THI N LAYER TRANSFER METHOD WHEREI N A CO- | MPLANTATI ON STEP | S PERFORVED
ACCORDI NG TO CONDI TI ONS AVA DI NG BLI STERS FORMVATI ON AND LI M TI NG ROUGHNESS
The presew0D 2000m8ed470n rel ates to a nmethod for produci ngPaTABLO0EHABZ@
conprising a thin layer of sem conductor haterial on a substrate,
conprising the steps consisting in: carrying out inplantation of species
under a face of a donor substrate fromwhich the thin |ayer nmust be made,
So as to create an enbrittlenment zone in the thickness of the donor
substrate, placing the face of the donor substrate into close contact with
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above-nentioned inplantation step. SMARTCUT(r) type processes, for which

nore anple details can be found in the docunent 'Silicon-On-Insul ator
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t he type nentéamnprsingraeihiralayee ohsemicondasios miateriabon aefubstrate, eohgisirent  of
the invention, Such processes, advant ageously produce structures conprising a
thin | ayer ofth§e‘-ﬁ?8§%i}%§fdﬂ9 Waterial, such as SeO (Seniconductor On
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optics and/ or @umaevhicls the thin layer must be made, so as to create an embrittlement
10 zone in the thickness of the donor substrate,
« placing the face of the donor substrate into close contact with a
support substrate, after it has undergone implantation,
« detaching the donor substrate at the level of the embrittlement zone,
so as to transfer a part of the donor substrate onto the support substrate
15 and to form the thin layer on the latter.
The invention relates more precisely to the above-mentioned
implantation step. .
SMARTCUT® type processes, for which more ample details can be
found in the document ‘Silicon-On-Insulator Technology: Materiais to VLSI,
20 2nd Edition’, by Jean-Pierre Colinge from Kluwer Academic Publishers, pp.
50 and 51, are an example of methods of the type mentioned hereinabove
and correspond to a preferred embodiment of the invention
Such processes advantageously produce structures comprising a thin
layer of semiconductor material, such as SeOl (Semiconductor On
25  Insulator) structures and the like.
The resulting structures from such processes are used for applications
in the field of microelectronics, optics and/or optronics.
Implantation of species is understood to mean any technique (such as
bombardment, diffusion and the like) suitable for introducing atomic or ionic

30  species onto the material of the implanted donor substrate, with a maximum



| mpl antation of species is understood to nmean any techni que (such as
bonmbardnent, diffusion and the |ike) suitable for introducing atomc or

i oni ¢ spewoesocsew7t he material of the inplanted donor ®albaBroat/e)3se th a
maxi munconcentration of the inplanted species situated at a preset depth
fromthe substrate relative to the surface of said inplanted substrate. The
I npl antation step can be perfornmed by co-inplanting at |east two different
speci es. A common advantage of the co-inplantation technique is the
reduction by a factor of 3 approximtely of the inplanted dose relative to
t he i npl ant atbacentfatnsofiplecinipipeted sppeieisesitudted dt res praset deipith flom the
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a much lower total implantation dose than that required when either
hydrogen or helium alone is implanted.

This reduction translates by reduction in the implantation time, and

15 finally in costs associated with production of structures comprising a thin
layer on a support substrate, in particular by means of a transfer process of
the SMARTCUT® type.

As it is mentioned in this article, the essential role of hydrogen H is to
interact chemically with the implantation damage and to create H-stabilized

20 platelet-like defects, or microvoids, in the implanted donor substrate. In the
other hand, helium He plays a predominantly physical role and acts as a
source of internal pressure in the implanted donor substrate for providing
stress in said defects. Thus He drives growth and eventual intersection of
the microvoids so that two continuous separable surfaces may thereafter

25 form on each side of the embrittlement zone.

The face of the donor substrate under which implantation is carried out
is thereafter placed into close contact with the face of the support substrate,
in order for bounds to create in between said faces at their interface called
bonding interface.

30 However, if particles or organic substances are present on the surfaces

to be bonded, they may prevent the bonding to efficiently take place at



formon each side of the enbrittlenent zone. The face of the donor
substrate under which inplantation is carried out is thereafter placed into
cl ose conwvacbowistda7t he face of the support substrate, i rRConEB04/H@dBOOOUNdS
to create in between said faces at their3interface called bonding
interface. However, if particles or organic substances are present on the
surfaces to be bonded, they nay prevent the bonding to efficiently take

pl ace atcertain sites at the bonding interface and voids may thus appear
bet ween t he bonded substrates. The inplanted species can thus easily

di f f use i nt oceHaivesites dbthe bosdihgrinterfpdel and evaidatmandhbs regipegr ibetweénce.
This is in pz}qtbcul ar tHe case when the structure obtained after the donor
and support SHRPPAedsUBSHACBeen placed into close contact is subjected to
a thermal treat mpatimpbRRECIpededadn tils?batity SdiffaBETtIARD thése RO, REusr to
detach the donor substrate at the |level of the enbrittlement zone. Mreover
t he pr esence famingiblistaramt theabondingtetestacabThig i it particulgrdheaaseywhended

areas where the bondin trengt ot be sufficient faqr .allown he

det achnent oG e UpliG o3 keRTate e Atbor Bpdt ShpBpfichundiatd Bienfedtne so
that some ar effcedCitd @¥bsa1ebntacens kabjeeted eaes "thefthal Reatmibht irt¥sdeday not

be transferred onto the support substrate. In addition, it has to be noted

that the inpparicarde sitengtieyihaibending efugl defacsr thendorer suksdraie atief ace
of the donor Wﬁ?ﬁ%%@g%ﬁhé’mlﬁ’%l nplantation is carried out and which is

to b e place ontact-wth the donor substrate, thus increasing

the risk that bMstever ahe Hresenrce adf vbieisbeagi ngad nicetii@cestablistirhaint odnes
are not transferred onto the support substrate. Blisters are not desired
since théy dérpedeciy hendad arqas,whaaiiecboRgiglg strength may not be sufficient

for allowing the detachment of the donor substrate at the level of the

embrittlement zone so that some areas (called “non transferred zones”) of
the thin layer may not be transferred onto the support substrate.
In addition, it has to be noted that the implantation step degrades the

15 quality of the surface of the face of the donor substrate under which
implantation is carried out and which is to be placed into close contact with
the donor substrate, thus increasing the risk that blisters are formed at the
bonding interface and that zones are not transferred onto the support
substrate.

20 Blisters are not desired since they decrease the effective usable wafer
surface area and hens decrease the production yield. Wafers presenting
blisters are even rejected from the production line.

Let's consider a donor substrate made of silicon Si (and which may
comprise a superficial SiO, layer) which has undergone co-implantation of

25 He and H atoms. It is believed that the risk of blisters formation inc}eases if
He is implanted close to the bonding interface.

