METHOD OF MAKI NG MULTI PLE | MPLANTATI ONS | N A SUBSTRATE DESCRI PTI ON
TECHNI CAL FI ELD AND PRI OR ART Thi s invention concerns the field of nethods
of producwoanisam7eonduct or substrates, of the SO typepPcm/Eraswiossssar. Such
nmet hods are al ready known but do not enabl e several substrates to be
produced sinultaneously while at the sane tinme preserving the sequences
used for the transfer steps, in particuldr those of the "Smart Cut(tm"
t echnol ogy. The docunent WO 99/ 35674 descri bes a technique in which
successive inplantations are carried out, with a viewto form ng an
enbrittl enent MEBHOD \OF eMBBANE MV L TEPBEKTMBLANEAT EONS| B Ar FUBSTRATE
produci ng several inplantation areas in a single substrate, e.g., a
substrate nade of a sem conductor nmaterial having different depths, with a
view to possibly carrying out nulti pesorRmTION S fromthis sane substrate
DI SCLOSURE COF THE INVENTICN The invention ains to solve this problem in
particular with a view to £¥hng out successive transfers of various

e

| ayers of a sFﬁ&ﬁ@IgﬁﬁspFﬁpg REPBNARSN relates first to a method of

inplanting atonms and/or ions into a substrate, conprising:a ) a first
i npl antation of ions or atORs ialvedthidStcdfpihd Rider substdatgciduprder

to forma
of production semiconductor substrates, of the SO0I type
in particular.

Such methods are already known but do not

5 enable several substrates to be produced simultaneously
while at the same time preserving the sequences used
for the transfer steps, 1in particular those of the
“Smart Cut™” technology.

The document WO 99/35674 describes a

10 technigque in which successive implantations are carried
out, with a view to forming an embrittlement area.

More generally speaking, the problem arises
of producing several 1implantation areas 1in a single
substrate, e.g., a substrate made of a semiconductor

15 material having different depths, with a wview to
possibly carrying out multiple transfers from this same

substrate.
DISCLOSURE OF THE INVENTION

The invention aims to solve this problem, in
particular with a wview to carrying out successive
20 transfers of various layers of a single substrate.
The invention relates first to a method of
implanting atoms and/or ions into a substrate,

comprising:



first inplantation plane or zone, b ) at |east one second inplantation of
ions or atons at a second depth in the substrate, which is different from
t he firstwoeptidnisi7n order to form at | east one second i rpir@PR@Liosssspl ane or
zone. The invention further relates to a nmethod of transferring at | east
one layer froma substrate onto at | east one first receiving substrate,
conprising: a' ) a method of inplantingZatons and/or ions into the
substrate, as described above, thereby form ng an inplanted substrate with
at least two inplantation planes or zones, b ') assenbly of the inplanted
substrate and the first recei vingsisubspiateateon ypicleasi my cﬂrtdms‘acemui ng
of the |nplanted substrat%halong +Qne g&bép npl%g}aglgn Hgne§ zones.
The cl eavi ng or fracturim step C )~ can %ree im réfationto Pﬁe 9 r st

receiving Subihk@teim@l@ﬁtbt@@nOblbh@ bapkanted substrate which conprises
at | east one |nplantat|on plane or zone. In other words a portion of the
i npl ant ed substrate whi cf)cottpriSest abhFedStO8Re PILANEALCON Ui ar'Dr zone

i's separatgd fromdfye fig 55 LECShMI RERYPSEY a&ﬁe Eﬂg%t@@t@o‘j R urd her
conprise a transfer of said portion of the inplanted substrate onto a

second recei vidngfsubstr ateom Thér, Tlwsvi Adgeoh, f ract ordeg ofo sdcdmport i on of

the i | ant ed sub trate which renmnin d free (orwhich mas se arated) can be
carrigg out aﬂgﬁé Oﬁgeoﬁecong gﬁa ation pﬁane or zon P )

The invention further relates to a method of

transferring at least one layer from a substrate onto
10 at least one first receiving substrate, comprising:

a’) a method of implanting atoms and/or ions
into the substrate, as described above, thereby forming
an implanted substrate with at least two implantation
planes or zones,

15 b’) assembly of the implanted substrate and
the first receiving substrate,

c’) cleaving or fracturing of the implanted
substrate along one of the implantation planes or zones.

The cleaving or fracturing step c¢’) can free,

20 in relation to the first receiving substrate, a portion
0of the implanted substrate which comprises at least one
implantation plane or zone. In other words a portion of
the implanted substrate which comprises at least one
implantation plane or zone 1s separated from the first

25 receiving substrate.

This method can further comprise a transfer
of said portion of the implanted substrate onto a
second receiving substrate.

Then, cleaving or fracturing of said portion

30 of the implanted substrate which remained free (or



the inplantation planes or zones thereof. Prior to stepc ' ), it is

| i kewi se possible to assenble the inplanted substrate with a second

recei vi ngveubsxaiai7e whi ch was assenbled with the first PeraPImgsSabstrate.
The cleaving or fracturing step ¢ ' ) can leave on the first receiving
substrate a portion of the first receiving substrate, which conprises n (n
| ) inplantation planes or zones. After this step ¢ ' ), n assenblies of
the inplanted substrate with n successive receiving substrates can then be
carried out. Each assenbly is followed by a cl eavage al ong one of the

cl eavage pl angsioh zoresseeaniheédy icant hee i pplranedd subsetate, card ¢hus
enabl es a por%kgniofltgkgtgnﬁlaggggssggsgr%ge E%e?% %ransferred onto one of
t he receiving substPates®-Therinvent ron“Purther<refates to a method of
transferring n |ayers fromiarsubst kaep @1)Q M4 ecei ViingwSykstgadiele
conprising: a' ) a nmethod of inplanting atons and/or ions into the
substrate, ast@eseFfFBBEL8bovBS t HBPEBYTEOr nFgSER2 T fipl Bhtled Jub3ITHIE with

at least tyo igplagtati nkanes ofh ZaNesas Pask-RHILUACESShVE RsSebli es of
the inplanted substrate, or of a substrate resulting fromthe initia

i npl ant ed substratigiofy whiochrene.or nore | ayers has al ready been
transferred, with n receiying substrates, respectively, each assenbly,
except for the | ast One,fﬁe éieav1ng or %rgc%urlng step c7) cag

leave on the first receiving substrate a portion of the
first receiving substrate, which comprises n (n>1)

10 implantation planes or zones. After this step c¢’), n
assemblies of the implanted substrate with n successive
receiving substrates can then be carried out. Each
assembly 1is followed by a cleavage along one of the
cleavage planes or zones remaining in the implanted

15 substrate, and thus enables a portion of this implanted
substrate to be transferred onto one of the receiving
substrates.

The invention further relates to a method of
transferring n layers from a substrate onto n receiving

20 substrates, comprising:

a’) a method of implanting atoms and/or ions
into the substrate, as described above, thereby forming
an implanted substrate with at least two implantation
planes or zones,

25 b’) n successive assemblies of the implanted
substrate, or of a substrate resulting from the initial
implanted substrate of which one or more layers has
already been transferred, with n receiving substrates,
respectively, each assembly, except for the last one,

30 being following by a cleavage or a fracture along one

of the implantation planes or zones.



being followi ng by a cleavage or a fracture along one of the inplantation
pl anes or zones. Thus, the invention relates, in particular, to a nethod of
t ransf er rwvogosoifast two | ayers froma substrate ont o RCTIRP2a&b/068567

recei ving substrate and a second receiving substrate, conprising: A . an

i npl antation of atonms and/or ions into said substrate, conprising: a ) a
first inplantation of ions or atons at a#first depth in the substrate, in
order to forma first inplantation plane or zone, b ) at |east one second
i npl antation of ions or atons at a second depth in the substrate, which is
different fromthe first Tdepth,tlien ondenttionf oedpaesl east wae second

i npl antati on Ega%e e, .thereb forningtaﬂeggglg@%eq sub%t%gte wth at

or..zo
. H £ .
| east two |nplantaﬁﬁgncb é%est%ﬁn?n%¥%h?%1|on or-zones, @y?rasséﬁgffiof t he

i mpl ant ed substubateaand ontfd rst neaetviore subséiaiey Eabkowktg kyccleavi ng
or fracturing of the inplanted substrate, which is carried out al ong one of
t he i npl ant at S6ACpPakescor L1RApFRREAEPER z6ABB L 1ERNS icl eavage or fracture

leaving, if relation or wth yespect, &g ithe Jd ratofecaiying sybstygte, a

first portion of the inplanted substrate free which further conprises at
| east one i npkantiatbbrtpbare opmpmpkanbation zones (said first portion is
separated fromsaid first,regelying sybsLretelon G- s388emY Lol sad first
a first depth in the substrate, 1in order to form a
first implantation plane or zone,
10 b) at least one second implantation of ions
or atoms at a second depth in the substrate, which is
different from the first depth, in order to form at
least one second implantation plane or zone,

thereby forming an implanted substrate with

15 at least two implantation planes or implantation or
zones,

B. assembly of the implanted substrate and a
first receiving substrate, following by cleaving or
fracturing of the implanted substrate, which is carried

20 out along one of the implantation planes or
implantation zones, this cleavage or fracture leaving,
in relation or with respect to the first receiving
substrate, a first portion of the implanted substrate
free which further comprises at least one implantation

25 plane or 1mplantation zones (said first portion 1is
separated from said first receiving substrate);

C. assembly of said first portion of the
implanted substrate, which further comprises at least
one 1mplantation plane or implantation =zone, and at

