WO 2005/008756 PCT/FR2004/001826 METHOD FOR IMPLANTATION
THROUGH AN IRREGULAR SURFACE The present invention relates to

the treat 5 rs made of materials chosen from semiconductors,
org W

especially pp ca ns in electronics, mlcroelectronlcps%rﬁ(oFRzoo""/001326

optoelectronics. More precisely, the invention relates to a method of 10
implantation in a wafer comprising at least one layer having an irregular
surface, said implantation passing through said irregular surface. It is
KnownMBTADY ROEMPHELANTA e duRovesie s Srefknateials ceseCE
from semiconductors in order to obtain various effects. For example, it

may; % e desirable to create a weakened _zone in the thickness of the wafer

by imprantZieH ToEThe BRSEHE R frEcedShus ¥inplbhe subk aatment o
Smplaatalon fordeating anvesskemetiszonbos genefabdeseripiibncofdbetors,

Sm@f@@éﬁéﬁ)ﬂ%ess wilbe 25 fa%q inbaplieansOn-Insylator TephRalogys s,
Matﬁ %}2 fg VL§I" 2nd Edltl%p %Jeadnl Plerre Colinge, published by
Kluwer SIC BUBIEherE D, BT S thE-&if1 is to create a

weakened zone in the 30 thickness of the wafer (for example within the
coniitext eof ArSMALELN(Y) prbResshitds geparabsdasicablefor §aig&é@ﬂgd of

10t0 bﬁgﬁgg{@{@g gy;ug gfqprgxwgafglél in tg same Ianq: 3§ Mor, one. layer

rally, in many implantation app Ilcatloﬁs 58 geswableeto carry out
the Biditaton i SaavRLRAy ﬁ%’aﬁftﬁ@ﬁnpléﬁt\’é@ spEBkaTHia einbragsing
in théhickhess bitherwatpr Ima regulfa distribution, with 2 the same
implantation depth beneath the mean level of the wafer surface.

It is known to carry out implantation methods in wafers
15 of materials chosen from semiconductors in order to

obtain various effects.

For example, it may be desirable to create a weakened
zone in the thickness of the wafer by implantation.

20
The SmartCut® process thus employs such an implantation

“for creating a weakened zone.

A general description of the SmartCut® process will be

25 found in “Silicon-On-Insulator Technology: Materials to
VLSI", 2nd Edition by Jean-Pierre Colinge, published by
Kluwer Academic Publishers, p. 50 and 51.

If the aim is to create a weakened zone in the
30 thickness of the wafer (for example within the context
of a SmartCut® process), it is generally desirable for
said zone to be regular by lying approximately in the

same plane.

35 More generally, in many implantation applications, it
is desirable to carry out the implantation in such a
way that the implanted species are distributed in the
thickness of the wafer in a regular distribution, with



However, implantation through an irregular surface disturbs the uniformity

of the depth of implantation of these species. This effect is illustrated in

figure 1. This figure illustrates the implantation of species in a wafer 10
the Hgifgh Blayer i bt miateASHaVING andrbgularsarfaeec 120l&itel of the
wa fe threughfast. of the substrate 11 on which the layer 12 lies. It should be

pointed out that the term "irregular surface" is understood in this text to

mean a surface having an rms (root mean square) roughness and a

Howe pmarityYteafer #ivarP 2 valie 8F4he Giber of A%8W dhgstroms dR €orftrast nrbs
the umthsopresent tekt alsuridep Will bé saidhfoaloe aeduotar if ftstrbaghnegsdsies.
less than this value. It is found that because the surface 120 is irregular in

. Ccharacter, the implantation depth (represented by the line 13) is also
This ir &Lﬁg(r% THis %&ﬁ&ﬁﬁtﬁgtae a%a‘%ggl‘é%?mﬂ)le embodiments of the

invention seek to alleviate this drawback. One aspect of the present
This iNVeptien prouides adnethodiof implantiation ina water omprising at Igﬁﬁafer
one layer haying an irregular surface, said implantation passing throu
e

120 36 fobicd 26nd8f makimirh Toficérittativntof Lthedmptdhted spécied figgr 12

lies corresponds to a weakened zone and in that the method includes, prior to
the implantation step, a step in which said irregular surface is coated with
a coatiré% layer in order to increase the 3 - uniformity of the implantation

1t sheptf GtReruspetts objetts ittt advimtdges™f the hvERtGT wilkrface™ is

undebetome apparéritontreadingdhetallowings tbedesseiptiony dhthednvention {root
mean 9GRWIN referencedodhe appanded.drawings, in-which, apart from figurge ¢

the crder of a few angstroms.

