stiffener and with a plane 10 surface 46 is rigidly
fixed to the upper surface of the thin film for exanple by neans of
t he "Waf er Bondi ng" t echni que to bond pl ane surfaces 43 and 46 to each
other, in other words bondi ‘by. nol ecul ar adhesi on. _.__Figure 3C
shows the conposite strugtire made 15 previously after the heat
treatment step. As nenti d. -

ned. above, the cdﬁsequence th1$$he8Hh£BJenR
treatnment step is to transformthe mcro-cavities Iayer
cracks. It is .then possibl€é to obtain either ' '!
fracture line if the wi dth of the masked 20 area is suff|C| ent

conpared with the previ ousl . defi ned CLAIMSti ng width, or

di sconti nuous fracture ne if the width of the masked area i s not
smal | . enough conpared :w:th the limting width. This is the case
shown in figure 3C in wemdrddre fodmemfainioig-a 25hinr Atks d48arsingt érompt ed

h ked 4 f_the sub
part s o <o SiRE R e Ty 300, RA T RS R SRR e 12

application of nﬁmtmnthah fﬁdxmceemngcsnpo&dt\haf al S‘eglonsh((ﬂlﬂ’r 4n) bEgure
3D in which ham force are_30 nbol | ze rrows
Bl 1 oh 1 ans! aci BT e S tdiatihore SIETLLF Y oR L Pl FaRgp and

Prelimnary Examepﬁrare&eﬁﬁmm ‘the rest of the substrate, at lbeast one
CLAI V5 essf.or obtalnlr%ﬂgthln th|mSt rtln from

seni conduct i ng %%%?F%’E% - REHI9 SR hi ST Y AR i SA RB coﬁBSsed
of a region (20;pAdde®é &bRpBLYBAG atiGe fol BEBEGNELEPs ONE (11 31) of its
faces and separated f romit:he rest of the substrate, at |east one
transi st or bei ng” cg%"a@’e%it*‘?rbrr??héhﬁl%P%%g?BHUCFHée Moddds ap least

conprising the follow g s&€ _rposed areageﬂﬁmtrﬂgom@ftﬁé"es§§u<§t&fén§k§t or
until at | east two superposed areas naking up the transistor are

obt ai ned, tHh&E upper ar%‘%lt"(”l%edGG)thﬁct‘i’Eﬁ%e’as 3 feans®of 36) ABRBkPEg dhed

l int ( e bt {:' Dxﬂ@the iod@ﬂ“éké& the, neskedsarga)(22;
40) in the substrat not o
Y dEfEPl“Q a width of the masked area (22; 40)

in -

;"substrate not exceedlng a determined
llmltlnq-dlmen51on for the material of the said
15 substrate,

IC . mplantatlon of the substrate (10; 30)
thrbugh*'the said surface of the substrate,

capable of creating a layer of micro-cavities

"7_w1th1n the thickness of the substrate

a - depth close. to the average ion

fiénr depth, deLHMiting the said region

f the substrate (10; 30)

25 -

lrne

. fracture along this layer of

cavities, this £ ‘sture line being either

B : of the masked area 1is
,ﬁy small & ared with the said

30 .'aimension, or discontinuous if the width

S -.--c::_fs-:L::.E N S -:*;



exceeding a determined limting dinension for the material of the said
substrat e, ——t-ent-¢--+ Apt-ant-at+on of the substrate (10; 30)
t hrough the said surface of the substrate capabl e of 20 creating a | ayer

of micro-cavities the t hi-ekness éﬁ thst--ate—~and
at a depth close to} u I(u i on penet rati on dg%ltc’h | HAS (BERY it he
said regi on (20} 1 E rest of the siibstriate (HEPLACHD xcept
for an area correspondi ng to ‘he masked area- (22, 40), —heat

treatment at a sufficiently _h| gh itenperature . .to nmake a fracture |ine
-along this layer of mcro- : cavities, thi acture |line being either
continuous if theow dhia- &Eskﬁ@ apeked sanet s$1f$ﬂifcfuemlt€.ryt |synadirinlu i t30
conpared with the said - limting gl n . discontinuous if
the width of the naské&sHF€§ te koe sai E?— it ij/mﬂhil P™ith respect to

the said limting - sdb@R@%HGRA, of "the thin ‘filmEngkbmhtheamslsat icdn wie t he

anended sheets of [ nt ernati o aI Pr el nar an nati on .Repor
16 - separ at PIRSEF3tERe Wl 301 M %Qﬁai fsﬁﬁﬁ?gklOA) e
‘nttlhﬂtOL{S, fract Wy ldme is