30 least one second receiving substrate, followed Dby

cleavage or fracture along one of the implantation



i npl anted substrate, which further conprises at |east one inplantation

pl ane or inplantation zone, and at | east one second receiving substrate,

fol | oned WY 20i0ea541ge or fracture al ong one of the inpl arCatEresplossses or

i npl antation zones of this first portion of the inplanted substrate. Step C
can | eave a second portion of the inplanted substrate free, in relation or
W th respect to the second receiving substrate, a second portion conprising
at | east one inplantation plane (said second portion is separated from said
second receiving substrate), and be followed by step D: D . assenbly of
sai d second peieinen, awhi Thefartderoconprisesfattheastiond pwpltamnatdon

pl ane or inplgg%ag%pnaz%g%,sa gtaakgird recei ving substrate, followed by

cl eavage al ong one 8% t'e inﬁ antation pl anes or inplantation zones of this
second portion of the indtant ed shstrakee An exesphargo:sdidict yre bt ai ned
by a nethod according to the invention is one or nore SiQ2/Si structures or

sinply Si, witRPAPPLER tHh®Priet i AgSPr epdr atd ot ‘@t ePhalivés T XA Tral ity
of SO subst ates, can Jickew sebe:ps educed {rom & singlecsubstiate i whi ch

a plurality of enbrittlenent planes or enbrittlenent zones have been
produced, by tramsfierirgngtorntesa pingr dnithandfatriegeipdiang stdrstd atesend

I rrespective of h% feaIuresgfagggeanv%ﬂ&hpn égigue%%kggd:ﬁ?g%éqviéeavage
pl anes or cl e&Vagé°Zones P g

substrate), and be followed by step D:
D. assembly of said second portion, which

10 further comprises at least one 1implantation plane or
implantation zone, and a third receiving substrate,
followed by cleavage along one of the implantation
planes or implantation zones of this second portion of
the implanted substrate.

15 An exemplary structure obtained by a method
according to the invention 1s one or more Si0,/Si
structures or simply Si, with all of the preceding
preparation alternatives.

A plurality of SOI substrates can likewise

20 be produced from a single substrate in which a
plurality of embrittlement planes or embrittlement
zones have Dbeen produced, by transferring onto a
plurality of receiving substrates.

Irrespective of the feature of the invention

25 in question, several cleavage planes or cleavage 2zones
are produced simultaneously or successively within the
material of a substrate. The two implantation planes or
implantation zones can be produced across a single face
of this substrate.

30 The first implantation can be an

implantation of a first type of ions, having a first



are produced sinultaneously or successively wwthin the material of a
substrate. The two inplantation planes or inplantation zones can be
produced wonosmia478i ngl e face of this substrate. The fi pet/EPa@bastsati on can
be an inplantation of a first type of ions, having a firstmass, e.g., H+
ions, at |east one second inplantation being an inplantation of a second
type of ions, e.g., H2 +, having second rfass which is different fromthe
first . The two types of ions can be obtained: - by double mass sorting, in
an ion inplantation device; - or else without mass sorting of the source;
for this, a sinaphkified ionii npbant erti slqrsf epabl pegsed, 1w lriteh tdere is
no nass sortiﬁgiof EQF spe ;egatin tgksac%igk)%lltofetg %Eﬁgjegapresent in
the plasma w be inplante S|nﬁp%aneously. Abcor%?ng o ah 4l terhati ve,
the first andusgcondviapl agd@bh@nNcan eachnbei an dimAcantat i enoaf dwns. The
first ion inplantation of a first type of ions is carried out wwth a first
energy out put £8£S&n i npl antation device; the second ion inplantation of

second type of ions is C%&kj%qmp%%ﬁggl&ﬁiﬁﬁ@pqgwpqgggﬁtéMﬁéjliS different
fromthe first energy output by thé same inplantation device. A first

charge state of the ions-of the fibonblet ypesef iomsiimhi chins dinf f er@nt from
the charge implantation device;

— or else without mass sorting of the source;
for this, a simplified ion implanter is preferably used,
10 in which there is no mass sorting of the species. 1In

this case, all of the species present in the plasma
will be implanted simultaneously.

According to an alternative, the first and
second implantations can each be an implantation of

15 ions. The first dion implantation of a first type of
ions 1s carried out with a first energy output of an
implantation device; the second ion implantation of
second type of ions is carried out with a second energy,
which is different from the first energy output by the

20 same implantation device.

A first charge state of the ions of the
first type of ions, which is different from the charge
state of the ions of the second type of ions, enables
the ions of the first type of ions to be implanted at a

25 different depth from the implantation of the ions of
the second type of ions.

According to another alternative, one of the
species is atomic and the other is ionic. The atoms can
be obtained by neutralizing a first portion of an ion

30 Dbeam, which thus receives a first implantation energy,

the second portion of the ion beam being accelerated or



state of the ions of the second type of ions, enables the ions of the first
type of ions to be inplanted at a different depth fromthe inplantation of
t he i ons wb 20teen1sgoond type of ions. According to anot hecTaipe@onsissve, one
of the species is atomc and the other is ionic. The atonms can be obtai ned
by neutralizing a first portion of an ion beam which thus receives a first
i npl antation energy, the second portion of the ion beam bei ng accel erated
ordecelerated in relation to the first portion of the beam and thus having
a different inplantation energy fromthe first inplantation energy. Mre
general | y spedkicagerehedbeam medttaloinz at ¢ orrhighehonehorpqmri arhap foftlener gy

contanination% can be u%%d iqlorder to 'np ant .a specie at _two dgpths
. ea$.and us aving ,a (#_ rent gﬁan Lionh cerne %% .
si mul t aneousl| y.” "Thi s phenofrenon 1Ts° due 10 e neutralization of aportion

of the beam betweenhtheibending1aagaet oandnthgyaccel eration colum. The
neutralized portion is thus not accelerated (or decelerated) and w |
therefore be inplanted atlo®e r acEFafTénergy. BYSebALPol | i nglthe retdTal i zed

fraction of the beamprior,to the aceeleratipn colum. it js thys passible

to carry out two sinultaneous inplantations, the first one at a dep
correspondi ngcbotehenextipa¢t i oaneneegyuand the secdnd toanotmerntdept h

di to th f th t ti d I ti ies. Th
neutral i zed bERATBFOPGT i OHOCAITERE ContPol 1R 7h var | OGS W/ B e

quality of thesvatiumo apgéonehy rbntkaduehng @ Hagoandber o¥i @he beam

between the bending magnet and the acceleration column.

10 The neutralized portion is thus not accelerated (or

decelerated) and will therefore be implanted at

extraction energy. By controlling the neutralized

fraction of the beam prior to the acceleration column,

it is thus possible to carry out two simultaneous

15 implantations, the first one at a depth corresponding

to the extraction energy and the second to another

depth corresponding to the sum of the extraction and

acceleration energies. The neutralized beam proportion

can be controlled in wvarious ways: by the quality of

20 the wvacuum, and/or by introducing a gas and/or via
neutralization by means of an electron beam.

Irrespective of the anticipated embodiment,

the proportion or dose of elements implanted at the two

desired energies (the extraction energies) can be

25 controlled by controlling the quality of the wvacuum

prior to the acceleration or deceleration column, by

regulating the pump power or by introducing a

controlled quantity of a gas, or else by beam-charge

neutralization of a portion of the species contained in

30 the implantation beam.



neutralization by neans of an electron beam Irrespective of the

anti ci pated enbodi nent, the proportion or dose of elenents inplanted at the
two desi rwo 2erarngi’es (the extraction energi es) can be ceormpRéedsssy7
controlling the quality of the vacuumprior to the acceleration or

decel erati on colum, by regul ating the punp power or by introducing a
controlled quantity of a gas, or else by doeam charge neutralization of a
portion of the species contained in the inplantation beamIrrespective of

t he enbodi nent adopted, additional ions can be inplanted at the first or
second i npl antati on dept Hryssicercttiveand?or aheer eybeplimentandddretst@p b )

It is thus possi ble to.carry out an addi.ti %ne%! J.on,input, or to add

. ! . 1790 1
speci es of |oﬁsd\/lw%|lgﬁal s i Pf erent S romthe S“ofs or ‘atons of t e fi'tst or

second i npl antapiian: aBRbEF BESER|, PThONoOF THE BRAWNGS: fighr estleshovws a
doubl e-i npl antati on substrate, - figures 2A and 2B show an exenpl ary
embodi nent of 2BMEEhoE B cBP di Mg t 65t AdUshvRATF Bl e - tO gtR8sY 3RUANE BB show

two steps of gq EEQQ@C%WE%%MEQ the dNVeRt 10N o M tdl 8, ¥1 &ML Qs cn

transferring a first layer, - figures 4A and 4B show two steps of a nethod
accordi ng to tike dinViemtergn, fwpohh tdhevi eanso do aasbesr iodg vBhsecomdt! ayer, -
figures 5A to 5C show srlgg%agfio% met hod

sécond 1mp
BRIEF DESCRIPTION OF THE DRAWINGS

— figure 1 shows a double-implantation
substrate,

10 — figures 2A and 2B show an exemplary
embodiment of a method according to the invention,

— figures 3A and 3B show two steps of a
method according to the invention, with a wview to
transferring a first layer,

15 — figures 4A and 4B show two steps of a
method according to the invention, with a wview to
transferring a second layer,

— figures 5A to 5C show steps of a method
according to the invention with a view to transferring

20 a first and a second layer,

- figure 6 shows an exemplary device capable
0of being implemented in order to carry out a method

according to the invention.
DETAILED DISCLOSURE OF PARTICULAR EMBODIMENTS

Hereinafter, the term substrate 1is used,

25 however the term “wafer” could be used in place thereof.