In contrast, in the present text a surface will be salid te be

regular if its roughness is less than this value.

It is found that because the surface 120 is irregular in
character, the implantation depth (represented by the line 13)

ig also irregular.
This constitutes a drawback.

Example embodiments of the invention seek to alleviate this
drawback.

One aspect o©f the present invention provides a method of
implantation in a wafer comprising at least one layer having
an irregular surface, said implantation passing through said
irregular surface, characterized in that the aim of the
implanatation is to form a =zone of maximum concentration of
the implanted species that corresponds to a weakened zone and
in that the method includes, pricr to the implantation step, a
step in which said irregular surface is coated with a ccating

laver in order to increase the



that has already been commented upon: figure 2 illustrates the effect of
producing a coating layer, prior to implantation, on the uniformity 10 of
implantation depth; figure 3 shows results of simulations illustrating the
effects on the local implantation depth-ofithe thickness of the coating

layenand oFHhe plenarization:gf {ais coating layetignd 15 figure 4 s a
graph showing the differences in implantation depth coefficients of
various materials for hydrogen implantation. Figure 2 shows a wafer 20

that#icigdesesRyRED? b having amrittegdivastdaes 22( ot hesubstraiet ion
layew 21 Thisdigufieshowsthalentayerd covergdharegwiar Suriﬁf»ﬂowing
=220 r. 22 may,for example be made,of CVD diamond, o
57<~d
Si3Né%,%cgilf-pﬁ‘;f l?i%%r)%f fr?)olfcry?sté!lﬁr‘i’epe Fn%lté)rzf"al', LhER'as ES ciglﬁfer ence to
polychfstafiiRediftesh. SoarRIRateridls afeirehgh. Morekarfplenthéygure 1

maythe tskd sinzl watehofibe:S QdGitliaendan trsiator) type, for
example Jo improye the theyma), cenductivity propetties ,of such a wafer..
351t mae/ thus eé/fdﬁesirable,to makg%he %sﬁ%ﬁongaggf%f gugcc g%vgel erteg @

not TSRS (ARG tRFHAF chRAGERIGTHIESERS af@ nbhgosH)irrmi ty
10py grfe smpicretabterialsigat possess a high thermal conductivity, such

as diamand orsSighifte 43Layersef,stich materigls are generally gbtained ; o

by f?g?z)@%r%%vg%\éer’ E:l’fleesurefa%cfeegftssmhogp”agl’?erzs Islclarcr:?a wa%r{?plantation

depth of the thickness of the coating layer and of the
planarization of this coating layer; and

15 * figure 4 is a graph showing the differences in

implantation depth coefficients of various materials

for hydrogen implantation.

-Figure 2 shows a wafer 20 that includes a layer 22
20  having an irregular surface 220 on a substrate layer
21.

This figure shows that a layer 25 covers the irregular
surface 220.

25
The layer 22 may for example be made of CVD diamond, of
SisNg, of AIN or of a polycrystalline material, such as
especially polycrystalline silicon.

30 Such materials are rough. For example, they may be used
in a wafer of the SOI (Silicon On Insulator) type, for
example to improve the thermal conductivity properties

of such a wafer.

35 It may thus be desirable to make the insulation layer
of such a wafer not from Si0; (whose thermal
conductivity properties are not good) but by one or
more materials that possess a high thermal
conductivity, such as diamond or SizNg.