The following methods are thus usually carried out in order to avoid
blisters formation.
A first method consists in implanting He atoms deeper than H atoms

30  within the donor substrate (starting from the donor substrate’s face under



surface area and hens decrease the production yield. Wafers presenting
blisters are even rejected fromthe production line. Let's consider a donor
subst r at evord@/032943i | i con Si (and which nay conprise a ®apaBitoeH@B0SI q 2

| ayer) whi ch has undergone co-inplantati én of He and H atons. It is
believed that the risk of blisters formation increases if He is inplanted
close to the bonding interface. The follow ng nmethods are thus usually
carried out in order to avoid blisters formation. A first nmethod consists
in inplanting H e atons deeper than H atons within the donor substrate
(starting fremi¢chhenydactationbist raarred), fthat isndyr m\ddingrpmnadeqwei e

carried), that s b r ovi d| an a nt V\/m ch can
be cali brat eH“P‘@QFﬁ&té) Ny %ﬁ?n g?% f&faéggﬂ?mms

i ncreasing the W degéhd %ebcﬁod rﬂﬂr@»ﬂi@% |ﬁdf@!a§|ﬁ |fi‘1ebM do s6UfR seqfn;ilé)ﬁt@dH
atons/cm 2. O course both these_nethods c e inplemented jointly. The

ef fect of thwcaib'tbwayouplad)ﬂ‘lﬂs? Heatethshigm abI e 1 here bel ow which
represents the nber o sters ecte tion of He and H
at oms has’been Bﬁr@b‘ﬁ‘%g ﬁ%&?em%ﬁ?% F%Q\n %@i‘erﬁgﬁqegﬁioiﬁ@n conditions: -
a dose of He at qme &fectdfkhfddhtdthdds & iasiralRdany TabRN € RefdYeRsy Wiitigat ed
along the Y axis, that is 34, 40 and 46 keV, - a dose of H atons |rrpl ant ed

as i ndi cat ed represgntsibeaumber, oftisters setected agrdcatmp@niatiap of Heapd H
It (r)rplt ﬁgt 2;:5”0'” ggcﬂﬁlﬁ_'g%sg)ﬁeﬁ rﬁé?fo%@n%oeer%hgféllﬁv&lﬁg chbMRTI it &HdigsReNdi ng

a dose of He atoms of 12. 1015/cm2

10 - a He implantation energy as indicated along the Y axis, that is 34, 40
and 46 keV,
- adose of H atoms implanted as indicated along the X axis, that is 9,
12 and 15.10"%/cm?;
- a H implantation energy of 27 keV.
15 Table 1
1 46 1 0 0
Y 40 1 0 0
34 0.67 0.67 0
9 12 15
X

-
»

In the lowest row, corresponding to the smallest He implantation energy
and thus to the shallowest He implantation depth, blisters formation is
observed. However as He implantation energy increases (He being thus
implanted deeper), less blisters formation is observed. In other words, the

20 deeper He is implanted, the less blisters formation is observed.

In the left-hand side column, corresponding to the lowest H dose,
blisters formation is observed. However, as H dose increases (see centre
and right hand side columns), blisters formation decreases. In other words,

the higher the H dose is, the less blisters formation is obbserved.



and thus to the shallowest He inplantation depth, blisters formation is
observed. However as He inplantation energy increases (He being thus

| npl ant edwoee@as)947| ess blisters formation is observed. pCm/iBtd@no3aer ds, the
deeper He is inplanted, the less blisters formation is observed. In the

| ef t - hand side columm, corresponding to the | owest H dose, blisters
formation is observed. However, as H dose increases (see centre and right
hand side colums), blisters formation decreases. In other words, the

hi gher the H dose is, the |less blisters formation is observed.ln both

met hods, the H lrmmloahntmelthoelgj the iH impmtetbde@isnaist ﬂaggrcw:l asgactingr iasy ar egi on

or barrier OSS|beto bI he dijff t owar t he
bondi ng mteﬂ?g%gn Wé‘n?W ﬁérbera'[@@ '&tpé)sﬁl?rll% ‘B%‘f tﬂ?ﬁ geff@'%f??ﬁgd at
the level o fcovpéyasqﬁgrﬂohgh@rﬁfgrfa?&ne created in its thickness by the

I npl antation step so as to transter a part of the donor substrate onto the
support subst r afs rapdtioned ebave,tbetdenor supsirateris dietadhediairthe Tenel of the

specifications of the surface st teo t,he str ture ain to a
transfer proEBYY t@?@ﬁ”é@?%@%‘fdﬁh?”ﬁ%@g Came ﬂﬁﬁ% PF‘D‘% %&k@tri ct.
I ndeed, the %@Hgfé?%sﬁaﬁhflﬁt?déﬁd)r“sdw&e bitcAtheasLpRHesubyiiatd ah@ t8 folt ai n
extent conditions the quality of the conmponents which will be created on

t he struct ur e thirtayeronithadatterneed for |imting as much as possible the

Step under condiPaecanS of HEESurBReshl Bf It SRER DhihlEe FRER Y, "
here bel ow Slfd)wstrér’&ﬁelspfdo@sg sUeH HyPeSS NIRFRIC e TRaproeess hee gehemnpem;ryst ep
has been performed and the resulting structure has been subject ed to a RTA

(Rapi d TRer méirichnsigedn dhe JaHgheeps @F thtinnigysuds @ep@eame%dﬂﬂ stea@ py
surface recopghibiClieft conditions the quality of the components which will be created

on the structure.

There is thus a need for limiting as much as possible the surface

roughness of the thin layer, and thus to implement the implantation step
15 under conditions making it possible to limit the roughness.

Table 2 here below shows the surface roughness measured after the
detachment step has been performed and the resulting structure has been
subjected to a RTA (Rapid Thermal Annealing) adapted for gumming out
certain roughnesses by surface reconstruction.

20 The co-implantation conditions are the same as those exposed in
relation with Table 1.

The surface roughness has more precisely been measured on a surface

of 10 x 10 um? swept by the point of an atomic force microscope AFM and is

expressed by an average quadratic value known as RMS (Root Mean

25  Square).
Table 2
0 46 4,28 5, 01 8,48
Y 40 3.59 5,62 10,5
34 4,63 5,76 7,12
9 12 15




The co-inplantation conditions are the sanme as those exposed in relation
with Table 1. The surface roughness has nore precisely been neasured on a
surface oVO2006031RA7MR swept by the point of an atom c fPoraB2oo#/ee3seecope AFM
and i s expressed by an average quadraticeéval ue known as RM5 (Root 1VIean
Square). Table 2 YX It is apparent fromthis table that the two best
conditions for limting the roughness are those underlined on the upper
part of the left hand side columm. However these conditions result, as
shown in Table 1, in blisters formation. On the other hand, conditions
resulting to zero blisters formation are conditiaqps which does not limt
roughness. Hence, as the conparisaon_of Table 1 23 Table 2 makes it clear,
certain inplantation conditions that result in the best roughness may | ead

to the undesired blister or nat | nd . ecipr, | : et avoi d
blisters formatiof Wr?'itsffﬁ?mqﬁﬁ %@ber %ag&E!,%ﬁ%‘g?%%w’m'ﬁ§ﬂ§we'§ﬁ§"”{9EQ%
surface roughggsnexRdafd tsdRy sintierimati om thenusiierbpar st el lefd haapasiasel .
Hence a conprom se has to be nade between the best conditions (inplantation
ener gi es and cobies) Hpwevar thefiengomditiens resuliprasashomn dadlae Thdrtblistassi ti ons
for limting m tfoﬁjzm ting surface roughness. It is nmentioned here that
such a corrprcg RS y have to be conducted for controlling not only

roughnesssbut alcy tiet ke RaAGE EERditIoNE Reuiting do tAuro KilistersHomagtioeiary of

the transferred thin |ayer, the thickness of the
conditions which does not limit roughness.