according to the invention with a viewto transferring a first and a second
| ayer, - figure 6 shows an exenpl ary device capable of being inplenented in
order to wernwmsi’oa net hod according to the inventi on. POEERRWEDsEFSCL OSURE
OF PARTI CULAR EMBODI MENTS Hereinafter, the termsubstrate is used, however
the term"wafer"” could be used in place thereof.The invention can be

i npl enented by nmeans of an ion beaminpl &ting device, which is shown
schematically in figure 6 . An inplanter is piece of equipnent which
general ly conprises an ion source, a beanline enabling the ion to be

i mpl anted to be sel ect ed Txed iyrvughitont garhéadesinlemarerdgyomades waf er, a

scanni ng syst em andog t%reqa%_lcnpaj[ngar%iﬁ/\,i th Ogeqfsle Jreasur enent . iIS_at er,_on, an
alternative w thout®i'on Wass sGrt] ng w1 Be 'di%<cl oded " Mor & specicf'l cally,
a source-fornsagepartiican1202ncanpuirses .a chanber, referred to as the

i oni zati on chanber. The species_being ionized can be introduced therein in

gas form 204. Herei nbel o™ t hBPéRBAFFe BF P IR 0§énatddiBBBrEe Hashi | | be

provi ded, dQoweuer gther £xamles ane posskBLeceThe fi8 R SO SO Ses
means 206 for "producing a plasma of the gas Introduced I nto the chanber.

For exanpl e, ihethercase b¢ Bepnasttype sdwr ceslethes hsda Hrnduaientto

(cathode) in ic%_a.strogggflectric gurregt fl ows, whi.ch mﬁlulthus(froduce
an el ectron en'§si“6r 1 ffe Tt1%er Wi I TIStPPRETthe FEETAIOls SYSTem an

a target chamber with dose measurement. Later on, an

alternative without ion mass sorting will be disclosed.
10 More specifically, a source-forming portion

202 comprises a chamber, referred to as the ionization

chamber. The species being ionized can be introduced

therein in gas form 204. Hereinbelow, the example of a

hydrogenated source gas will be provided, however other
15 examples are possible.

The source also comprises means 206 for
producing a plasma of the gas introduced 1into the
chamber. For example, in the case of Bernas-type
sources, this is a filament (cathode) in which a strong

20 electric current flows, which will thus produce an
electron emission. The latter will strike the gas atoms
and thereby ionize them and form a plasma.

The source 202 likewise comprises means of
forming a magnetic field which enables the plasma to be

25 confined, thereby increasing the ionization efficiency.

At the output of the ionization chamber,
means are provided for forming an electrical field (of
the order of a few tens of kV), which enables the ions
to be extracted.

30 Mass sorting is next carried out by magnetic

means 210 (typically an electromagnet), which causes



and thereby ionize themand forma plasma. The source 202 |ikew se
conprises neans of formng a magnetic field which enables the plasma to be
conf i ned,woheroahy470ncr easi ng the ionization efficiency. pAT/ErPR@InstspUt of

t he ionization chanber, neans are provided for formng an electrical field
(of the order of a fewtens of kV) , which enables the ions to be
extracted. Mass sorting is next carried out by nagnetic neans 210
(typically an el ectromagnet) , which causesthe ion beamto be defl ected.
The radius R of curvature of the deflection depends on the nature of the
ions: R = M VtheBivhebeaM its tise defds ddfed.hdhicomadl ushk vef ouitgettiies eof ,
the charge therept and B Lhe maanetic fiel d applied, This step ensures an
excel | ent degree of Serec |V|Py of “t'h& roni-Zed specres present in the

i nci dent beam and enabl es isolation of a single ion mass and a single
energy. Thus purified, the ion beam passes through an accel eration col um
210 of the inplanter. An acceleratidn véltdgeB s thereby generated, which
i s capabl e5 of reaching approximately 170 kV to 250 keV on a standard
inplanter. Before striking a target 2 , the ion beam4 is focused by
focusi ng nmeans 212 such a&&eaxesset! ofisquilde upod s | erfsesheRefienencé 218

desi gnat es de@%ﬁ%%ﬁ@% p%%&%%of, g the charge thereof and B the
magnetic field applied.

This step ensures an excellent degree of

10 selectivity of the ionized species present 1in the
incident beam and enables isolation of a single ion
mass and a single energy.

Thus purified, the ion beam passes through
an acceleration column 210 of the implanter. An

15 acceleration voltage is thereby generated, which 1is
capable of reaching approximately 170 kV to 250 keV on
a standard implanter.

Before striking a target 2, the ion beam 4

is focused by focusing means 212 such as a set of
20 gquadrupole lenses. Reference 213 designates deflecting
plates.

In the case of an implanter without mass
sorting, the same comprises a source, extraction means
and an acceleration column. All of the ions contained

25 in the plasma are extracted directly and can thus
impact the target (the substrate). All of the ions then
have the same initial energy, however since the degrees
of ionization thereof are different from one another,
they will become implanted at different depths.

30 In every instance, scanning means, which

will enable uniform implantation over a certain surface



In the case of an inplanter w thout mass sorting, the same conprises a
source, extraction neans and an acceleration colum. Al of the ions

cont ai nedwpnotomasqggbasna are extracted directly and can trhuEpr2onmastsst he
target (the substrate) . Al of the ions then have the sane initial energy,
however since the degrees of ionization thereof are different from one
another, they will becone inplanted at diiferent depths. In every instance,
scanni ng nmeans, which will enable uniforminplantation over a certain
surfaceof a sanmple, can be of three different types, depending on the

equi pnent : el edt roskarile, meams berechdiica drf Mneed mearss, deremh@ing r st

case, the beam.is_,subjected to.a vgltage whi ch _continuo S|¥ d§flects
on_“tlhie e Ullgtmel’l : [SFESI; r%S atic¢ eal}s ch taH ca or

same, so as to scan the entire  'surface being rnplanté€d. 'n € ‘second case

(mechani cal searedngransa plate can be noved in rotation and/or translation

by nechani cal neans, e.g., by being attached to a drum the beamthen

remains fixed. A third sdifutitth Earsbecastonbl Rie8SRBY éfertiPifGftas to

associ at es; a goppoRent .0t &M iSheCd SRS 1SC /U NG heam novenenis on, a
pl ate and anot her conponent of the plate novenent via nechani cal neans. The

second and t hisrdnsthet rons rhaverthecatteanvageprdbnendbl ing nmul ti pl e-plate
processing. In actual pr%ptite the first an th%é% squtions.ar used for
e

si ngl e-pl ate processi ng. ar Yot fanbef 374604 SFdc iR B D ure

plate can be moved in rotation and/or translation by
mechanical means, e.g., by being attached to a drum;

10 the beam then remains fixed.

A third solution can be a combined movement,
which associates a component of an electrostatic
scanning beam movement on a plate and another component
of the plate movement via mechanical means.

15 The second and third solutions have the
advantage of enabling multiple-plate processing. In
actual practice, the first and third solutions are used
for single-plate processing.

The target chamber 214 is a vacuum enclosure

20 in which a substrate 2 to be implanted across one of
the surfaces thereof and a substrate-holder (not shown
in the figure) are placed. The chamber comprises a
Faraday cage, thereby making it possible to measure the
total current I on the plate, which is proportional to

25 the number of ions received, and to control the

implantation dose D:

L
q.S

0



in which a substrate 2 to be inplanted across one of the surfaces thereof
and a substrate-holder (not shown in the figure) are placed. The chanber
conpri seswe avEasey cage, thereby naking it possi bl e toPoEaPReg/ 058367 t ot al
current | on the plate, which is proportional to the nunber of ions
received, and to control the inplantation dose D :where q is the elenentary
charge and S is the inplanted surface oflthe substrate. The inplantation
dose can thus be estimated fromthe neasurenent of the current by
current-neasuring nmeans. lon inplantation consists in bonbarding a materi al
with ions of the desiredwpes es, iwhitdle apéeneneherat@drate emed giSesi var yi ng
froma few kil gel ectronvolts (k%\é) 0, 8 feov¥ e %eel ectSFH%nstvroa{és (

dependi ng on theE eqﬁim rréarﬁl'g:eﬁised. n-ion penetrating inNto a Substrate wl |

| ose its energypduetteical | dsisens cuint h tihhes t aegete AfioE,ed hefeby dirspl aci ng
the latter and creating defects along its pathway. At the end of its
pat hway, the MRESHERTENENOW FRebedsrENENRBbIFIFZ88 oA SHRELPPX "EPEE -

(interstitdal or substituytjonal);.  TAHSnt hesdond apliant aLtien.-ks
characterized by the di strinbuti%nagg thgni on%, it]%e delf ects crgat 3% aand t he

site occupi edmbyetrheli ontn thessudst thte desRefeer esicec P46, desiighatas:s a

possi bl e control | ﬁd s intake, or nmeans of neutrali zi n i ons of tﬁe beam
produced pri of “to 35%2?% i nito t he'actelerat ' ©hY 219 or gg@el erati on ‘tol um,

possibly at kiloelectronvolts (keV) to a few megaelectron volts

(MeV) , depending on the equipment used. An ion

10 penetrating into a substrate will lose 1its energy due

to collisions with the target atoms, thereby displacing

the latter and creating defects along its pathway. At

the end of its pathway, the incident ion will become

immobilized on a matrix site (interstitial or

15 substitutional). Thus, the ion implantation is

characterized Dby the distribution of the ions, the

defects created and the site occupied by the ion in the
substrate.