The material of the layer 22 is typically a material that has a high

hardness (for example in the case of diamond) or is tricky to polish

uniformly as it is heterogeneous (example of polycrystalline materials) 10

and consequently difficult to polish or in general to planarize. In particular

it may be a costly material for which it is desirable to minimize as far as

possible any losses 15 of material. The layer 22 may have been obtained

by déptifon B4 tHEusiBnem i fiRicedtheddfer ZEBRRISUDStRREd@ed by

Suckpdeposition maydoeexamite bescarfiad ©ut gsingsachEVRe{oiemieals is

vap9£gg89§ig9r]) technique. It should be pointed out that the layer 22 is

therefore™ .a layer whose surface 220 is certainly irregular but 25 whose

other face 221 at the interface with the substrate 21 is itself plane. The

fac&'betheaubstrafe 2ifthatrecdizessthe 2depbsitethipyer2 js im fashterial

ittr]seﬁrr&%nef-%ég Ira;hﬁ%%%th%p&tml §m?@f@£ioré5zg}k§ﬁ§v?ﬁiol@ﬁeﬁvw%§e of
is figure, the wafer 20 is a multilayer wafer. composed of a plurality of, ,

Iayéifflgi(xl?lo%h% caZE, Idyer b5 &tbstrSie Ry 5?. g@%@\fé\‘i}' itas%oulr 15

be Réfeeriaen ePpessibienanpdgienttht tive ixenvstal didw towakgowls)

10 unifgren imaplaataiien tn ¢ raQTaayewalfethayii am insgulays sydaes«ar to
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ev glggilniazgyer having an irregular 5 surface and lying on or in a
muiltilayer wafer. Returning to the method of implementation of the

invention illustrated in figure 2, the wafer 20 thus 5 includes, beneath the
layen2eartayen2acalied tiey be a costly material for which it

is desirable to minimize as far as possible any losses

of material.

The layer 22 may have been obtained by deposition on
the plane surface of the layer 21 of the substrate.

Such deposition may for example be carried out using a

CVD {(chemical vapor deposition) technique.

It should be pointed out that the layer 22 is therefore
a layer whose surface 220 1is certainly irregular but
whose other face 221 at the interface with the

substrate 21 is itself plane.

The face of the substrate 21 that receives the
deposited layer 22 is in fact itself plane.

In the method of implementation of the invention shown
in this figure, the wafer 20 is a multilayer wafer
composed of a plurality of layers (in this case, layer
22 + substrate layer 21).

However, it should be noted that it is possible to
implement the invention in order to carry out uniform
implantation in a monolayer wafer having an irregular
surface, or even within a layer having an irregular



substrate. In this method of implementing the invention, the implantation
is carried out so as to pass through the 10 layer 22 having an irregular
surface, in order to form, in the thickness of the substrate 21, a zone 23
corresponding to the maximum concentrgtian of the implanted species.

15 Télﬁ-fgété”%%eﬂ}‘fﬁ& %?Jce ed to_the V\iatfe 20 befor%lm lantation.

In particular, this may be pro depos%on of The material of the
coating layer 25. 20 It should be noted that the surface 250 of the coating
layer@Busplante. This migyshe achtidvel] ingfartidulal byeauyintoeut ac25 the
treaimentefithis suifage 2y S4chig tregtment may t@ﬂ%'”@&@%@ 20 thus

planarlzjeéxtl%n tregtment, for example involvin apollshlng operation, 30 It
may b6 s8ef T f%)l?r%ef S, 0neY8is Much®mofe fegudr tifhited the
zon8UulBsitRfeee 1. The fact of havmg coated the irregular surface of the

layer 22 with a layer having a plane surface, before 35 the implantation

ste eans in fact that hISI planta on can then be carried out with an
mp%ar;\rt]at?g]ln depth- E?l stan |aIIy|F:r)1provedt unﬁorrglily &NRRRRE . Ehe
com&R bretedtitga Wik Ashe O8breipoRding o RS®NnEBough the

10haviryamadmhay tefcentratoreahilmpanied Spesiesia regdar to form,
wegkened, zone 23 gy dherefore em%%%@y mpla ‘f“on Swhils: 53

carr |ng out this |mplantat|on through a layer wreguarsurace IS
pETREGT IRRPSE Hlvahfagetls, eStid itfoRrersrakion of the

1mplanted species,

;]

15 This coating layer has been added to the wafer 20

before implantation.

In particular, this may be produced by deposition of
the material of the coating layer 25.

20
It should be noted that the surface 250 of the coating
layer 25 is plane.

This may be achieved in particular by carrying out a

25 treatment of this surface 250.