Hence, as the comparison of Table 1 and Table 2 makes it clear, certain
implantation conditions that result in the best roughness may lead to the
undesired blisters formation, and reciprocally conditions that avoid blisters

10 formation may result in poor roughness.

It thus appears that surface roughness and blisters formation cannot be
controlled separately. Hence a compromise has to be made between the
best conditions (implantation energies and doses) for avoiding blisters
formation and the best conditions for limiting the resulting surface

15 roughness.

It is mentioned here that such a compromise may have to be conducted
for controlling not only roughness but also other parameters such as the
thickness homogeneity of the transferred thin layer, the thickness of the
damage zone, the splitting temperature, etc.

20 There is thus a need for a method for producing a high quality structure
comprising a thin layer of semiconductor material on a substrate for which
the co-implantation conditions are optimally controlled, in particular in order
both to avoid blisters formation and to limit the resulting surface roughness.

In order to fill the above mentioned need, the invention proposes,

25  according to a first aspect, a method for producing a structure comprising a

thin layer of semiconductor material on a substrate, comprising the steps

consisting in:



damage zone, the splitting tenperature, etc. There is thus a need for a

nmet hod for producing a high quality structure conprising a thin |ayer of
sem conduwwoanoamse®Eri al on a substrate for which the co- PODITRZUIDHDO3G0D
conditions are optimally controlled, in particular in order both to avoid
blisters formation and to limt the resulting surface roughness. In order
to fill the above nentioned need, the invention proposes, according to a
first aspect, a nmethod for producing a structure conprising a thin |ayer of
sem conductor material on a substrate, conprising the steps consisting in:
perform ng a oeopenprmirigaai mim;blaatatibeasft at isastlitivd ediffatent mpeces undieraa f ace

of a donor substrate from i.C the d to
create an enbr@$q PEAEIRNOL siRstrgfe Vﬂ]@kh’g@'%&@ﬁ@%%%ﬁgg?‘?%@
placing the fasesla i&ﬁbﬁﬁl@%erﬁ%ﬁbﬁﬁftﬁe t%@&%@?%é@ﬂh@ﬁéu%tﬁdﬂea suppor t

substrate, after 1t has undergone inplantation, detaching the donor
substrate at tehelacivg theofacehaf tbebiorlorlsubahnatezmtmclose captaad Witheastippod part

of the donor su te.on t he ort substrate and to formthe thin
| ayer on fhe IS &B?&?tae aftey @g@ d?er&gq @Hﬁ@nt@i'oﬂm ng i npl anted acting
essential |y cherjetadting frey déﬁéﬁ’%lﬁ&t@t@bﬁhﬁ% relvbkéf fhef @ebhttiemdritezomenes
substrate, at |east a second ecies being inplanted acting essentially

physi cal | y as as todianséerod pam §quy10é§§bﬁ‘i€aﬁerpmtﬁéherﬁplpﬁﬁt’te@tl%’ﬁtﬁ and
substrate for REOV defects, each of said first and
second speci e B%Phg“er @é(gfggltﬁ fﬁq‘ge?,“ but ed in t he thickness of the donor
substrate accpridhsgat first speprsst beingninmslahidde apties @ssentially sheemctiliygforone
wherein the species is mainly distrjibuted and presents a maxj num

concent r dfi ofopRiaR, PlatRletiitehslefeesnty derdpnas s%ﬂratﬁ. Haleapha second
co-i npl ant at 's%%lc%%;%lﬁiuﬂﬁl'éf'\fHdTEQ;n%%géghﬁylyt&\y‘éﬁa\lﬂgaé%@ﬁrjc@rbf(?ﬁ’t%firﬁél' ons

according to
pressure in the implanted donor substrate for providing stress in said

defects, each of said first and second species being respectively distributed
in the thickness of the donor substrate according to a repartition profile
15 presenting a spreading zone wherein the species is mainly distributed and
presents a maximum concentration peak,
the method being characterised in that the co-implantation step is performed
according to co-implantation conditions according to which
- the implantation energies of said first and second species are selected
20 such that said second species peak is located in the thickness of the donor
substrate within said embrittlement zone and more in-depth than said first
species spreading zone, and
- the implantation doses of said first and second species are selected to
be substantially similar, the first species implantation dose counting from
25 40% to 60% of the total implantation dose.
Preferred but non restrictive forms of the method according to the
invention are as follows.
- the donor substrate being a silicon substrate (eventually comprising a
superficial SiO, layer), the implantation doses of said first and second
30 species can be selected for the total implanted dose to be a dose lower
than substantially 3,2.10"%/cm?



- the inplantation energies of said first and second species are sel ected
such that said second species peak is |located in the thickness of the donor
substr at ewai2odv/032@idai d enbrittl ement zone and nore in-depCh/iBtamwossaeod first
speci es spreading zone, and - the inplangation doses of said first and
second species are selected to be substantially simlar, the first species
I npl ant ati on dose counting from40%to 60% of the total inplantation dose.
Preferred but non restrictive forns of the method according to the

i nvention are as follows. - the donor substrate being a silicon substrate
(eventual | y conthé ®itaidmplantpior deseatarsbedoweaythan, 2,2H® f/opPant at i on doses of
said first and second, species canaFe selected for the tot alsgiprrgl nt ed dose

to be a dose ol IMRANIAUNN00SEI G ISACR SPeEeSaFANDS IROMRSE &t ati on

dose can be | gweqoBhane 15 6a2; - the inplantation dose of each
speci es can be\’@éorrprl se%‘cﬁe’t\}veenco, 9.10 16/cn?2 and 1,5.1016/cn2; - the

of f set bet ween theeoffsetsbelsyeeri the firsk ispeoiesomegimurat ¢anceptraliommpeakrendecond
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co-inpl anti ”gsbﬁéthﬂ?alﬁlf'B’etllT\bé@hWan bd)@”éh?ﬁrb@fé. essentially physically and
In

Hydr ogen acting essentially chemcally he donor substrate; - the

co-i npl ant at i enths ep-implantafiopesttproando® pedormeag lbareo-ingplaeting: Hefiam gndHel i um
event ol 1y colPraEon R SSSSBEtFRD PRadedly | L SVHRHRE Beufla may
further conprigggentRfll @henticslyfingee abnbhsulskirse; substrate
10 - the co-implantation step may be performed by co-implanting
sequentially Helium then Hydrogen;
- the support substrate can be a silicon substrate, and may eventually
comprise on its top a superficial oxide layer;
— the method may further comprise, before the face of the donor substrate
15 is placed into close contact with the support substrate, a plasma activation
treatment of at least one of the faces of the donor and support substrates
which are to be placed into close contact.
The invention also relates to the intermediate structure obtained just
after the co-implementation step of the method according to the first aspect
20 of the invention.
And the invention also relates to the application of the method according
to the first aspect of the invention to the production of SeOl (Semiconductor
On Insulator) structures.
Other characteristics, purposes and advantages of the invention will
25 appear to the reading of the following detailed description, with respect to
the annexed drawing, given as non restrictive example, in which figure 1
shows for different deltas between Helium and Hydrogen implantation
energies, the distribution of Helium which is to be compared both with the
distribution of Hydrogen and with the position of the embrittlement zone.
30 As it has already been exposed, the invention relates to the co-

implantation step performed during the production of structures comprising



I's placed into close contact with the support substrate, a plasma
activation treatnent of at |east one of the faces of the donor and support
subst r at esowhicaiz2&@re to be placed into close contact. TRReTIIR2OMDI330D al SO
relates to the internedi ate structure obbai ned just after the
co-inplenentation step of the nethod according to the first aspect of the

