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| MPLANTATI ON THROUGH AN | RREGULAR SURFACE The present

i nv&R 2BP3/008788 to the treatment of 5 \EOIARRAGHY 001826
of materials chosen from sem conductors, especially

for applications in electronics, mcroelectronics and

opt oel ectronics. Mire precisely, the invention rel ates

to a nmethod of 10 inplantation in a wafer conprising

at | HETHBRFPR THPEANTAEION, THRQURH MV SIRFEGIHAR SURFACE
i mpl antation passing through said irregular surface.

It &ﬁeknomn to carr¥ out inplantation nmethods in

waf ers  25°8F  fat BTV S Chosetatrein <&hi dbdubespsment of
for deafens otxtdd nofamstis e fecthoseforfnBLRi cbhd®Y¥ors,

be j to c te a_weakened zone in the ]
thi%ﬁgéégg%ﬁythe &gfer b?pPﬁﬁFgﬁ?S??on. 3B Theelectronics,
SRt €XPH FCproekes armdisomng ystsardesan i npl ant at i on

,for creating a weakened zone. A general description

of the SmartCut(r) process will be 25 found in

" ST PrEFIERLY) attéte TERViRRLbeY: rFEBsesalto t 8 WieSiHod of

lOanﬂ@ﬁdﬂt&ti&hJﬁﬂnaMWEﬂé%(E%ﬁggﬁgﬁgygéﬁsﬁ%gﬁﬁgeﬁﬁnlayer

Kl . adem.c_Publishers,_ p. , .
o A T R LR 155 et e g Ansaten gpassing
t hecharghuh (faolrd examaghud awi tshinfaldee cont ext of a

Smart Cut (r) process), it is generally desirable for

sai d zone to be regular by |lying approximately in the
safd pisareiovss Yepreanyanerett | ynpian tenyor mEtdrddd iin wafers |

15apRfi cahteRsalkt cHckAeSiELBR! eslf; the
inp% ntationéin gbch a &E?QEh%%ﬁ%éégéeﬁﬁégﬁedJ%ng?EE to
ar 8PP VREteYsi REERETSENi ckness of the wafer in a

regul ar distribution, wwth - 2 the sane inplantation
de heneat-h the nean Leve|l] of _.the wafer surface.
QBQ éﬁbﬁﬁle, It may Le Aesirable 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 1is 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.

735 More generally, in many implantation applications, it

is desirable to carry out the implantation ih such a
way that the implanted species are distributed in the
- thickness of the wafer in a regular distribution, with




However, inplantation through an irregul arsurface
5di sturbs the uniformty of the depth of inplantation

of these species. This effectyis illustrated in
f|g e 1. 10Thi flgFre ilJustrates the inplantation
BECFRES iR IAREBE 100 (IRRHgIPenaater thE BRan level of

natEheaMahQW|§@rEHtelrregular surface 120 and t hrough
part of the substrate 11 on which the layer 12 Ilies.

15 It should be pointed out that the term"irregul ar

surligytesrey,s uimdelan o am ttﬂizsnigé»(t aro rﬁafegaamfa@terface

hawg r.Qot and a . .. .
SHr T B AL LR Moo o

SEPSF 95 contrast, in the present text a
surface will be said to be regular if its roughness

i s, l.ess n.this, is found that because the
SLﬁ#%h? ?é%% its 5 égaﬁaFatgé R EhEREEt &F, the
i npl ant ation depth (represented by the I|ne 13) is

al s ;igr T 15 nstit.utes dr awb . 30 it |e
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dr éWd’&%ﬁ(er 18 ddhicowgh tai dagbjrect? bhie Maneefitdlonhaving an
prQQQ%@&IQr”%hQ@choﬁzb”gbanEﬂEBQ h' a%tw%%er ggﬁpgﬁtrate

risin | east one ng an’irr

alB, WBArH Fhel haveri ba 1h§%5|ng t hr ough said
|rregular surface, characterized in that the nethod
s5in udes r to the |nplantat|on step, a step in
vvhlﬂéh %‘&?‘ﬂf‘ﬁ ?%egulpé’rl r aBBti sthafat ddie witerma Coarraylar
Iayerfaﬂebrdsrunmammmmﬁsaﬂﬂmmxs3texumdaﬂﬂﬂéﬂ'QfshBQace
i Ny ti er aspects ects ‘
adv%ﬁ?ﬁgesggfqﬁﬁ 4h|(n1 Wm||qﬁ8§€@nef8695P8ﬁﬁ ofnd a
r cRHPRRYL E He ggaaéﬁrnghan a value of the order of a few

angstroms.