substrate (1€; 30) eitkher By siciiee 9P atiisor

continuous, or by the application of mechani:cal forces bet en the sai d
region and the rest 2PP3fc@tdosuRdt mackhari Geds | RIS i aid

di sconti nuous. redidd 0GRES EKEONHdY tuF Chakm dubshanast eff zethd n

t hat another step is |ncI uded between the ionic.:10 inplantation step and
the heat treatnent stdFaqtpnghildme is Giécom: U$+(30) is rigidy bonded
on the side of the 5. sgydééggyégbgfggnérﬁg Wik nf or mdrhe ddtiat ifaddn {45)

W th a stiffener (45). . Process. cordlng to one of clajns 1
or 2, 15 chh@acttératzedanfhtftqrﬂat $‘b¢@c rﬁpl ARcavdsd | Pefyeenysithyy ionic

hydr ogen i ons oy A6 @AS 4PN p and théh ndY OGRS RGN Wtk | O1ANM 208 Of

clains 1 to 3, aracterized in that the * mechani cal forces are
bendi ng and/ or twvesisrpSorates. (30 is rigyidipr dcorihagide anl Bhe of

clalm 1 to 4 oo; $NBLGELRT(AT] ¥hdddhi 1 1° rBEhd IRENERL £l ARY G 8

stiffener (45)

15 3. Process  according to ‘one of claims 1 or 2,

characterizeqiin that ionic blantation is done using
hydrogen ions or rare gas ions
4. Prodesé'acbording to .any. one of claims 1 to 3,
characterlzed -in that the sa mechanical forces are
20 bending and/or tension forces:
5 Process accordlng to _one of claims 1 to 4,
characterlzed in that the sa fmechanical forces are

applied durlng the ‘heat treatment step.

6. Process accordlng to y one of claims 1 to 4,

25 characterized in ‘that the fld ‘mechanical forces are '~
applied after the heat treatment step
7. Process according to any one of claims 1 to 6,

characterlzed in that the sald masklng means consist of

a layer deposrted on the sai ce of the substrate.
30 8. Proces

that the sahsu

accordlng tO:cmalm 7, characterized in

~(10; 30) 1s a semlconductlng layer,

and the structure forms an electronlc component.

-2 X o
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apptted during the heat treatnent step. 6. Process according to

any one of clains1"to 4, " ~Characterized in that the said nechani cal
forces are 25 appljadyaf i8Beld ia&at treatnent step. 7. Process
according to any one characteriz Id
maski ng means consi s ﬁ."lﬂuﬂumg r dep05| ted on the inS SHEE 6AStBEEN
substrate. dlng to anygone of Ialnsﬁa%ﬁoﬁﬂ 30

characterized in that the substrate (10, 30) -
transistor (12; 32) is a MOS transistor
grid oxide |ayer (15; 35y and the chani
MOS transistorg. thgrgeggg ggggrgggarq§§s i
English translation of the amended sheets of | nt ernati ona

Prelimnary ExGhphRathenekegdironic component ; ~a transistor (12,7 32),

grid (16; 36) ghqt *E%e'\’la?céé’:anéfééOéoﬂSl??ééEe‘%h%” i (160158 O¥lederayer

“made Of STicom—the
the said lower area is the
area (19; 37) of this

'__ﬁn Pg] VehbgeRezeq in

(15; 35). 5 ess according to any.aone of

characteri zed Fﬁanﬁaﬁtpﬁe ‘maski ng nmeans al so conprise a resin | ayer
(38). oc ordi y. O | ai, 9.
characterlzed |n tEb ?%gcgggkﬁgcg%ggn %o éféfﬂ By §8r£§kggefgd ﬁﬁ

: made of SLllcon, the

deposi ted on t hbatl arlks sﬁbsheag5|d'xmﬁ)30)
electronic component (12; 32)

s.a MOS transistor and

the said lower area is the grid oxide layer (15; 35)
and the channel area (19 37) - of this MOS transistor,
10 the upper area comprlses the poly51llcon grid (16:; 36)
of the MOS tran31stor dep031ted on the grid oxide layer
(15; 335). “
11. Proceés according to cyéim 1, characterized in
that the masking means also Eéémprise a resin layer
15 (38) . - ;:- _
12. Prpéess according toiéne of claims 9 or 10,
characterized~in that the masKiﬁg means also comprise

spacers (18) deposited on the fiénks of the grid (16).

TIrery
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