Reference 216 designates a possible

20 controlled gas intake, or means of neutralizing ions of
the beam produced prior to passing into the
acceleration 210 or deceleration column, possibly at
the output of the magnetic means 208.

The ion implantation technique has three

25 major advantages:

- the 1localized depthwise distribution of
the ions implanted in the material is easily controlled
by the energy of the ion beam,

- the total guantity of ions produced can be

30 easily measured by the current associated with the



t he out put of the magnetic neans 208. The ion inplantation technique has
three maj or advantages: - the localized depthw se distribution of the ions
i npl ant edworeotomas4material is easily controlled by the erer@mp2@b/ 058567 i on
beam - the total quantity of ions produced can be easily neasured by the
current associated with theintake of the charged particles on the surface
of the sanple, finally, it is possible tbo3exceed the limting solubility of
a species in the material and to introduce species which cannot necessarily
be diffused. In the present description the expressions enbrittlenment or

cl eavage or frhattbee cdr etlconshdeged simitlarlesAcoordiagstofehe iafveritd on,
sever al enbrlttlenent or cleavage planes or cl eavage zones (or

enbrittl ement Pgneé or enbrittlenent zones) are made, at several different
depths in a substrate whi cliinbonyexappl e,s i pomde 1ef aoseskeenductiios
material such_as silicon, or Ge or GaN, or a sem conductor naterlal of type
LI1-V, 111-VI 1iTRE18gbsPraPe 1daN &fsq BEegisisop/msit %qﬂ?qﬁﬁﬂq G U ure.

Herei naft ey, EB%r%éHE%S%bQB§ sephribht Leamat HE@@%saQ Cb@a&ag%uebane or
"weakened pl ane” are al so ungerstoo to be simlar and al so capabl e of

Si gn| fyi ng "enbrittl errentInar*elaé (pmeséelrtbrqiewd:lermmiomom@'é) orpr'ed eavage
area’ (or "cl eavage zoner) of, "weakened apea’; (or, [weakened zong), o, Figure
1 shows an ex&Rpré&t6fc8ge g
similar. Accordlng to the invention, several
embrittlement or cleavage planes or cleavage zones (or
10 embrittlement planes or embrittlement zones) are made,
at several different depths in a substrate, which, for
example, 1is made o0f a semiconductor material such as
silicon, or Ge or GaN, or a semiconductor material of
type III-V, III-VI. The substrate can also be a S10,/S1i
15 type hybrid structure. Hereinafter, the expressions

“embrittlement plane” or “cleavage plane” or “weakened

plane” are also understood to be similar and also

capable of signifying “embrittlement area’” (or
“embrittlement zone”) or Y“cleavage area’” (or “cleavage
20 zone’”) or “weakened area” (or “weakened zone”).

Figure 1 shows an example of such a
structure, with two embrittlement planes Pl and P2 at

two different depths in the substrate 2.
The plurality of embrittlement planes or
25 areas can be produced by a single implantation step, by
simultaneous implantation at wvarious depths in the
substrate. Alternatively, two or more successive
implantation steps can be carried out, so as to define
two or more cleavage planes or areas at two or more

30 depths in the substrate.



structure, with two enbrittlenent planes Pl and P2 at two different depths
in the substrate 2 . The plurality of enbrittlenment planes or areas can be
produced W9 2a1miisggbe i npl antati on step, by sinmultaneousPCEEPaWAESSEN at
various depths in the substrate. Alternatively, two or nobre successive

i npl antation steps can be carried out, so as to define two or nore cl eavage
pl anes or areas at two or nore depths inléhe substrate.lrrespective of the
enbodi ment, the formation of two (n>l, respectively) cleavage pl anes, at 2
(n>l, respectively) different depths (measured froma single face of the
substrate) , nmakes it possidsseacs ivat er carrytbat twobOdimeesgpect itied y)

| ayer transfers froma single substrate 2 . According.to._a first

erbodi ment . af CEPCBEBHuCtT oh BT EHe /bl LSRR G Kt | 2Lt oGad T at ed
ions of the safe enegyl ar ecstjcted )0 aideubkatmsssonti ngnsysiesm or a
magnet is used which has _poor resolution and which allows both species to
pass through. TFPM & SR&F1F0LsiW €Tt & HFotS WL B )Imade k9 tthePtasP bt a

hydrogen sourcg gas,. f,0r exappl ey it i, 4+ apd H2 g .0ns Whigh arg sorted
and inplanted into the material, %lor a single initial energy. In this way,

via the nechanrsmsfefsi fitemaet songbet weesttrheéei 8ns and the substrate
material, as expl ai ned ahove, the Ht iong are tsrt1en i Idante at a{aftdee]_pth R2

with a dose D2, conjoint ST H the “° fir empodiment,
production of the plasma and extraction, gas—-generated

ions of the same energy are subjected to a double mass-—
10 sorting system, or a magnet 1s used which has poor

resolution and which allows both species to pass

through. It is also possible to not sort by mass.

In the case of a hydrogen source gas, for
example, it is H" and H," ions which are sorted and

15 implanted 1into the material, for a single initial
energy. In this way, via the mechanisms of interaction
between the ions and the substrate material, as
explained above, the H' ions are then implanted at a
depth R, with a dose Dy, conjointly with  the

20 implantation of the H," ions at a depth R;, which is
equal to half of Rz, with a dose D;. The respective
doses D; and D; are related to the proportions of H'/H,'
ions. The proportions of H' and H," ions can be
controlled by adding elements to the plasma, e.g.,

25 water, which promotes the formation of H® ions.

In the case of implanting two ion species
such as H' and H,", two cleavage planes Pl and P2 are
thus produced, as shown in figure 1.

In the case of a substrate of the type

30 having a dielectric layer on a substrate, which is made

of a semiconductor material, for example, figure 2A



inplantation of the H2 + ions at a depth R, which is equal to half of R2,
wth a dose D2 . The respective doses D2 and Di are related to the

pr oporti one 20fo/Hs472 + i ons. The proportions of H+ and PRTAPR@O®ESAN be
controlled by adding elenents to the plasma, e.g., water, which pronotes
the formation of H+ ions. In the case of inplanting two ion species such as
H+ and H2 +, two cl eavage planes P | andlP2 are thus produced, as shown in
figure 1 . In the case of a substrate of the type having a dielectric |ayer
on a substrate, which is nade of a sem conductor material, for exanple,
figure 2Ashowshawschemsaticoatépr cht@teirmatdiordmm@dbﬂm anatdmretbyora beam

4,andf|gur ZBsowsthereuItoft duble | ant atj on st
Ref erences 6 a Ad B g%%]ingnate (?espgctrl quS HOHI el rétprl o %%/erOfS &Pls of

Si @2 and substpabecradelahtatseni @@@@ucm@rfemtn@relsala #&hd.§ d{@cﬂﬂgr&fté) | i con.
The two planes P | and P2 can be produced wth depths having an aspect
rati o defi ned BEPREEAVEREr eb2t EEH GGt tthe L6a8& of SHF- andPH2 S+ 0k orsid a

ratio cl osg tg}y%s):raté‘n%%r ol ut 's@fh&%dé%b@ﬂn%e%‘ myl t aNeOUs 7
i npl ant ation of one elenent, e.g. hydrogen, at

of silicon.

The two planes Pl and P2 can be produced
with depths having an aspect ratio defined between
therebetween (in the case of H' and H," ions, a ratio

10 close to 2).

Another solution for achieving simultaneous
implantation of one element, e.g. hydrogen, at two
different depths, 1s to use the energy contamination
phenomenon, which is present in all implanters where

15 there is post-acceleration or post-deceleration. This
phenomenon 1is generally detrimental to the process. It
is due to the neutralization of a portion of the beam
between the mass—sorting magnet 208 and the
acceleration or deceleration column 210 of the

20 implanter (figure 6). Thus, the neutralized portion of
the beam is implanted at the extraction energy whereas
the remainder 1is implanted at the desired final energy
(= extraction energy + acceleration or deceleration
energy). For example, a global energy at 100 keV, with

25 50 keV extraction and 50 keV post-acceleration, results
in two implantation planes corresponding to the two
energies, 50 keV and 100 keV. This type of method
enables two implantation planes to be produced, such as
P1 and P2, at two depths independent of one another,

30 and can be carried out with standard commercial

implanters.



different depths, is to use the energy contam nati on phenonenon, which is
present in all inplanters where there is post-acceleration or

post - decevenatwmam70 Thi s phenonenon is generally detri nerCRIEPL@IOBSSSPr ocess.
It is due to the neutralization of a portion of the beam between the
mass-sorting nmagnet 208 and the accel eration or decel eration colum 210 of
the inplanter (figure 6 ) . Thus, the neufralized portion of the beamis

i npl anted at the extraction energy whereas the renainder is inplanted at
the desired final energy (= extraction energy + acceleratlon or

decel eration energy) . Fdm ekasplasea gfommpkaﬁﬁggﬂqn Q@Ofkewanﬂnﬁh 50 keV
extraction and 50 k ost -accel erati on results i.n npl ant t|on pl anes
correspondi ng £ fhey%ﬁdi%%%raﬁegéc 0(%Ewpand TBOlﬁgganth§£¥§ glo et hod

enabl es two i ppl aahat iran plsanesnteobeepr agjcethe suehpasiPibnandfPxhat two
dept hs i ndependent of one another, and can be carried out with standard
commerci al i nprafter 10 TR oW of i HpPafRfati 6F of HTARETHE M %hs, the

dose of eagh gtothechug i pphanbati 9o plages: Bl apd Reisoontisl lagd by the

conposition of the plasma In the source e case of a hydrogen source
gas, this contuokensseﬂeﬂcmkﬁdxby @bnﬁroamdngzLhexﬂummxunwekxw eﬂx§&y) of H+

and H2 +, res ec&;ve ikiyerogyt$§b|n1éatlon of th sou%% ﬁ ﬂhe
changi ng the S8urdd ParkietdtsCfo otPUbhe spedi-es)®Y by e
source parameters to favour one species), or by the
controlled addition of other elements to the source,
10 which favour the production of one species over the
other. For example, the addition of water promotes the
production of H'.