In contrast, in the present text a surface will be said

to 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) is also irregular.

This constitutes a drawback.

It is an object of the invention to alleviate this
drawback. '

To achieve this object, the invention proposes 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 method includes,-prior to the‘implantation
step, a step in which said irregular surface is coated

.with_ a coating layer in order to increase the




5 description of the invention given with reference to
t he appended draw ngs, in which, apart fromfigure 1
that has al ready been conment upon: figure 2
|IIustrates the effect of prodlucing a coating |ayer,
pr i L Ermhipr af dtherimndiantes ion deprht.y 10 of
i npl antation depth; figure 3 shows results of

i nul.ations iIIustgatlng the effects on the | ocal .
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i mpf atitat FORSC R pt AOSFCEReRAi alvessagrst od ddw i dyrention
| ayerllandbefcotee  pbpasshzat ic ofrdalliinigtoath8y | AYEIGwing

serhesk ot ot 0t SLARR SRS LIS A Pergnes 0
mattdid agppendedhyithesgeawsi nplantvatichn. d&part e f2oshGisue 1
Vaft@ls +2 @ alhaty Hdy ﬁwg%%n cb¥&ht % aPéthaVI ng_an

|rregular surface on a su ayer 21. This
fi gur e*shovd F& 2a ildystrasesovdres efitedt r efulbaioducing a

Sukbate nd? Qay%'i‘ The-ilay el %.%Fﬂ%)ﬁ @y 0‘?1?( a'HH & HRE JIRIS rmi ty

or of

D dia
poP?/EVEtlﬁF‘I éoﬁa{ﬂEPng such as especi aI ly
poI ycryst afigneesBl i cashowdd Suebsoateri al sfar e srlﬂivehqlatlons
he used in waf.er of the.S
(Sl ?é%gp%ﬁl? suf3 or?P%/ & 1Yt oézat%o 1FF&16‘€7‘§atl°n
t héephbr il tésndutichnesy wropdrd |matnﬁg slapen sanfiesf the
35p1&n§§¥z&|95!§nb8fd 1& a@&a@? x %}he Adisul ation

| ayer of such er not wWhose ther mal
15 conducti vi ?%/QBF%p‘ér iFed @rr@Pﬂ?otSI‘g?ﬁ@d‘)g bthe bgtibherences in

mimplmeatﬁbﬁ tdéﬁtlp0§§g§§lalahgg ther @lrious materials
di anond or Si 3N4. Layers o SUch

)? C%Yes( ¥% Sgﬁ%}%rﬁ IPt-ai ned by epitaxy. However,

the surface of such epilayers is irregular.
-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 propertles

cf such a wafer,

35 Tt may thus be desirable to make the insulation layer
of such a wafer not from SiO, (whose thermal
conductivity properties are not good) but by one or
more materials that possess a high thermal

condu¢tivity, such as diamond or SiiN,.




5 The material of the layer 22 is typically a materi al
that -has a hi gh hardness (for exanple in the case of
di anond) or is tricky to polish uniformy as it is
het er ogeneous (exanpl e of polycrystalline materials)
10 and consequently difficult to polish or in general
to Layewmariok. sushpamateuiatsi tanay dEmexraddst | pbtained by
rrat i @dxfor t d e mze s . far .
&gs& b%e %@%sfsesthé %?LEQ.?{%“% Spafaysts is
ma R ¥%en obt ai ned by deposition on the pl ane
ssurface of the layer 21 of the-substrate. 20 Such
nple be carrjed out using a CVD

f
(c%% E:%%Q‘\?ﬁb%?’ & pgé??l AYSEF ecdtni HRie tYPicahdyl @ peaterial

p0|tdtaeri bais tahdtlglhehdaagneéSQZ(Eert @ia@rfgﬂré% iR kBY¥elease of
5 whose

ace_ 220 tainly ir ul ar .
ot her J) ng %( the:ll(:% tf%céoovh tH’éngﬁ'B Yr &% ?E is -
is %‘%W%W ﬂee:afna&e obft hpohabsjrsaabli?ﬂethﬂterlals)
. 10re%@id/ec§or§ ﬂoﬂfi @:H‘ agt !L%S%leneral to