I nvention. And the invention also relates to the application of the nethod
according to the first aspect of the invention to the production of SeO
(Sem conductor On Insulator) structures. Qher characteristics, purposes
and advant agesthiri [dyee of meernitormucterd mabtgiatan & suppert sebdiralg, die thie ldyErl ow ng

detail ed description, with respect to, the annexed draw ., given .as non
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Hel i um and Hygg [ h@n‘% i 45 ies, the distribution of Helium which
@?ﬂg%tb&ﬁw t rﬁ%ﬂ}'%w%. stri 3

IS to be conpar ution of Hydrogen and with the

posi titpn of Ith;a eﬁl?{he‘ itmu/ea’nimf_ncarlzafrcéin i{hsprbvinga&nead;uaii@dpgbgaémchxpaiﬁlﬁainedhe
invention relates. to the cpi ant at.i.on rmed during the

product i on ofbysﬁﬁ'ﬁlﬂgtﬁ é‘%%ﬁ%??%%%ﬁﬁ%ﬁi}'ﬁg}'@@t%ﬁ conduct or materi al
on a support substyad gyrydtlfe E&h Ninl é’é’rﬁira@%é‘ﬁn?@%;% bedirQytuieicBfipmRiHg at the
| evel of a d?ﬁh?ﬂ\r/l subs;}rate prrcejjwchsjslyte_ntl)rltt erf by |rrpléi;1'5[a:td”|!§;)nn&_ |

speci es. The epel oha semiedntiucton mptesial v a isurigoalexpgsed tatha externale

obt ai ned by utnivlri ﬁi ng.a transfer process of the SMARTCUT(r) type. The
structure cart"i'R H@%«Ijral, be any type of structure conprising a thin |ayer

of a sem conduct onn ERAEH irédtrietiveaway fraCthireidyes o semitdiviRXéramadrial can
environnment. In a non restrictive way, the thin |layer of sem conductor

mat eri al 18an hsesiicon &nsiEon sarbide $icagprmanigsntGeydiligan-germa@nium SiGe,
si|icon-ger ”Bd%{nHm\ gré&hic AsGa, etc.

The substrate support can be made of silicon Si, quartz, etc.

A layer of oxide can also be intercalated in between the support
substrate and the thin layer, the structure therefore formed being a SeOl

15 (Semiconductor On Insulator) structure, and in particular a SOI (Silicon On
Insulator) structure.

The implantation step according to the invention consists in carrying
out a co-implantation of at least two different species so as to create the
embrittlement zone along a plane called cleaving plane in the thickness of

20 the donor substrate.

During the implantation step, each species distribute in the thickness
of the implanted donor substrate according {o a repartition profile presenting
a spreading zone wherein the species is mainly distributed and presents its
maximum concentration peak. More precisely, the repartition has a quasi

25  Gaussian profile presenting a standard deviation (defining said spreading
zone wherein the implanted species is mainly distributed, for instance
wherein 70% of the implanted species is concentrated) and a maximum
concentration peak which depend in particular on the implantation energy.

Among the co-implanted species, at least a first implanted species

30 acts essentially chemically for forming platelet-like defects in the donor

substrate, and at least a second implanted species acts essentially



gallium arsenic AsGa, etc. The substrate support can be nade of silicon Si,
quartz, etc. A layer of oxide can also be intercalated in between the
support swb2bocasesdand the thin |ayer, the structure therefraBmoi/onsaed bei ng
a Sed (Sem conductor On Insulator) struabture, and in particular a SO
(Silicon On Insulator) structure. The inplantation step according to the

I nvention consists in carrying out a co-inplantation of at |east two
different species so as to create the enbrittlenent zone al ong a pl ane
call ed cleaving plane in the thickness of the donor substrate. During the
i mpl ant ati on phyefcallgaasha spenceesf ihiterhal prassuranint the intplakted gonof sthstrate

I npl ant ed donor subaitrate accor di g} to a repartition profile presenting a
spreadi ng zon®r RARYEINE ﬁtrﬁésé’béﬁﬁdége PSSmminly distributed and presents its

Maxi mum concentr at 05 Redncdiith 2PpiFerFed emBAEmERPSY tHel inethdiPgcdorammgsi

Gaussi an profile presenting a standard deviation (defining said spreading
zone wher ei n toftheiinyritione thes Hydiogeni andhiefily spesiasi ayetasdimlanterris oadese

wherein 70% of the ipplanted species is cgncentrated) .and.a nmed.
concent r atSi ontopi%{ﬁ‘ V\tﬁvgcﬁ“ﬁé'g@?ge'?tnzﬁﬁ?tmc eaﬁﬁ'(‘}kn???e SN %{ﬁqoé} ;gdggg?ﬂ%'} gy.
Anong the co-gpdizneéed species, at least a first inplanted species acts

essentially chemcally for form ng platelet-like defects in the donor
substrate, and at Asadready merdienedghioyetisdelapenite Argawal’s article, in such a

essential |l yphysically as a rce of | r ' ' . i ed

donor substra %S_ef’ 3?]3' pgspdﬁﬁgsﬁqﬁgﬁess Wﬂsc‘i]agglsdgsgeﬁ'g.nyIchgﬁé%lydgﬁégégvﬁ th a
preferred enbgdijiuf@ns ted spésesphictdadts eesehtdilyishysillynvention, the Hydrogen
and Helium species are co-inplanted in order to formthe enbrittl enent zone

in the thickness ofudheimargoensi thesopradithstremy dhe effect exposed in the
applicant's French patent application n° 0309304, filed on July, 29 2003,

according to which co-implantation of (a low dose of) Helium and Hydrogen
results, when combined with a finishing step comprising a rapid thermal
annealing (RTA) of the structure obtained post-detachment, in the transfer

15 of thin layers with a reduced level of roughness relative to the transfer
following implantation of (a higher dose of) hydrogen alone.

Preferably, though not exclusively, co-implantation is carried out by
sequentially implanting Helium then Hydrogen.

Returning to the description of the method according to the invention,

20 the co-implantation step is performed with co-implantation conditions
according to which the first and second species implantation energies are
such that the second species (the physically acting one; for instance He)
peak is substantially located in the thickness of the donor substrate within
the embrittlement zone and more in-depth than the first species (the

25  chemically acting one; for instance H) spreading zone.

The co-implantation conditions are moreover selected for the
implantation doses of the implanted species to be substantially similar, the
first species implantation dose counting from 40% to 60% of the total
implantation dose.