In the case of a neutralization of certain

ions, the dose of each of the implantation planes 1is
15 controlled by the neutralization itself.

An operation for neutralizing a portion of
the beam can be influenced by the quality of the wvacuum
in the machine. Therefore, (optionally 1in combination
with one of the preceding methods) it is also possible

20 to control the proportion of ions implanted at n (e.g.,
n = 2) various desired depths by controlling the
quality of the wvacuum, prior to the acceleration or
deceleration column, either by regulating the pump
power, or by introducing a controlled quantity of a gas,

25 by means of a wvalve, e.g., at the level indicated by
the arrow 216 in figure 6, between the output of the
magnetic means 208 and the acceleration column 210.

It is also possible to neutralize a portion
of the Dbeam by applying a negative charge Dbeam

30 (“electron shower” type of device), which, for example,

is applied between the magnet 208 and the acceleration



controll ed addition of other elenents to the source, which favour the
production of one species over the other. For exanple, the addition of

wat er prowotern/tibgopr oduction of H+ . In the case of a memEPadDSSEDN Of
certain ions, the dose of each of the inplantation planes is controlled by
the neutralization itself. An operation for neutralizing a portion of the
beam can be influenced by the quality oflthe vacuumin the machi ne.
Therefore, (optionally in conbination with one of the preceding nmethods) it
is al so possible to control the proportion of ions inplanted at n (e.g., n
= 2 ) variouscdeésinned ldept his bricontavol | ¢yt the QQaHﬁkﬁwﬁSQIﬁ@Kﬂﬂﬂﬂﬁn
prior to the accelq;atlonsogcgfgglgratioq_ccgé% ?'HP%J QX fequ atlng t he
punp power, or Sy i ot ng a cont’r oFIe&lquan |? a gas, y ‘"edhs of a
val ve, e.g., attahbe.level indicated by the arrom1216 in flgure 6 , between
t he out put of the magnetic neans 208 and the accel eration colum 210. It is
al so possible to neutral ilZe %P%OP?FSE 6 st e ssam by appF YEnglogSvedt i ve

charge beam (' e'?ﬁﬁé°@y§b€$@i Eype BEtQ@&hC@)101Mhﬁ§h’a£&rlefémp%%f2'5
appl i ed between the magnhet 20% and the accel erationcolum 210. In this way,

control is |ikew $éeobtai nedcoeer th@yr&speodlwed@@sbs tmogacmaft e
T Ty P P BASPICUR TR B
and 5.10'° cm?

In order to well control the plane along
10 which c¢leavage will occur first, it 1is possible to
implant additional ions (H' or H," or He' or He?"), after
or before the mixed implantation operation. In other
words, once planes Pl and P2 have been defined, it is
possible to modify the cleavage kinetics (in particular
15 by controlling the doses) at the level of one or both
of these planes, by carrying out another implantation
(single or multiple) in order to add other species or
to input additional ions, at the level of the Pl and/or
P2 planes. It is further possible to change the source

20 gas, 1f the implantation of hydrogen is not desired.
According to another mode, it 1is likewise
possible to carry out a mixed implantation of a first
family of ions (He', for example) and a second family
of ions (H', for example). By manipulating the initial
25 energy, 2 generated planes are positioned as desired,
with a desired and accurate offset. When it is desired
to cause 2 types of dons to coexist on or about a
single cleavage plane, it is advantageous to not
superimpose the two species exactly, but to separate
30 them slightly by implanting one slightly deeper than

the other. To accomplish this, here again the energy



+ species, they are divided by two, and thus the doses of H2 + ions
typically fall between 2.10 16 cm2 and 5.10 16 cm2 . In order to well
control twe 2pleemes7al ong whi ch cl eavage will occur first pCTiEPR®IPSSESST bl e to
i npl ant additional ions (H+ or H2 + or He+ or He2+ ), after or before the
m xed inplantation operation. In other words, once planes P | and P2 have
been defined, it is possible to nodify thé cleavage kinetics (in particular
by controlling the doses) at the |evel of one or both of these planes, by
carrying out another inplantation (single or nultiple) in order to add

ot her speci esaord toei dpge additthiconalriicrs, sratcitdre devednigfultdted. |AmEnd/ or
P2 planes. It _is further possible to_change the saqurce gas, if the

i npl antati on prﬁyd?%géﬁxggfﬁ%tm&ési?%d.ségiﬁéiﬁfn%ogb gﬁ%F%efn%%%ﬁfl?t is
| i kewi se possiihbeath@atabhy sedbsa m xed inplantation of a first famly of
ions (He +, for exanple) and a second famly of ions (H +, for exanple)

y , .
By mani pul ating the initi?8C%8Hergy, 2CgendRatBarpl ape'sCaret pB3iti dried as

desired, wth.acdesihred, and aceurats offseteq Lbyk$ adesied. 40 ause 2
types of ions to coéxist on or about a single cl'eavage plane, 1t is

advant ageous t(endotioslpegempeseut hentwosspenipesneradbhy stbet.to separate
accorpl i h this, hore agdih THE BhdToy i THE ose bre THE. VAT iR Rfeci es

i's mani pul at edhaAnN¥orting the 2 species by mass at the implantation

system level, 1t 1is possible to carry out a single gas

10 source ionization operation, without mass sorting. In

the case of a hydrogen source, this solution likewise

results in the simultaneous generation of H' or H," ions

(among others). All of the ionic species generated in

the ©plasma are then 1implanted simultaneously. A

15 difference should be noted with those of the preceding

alternatives, which implement an implanter with mass

sorting of the ions. In the implanter implemented here,

all of the ions contained in the plasma are extracted

directly, and can therefore collide with the target

20 (the substrate). All of the ions then a single initial

energy, however, since the masses thereof are different,

they will become implanted at different depths.

In the above-mentioned alternatives, where

one of the two cleavage kinetics is adjusted by

25 implanting a third species, the ranges can be much

broader than those already indicated ©previously.

Typically, for an H'/He' pair, the global doses,

respectively, are between:

30 - 2.10% and 5.10%° ions H" cm?,

- 2.10% and 5.10'° ions He' cm?.



type of species may be suitable for these nmultiple inplantation steps.
According to another alternative, the cleavage planes can be defined by
several swocessilsgo(and no | onger sinultaneous) i nplant aCTmP2600pES57
According to yet another alternative, rather than sorting the 2 species by
mass at the inplantation systemlevel, it is possible to carry out a single
gas source ionization operation, wthoutlfmass sorting. In the case of a
hydr ogen source, this solution |ikew se results in the sinultaneous
generation of H+ or H2 + ions (anong others) . Al of the ionic species
generated in the plasma dicgetimert tenpl ant ereiannl t anebusityrate i f f evlence

shoul d be noted h th t he prece di ng altern t.i h | ement
an i npl ant er Wt m%égg ggrﬁﬁhgs&ﬁethe %gﬁg’ ' #ﬁe%inﬁ1aﬁieﬁiqo qu(%ted

here, all of bthenyorsleentairnedrdihe Mlasme anrg exidaced ¢isecibyd and
can therefore collide with the target (the substrate) . All of the ions
then a singl etPniR3 & @hstgyPyh er TOBPndé t hel hasees "eheredionte9

different, th%éc‘ﬁ‘n'ollo 90%'@mﬁf‘n%ﬁ@ %&E»@gfaﬁwﬁéa@%@s ERitRe py

above- nentlone al ternatives ere one of e two cl eavage klnetlcs is
adj usted by i fApbantiiyeg anchiA.dl.spetdices,onttiemanges) Can B&HALGH byodder than

t hose already ndlcate previ ously. Typ cal for an, FH/Fb+ alr t he
gl obal doses, 3?585t|€elypa%?% bet Bondlng can ehisubdy, * in

particular, by an 1ntermed1ate layer which is deposited
on one or both of the two surfaces being assembled,

10 e.g., a layer of resin, or a layer of polymer or any
other adhesive layer.

Prior to an assembly such as this, steps for
preparing the surfaces being glued can be carried out,
such as one or more chemical and/or mechanical

15 treatment (e.g., polishing), and/or cleaning and/or
plasma processing and/or ozone treatment steps, in
order to favour high-energy bonding.

A heat treatment can next be applied with a
view to strengthening the bonding interface. Depending

20 on the nature of the substrates present, the heat
treatment can be carried out at between 200°C and
1200°C, for a few tens of minutes to a few hours, for
example between 10 min or 30 min and 3h or 5h or 10h..

The Smart-Cut® process is likewise mentioned

25 in this description. It is described, for example, in
the article by B.Aspar and A.J. Auberton-Hervé in
“Silicon Wafer Bonding Technology for VLSI and MEMS
applications”, edited by 8S.S.Iyer and A.J. Auberton-
Hervé, 2002, INSPEC, London, Chapter 3, pages 35-52.