pl ane. SQInthemet |onof

i nPefffPét2$hown in this flgure, the vvafer 20 is a

mul til ayer wafer conposed of a plurality of |ayers

(|5}nth|stc:as | ayer 22 + substrate |ayer 21). 35

HowBy &P SYEYREuIT vh R P t Restiy F‘é%iﬁééﬂbﬁ@rt which it

i npEediest reld & meentirdmiize aigefat 0Oagapbysebl cURNLONBsses
15 i ngkaptati.en4in a nonol ayer wafer having an irregular

surface, or even within a layer having an irregular 5

surface and lying on or in a nultilayer vvafer

RetHBNIRG 4O Fheqget hod,of piap) Lor
i nvgntl %% i |1 ust ?ng?ed Yati e%?,egtl tEd dé%g?htlon on
e plane surface of the Tayer 21 of the substrate

20 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 is certainly irregular but
‘25 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.

30
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).

35

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
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5-includes, beneath the layer 22, a |layer 21 called
the substrate. In this nethod of inplenenting the
invention, the inplantation ig carried out so as to
pass through the 10 | ayer 22 having an irregul ar
sur$aebace med deying dwrom in ra thd diliaglare s@ fef- .t he
substrate 21, a zone 23 corresponding to the maxi num
concentration of the inplanted species. 15 This

codt PR HRRr Has Peen medeed t of heimplemertatiwioref the
i mimrdeticn. 11Dupaehiell am  EhisroBy, beprr 0@&5@92*5230 thus

depasition of, the materigl of the coating |ayer .
%ﬂéﬁﬁﬁ %%n%%?%dtgﬁaaayﬁé'éﬁ%fd%eléBGro? t lled the

coaubmyrdtaier 25 is plane. This may be achieved in
particular by carrying out a 25 treatnent of this
surface 250. Such a treatnent may thus include a :

pl diar ithdtsi omethodat mént imbdemenbimye thwol imventaion, the
poliigsh tion : in_fiqure 2
e e naes B0, e et RSt chpen che
13 TS ifr SV INph@ datresulirayisvg fesst ed nt legder to form,

i riegulchle suhfiakaesh the tR¥erg@esibdde a JAyery haying o3
35 the inplantation step,

a %B ne surf.ace, ?efor ,

means TERPPREE Phat-Ot hitde | MGPAAIEY | GRRESRtEREAOBe Of the
caimpédntetl epehian. inplantation depth of

substantially inproved uniformty. 6 Wthin the

context of creating a weakened zone corresponding to

t h€h3EnecoB g Agyermkasubeenneeiitadat ton the wafer 20

| npEapt-edi §PEsheSridn ! €gul ar weakened zone 23 may
therefore be produced by inplantation, 5 while

carrying out this inplantation through a [ayer 22 of
| r Irgaatiswlbace. tHid Smapersd | BRoBBYe@Cby deposition of

the material of the coating layer 25.

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
treatment of this surface 250. |

Such a treatment may thus include a planarization

treatment, for example involving a polishing operation.

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
the implantation step, means in fact that this

- implantation can then be carried cut with an
implantation depth of substantially improved
uniformity. '




advant ageous, especially within the context of

i npl ementing the invention for carrying out a

SmartCut (r) process. 10 The igvention may t hus be

carried out within the context of a SmartCut(r)

pr ogetdsin | nthhi s cagmxtaf tef t heeatimyankat ivvraldreed zone
f ol | ' te ar arrj oUf~ I ng Qf .

ot T To ThE cur ace 9507008 “d3 achagapdor & panexima
sublsneREration t A€ ispdapged gpe@ciepti enar¢gular weakened
tread@ent230f nhe theeefyréags: t Hi%aueiRRt 8¢ | InphhStation,
zone 23. 20 It, should al so be nmentioned that in this
Castie [ ATEag (PRt Hebor URIR G Eh R hebriaver 22

thiof electeguekdty i|astfade ng fTHIR betoyweratiwh surdage be
25 the stiffener. .25.This .be acgonpl i shed ,
fo%de‘%;lqn:ﬁg}e%qbuyé'depoessﬂﬁ ﬁ&i&ﬁf ef"’gg%/l?"iacal ﬁﬁei nsTPArfRy °f
fi |impl efmem teyanpt ke nbmeetfiorSi £0r -caxrnyimg sutfac&martCut®
25%rddé§§wh a case, the conbination of the |ayer 25
and the '