30 Indeed, the applicant has conducted several experiments and

concluded that controlling the implantation energies such that the second



As al ready nentioned above in relation to Argawal's article, in such a
case, Hydrogen is the species which acts essentially chemcally whereas
Hel i um i swoheosapesives whi ch acts essentially physical | yPCFuBido@nossee one
thus profits fromthe effect exposed in the applicant's French patent
application n 0309304, filed on July, 29 2003, according to which
co-inplantation of (a | ow dose of) Helium and Hydrogen results, when
conbined with a finishing step conprising a rapid thernmal annealing (RTA)
of the structure obtained post-detachnment, in the transfer of thin |ayers
wi t h a reducedpéeeies| pedk iolngated dnribedhickaess dfhiibet demsf subdtiaite ondmegin-
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Hel i um t hen Hygloym, Returning to the description of the method according

to the invention, the co-inplantation step is perforned with
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i mpl ' i h h ' hysi cal .
acting onet BTG 1BR rEaliRt oo tipS EAAP % SRatid: P BT o Bkness
of the donor Ruséd ai theMhidknRst o tieaTBOhé S iRRte TAthM BieCerfBfitiehitriiebhl t han

the first species (the chem cally acting one; for instance H) spreading
zone. The co- Wopldiatse:help lisdtag rouahnespe noreover sel ected for the

I npl ant ati on doses—of 1 i t | al | i l.ar,
the first species iTﬁfoel %%%5'#) ﬂgh%%g&;%te?%)ﬁtc?ﬁwgs @Pgﬁﬁ%gﬁ%'@%%%%@édtgt al

i npl ant ati on dessell hsdedidcusdion aphe arsthahsens pliset ddheavethad sxpedingent s
and concl uded that controlling the inplantation energies such that the

secondspetd estpBinvenfigRat ed i n the thickness of the donor substrate nore

I ndepth than the fishy SRRt SO GRLIPORORSUMSH) LtRkiurds REPs Proguddd, sters
the co-implantation step consisting in the sequential implantation of He then
H.
The implantation doses were fixed, respectively to 1,2.10"%/cm? for
15 He and 0,9.10"%cm?for H.
The H implantation energy was also fixed (27 keV) whereas the
different experiments were conducted for different He implantation energies.
The applicant attempted to compare the different implantation
conditions upon the SOl surface quality according to quality parameters
20 such as the number of blisters and the roughness after the detachment
step, as well as the roughness after several final classical treatment steps
(which will be detailed hereafter) were conducted.
Secondary lon Mass Spectroscopy (SIMS) analysis were operated
(post implantation, after the implantation step was performed) to investigate
25  the concentration distribution profile of the implanted species in the silicon
donor substrate, and more particularly to determinate the position of their
maximum concentration peak and spreading zone.
By taking into account the positions of He and H maximum
concentration peaks, as well as the possible overlapping of their spreading
30 zones, the position of the Helium peak can be qualified of either “less in-

depth”, “within”, or “more in depth” than the Hydrogen spreading zone.



formati on. Moreover the applicant al so concluded fromthese experinents
that controlling the inplantation energies such that the second species
peak is |Iwoab@d3es7t he thi ckness of the donor substrat ePairtrh2o04/6d3800
enbrittl ement zone would also help limtirg roughness. The description
hereafter concerns nore precisely these experinents as well as a discussion
of the mechanisns inplied in the nmethod according to the invention.

Firstly, different SO (Silicon On Insulator) structures were produced, the
co-inplantation step consisting in the sequential inplantation of He then
H. The inplantatiof Elds(él'samanssfdrualbctmspﬁcndsmepy) BuleEﬂéOﬂ:&;leiryz Ieiymr He

and O 9.1016/¢n2 for H The H i ntatio flxed ke\/)
Wher oas he dIPEIGHR RN RS 98P0 CEBNHGBHCbPS)y dHaqErReN

| npl antation 88‘%{@ aRg! in?&@ﬁweﬁ%éo@”‘ﬂt SFHérOtoC%’E@FrﬁnétBetr@ bB@l‘hSHt

i npl ant ati on con tlons upon the SO surface quality according to quality
par amet er s suwlithirs thenenmhritiement zoihé of éne cieaving plansughees theatietachntant

d h || h f cl I
detachrent o ot Wb HBSsEBL BB Reflkebars Aol M BhaSLE

Secondary | on{HBaficieRaG! 5fARE Rk Ié@r"f@mé’@éhXﬁé%u]ﬁ?éﬂ s%@frafeed (post
i nplantation, after the inplantation ste orned) to investigate the

concentration dist@A tﬁﬂeptnm@mfaweé ﬂmckmeﬁs amﬁiyaaww @|§@(ﬂ0@§1UCﬁ$dt$f€el’sihB| con
maxi rmum concoft e SnOBETEE <L 1 atimsht SRS AR A B, fbet e
positions of U@n@@ﬂng*lrﬂa)famdfthermal annealing (RTA).

10 By taking into account the position of the He maximum concentration
peak, as well as the possible overlapping of the He distribution profile with
the embrittlement zone, the position of the Helium peak can also be
qualified of either “less in-depth”, “within”, or “more in depth” than the
embrittlement zone.

15 Table 3 here below shows, for different investigated deltas AE
between He implantation energy and H implantation energy, the results of
the above mentioned analysis while Table 4 qualifies the positions of the
Helium peak relatively to the embriitlement zone and to the Hydrogen
spreading zone.

20 Figure 1 schematically shows, for the different investigated deltas AE
between He implantation energy and H implantation energy, the positions
(along the X axis representing the depth in angstroms from the face of the
donor substrate under which implantation has been performed) of the He
peak and spreading zone to be compared both with the position of the H

25 peak and spreading zone, and with the position of the cleaving plane and
embrittlement zone in order to obtain the nomenclature mentioned in Table
4.

Table 3

Reference SIMS post- )
) ) Cleaving plane (A) Offset (A)
implantation
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zones, the position of the Helium peak can be qualified of either "less

i ndept h" ,wOwnadnizmd47 or "nore in depth"” than the HydrogerCIpaBmadnosgoizone. TEM
(Transm ssion El ectron Mcroscopy) and Re3l ectonetry | ayer thickness

anal ysis were al so conducted (post detachnent, after the detachnent step
was i nplenented) in order to determnate the position within the
enbrittl ement zone of the cleaving plane where the detachment 5 takes

pl ace,_Mre precisely —said —pl ane positionis—deducted frn?qfhn
t hi qKIT@EERER PR | t hin | ayer| formed on J.he Suppdrt Substr tgRyedy | Do oo
r ef |lecihaivet/eny™:| ayer t hi cknepssTEMpdsysi S Was atpra Refiadmettyed aft er it hndeaving
st ryct weer,piofai npPPbst PRRs A p&g@rmen s skfect ed pbd réraf i nFRe hig SbBRe and
consli styi.ngporya faphyd L h@dy mpl  anneal i ndptdcRmeRy . account 1

N, 0 By t aki hgpeakso
posifti on of the He max] mum concentrati on peak, |as well apg the posé*leo‘?e@k
overTap@“mghhpT the He [dhgdor| bubpsan prfofiTe wih the enbrjttlTement zone, 1t
pos|‘_|nn fa) t ha —ln!:éj”'\lr cahn al SO be nnr\!i-F of n.t
in- dept1piA “"J’\\:Gth o8 or19%re IZPI dept h" n t1e e%%h tt
Tablle 3) ket e18el pwr1showsggef pr @Ts er ent 2050est gat@éodel  as 1BE bet ween H
i nplantation—ene n pantation—energy, [ thesgzgsut Qi tt
mentlio )e[éﬁéﬁ};lqsys g)ﬂ&ﬁl éé_éPa le 4 qualifies the nngzlflgan of t%
rel dt i ¥eAB=+00t he 2@br | tedoehren’! Pone | and?d68 t he Hy2ZMBgen| spP8adi