Such a treatment may thus include a planarization

treatment, for example involving a polishing operation.

30 It may be seen in figure 2 that the zone 23 is much
more regular than the zone 13 in figure 1.

The fact of having coated the irregular surface of the
layer 22 with a layer having a plane surface, before
35 the implantation step, means in fact that this
implantation c¢an then be carried out with an
implantation depth of substantially improved

uniformity.



implementing the invention for carrying out a SmartCut(r) process. 10 The
invention may thus be carried out within the context of a SmartCut(r)
process. In this case, after the implantation the following main steps are
carried out: bonding of a stiffener to the gurface 250; 15 detachment of

the st te 21.in the ; and- optignally, treatment of the free
sun?g%giﬁgls cr%g%ed iﬁzcﬁoé}gez%c%ne ;‘% 20 ﬁ‘?:s%%%/fcfl dlso %e_mwe%%gﬁrelg?hat.zone
in tHSTCREERIBIIREiblet DefoFd the bERRfg, 1BInschay g elettricafyimum

insyletinefilnrbetiveendiie Smﬁaaagéﬂ arp:éﬂﬂe&.iffelae.rréﬁiim&rmyéjeened
accomplished f%sga%%é@%s'tﬁ'@ an, clectically insulatng tim 2oy o,
exa 02 - on the surface 250. In such a case, the

le made of
> corﬁgrgﬁig |onc8f’:tﬁ>éllgger%aﬁ%‘3fﬁe PG P hpouat tierdayer 22
mag be likéreemrdar coating fyee. The Ebdvementiomegdtthiminsulatizg  be

filmamoxbea gepasited b%f%%d'fmmatiow&ﬁ&cr?atmgemﬁt%{%%%mat of
IS resent on top of the surface 220, in such a way that said thin ®
e L E R R T S e e s
in RGRHESHS7 In general, the coating layer 25 may consist of a plurality

10 of layers of different materials. This aspect will be discussed later in the

texpraln g pnpleation ol she dNRITOR LRIV SHAICULyin  che
process, the substrate 21 may he made of single-crystal silicon. This may
aBS?ﬁﬁﬂﬁ%aggﬂﬁ SmartCut” process. In this case, after the
implantation the following main steps are carried out:
¢ bonding of a stiffener to the surface 250;
15 . detachment of the substrate 21 in the zone 23;
and
e optionally, treatment of the free surface thus

created in this zone 23.

20 It should also be mentioned that in this case it is
possible, before the bonding, to insert a thin
electrically insulating film between the surface 250

and the stiffener.

25 This may be accomplished for example by depositing an
electrically insulating film -~ for example made of
$i0; - on the surface 250.

In such a case, the combination of the layer 25 and the
30 additional film imposed thereon may be likened to the

coating layer.

The abdvementioned thin  insulating film may be
deposited before implantation on the coating material
35 that is already present on top of the surface 220, in
such a way that said thin f£ilm then forms part of the
layer 25 (see in this regard the casgses illustrated in

figure 3).



other applications of the invention. 10 The implantation may be carried out
with hydrogen and/or helium. This is in particular the case if the invention
is used for implementing a SmartCut(r) process. Figure 3 illustrates the
effect on the local 15 implantation depth-of the thickness of the coating

layer and of the planayization of this coating layer, .This_layer represents

for four |88§|8|Fn% ént:ﬁoﬁ c888i%6H§, ti?Leal ep ant%%onmd"leypth%ﬁro%ig %a 6t a

codtihgZ0 -y ¥r 25 ahd ¥Riotighla BYEF 22 Matingareirbabfr SiHateaspect

- intavthelthisknass ofia sebstrate=21 (thesiaerefergaces 21, 22, 25

5

corresponding to the various layers illustrated in figure 2). 25 These

results come from simulations performed by the Applicant. In these
simifatioh8® the' Ryt 53 hifthe CharachstistiddSreihgren 30 eRptaYing &
siliGor ritedafer2Pdwasthe charctenstiosmd tarb@i, andithuse made of
corggsponded 19 dhe 1aygrs having andiregular, urfacs(thecalpn case for

corre?fondin 0,diamond); the Iaﬁ/er 25 was ¢composed of two layers: 35
- a %GR 157 depbsieE Brthe it Egafa¥ SSUFARR 'of the carbon layer 22