30 After the above-described implantation

operations, it 1is next possible to proceed with any



- 2.10 16 and 5.10 16 ions HH cm2 , - 2.10 16 and 5.10 16 ions He+ Cm 2
.Hereinafter, certain substrates are assenbl ed by adhesive contact, in
parti cul avolgiomasgong or by nol ecul ar bondi ng. These t e®hmiERo@S/058567
described in particular by Q.Y . Tong in "Silicon Wafer Bondi ng Technol ogy
for VLSI and MEMS applications”, Edited by S .S . lyer and A J.
Auberton-Herve, 2002, |INSPEC, London, Chapter 1 , pages 1-20. Bonding can
be ensured, in particular, by an internediate | ayer which is deposited on
one or both of the two surfaces being assenbled, e.g., a layer of resin, or
a layer of pobyhter orceamtistther andhesinig dudyerly Prior toaansfagsgsemdl y@ such

as this, steps.for preparing.the.surfaces bej I can be carri out,
such as one o%lﬁSFeE% gn% agl%%8}89 %ggﬂgn?%gﬁgfg%§§%5%¥)%ﬁ%f?g%bﬁg%hing),

and/ or cl eaning and/or plEsTad@IOGEss] F and ATrazone tdeatgrentrisgeps, in
order to favour high-energy bondin%n A heat treatnment can next be applied
with a view t 883t r &gt heff ngPEReMBERALRE i ritter f AT DependidiGPon tHEE nat ur e

of |he substratescpresent,: Lhe heal. Areatimnty can e car rjied, ot ato bet veen

200 OC and 12 or a fewtens of mnutes to a few hours, for exanple
bet ween 10 m meoei30nm sudsd rafeorl 25h(mrugt@ess, The tSrerd,- Qutdrdpipriocess i s

l'i kewi se nentioned in this d?scriptio 40t 1s.described, fa exaf le, in
the article by B Aspar and AI3° Rﬁﬁgﬁg&ﬁ-ﬁﬁ?v%e$%83%lFlé%ﬁj%ﬁF%rqgﬁﬁalng

Technol ogy foRnVLSlgadtMEMRprove these properties. However, it is

then preferably to carry out all of these treatments at

10 a low temperature (e.g. at least <500°C for short

periods of time, typically less than 60 min), so as to

limit maturing of the cleavage at the level of planes

Pl and P2, which cleavage should only occur afterwards.

Figure 3A shows the assembly of a substrate

15 10 of the type 1like that obtained in figure 2B, with a

first receiving substrate 12 which is made of 8i, for

example.

Next, a cleavage occurs along plane P1,

which 1s the shallowest one in the implanted substrate

20 and therefore +the closest one to the surface 6

assembled with the receiving substrate 12. This

cleavage 1s produced according to the above-mentioned

technigques, 1n particular according to the SmartCut™

technology (figure 3B). Thus, a film 16 is detached

25 from the initial substrate, along plane Pl. Based on

the implantation dose and the implantation energy for

each of the ions implanted, it is possible to carry out

a heat treatment enabling cleavage or detachment or

fracture along plane P1l, without cleaving or fracturing

30 along plane P2.



applications”, edited by S.S. lyer and A J. Auberton- Herve, 2002, | NSPEC,
London, Chapter 3 , pages 35-52. After the above-described inplantation
oper at i on®Q 20to/d1s47next possi bl e to proceed wi t h anyot hePComPea@iossss7 and
particularly with transferring a first filmby cleaving along either of the
pl anes PI, P2 . The condition of the free surface 6 ' (figure 2B) can be
pre-nodif ied in order to adapt the propeities of this surface being
assenbled with a first receiving substrate 12 (roughness, fl atness,
hydrophily, etc.) . It is also possible to deposit a surface |ayer in order
to inprove these propertiléds Howevel, iefi shehenpreder abbgttretear¥y, out

all of these treatnents at a low tenperature (e.g. at |least <500C for short
periods of ti Wélc ypclocmécﬁlysﬁses%tt %aGr?Sgo pnjl{]%rie , g%() as to iﬁrlrlirtﬁr%gtyur?fng of
the cl eavage ambtrhethewehtofplpinanes(whicandrP2inwhieh1¢l eavaged sl only
occur afterwards. Figqure 3A shows the assenbly of a substrate 10 of the
type like thathébt ainred 499 i gt 2BUTHRER a6¥i r S©S5E8RIRE ng'istibstiidt e 12

which i s rmde b SinbosuexanBke 1aNeXln aekeaxage Socue along plape Pl

which is e shallowest one in the inplanted substrate and therefore the
cl osest one te theewurbadeeB1g assemblled wit hbbhdedecerortigesubsthate 12.

This cleavage is rod%Fed according t thf above- Qtip ed tecQng:es, in
particul ar ac@8raifig 6 e SmirLOU(1H 1echnoroby. (#1 gar €758 Thus, a
film16 is detachedatrnowst herkaiti akssubstrateoval.ong plane Pl. Based on
The condition of the free surface of the
10 remaining portion 10’ (containing plane P2) can be pre-
modified in order to adapt the properties of this
surface being assembled with this second receiving
substrate 22 (roughness, flatness, hydrophily, etc.).
It is also possible to deposit a surface layer in order
15 to 1mprove these properties. However, 1t is then
preferable to carry out all of these treatments at a
low temperature (e.g. at least <500°C for short periods
of time, typically less than 60 min), so as to limit
maturing of the cleavage at the 1level of plane P2,
20 which cleavage should only occur afterwards.
Figure 4A shows the assembled state of the
remaining portion 10 and the second receiving
substrate 22. This time, the receiving substrate 22
preferably comprises an electrical insulating layer 24.
25 A portion of this layer can have been formed on portion
10”7 .
After this assembly operation, cleavage 1is
initiated along plane P2, which makes it possible to
detach a second portion 10’7’ from the initial substrate

30 (figure 4B).



the inplantation dose and the inplantation energy for each of the ions
inplanted, it is possible to carry out a heat treatnent enabling cl eavage
or det achwernioans4mmact ure al ong plane Pl, w thout cl eaviPo@/EPROOOSSSSUri Ng
along plane P2 .The rest 10" of the initial substrate 10, which conprises
at least plane P2, or a plurality of enbrittlenent planes (which are
initially nmore distant than P | fromtheZsurface 6 ' assenbled with the
recei ving substrate 12) can then be prepared again with a view to being
assenbl ed or bonded together with a second receiving substrate 22,
according to one of the dhvernat ifvids alb eadyladesyradetrabove: IThet pohdi tion
of the free surka% f th renal ni ngPp}ortl an 10' (caont ai ni ngasp Pd?) can

be prenodifi ed"n &r tao aglatnhe pr’oper]‘tl es om S ST face e| ng

assenbl ed wit Iﬂotybltﬁeiemlﬂd t@@elswdwdsmgtm&zz( roughingss; 14 atsiess,
hydrophily, etc.). is also_possible to deposit a surface |layer in order
to inprove thé@émﬁrBﬁér?F§§mbﬁﬁw€§§ﬂgnﬁﬁeﬁsbﬂhéﬁfBFépéﬁaﬁpe to carry out

all of these treatnents ats ajlaw Ierrpl%rr@t urende. %le%pva!geeasfjlggggcgpé short
periods of time, typically less t ?h so as tolimt maturing of

t he cl eavage attltlhe pevedntof ipl ari@ Pzem\a/mn@hgclze:avtazgm shéal'd antgtloecur
af t erwar ds. ure iA shows the as nblggl.st te of. the I’GTEI ni r]%portlon
et

10' and the 58 S éc8P€Fﬁ§l§Gb¥ﬁ L oehi IS G5 Ik G He
substrate 22 peetarabky comnrirxgesanrglecdddsall nsid atd neh | acypéa\?ége

is again initiated along the embrittlement plane, or
10 along one of the embrittlement planes of the remaining
portion, which makes it possible to detach yet another
portion of the initial substrate.
In all, for an initial substrate 10 in which
n embrittlement planes have been produced, there are n
15 (or n’, with 0<n’<n) cleavages and thus n (or n’, with
n’<n) transfers onto n (or n’, with n’<n) receiving
substrates which can be produced.
In the example shown of two embrittlement
planes P1 and P2, an Si02 layer 6 and a silicon
20 substrate 8:
- a first silicon-on-insulator (SOI) type of
structure 20 is obtained for an Si substrate 12,
- an Si0; layer 24 1is obtained for an Si
substrate 22, thus resulting in a second silicon-on-
25 insulator (SOI) type of structure (layer 26 is made of
Si since the substrate 8 is also made of Si).
Consequently, a step of implanting multiple
species enables the obtainment of several nearly
identical SOI structures, or more generally speaking,

30 several transfers of individual thin layers, each being



A portion of this |layer can have been formed on portion 10' . After this
assenbly operation, cleavage is initiated along plane P2, which nakes it
possi bl e wo 2dmmEs470a second portion 10'" fromthe initiacTarbebnssse? (figure
4B) .Thus, a film2 6 is detached fromthe initial substrate, along plane
P2, which filmremai ns assenbl ed together with the second substrate 22 via
| ayer 24, and forns the assenbly designated b y reference 20'. If one or
nore ot her cleavage planes are still present in the remaining portion 10'",
anot her assenbly operation with a third receiving substrate can b e carried
out. After thisaasdembky operat#onlfidesavagesuilsstagian Fnpri abhed adony t he

erbrittlement plage, por along gne of, the grbritelonent planas of the
remai ni ng portion, I'ch ‘makes 't "posSibl'e’t o“detach yet another portion

of the initial substrate.TH @dratfiananudt tdedcrsithst ratre dd darmhieh n
enbrittl ement pl anes have been produced, there are n (or n' , with 0<n'<n)
cl eavages and®Hhustn LT Ordfth Fkh) 27 afbPBRs 1ontid WCorof 'andwith

n' <n) receiving. substragesywhich can.b.&, produced, ol t hegexanpl £ shown of
two enbrittlenent planes Pl and P2, an SIQ2 | ayer 6 and a silicon
substrate 8 : cleavhpestissitha@®nadorgngulkearorr{,SO)itlypesofchst rdmtprs- 2 0 is
obtained for an Si; SUPRLrale 12 cq ADups R LRl 2l P0E8 18 ol an S
furthest from the surface 67 assembled with the
receiving substrate 12, instead of a first cleavage
10 along plane P1l, which is the shallowest one 1in the
implanted substrate and therefore the one closest to
the surface 6’ assembled with the first receiving
substrate 12. The 1implantation dose and implantation
energy parameters will have been chosen so as to make
15 it possible to cleave along P2, without cleaving along
P1.