CRObY| $épWs, Tor the ditteren I mogst 1 gpat e@miel

Nt atio e gy and—Hi r-rpl antatlion—en gy the

eé%qﬁ)t st r%)z" from'ﬂ?g

he

he

"I fa¥al

“e“rrﬂg CoOI’le.4855

1%

Hel i um p
ng 2dPe.
tas7@E

Thoa G ¢

flace

pak

ne

Fi gureg 1 Cleoat
bet i m'\l a
(al gngbXx&e= XBAxi 5

Febre

ng the d¢

epth in an

donor substrate under which inplantation has been performed) of the He peak
and spreadi ng zone to be conpared both with the position of the H
It can be noted that the cleaving plane is always “more in-depth” than

the Hydrogen peak, even when the He peak is “less in-depth” than the H

spreading zone (see reference 1). In addition, the cleaving plane is always

5 in the vicinity of the Hydrogen peak (for a few tens of Angstréms), even

when the He peak is “more in-depth” than the H spreading zone (see

references 4, 5 and 6).

Table 4
delta AE
between He He peak position He peak position
Reference and H relatively to the relatively to the H
implantation embrittlement zone spreading zone
energies
1 +7 less in-depth less in-depth
2 +13 within within
3 +16 within within
4 +19 within more in-depth
5 +25 more in-depth more in-depth
6 + 31 more in-depth more in-depth

10

After the detachment step, the eventual presence of blisters was

inve stigated for each of the above mentioned structures. Moreover, surface

roughness measurements were also carried out after detachment both by



5 peak and spreadi ng zone,

I n-dept h" than the Hydrogen peak,
than the H spreadi ng zone (see reference 1).
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Table 5
He peak He peak
Percentage position position AFM Profile meter
Reference of wafers | relatively tothe | relatively tothe | RMS (+/-5 RMS (+/- 1
with blisters | embrittlement H spreading A) A)
zZone zone
H only ) 52 27
1 (AE = +7) 67 less in-depth less in-depth 61 13
2 (AE = +13) 50 within within 53 12
3 (AE = +16) 50 within within 54 11
4 (AE =+19) 0-50 within more in-depth 54 11
5 (AE = +25) 0] more in-depth more in-depth 61 11
6 (AE = +31) [9) more in-depth | more in-depth 71 13
10
It can thus be observed that the numbers of formed blisters is all the
more important as He implantation energy is weak (that is when energies
offset between He and H is, in the experiments conditions, lower than 20
keV). However, when He is implanted so that its peak is “more in-depth”
15 than the H reparition profile (that is when energies offset between He and H
is higher than 20 keV), no blisters are formed.
It can also be observed that the roughness is with the lowest when
He is implanted so that its peak is located “within” the embrittlement zone,
and that at the same time for high and low frequencies roughnesses.
20 On the contrary, roughness gets higher when the implantation

conditions are such that He is implanted so that its peak is “less in-depth” or




of fset between He and His, in the experinents conditions, |lower than 20
keV). However, when He is inplanted so that its peak is "nore in-depth”

t han t he wione@ase447on profile (that is when energi es of PsetiBlvot/vsasn He and
His higher than 20 keV), no blisters arasforned. It can al so be observed
that the roughness is with the |owest when He is inplanted s o that its
peak is located "within" the enbrittlenment zone, and that at the sane tine
for high and | ow frequenci es roughnesses. On the contrary, roughness gets
hi gher when the inplantation conditions are such that He is inplanted so
that its peaKniose in—depth”mhmmmémmrﬁﬂemnit godepaht'thaharore respeoially Bsltbeent
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significantly |o an hal f) .for | ant ati on cpndi tions
conparat 1 gel YT THrRRIER s By Rapbiefhad QoifeciBar Bttt AESshes
structures ohkat IBﬁﬂfr@@%ncﬁ@é ?&iym@séé%naﬂéesghﬁﬂcéﬁﬂ?%\h@re@ (rhoYesthbAthaif ep.
conprising a rapid thermal annealing (RTA) adapted for mﬂ ng out certain

roughnesses B9r allee-doplantatipnseenditi oaa comparatiyrlyitaimpl Blenfuenci es

00300304 al r eady AReHETEYAR Bpisp LS RRRLGEMtalhed é%ﬁ'&@ié??é@“éw?@% e "
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oxi dat i orto( StaéJ@BB%@ foragg@aaﬁa wtm@ﬁ?mrowm%wm Pniswasgeiegenstiuction,
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applicant’s French patent appllcatlon n° 0309304 already mentloned before.

The finishing step of the structure obtained post detachment can in
addition to this RTA (RTA1) furthermore comprise the following combination

15 of treatment operations: a stabilised oxidation (StabBox), a second RTA
(RTA2) and a thinning operation.

An important profit can be obtained after RTA1 with regard to
roughness when co-implantation is used instead of implantation of a single
species only.

20 Furthermore RMS values as low as 2,5 A (10*10 ym? scan) can be
reached after said final thinning operation when co-implantation is
performed.

Hence when the He peak is located within the embrittlement zone,
the final structure presents a low roughness whereas said roughness

25 increases as said He peak profile shifts away (either less in-depth or more
in-depth) from the embrittlement zone.

The blisters formation tendency can be described of the following
manner.

The closest He is implanted from the face under which implantation

30 has been carried, the more blisters will generate at this interface, possibly

because of diffusion.



species only. Furthernore RVS values as low as 2,5 A (10*10 mm2 scan) can
be reached after said final thinning operation when co-inplantation is

per f or redwoHessos29Men t he He peak is | ocated within theprerhB2#/h@Ss®Nt zone,
the final structure presents a | ow roughreess whereas said roughness

I ncreases as said He peak profile shifts away (either less in-depth or nore
I n-depth) fromthe enbrittlement zone. The blisters formation tendency can
be described of the followi ng manner. The closest He is inplanted fromthe
face under which inplantation has been carried, the nore blisters wll
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10  spread (or more generally speaking the zone where the chemically acting
species is mainly spread).

It has to be noted here that for the He dose (1,2.10'%/cm?) used in the
context of the experiment, no blisters formation was observed when He is
implanted in such manner that its peak is more in-depth than H spreading

15 zone. However, if He were to be implanted with a much higher dose, all of
the He may not be trapped by the H-stabilized platelet-like defects and
could thus diffuse and form blisters.

As exposed in the applicant’s French patent application n® 0309304,
already mentionned, the co-implantation of (a low dose of) Helium and

20  Hydrogen results, when combined with a finishing step comprising a rapid
thermal annealing (RTA) of the structure obtained post-detachment, in the
transfer of thin layers with a reduced level of roughness relative to the
transfer following implantation of (a higher dose of) hydrogen alone.

However it has been shown here above that the roughness depends

25 in particular on the relative position of He peak relatively to the
embrittlement zone.