(the irregularities of this layer corresponding in figure 3 to the various

10 carpea thickpessasini Hie varqus sinulations) ad & @n QiQ41ayeydrogen

15

20

- 25

30

35

coging the sicon averJThe fouc smulaligns showninfigute 3, "
correspond to “four hydrogen implantation conditions: 5 case

CORFBESATICN & BatbtRhickhess Bt XG0T dMbtDNRR DA WIIALZOB0S S -

angstroms of silicon and 1000 angstroms of SiO2. In this case, the
Figure 3 illustrates the effect on the local
implantation depth of the thickness of the coating
layer and of the planarization of this coating layer.

This layer represents, for four local implantation
conditions, the implantation depth through a coating
layer 25 and through a layer 22 having an irreqular
surface, into the thickness of a substrate 21 {these
references 21, 22, 25 corresponding to the various

layers illustrated in figure 2) ..

These results come from simulations performed by the

Applicant.

In these simulations:

o the layer 21 had the characteristics of single-
crystal silicon;

o the layer 22 had the characteristics of carbon,
and thus corresponded to the layer having an irregular

surface (the carbon corresponding to diamond):

. the layer 25 was composed of two layers:
» a silicon layer deposited on the irregular
surface of the carbon layer 22 (the

irregularities of this layer corresponding in
‘figure 3 to the various carbon thicknesses in

the various simulations) and



implantation depth in the silicon of the substrate 21 is 1170 angstroms; 10
case 2 corresponds to a carbon thickness of 1000 angstroms, coated with
2000 angstroms of silicon and 1000 angstroms of SiO2. In this case, the
implantation depth in the silicon of the-s@bstrate 21 is 2793 angstroms; 15
case 3 correspondsito g tasboa hieknressain 3000 angstromsncaated mith
1000 angstroms of silicon and 1000 angstroms of Si02. In this case, the
implantation depth, in the silicon of the substrate 21 is 2383 angstroms;

and 26 caS8'E cotESHohtsdB R castMthieRneSs BRI0D afgsFesRond to
codted withy 800 angsirgrbsof sititon ancthd0Q angstroms of SiO2. In

5 this casg, the dgylantatiop depth inthe silicon of the Spbstrate 21 is 3865 -
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angstrams. 25 |t should be pointed out that the implantation conditions
(dgs%é{ﬁénr:%?g%?‘éfc@y%fe & Teie i1 foht Whs88 950 TABSe refurdtlicon

illudfraite alilfifRberefsiffeers firsty, stadihg withlan irregilar swisse,  the
wheagmplaniation takes place threugh theisustace of layes 22 thathas.an 5
irrg%ulari'ty@nd thgqcu%%hmaS coating layer, which is the same for the various
points on this 357 Sur ace, the irregularity of the layer 22 is not only
reproduted b&&&Ferf magHifeE PHis s illtstrated:darbompating chsesd  of
ant( ok shewss, differanse of1623 angstyoms,iadhemEnPiaAtalien i con
depthy staﬁtg&frgmgzsr{@&% 9 qgfereré%eogf 1009nang%tl[grgs in ctgge' the
thickness of the carbon layer an .

implantation depth in the silicon of the substrate 21

is 2793 angstroms;

. case 3 corresponds to a carbon thickness of
2000 angstroms, coated with 1000 &ngstroms of silicon
and 1000 &ngstroms of Si0,. In this case, the

implantation depth in the silicon of the substrate 21

is 2383 angstroms; and

. case 4 corresponds to a carbon thickness of
1000 angstroms, coated with 1000 angstroms of silicon
and 1000 &ngstroms of S$i0,. In this case, the

implantation depth in the silicon of the substrate 21

is 3865 angstroms.

It should be pointed out that the implantation
conditions (dose, energy, etc.) are the same in the

four cases.