30 additional filminposed thereon may be
10| i kened to the coating |l ayer. The abovenentioned thin

i nstu;lﬁat iimq»te_hidimm?magel ?ge?ﬁb%edcaﬁfpé@dima%ﬁ%ﬂm the
on coat | erlia at is_already present_on
{ o OBF STie OB CFDSRET RTOSRER - o lia PRI ASE d ATHET Che
fi impflhenatdons thar tfodflotvieg maysr sRepéseeei Bathised out:
regard_t he il lustrat in igure 3). .- 7 .
general , tﬁéﬂgggﬁiﬁg ?a?g%%ggnﬁﬁyggoﬁé?s?zﬁFaﬁe 250,
15pluraltty éethehmentobfidiheéesehstrater2dl sn Theszone 23;
aspggt Wl be discussed later in the text. 5 1In the
application, of the invention enploying a SmartCut(r)
procesy, tABtIABaLANt e tXEAHIENKe qfadei®f free surface thus

created in this zone 23.

n

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 dépositing an
electrically insulating film - for example made of
510y ~ 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 film then forms part of the
layer 25 (see in this regard the cases illustrated in

figure 3).
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10| ayidye 22 HRE LORar BeVer PSt i €3

single-crystal silicon. This may al so be the case for

ot her applications of the invention. .10 The

i mpl antation may be carried out with hydrogen and/or
helium. This is in particular the case if the

i nvEmt B9 lusedhforcodpl BAre HEAWRF a28neRgCutqqnsist of a
Prosessal Ft@use Bavédtdisér aliesrihenefhgetrom & hethosabspect
15 |nHa%é aqSJ on de %Hf t he thickness of the coating

| ay'&r d l?‘H‘bSﬁf? Yetatior i %¥its coating | ayer .

This | ayer .represents, for four local inplantation

condj ti , the,i ant at i_.gn pt h through _a coating __.
20, 1 ay DS BRHPRFSEBR 821 agaF 22 Aol g on SHbicting a
i r rmputeGut®uptacessi nttdia heubbitckness2bf mawubst rasde of

21 'txﬂgef@ e : 22y : 25 r LN 0

varﬁl(lo S Icaﬁ%%_%%ﬁ%'edg?ﬁgf P%E{e ggn%“s g‘ﬁ%secta%% for

r estiher asrl qedrhogisngifatingnd nyentdered by t he

Applicant. In these sinulations: the |layer 21 had the

characteristics qf single- 30 crystal silicon; . the

¥6+e€ar%’h, Wiy thifrogen

correyeandesl iwmt hehliaydrs havi pgranculbegWlay cssef ade the

(the_carhon caorresponding_to diapond); .the layer 25

et P ad 55 SR R orub PafeRlRRRL s phgfeQyEiprotess.

deposited on the irregular surface of the carbon

Iaxgru%% (Fheilﬂﬁgﬁggkég't'€ﬁe0f éPféc{aVQQl the local
I g 3 to the b

corresponaing In ure varil ous carbopon
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Si Q3vkayanhdcedt tRe phgnsiiispNohayerenibecd®¥ing layer.
Si rrulyatl ons shown in figure 3 correspond to four -

hydrogen i nplantation conditions: 5 case 1
corheéspondgeto acpasbem:éhi ckaessf@ir 200 langsigiemMation

Co%%%%i%&%%sgoqgugng%%igg%aggogilééﬁ%h through a coating
layer 25 and through a layer 22 having an irregular
surface, into the thickness of a substrate 21 (these
references 21, 22, 25 corresponding to the wvarious

layers illustrated in figure 2).-

These results come from simulations performed by the

Applicant.

In these simulations:

. the'layef 21 had the characteristics of single-
crystal silicon; ,

. 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




'and 1000 angstrons of Si02. In this case, the
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.corresponds to a car

|nplantat|on depth in the silicon of the substrate 21

is 1170 angstrons 10 case 2 gorresponds to a carbon
coated w th_2000

thi.ckness ¢ ngstroms
angst r ons of S|$ 33 %‘ &ridﬁﬁ”ﬁﬁﬁkﬁﬁﬁnﬁl&FCSPoéaYPﬁ
this case, the inplantation depth in the S|I|con of

th@h§uﬁ§hh§t§1%&lat§ ggg%h RSt QM #g%fﬁbé $%ﬁ5?%%%nd to

i ckness o
codPBl WERCIBDOLERLRR ke cenditirns:and 1000

angst rons ©hsdl 02.cdrrddichd@s¢o the céf%r?nttg%é:%rﬁess of
in the silicon of the substrate 21
%@F? oMRISHRD0 c0as8ds Wbk e2f8Rd3nEEt HOBEr h silicon

thamﬁnes;saoanf aheRe rangst refs, saogt ed Mi t hy 1990 case, the
ngstrons of Si Q2.