Indeed when the He peak is either “less in-depth” or “more in-depth”
than the embrittlement zone, roughness is rmore important than when the He
peak is located “within” the embrittlement zone, thus close to the cleaving

30 plane.



zone. However, if He were to be inplanted with a nmuch hi gher dose, all of
the He may not be trapped by the Hstabilized platelet-like defects and
coul d t husodnddazzm7and form blisters. As exposed in theprappB2oani33e French
pat ent application n 0309304, already nentionned, the co-inplantation o f
(a |l ow dose of) Heliumand Hydrogen results, when conbined with a finishing
step conprising a rapid thermal annealing (RTA) of the structure obtained
post-detachnment, in the transfer of thin layers with a reduced |evel of
roughness relative to the transfer follow ng inplantation of (a higher dose
of ) hydrogen al ondt istbelismad that lasndxdérmons bbWe e rieapied én tthatmakienurodghness
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repartition profile which present a peak which is located within the
embrittiement zone.
For these purposes, the difference between the second species
implantation energy and the first species implantation energy can for

15 instance selected for the offset between the first species maximum
concentration peak and the second species maximum concentration peak
(as determined for instance by SIMS analysis) to be substantially comprised
between 500 and 1000 angstroms.

Implantation conditions that were investigated here above only

20 concern the implantation energies. However implantation doses were also
investigated during a second set of experiments in order to optimally control
the whole of the co-implantation conditions ne cessary for producing a high
quality structure comprising a thin layer of semiconductor material on a
substrate.

25 Typically the implantation doses of co-implanted species can be
selected for the total implantation dose to be lower than substantially
3,2.10"%/cm?, and preferably less than 2,2.0%%cm?, that is a lower total
implantation dose than when a only single species is implanted.

The implantation energies used for producing the structure

30 referenced 3 here above (and leading to the minimal 2,5 A RMS final

roughness value) were kept identical in this second set of experiments, that



enbrittl ement zone. For these purposes, the difference between the second
species inplantation energy and the first species inplantation energy can
for instanoeiedsenved for the of fset between the first SpeaBE®4/0EBRO0TUM
concentration peak and the second speci e$ maxi nrum concentrati on peak (as
determ ned for instance by SIMS analysis) t o be substantially conprised
bet ween 500 and 1000 angstrons. |nplantation conditions that were

i nvesti gated here above only concern the inplantation energi es. However

I npl antati on doses were also investigated during a second set of
experinents iia Hg being imppntedetian eoengyalf 4hkeMimideHapeinigeinoplantssl aheat i on
condi ti ons necessar z rodUC|ng a high quality structure conprising a
thin | ayer of enclgy gﬁ 3‘& material on a substrate. Typically the

i npl antati on doseaa&J%m»swah@%mer%pﬁﬁmﬁoﬁ@we@ oekesied 49rHEhand aHal
I mpl ant ati on dose to | ower than substantially 3,2.1 016/cn2, and

preferably | gswlaniationdoses wee? gradified-hat is a lower total i mpl ant at i on

e gt oo dsnat or TrbaBEl A RECE et ER PRt bR BV, tg
| eadi ng to the3moit/emk while tﬁe%dbé@&lasrl@whﬂééseq@dlu©)OW@6mm(thdﬁBtICal

in this second set of experinents, thatis He being inplanted at an energy

of 43 keV andowepéhay qqﬁ*ﬁgaﬁﬁ\?eférsbﬁehﬁf exeeyepts ﬁrr whbizh the digdoseaas

blisters for n:p? 1%116;/0 e observed as He and H inplantation doses were

nodified. Firs , the H dose was increased from0,9.1 016/cn2 to

1, 3. 1016/ cn? whi I d\kbmmoHEheJI'wwesti@e&e;ptinfgjla«ﬁdtlorequad|t|m130(rﬁa>1|ﬁ151671 coBe( t hat

's | over 1t0haneqduuarl |tgg1 éhl% /cm§) Ie%%ts tgfbhs%( rg rf!)pnggtlgn éwmg}e?hast &e 'F'-Fd%%ge nas
increases, roughness deteriorates.

Then, the He dose was varied while the H dose was kept fixed (equal
to 1,1.10"%/cm?) and the energies were also fixed (He energy of 49 keV; H
energy of 32 keV).

15 As the He dose increases, blisters formation occurs. However the
roughness is low for all the investigated structures (the final roughness
being as low as 2,3 A RMS on a 10710 um? scan when the He dose reaches
1,5.10"%/cm3).

Finally, it can be derived from this second set of experiments that the

20 best result can be reached as for a low roughness and the avoidance of
blisters when the implantation doses of the two species are substantially
similar, the first species implantation dose counting typically from 40% to
60% of the total implantation dose.

Advantageously, the implantation dose of each species is comprised

25 between 0,9.10"%cm? and 1,5.10"%/cm2.

A surface activation treatment, such as a plasma activation, may
further be performed which may help (in particular when the implantation
doses are such that a repartition close to 60%/40% is achieved) to reduce
residual blisters and achieve good roughness. This plasma activation is

30 performed, before the face of the donor substrate is placed into close



1,2.1016/cnR) . None of the investigated co-inplantation conditions
(maxi mal H dose equal to 1,3.1016/cnR) leads to blisters formation. However
as t he Hwo=eodmeneases, roughness deteriorates. Then, tPrhe/IBBdoEa00MaS
varied while the H dose was kept fixed (¥qual to 1,1 .1016/cnR) and the
energies were also fixed (He energy of 49 keV; H energy of 32 keV). As the
He dose increases, blisters formation occurs. However the roughness is |ow
for all the investigated structures (the final roughness being as |ow as
2,3 ARVMS on a 10*10 m® scan when the He dose reaches 1,5.1016/cnR) .
Finally, it cantastvitrihessuposhsubstatecovatieast ooe afthe facasndE thendonone

best result can be reache s for.a lqw,ro t oi dance of
blisters whef? i?é’qpﬁgtl %ihsgrta?% Wﬁlggeasreg? bteffﬂgg%ﬁ'ﬁﬁggg&&i?%é%ubst antially
simlar, the firstUrie@drihémassettatheoinveaten efonidiagst topthe aH ¥ rmhediatg 0% t o

60% of the total inplantation dose. Advantageously, the inplantation dose
of each specistisiciuse cobfiginask dugietiiee the, e-impegrenidgion stap 2f1bhe; nethog

surface acti ole 3 i i O y further be
pert or medsunich RS KM sk anditior Bie Pah i BuBoed ity doses ar e
such that a repartArid andet esetier fdpact Ghe iisverthinefigtherinore edlatesr s ithtkial
blisters and achi eve good roughness. This plasnma activatioqn is perforned,

before the faPPliatiamel isrpethogagcosdingita the Hest @spaeicidhsdeventiarto e h t he

support subs ; onor and support
substrates ﬁrﬁﬁé}ogrﬁf?%dgﬁg%ﬂiggﬁ(ﬁﬁtg ?m@gﬁlggon Sﬁ}] &&ﬁaﬁ%er anot her aspect,
the invention al sdheetiedaiptivn ldre abuver dealt aite SOt utanufactatingy aed Hledd
after theloco-clo-l lpef\anrﬁghgrtl.l ?‘Resrtn% &Iillé[ ?n r{ﬁé haor§j will understand that a similar
approach could be carried out for other semiconductor material (such as for