The structure 30 of figure b5bHA is thus
obtained, in which the portion assembled together with
the receiving substrate comprises a cleaving plane PL1.

20 This new structure 30, which results from
the assembly with the receiving substrate 12, can then
be prepared again, with a view to being assembled or
bonded together with a second receiving substrate 32,
according to one of the alternatives already disclosed

25 above.

The surface condition of structure 30 can be
pre-modified in order to adapt the properties of this
surface being assembled with substrate 32 (roughness,
flatness, hydrophily, etc.). It 1s also possible to

30 deposit a surface layer 1in order to 1improve these

properties. However, it is then preferably to carry out



substrate 22, thus resulting in a second silicon-oninsulator (SO) type of
structure (layer 2 6 is made of Si since the substrate 8 is al so made of
Si) . Corweqummtibyrp a step of inplanting nmultiple speci esTaPalmssssEhe

obt ai nnent of several nearly identical SO structures, or nore generally
speaki ng, several transfers of individual thin | ayers, each

bei ngtransferred onto a different substrate fromthat onto which the other
individual thin layers are transferred. The operations just described can
be carried out in another order. Thus, as shown in figure 5A, and starting
with the struetdrefoftife¢grrerg@aimanter ot ¢ evagecinpenatderal oeg Pl ate P2,

which is the deepest e i n the .inpl anted substrat.e and therefore the one
furthest froqu g%sﬁr51%§ced E‘qu asskéogpr%l]%%r%\noéﬁ ?f%e%rléngéi V|yr?glcsa3blsyt (rala?ses 12,
instead of a thest al eavage abong planeinlt mhtehing ble tshaldoyesigone in
the inplanted substrate and therefore the one closest to the surface 6 '
assenbl ed wi t Btt HE'S i 8V te®di W@ ubst r athe 2. CTheviapl &hCatiCorPiose and
inpl antation gpergy pacapeters will have been chosen so as to nmake it

possi ble to cleave along P2, without cleaving along PI. The structure 30 of
figure 5A is thus obtainéd,gume Wik h shrevsporttlticon sassenblet togeidheroi th

the receiving %ub%%rate ri ses C!Seavi | ane Plrjzl .Thi enewestrugture
30, which resdlts P5ﬁ1tfc13e as3®e Igh\?mth StL%gStBﬁe%ee? ving" su ijtratse 99'“can
then be preparedeagang, WstiBs@r¥tew tg@2beipgeassepbyed @mprises an
electrical insulating layer 34. The latter may have
10 also been partially formed on structure 30.

After this second assembly operation,
cleavage 1is initiated along plane P1l, which makes it
possible to detach a first portion 20’ and second
portion 40, each comprising a transferred layer 267,

15 26'" (figure 5C).

Thus, a film 267 is detached from the
initial substrate, along plane PIl.

If one or more other cleavage planes are
still present 1in one of portions 20’, 40, another

20 assembly operation with a third receiving substrate can
be carried out. This assembly operation can be followed
by cleaving along one of these cleavage planes.

Here again, in all, for a substrate 10 in
which n embrittlement planes have been made, there are

25 n (or n’, with n’<n) cleavages and thus n (or n’, with
n’<n) transfers onto n (or n’, with n’<n) wvarious
receiving substrates which can be carried out.

For an Si substrate 32, an Si0; layer 34, an
initial silicon substrate 8 (thus a film 26 or a thin

30 silicon layer), an 810, layer 6, two silicon-on-



bonded together with a second receiving substrate 32, according to one of
the alternatives already discl osed above. The surface condition of
struct ur ewBQooems4se pre-nodified in order to adapt the pcomPeemoesssef this
surface being assenbled wth substrate 32 (roughness, flatness, hydrophily,
etc.). It is also possible to deposit a surface layer in order to inprove

t hese properties. However, it is then préberably to carry outall of these
treatnments at a low tenperature (e.g. at |east <500C for short periods of
time, typically less than 60 min) , so as to limt maturing of the cleavage
at the |level ofhsplaherPl(SOAhi ctvied eaVagershourdsorPy, odur (fafdueranar@s .

Fi gure 5B Sho‘é’sret g%tgﬁ%egbkedc ta'gft:a.mof Jstructure 30 and this substrate 32.
The second recerving subst rat €32 prgferanJy conprises an el ectrical
insulating |ayer 34. The Trat ta&sovmyddayves 18d $0a beenb par hieahbyisf e on
structure 30. After this second assenbly operation, cleavage is initiated
al ong pl ane PF2TfRPEh Grikedlth FoFsi BIRS et achlfd Fiksst L bor f6h 8 and
second_pordiog,4Be-each compikehag Al ranshes! edd aysy 2fqe.26 1p (floure
5C) . Thus, a fITm 26" is detached fromthe ihitial Ssubstrate, along plane
Pl. If one ortherefotrkerpctenvhge ol anes anetistdd | whiriedentomhioae twfe
portions 20, 40, anopher, Assenbly gpsration with a-Lhirg, regeivings

and that described in connection with figures 5A to 5C.

10



be carried out. This assenbly operation can be followed by cl eaving al ong

one of these cleavage planes. Here again, in all, for a substrate 10 in
whi ch n ewbrntoudissrent pl anes have been nade, there are BRCT@P200V9/05855W t h
n'<n) cl eavages and thus n (or n' , with n'<n) transfers onto n (or n'

with n'<n) various receiving substrates which can be carried out. For an S
substrate 32, an SiQ2 layer 34, an initiab silicon substrate 8 (thus a film
2 6 or athinsilicon layer) , an SiQ2 layer 6 , two silicon-oninsul ator
(SA) type of structures 20", 40 (figure 5C) are obtained by cleaving al ong
Pl . The above-descri bed assenbly met hodBAEMA be carried out with any
substrate 2 (figure 1), and any nunber of enbrittlenent planes, in any
order. It is therefore possible to use nethods which conbi ne the nethod
descri bed in connection w.t mdtrgur es £3A mnDh 3B add atthats desay bbedi dis
connection with figures 5Ato 5C.CLAIM5S 1 . Method of inplanting atons

and/ or ions iAF6CacsHHSEFARES, cE6RPPESPAGIa ) a first inplantation of ions

or atoms at a first depth)in the SUbSLERLRy o1 Do der L0 sf M Jild st
i npl antation zone, b ) at | east one second |np?antat|on of ions or atons at

a second depth initse skpstrate, b chubstdatéerant Prdart He f ifpstn dept h,
in order to f one second i nplantation zone, the second

rmat .| east
i npl antation %Fﬁﬁg 6@?§8n5?6&88e50§9nultaneously with the first one.

b) at least one second implantation of ions
or atoms at a second depth in the substrate, which is
different from the first depth, in order to form at

10 least one second implantation zone, the second
implantation plane being produced simultaneously with

the first one.

2. Method of transferring at least one layer
15 from a substrate (2, 8, 10) onto at least one first
receiving substrate (12, 22, 32), comprising:

a’) a method of implanting atoms and/or ions
into the substrate, according to c¢laim 1, thereby
forming an implanted substrate with at least two

20 implantation zones,

b’) assembly of the implanted substrate and
the first receiving substrate (12, 22),

c’) cleaving of the implanted substrate
along one of the implantation zones (P1, P2).

25

3. Method of the preceding c¢laim, the
cleaving step <¢’) leaving a portion (10’7) of the
implanted substrate free, 1in relation to the first
receiving substrate, which comprises at least one

30 implantation zone (P2).



2 . Method of transferring at |east one |ayer froma substrate (2, 8 , 10)
onto at |east one first receiving substrate (12, 22, 32), conprising: a ' )
a et hod wb 20mpl1s4T0i Nng at onms and/ or ions into the subst Par®EP2@00885d7 Nng t o
claiml1l , thereby form ng an inplanted substrate with at |east two

i npl antation zones, b ') assenbly of the inplanted substrate and the first
receiving substrate (12, 22), ¢ ' ) clea¥Vng of the inplanted substrate

al ong one of the inplantation zones (P, P2) . 3 . Method of the preceding
claim the cleaving step ¢ ' ) leaving a portion (10') of the inplanted
substrate free, in rel atifon Hethhe fdfr stheecwiadaisubstiiprane, Wwhitdker

conprises at | east .one inplantation zaone (P2) .4 . Mthod of th r.ecedi ng
claim furtheFoggﬁﬁFﬁggngga Tanster o sé? épd%:yﬁﬁntldﬂp 3f ?ﬁeqﬁﬁﬁlanted

substrate, whiigbleefaunedpbrearcontiahseeand neecaindd)y eithstd atecd22) . 5 .
Met hod of the preceding claim further conprising a cleavage of said
portion (10') f6FeiHéngi F¥Pstaplantéd)substrate whi ch remained free, al ong
one of thesjinplantation zones thereof (P2) . 6 . Method as clained in one
of claimse 2 to 5, conprising, before or after step ¢ ' ), assenbly of the
inpl anted substrate, which wdsthssernf edhwi thrddredfrig stlrevei viug-isubstrate
(12, 22), \Mtgo%p%?%gg% I’z(aacecllvelan gSeUb%tfraégié?’zgoftion (107) of the

first implanted substrate which remained free, along

one of the implantation zones thereof (P2).