These results illustrate a number of effects:

. firstly, starting with an irregular surface,
when implantation takes place through the surface of
layer 22 that has an irregularity and through a coating
layer, which is the same for the various points on this
surface, the irregularity of the layer 22 is not only
reproduced but even magnified. This is illustrated:

> by comparing cases 1 and 2, which shows a
difference = of 1623 a&ngstroms in the
implantation depth, starting from an initial
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- by comparing cases 3 and 4, which shows a difference of 1482

angstroms in the 5 implantation depth, starting from an initial difference of

1000 angstroms in the thickness of the carbon layer; secondly, in the
case in which, starting with an irregular gurface of the layer 22, by

planarizing 10 lae-gaatlag. laysr 23§ AdIEEncs. I mRIBNRNIN JeRlRess
very substantially reduced; - comparing cases 2 and 3 thus illustrates a

difference of Gy #1® &Rjshemsimtfé mislantation depth,, starting from
a difference 15 of 1900 avgstretsdgn testhickBessef the laygri@R. shows a

Comparing casessand 3.correspends to;g @tuﬂgg{q%@h the gilicon ., .
layer that contrib%%es to forming the coating layer 25 has been planarized

before depositiBR Gt1hé BiF31 20955 that B63E i #bmpaARy thBse fRotLal
cases thus ilsfratessthedendiit 30Uthéa gelamanzatiom It Wik thetefodeness

be understood that, o puRiRUze the, 2p,differences in implantation depth

that are generated by, the differences in thickness of the layer 22, a _
€0 coatRgie] TR anBigBous: ILERbI aldg B 209 With

planarized co%%ng iS %gr’timﬁgrly
mertiodddr #1168 pGesidlace30 aécotdiing iaam nltstAativemepiedatizing
:mpleawe&muhﬁ; inveRtion, tgﬁocag%adaﬂtmﬁ@}%@esmf thepeeaiintion -
a at.vari oi wafer, so as. as a consequence to

sgigéﬁ\%lyla%a%%ﬁ% %ﬁéﬁ%ﬁgﬁa ef th %%S%%egarpose of further

increasing its” 35 (FRFBPAIY NS ftas adapt@ibn bf Batickhéss bEtiees a
coating layeri2% feay:-beachieved wbité depositingdhigdayeinsor byn  the

SUbsequentqa&ﬁnﬁpgéG%%@F“M%ﬁ@ﬁ?ﬁcé£§¥@HB5- from a difference
of 1000 angstroms in the thickness of the layer
22. Comparing cases 2 and 3 corresponds to a
situation in which the silicon layer that
contributes to forming the coating layer 25 has
been planarized before deposition of the 85i0,
layer that coats it. Comparing these two cases
thus illustrates the benefit of such a

planarization.

Tt will therefore be understcod that, to minimize the
differences in implantation depth that are generated by
the differences in thickness of the layer 22, a

planarized coating is particularly advantageous.

It should also be mentioned that it is possible,
according to an alternative method of implementing the
invention, to locally adapt the thickness of the
coating layer 25 at various points on the wafer, so as
as a conseguence td selectively adapt the implantation
depth for the purpose of further increasing its

uniformity.

This local adaptation of the thickness of the coating
layer 25 may be achieved while depositing this layer,
or by subsequent treatments (selective chemical etching



10 - or planarization, etc.). The implementation of the invention has been
discussed with reference to figure 3 for coating with a layer 25 5 based

on Si and SiO2.. As will now be seen, the nature of the material(s) used

for this coating layer may also have an inffjuence on the differences in
imp@gtaéipgﬁg'ggggﬁ&pj@&% figure 4 illustrates the mean implantation
depth (Rp(A) in Angstroms plotted on the y-axis) as-a function of the
implantation energy (implantation energy in keV, plotted on the x-axis) for
hydfgen 11® mplantatiohontoofariohis matekals.i Bhis figereshmwsdbatussed
for the samedmpianiation Copdiiops. hefpean-implaniation denth qiffers, o5
acc%rdén tootxtile latleJlredof tQS |mplante_d material. 20 Each mate_rl_al may ‘
thus'be c aracterlzeanby Eh miplantation depth coefficient specific

thereto. Figure 4 thus illustrates that the following materials 25 may be
clagsifiediin Tegteasing ekwer of this caefliglentdthatirtosaeiordhe s) used

same, implantation £on itions, the material_having,a higher coefficient will
correspond toagr%atergll%plaraﬁ/etl‘]%lnip)nI{:ﬁat%th?:q5&32‘};1 aé’(fg Sﬁngejfrrhginlilt?rﬁ?e on

car5Oe (HahbRUEL SemiHunt BRiRD Ba thRR e tdifFSIEReES in implantation

10depth coefficient may advantageously be exploited within the context of
therinygntion; Fhisds becaysg theprplicepthasdemangirated thatdh, geptn
{(Rp(A) in é&ngstroms plotted on the y-axis) as a
function of the implantation energy (implantation
energy in keV, plotted on the x-axis) for hydrogen

(83}

15 implantation into various materials.