instance Ge, SiGe, GaN, SiC) or other type of co-implantation



according to the first aspect of the invention exposed here above . And
under anot her aspect the invention furthernore relates to the application
of the nmewbadoéasewrdi ng to the first aspect of the inverCraR20eodne
production of Sed (Sem conductor On Ins@bator) structures. The description
here above dealt with SO manufacturing and He-H co-inplantation. The man
skilled in the art will understand that a sim |l ar approach could be carried
out for other sem conductor material (such as for instance Ge, SiGe, GN,
SiC) or other type of co-inplantationTHE CLAIMS 1. Method for producing a
structure conprising a thin layer of THEnCEAWdSct or naterial on a substrate,
conprising the steps of: performng a co-inplantation of at |east two

di fferent species under a face of a donor substrate fromwhich the thin

llayer nust bet.nadethdto R tRodliciag e ANsudiid t LeMPRkINGONE ifMint NRaykehi @fness
of the donor substrate, placing the face of the donor substrate’into close
contact with sgipisendueighsiaterial onad substrateheemprigisogbastensdfant ati on,

detaching the d trafe t rittlenent zone, so as
to transfesi a pgﬂr@'foorﬁﬂ '?@ee{ géﬁrgﬁfaﬁt]%&r{ §f§lt A%Sc; tp&eggﬁﬁ%@r%p%cﬂ%%ﬂ%{% dnd to
form the thin faayef acdoridreubstra®y fromtwhiehshe ghihilaydr rapsChe mmdari, b kBRbant ed
acting essenti al Iéchem' cally for form ng@pl atelet-like defects in the

donor subst r at@eata an egdyitieraerizznesipdbe duickeesiof thedemos gubira ty ;
essentially pw5¢|§)§h %gg?%?engpﬁecﬁor%r.édﬁts%ylnt R Edhtact Jéip?gaggbﬁghe

donor substrate ress in sard defects, eacC I rst
and second spesubstrabsiafigritdszamdergbye thplantdiiohed in the thi ckness of the

donor substrate cording to a repartition profile presenting a spreading
zone wher®in t’hé?éﬁ%’?fpgéﬁ? Sopgy ﬁ“@sﬁfﬁtgﬁtiﬂl}%F%' ghthg eedsitiement zone, so

as to transfer a part of the donor substrate onto the support substrate and
to form the thin layer on the latter,
at least a first species being implanted acting essentially chemically for
forming platelet-like defects in the donor substrate,

15 at least a second species being implanted acting essentially physically as a
source of internal pressure in the implanted donor substrate for providing
stress in said defects,
each of said first and second species being respectively distributed in the
thickness of the donor substrate according to a repartition profile presenting

20  a spreading zone wherein the species is mainly distributed and presents a
maximum concentration peak,
the method being characterised in that the co-implantation step is performed
according to co-implantation conditions according to which:

- the implantation energies of said first and second species are selected

25 such that said second species peak is located in the thickness of the

donor substrate within said embrittlement zone and more in-de pth than
said first species spreading zone,

- the implantation doses of said first and second species are selected to
be substantially similar, the first species implantation dose counting from

30 40% to 60% of the total implantation dose.



maxi mum concentrati on peak, the nethod being characterised in that the
co-inplantation step is perfornmed according to co-inplantation conditions
accor di ngvoaosdnisedds - the inplantation energi es of sai dpCirnBrooanas3®econd
species are selected such that said secold species peak is located in the

t hi ckness of the donor substrate within said enbrittlenent zone and nore
in-depth than said first species spreading zone, - the inplantation doses
of said first and second species are selected to be substantially simlar,
the first species inplantation dose counting from40%to 60% of the total

i npl ant at i on 2loddethod\aadending de dinelpregeding ¢lainpraresactagzed in that theofisetr i zed

in that the qgffset between the.first .sgeci es m?g(itrmm COo cenc&rﬁtion Pgﬁ?k and
the second s 8B FHEENMIRITI FRARST LB hPPAS Y dBsesaror |y
bet ween 500 afpéclOthaBia6R efRcerftratifht posk &€ eonfiiridadt SUBRANRING Kitweksh
precedi ng clains wherein the donor substrate is a silicon subStrate,

char act er i zed®U0hanthaP00 wagstieMent at i on doses of said first and second

species are selected for the total inplanted dose to be a dose | ower than
subst anti al | y 3,2.10 16/cn2. 4. Method according to claim 3, characterized

in that the tdt alleihoel &toadingno @@y ricsofl teiretdding 2laimé WHékRthe fon bt hod
according to claim4, characterized in that the inplantation dose of each

speci es i s cavpsiratalisasilisen sybstratey chactaaterizad in thal the snplaptation dasesd

according to : t e i | ai c i A4t e
o Tl ant ar (G Ra AfstRind QEBHRNDE ilPred HPIRCLRA! hlaiBa iRt 10
Hel i um act i necs slestilavéythanysibstdritinllnsd. HyWagen acting essentially

chemcally in the donor substrate. 7. Method according to the preceding
claim ch&racterized in that the coinplantation

4. Method according to claim 3, characterized in that the total implantation

dose is lower than 2,2.10"%/cm2.

5. Method according to claim 4, characterized in that the implantation dose
15 of each species is comprised between 0,9.10"/cm? and 1,5.10"%/cm=.

6. Method according to any one of the preceding claims, characterized in

that the co-implantation step is performed by co-implanting Helium and

Hydrogen, Helium acting essentially physically and Hydrogen acting
20  essentially chemically in the donor substrate.

7. Method according to the preceding claim, characterized in that the co-
implantation step is performed by co-implanting sequentially Helium then
Hydrogen.

25
8. Method according to any of the preceding claims, characterized in th at

the support substrate is made of silicon.

9. Method according to the preceding claim, characterized in that the

30 silicon donor substrate comprise on its top a superficial oxide layer.



step is perforned by co-inplanting sequentially Heliumthen Hydrogen. 8.
Met hod according to any of the preceding clains, characterized int at the
support swbbeea3es47s made of silicon. 9. Method accordi mgTiB20Diveo3psecedi ng
claim characterized in that the silicon2donor substrate conprise on its
top a superficial oxide layer.10. Method according to any one of the
preceding clainms, characterized in that it further conprises, before the
face of the donor substrate is placed into close contact with the support
substrate, a plasma activation treatnent of at |east one of the faces of

t he donor andO0sMgtbotd ancbsdingtte anyhirsh ofitlee poededling eleinds) ohbharactasizeddont act .

11. Internediate. structure abtain | ust ;after .t he co-inpl ntatj on step
of the et hodheiot drdhaCREPHRGS odoBt T ERcst B 406 HoTEr SURBTAEDIS RARPFcat | on
of the nethoghBcqess!chatalce witRYthenippbricddisifatd, 4 plakind actiitiopy Pea@idn of
Sed (Sem conductor On Insulator) structures.

of at least one of the faces of the donor and support substrates which are to

5  be placed into close contact.

11. Intermediate structure obtained just after the co-implementation step of

the method according to any one of the preceding claims.

10 12. Application of the method according to any one of claims 1 to 10 to the

production of SeOl (Semiconductor On Insulator) structures.

15