10
6. Method as claimed in one of claims 2 to 5,

comprising, before or after step c¢’), assembly of the

implanted substrate, which was assembled with the first

receiving substrate (12, 22), with a second receiving

15 substrate (32).

7. Method as claimed in one of claims 2 to 6,
wherein cleaving step c¢’) leaves a portion (10") of the
implanted substrate on the first receiving substrate,

20 which comprises at least one implantation zone (P1l).

8. Method as claimed in one of claims 2 to 7,

wherein a plurality of SOI substrates are produced from

a single substrate in which a plurality of

25 embrittlement planes have been produced, by

transferring onto a plurality of receiving substrates.

9. Method of transferring at least two
layers from a substrate (2, 8, 10) onto at least a
30 first receiving substrate (12, 22, 32) and a second

receiving substrate, comprising:



7 . Method as clained in one of clains 2 to 6 , wherein cleaving step ¢ ' )
| eaves a portion (10') of the inplanted substrate on the first receiving
subst r at eyvowhioahs4<onpri ses at | east one inplantation zomeT(eP2)09/05857 Met hod
as claimed in one of clains 2 to 7, wherein a plurality of SO substrates
are produced froma single substrate in which a plurality of enbrittlenent
pl anes have been produced, by transferrihg onto a plurality of receiving
substrates. 9 . Method of transferring at | east two |layers froma substrate
(2, 8, 10) onto at least a first receiving substrate (12, 22, 32) and a
second receiving subst ratte, acorprilsintgrtAon arf iafpientaatd ore oforst orrs-@nd/ or

ions into said_substra 1Q) onprisin a. ) a first inplantation of
ions or atoms°a H %r%ga ept% % gﬁg g& spféglngln order to forma first

inplantation zone, b ) ata)l @asflm& seeoadt hpbantat iensofor onisonty &t ons at
a second depth in the substrate, which is different fromthe first depth,
in order to f8rn St efSPtEnel Beddifd FHPFRAEERI ori 'z 0AEISEhereby OFBr M ng an

i npl anted substrate; W%ggnggtlggsgohgo inpl antation zones, B . assenbly of
the inplanted substrate and a first receiving substrate (12 22), follow ng

by cl eaving of the inplamedcdtsubsisat enewhechnds igalrengdtdwn alongorone of

228 ;ng}a?agt:%gl onez (PI g%%on h%f %]eava thée%%bngr%tgtr%vJig{tjon

different from the first depth, in order to form at
least one second implantation zone,

10 thereby forming an implanted substrate with
at least two implantation zones,

B. assembly of the implanted substrate and a
first receiving substrate (12, 22), following by
cleaving of the implanted substrate, which is carried

15 out along one of the implantation zones (P1l, P2), this
cleavage leaving a first portion (10’) of the implanted
substrate free, 1in relation to the first receiving
substrate, which further comprises at least one
implantation zone (P1l).

20 C. assembly of said first portion (107) of
the implanted substrate, which comprises at least one
implantation zone (P1), and one second receiving
substrate (12, 22), followed by cleavage along one of
the implantation zones (Pl) of this first portion of

25 the implanted substrate.

10. Method of claim 9, wherein step C leaves

a second portion (10’) of the implanted substrate free

in relation to the second receiving substrate, which

30 further comprises at least one implantation =zone

(P1l)and being followed by stage D:



substrate free, in relation to the first receiving substrate, which further
conprises at |east one inplantation zone (Pl) . C. assenbly of said first
portion (WO2p10afis47ne i npl anted substrate, which conpri sesTatP2000@ass55DNE

i npl antation zone (Pl), and one second receiving substrate (12, 22),

foll owed by cl eavage along one of the inplantation zones (Pl) of this first
portion of the inplanted substrate. 10. RBthod of claim9 , wherein step C
| eaves a second portion (10') of the inplanted substrate free in relation

to the second receiving substrate, which further conprises at |east one

i npl ant ati on zone (PI ) and bebagmbol|l ovedsbydsterpoDl : Dortassenbly/ of said

second portion (llgm whi ch further conprises at l.ea talnocr}jec& rEpI ant atl on

zone (Pl), trheecel%cfm grlssu 5t 7 at eef‘_SL OEE) o Qb eavage

al ong one of t(he)i nplaant atd ont zoAes eé’béloin@hl supeeendepor tixgn ozfz)t,he
i npl anted substrate . 11. Method as clained in one of clains 9 or 10,
wherein a pl uFaFLEYeEf B0 SLARTIERE e 8 proGucd frof al¥t Mjlte sitist r at e

in which & plypgbity @I) GW' thliement - planes, havg, begn PBQdUﬁx%%arpé’ed

transferring onto a p urality of recelving substrates. . Method as
clainmed in oneubkteckaens 1 to 11, wherein the inplant at| ons of steps a )
and b ) are carried out across the sane face of the sanme substrate. 13.
Met hod as clained in one of clainms 1 to 12:

11. Method as claimed in one of claims 9 or

10, wherein a plurality of SOI substrates are produced

10 from a single substrate 1in which a plurality of
embrittlement planes have been produced, by

transferring onto a plurality of receiving substrates.

12. Method as claimed in one of claims 1 to
15 11, wherein the implantations of steps a) and b) are

carried out across the same face of the same substrate.

13. Method as claimed in one of claims 1 to 12:

- the first implantation being an

20 implantation of a first type of ions, having a first
mass,

— at least one second implantation being an
implantation of a second type of ions having second
mass which is different from the first.

25

14. Method of claim 13:

- the first implantation being an
implantation of H' ions,

- the second implantation being an

30 implantation of H,' ions.



- the first inplantation being an inplantation of a first type of ions,
having a first nass, - at |east one second inplantation being an

i npl ant atworzomfois47second type of ions having second mas®ChEPedn9iosssdi f f er ent
fromthe first. 14. Method of claim13: - the first inplantation being an

i npl antation of H+ ions, - the second inplantation being an inplantation of
H2 + ions.15. Method as clained in one oBOclaims 1 to 12: - the first
i npl antation being an inplantation of atonms, - the second inplantation

being an inplantation of ions. 16. Method of the preceding claim wherein
the atons are inplanted wWix.hMethadstasogt pamedner gynofo faw liarplsant api loh:
device, the ions being inpl ant ed with _a second.ou B%t ener%.of t he sane

i npl antation device. 17. Mt hok%F of ﬁ]és%recégprllanc airm’ whérei'ry t he''at oms

are obtai ned bypneutralbzai Bg atbimest portion of an ion beam which thus
receives a first inplantation energy, the second portion of the ion beam
bei ng accel erated or decel er &héd i RSt i on ML AHSFid st goition oft he

beam and tdwus;having.a;di.f fer gggsi.npl antation energy fromthe first
18. Metho

i npl ant ati on energy. : as claimed in one of clains 1 to

16. Method of the preceding claim, wherein
the atoms are implanted with a first output energy of
an implantation device, the ions being implanted with a

10 second output energy of the same implantation device.

17. Method of the preceding claim, wherein
the atoms are obtained by neutralizing a first portion
of an ion beam, which thus receives a first

15 implantation energy, the second portion of the ion beam
being accelerated or decelerated in relation to the
first portion of the beam and thus having a different

implantation energy from the first implantation energy.

20 18. Method as claimed in one of claims 1 to
17, wherein the proportion of elements implanted at the
two desired energies 1s obtained by controlling the
quality of the wvacuum prior to an acceleration or
deceleration column (210), by regulating the pump power

25 or by introducing a controlled quantity of a gas, or
else by beam-charge neutralization of a portion of the

species contained in the implantation beam.

30



17, wherein the proportion of elenments inplanted at the two desired
energies is obtained by controlling the quality of the vacuum prior to an
accel er atwonomvoiggeel erati on col utm (210), by regul ati ngctriaP2@anpssppower or
by introducing a controlled quantity of a gas, or else by beam charge
neutralization of a portion of the species contained in the inplantation
beam 19. Method as clained in one of claBhs 1 to 18, wherein the

i npl antations are carried out wi thout nass sorting, all of the species
generated in the plasma then being inplanted sinultaneously. 20. Method as
clainmed in one of clains1P tdkﬁ8uxhh@$e¢haiM@dihplanEapﬁonﬁaam@ clartd ed out

W th nass sor do bl e S in an_ion,i Iant t|o

devi ce. N%%hodﬂmé éfbl%eﬁ ito et8%18P§|ﬁ§%i ?%rﬁbedfﬁ ther%: q_T|S|ng
an i npl ant at i pa sef addtthgpal ai onsef atcHehe shiekst sor gsaeendetinpl antaid on
depth, prior to and/or after step a ) and/or step b ) in order to carry out
an addltlonalpﬁéﬁmﬁnﬁﬁﬁn Beife adglanspecirédudtanrsAsSwii-ch is different
fromthe ions or atons of the first or second inplantation.

20. Method as claimed in one of claims 1 to
18, wherein the implantations are carried out with mass
sorting, e.qg., double mass sorting, in an ion
implantation device.
10
21. Method as claimed in one of claims 1 to
20, further comprising an implantation of additional
ions, at the first or second implantation depth, prior
to and/or after step a) and/or step b) in order to
15 carry out an additional ion input, or to add a species
of ions which is different from the ions or atoms of

the first or second implantation.