This figure shows that, for the same implantation
conditions, the mean implantation depth differs
according to the nature of the implanted material.

20
Each material may thus be characterized by an
implantation depth coefficient specific thereto.

Figure 4 thus illustrates that the following materials

25 may be clagsified in 7 decreasing order‘ of this
coefficient (that is to say for the same implantation
.conditions, the material having a higher coefficient
will correspond to a greater implantation depth) :

. Si0;;
30 . S5i;
° germanium;
. carbon {(diamond) ;
. aluminum oxide.

35 These differences in implantation depth coefficient may
advantageously be exploited within the context of the

invention,

This is because the 2Applicant has demonstrated that it



5

- 11 is possible to further improve the uniformity of the implantation by
coating with a layer 25 made of one or more materials, in which each

material has an implantation depth coefficient as close as possible to 5

the implantation depth coefficient of thematerial of the layer 22 having an
irreggla Sur oating with.such a layer 25 and planarizing thi

coating %éyer ES% era ny bé;ylllrll]éﬁﬁ%?nglén gl%‘ﬂ?ngt%g st%%f‘zfe%% %‘iﬁ' thcéf the
opti FARBAR fSmFRRERg tHediHe R néey Rtimplarit@itsh @dptrne or
thamars: gemexatedilayl the differences ik ihickaassiof thadayermd?. 1hde an
this; g56, 2P Py erall ayarhmade s ofi s  SUDeTROSIION qfdhe,lavers,22 o

and 25 is.deposited. This overal] layer has, a constant thickness (because
of epl&ﬁ%ﬁﬁ%ﬁ‘&ﬁféﬁﬁ‘aﬁﬁﬁﬁgnfé\%ﬁ%’eﬁﬁ?%%efﬂ&eﬁﬂﬁat‘??%@r ial of
unitdrtn agpessiBle. Revisieuld bepoigtetizout shatfivisealso possible to
combine, within the layer 25, a plurality of layers of different materials in

such a way that the average of_the implantatjon depth caefficients .of .
the%sqga{/téjrfggs Z%l%%éter?éfgkéorraesp%ﬁ Sto t%el50 vaﬁﬁ%%of tﬁ%ﬁﬁ\%ﬁnﬁﬁ& this
defPedobttierdtaorene irfdginienselz2 thbe tostbading a polishing

10 abewamentioned'ayerage timay spuiaighteddiydhe 130 sespegtiveinimizing
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thi%559§i¥E%%¥§Q8%S laygrs m@hﬁ@amﬂ%%yer Reph? - GIMS e

1. A method of irr;g antation in a wafer comprising at least'one layer
hafRgfihedulaPLurtsle sait B RtsiResion Passihirtoagisai®@t the
irégutarsitface,

In this case, an “‘overall layer” made up of the
superposition of the layers 22 and 25 is deposited,
This overall layer has a constant thickness (because of
the planarization) and an implantation depth

coefficient that is as uniform as possible.

It should be pointed out that it is also possible to.
combine, within the layer 25, a plurality of layers of
different materials in such a way that the average of
the implantation depth coefficients of these wvarious
materials corresponds to the value of the impiantation
depth coefficient of the irregular layer 22 to be
coated.

The abovementioned “average” may be weighted by the
respective thicknesses of the various lavers making up
‘the layer 25.
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characterized in that the aim of the implantation is to form a zone of
maximum concentration of the implanted species that corresponds to a
weakened zone and in that the method includes, prior to the implantation
step, a 10 step in which said irregular swrface is coated with a coating

layer in order to increase the unifor@' ﬂiéhe implantation depth. 2. The
method as claimed in the preceding—é[ém—, 15 characterized in that the

wafer is a multilayer wafer that includes at least one substrate and said
layer hayingeamiseegular suaem th fhermethod asislbdned danpne oiile at
preceding g0 Claims, ¢ arar?é?lﬁ?g '“é?f”“_ti‘:?f@gx'ﬁ'&%t'o%@rf%ée,d OWaig
SO as to pass through the layer having an irregular surface. 4. The

mEEIRas laimed iﬁ%?r%“ﬁﬁhetd?gé’é’cﬁﬁg 58 tthimist BRI ize IRt ace s

theih #hex caatinge Iaglgribs etemsiteti@naatd'_' hnﬁegtl}mr shrr&atenﬁath@'_ n is to

method as clajmed iy O%Qﬁmﬁrpr%‘iﬁ%&%'E‘.?oﬁh%@tﬁﬂéedﬂfﬂ%%%%ted
the

the natyre of the coating 30 material(s) is chosen so as to increase

ufRSTIGS of PRSP TRTRESh *8. The'ffittF ds ERlined g that
ptEeeding Gtgith, ickabadedzedinithat the chdiee bhpdatingmbtariaftdr, a
3zizpade sqRsde minimizejthediferanceshetieen the implan@sionith a
deg}thtclorti:-fficifnt gfr the Irpaéerridz\é of tlee la eg@gging a,gﬂrreqylar Ourrglalcg of
and the m?plan%gtlon (J:iepth cosfiicient of the coa?ing maefena?(".é)f.s Y
AMENBEDISHEETLES - 8eMtThe method as claimed in one of the
preceding claims, characterized in that, during the coating step, the

caating layer isfrefuged 59 a0 INRHIS {@Yene  preceding claim,
characterized in that the wafer is a multilayer wafer
that includes at least one substrate and said layer

having an irregular surface.

3. The method as claimed in one of the preceding
c¢laims, characterized imn that the implantation is
carried out so as to pass through the layer having an
irregular surface.

4. The method as c¢laimed in one of the preceding
claims, characterized in that the coating layer 1is

deposited on said irregular surface.

5. The method as claimed in one of the preceding
claims, characterized in that the nature of the coating
material (s} is chosen so as to increase the uniformity
of the implantation depth.

6. The method as claimed in the preceding claim,
characterized in that the choice of coating material (s)
is made so as to minimize the difference between the
implantation depth coefficient of the material of the
layer having an irregular surface and the implantation
depth coefficient of the coating material(s).

AMENDED SHEET
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5 a plane surface. 8. The method as claimed in one of the preceding

claims, characterized in that, during the coating step, a treatment of the
surface of the coating layer is 10 carried out. 9. The method as claimed in
the preceding claim, characterized in that said treatment is a planarization
treatment. 15 10. The method as claimed in the preceding claim,
characterized in that said treatment includes a polishing operation. 20 11.
The metiibe asreaimet irrene ofahepiecedding orleims, fcharaetenmeskbimding

thai thenimplantatian. iss panied quf with,hydragen and/pnbeliync12qTha ep,
method as claimed in one af the preceding 25 claims, characterized in
th‘é?ﬁ_s‘?ﬁﬁ‘ﬁéﬂﬁr)djp?é’ée%s 1é c%fr ST AP R imprantatioh, 13- Fh&ayer
metiiddas ckinméadeone of the preceding claims, characterized in that

the layer of material 30 having an irregular surface is made of one of the

following graterialy: dlamand. RN AN, AoVl slge™ preceaing
claims, characterized in that, during the coating step,
a treatment of the surface of the coating layer 1is

carried out.

9. The method as claimed in the preceding claim,
characterized in that said treatment is a planarization

treatment.

10. The method as claimed in the preceding c¢laim,
characterized in that sald treatment includes a

polishing operation.

21. The method as claimed in one of the preceding
‘claims, characterized in that the implantation is

carried out with hydrogen and/or helium.

12. The method as claimed in one of the preceding
claimsg, characterized in that a SmartCu:z’ procesgs is

carried out after the implantation.

13. The mwmethod as claimed in one of the preceding
claims, characterized in that the layer of material
having an irregular surface is made of one of the
following materials: diamond, SiiNg, AlN,
polycrystalline silicon.

AMENDED SHEET