of sil,ic 1000, I'n
Trrmb LB CtoR aphPR ARAt BhhtOR nofnals T FIATe 21
tF%SSLb%QrQHEBEMQmSB 3865 angstrons. 25 It should be

ted at condi tion dos
gggp Q, g#%“; %%rg%% gﬁgglnhghe 5P Easgggcgaess of
T A rzom /| u§@@’é¢<é arutMéGO@fam$1em:$s of silicon

fidmst | yi09barhbBershsh &% i rgegyl ar pgurf }é@ g
i npl antatiaon takes place throu t he sur ce 0 ay er
271 Ydd o deRtdyutar Fhe éﬁgjﬁhﬁbugﬁ Eh@oéﬂbﬁgrate 2;

| ayer7ashidchysitsofdse sane for the various points. on

this 35 syrfac the irreguylarity of the layer 22 is
not ogly lére rgdu%%ﬁ %ﬁ?oggﬁniﬁbgﬁlfF@H O?hl%h%%ﬁness of
i PIOG8t hagsd romshby corpat | wgthaskes) il afm;:htzcomlml 6h Qs on
a i ff C£, dfd3 apgstr in L mpl ant ati on

dgggh E?ggtln é?ron1an8?n|t$a 9£nd| ffdfence?dfs  the
1600 ang§ations daptihein htkkneddicon of the substrate 21

is 2383 angstroms; and

. case 4 corresponds to a carbon thickness of
1000 &ngstroms, coated with 1000 angstroms - of silicon
and 1000 angstroms of 5i0,. 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 i;lustrate a number of effects:

. firstly, starting with an irregqular 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 angstroms in the
implantation depth, starting from an initial




.of the carbon layer and 9 by conparing cases 3 and 4,

whi ch shows a difference of 1482 angstrons in the 5

i npl antation depth, starting froman initial :

di fference of 1000 angstronms 'n the thickness of the
carbon | ay@tffesaremdiof, 100@ hengsseons ki chhe thickness

Cstart] ng %fhth@ncif}g@fguiﬁeﬁqr(@ce of the | ayer 22,
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by planarigin 10 the coating layer 25 the difference
in inplantfti GePpPRATIRIv&APeSUlstaifl | A | yYheductlipws a
- conpar i ngi £asesnée and 3ft husi1g2 ush g{g@ngl ti?' the
di fference, only, 410 an roms,_in_the antation .
dept h, st alrlgllnaglﬂ?gr/tolrﬁna 'gﬁef%fst%‘renéga’i%l’&g 1 afigst +Bhk1al
in the thidkhessergfe t hE | 10/HY ar2ft rCorpathngloaseli@kness
and 3 corrcglspg{‘@sci&oql ]Tsdlc}} tion in which the silicon
utes

| ayer that contribut drning the coating qugr '
25 has bedtPIHar i ¥odthef crasadeposivhiich, of stam iSi02with

2@ ayekebhabrcoahisdde SPMRALI NG JdieSEot V\%Rpa?fénarizing
thC s illustrates the benefit of such a planarization.
| (R | FOPREPET of &YBE drideF BF oGl RIRRSNG® i B LARTRE ion

25leitff ereneas; isubdstpinditatiyoredepth ;t hat are

generated.by the differences in thickness of, the |ayer
22, a pl a%ar "Ze8°E688i vGSeS %r?f?%usﬁ’ys illustrates a

advant ageddg ferenshoul df al smlbe nmEnvi dnedttrbat itims the
possi bl e, ; - di.n an alternatiye petho

i npl ement i ni Qtaﬂqe:'g%glén?ile %,h_'t og%aolgdz;llp}% éﬁg%t % hcgfpgerence
t hi ckness©éf 10R8 apgatiays| apeithes tat ckaeissus fdihet dayer
on the waber, EhASiks & §@§S%qumﬁe3t eSO Ve
adapt the i Ianfg??gﬁﬁ d%pth for t e.pqrpoégﬁ;c)fr1 ° @
further iﬁ&EEQEilﬂ@ i t8 3BiGhi f 5PRi t pllEKC® | daler that

adapt at i ooontribetéhi ekn€ssmohgt BReCedbiREg 1aYRY 28 has
may be acpieyed Ml AGPOSLELRY YA LUC of the sio,
layer that coats it. Comparing these two cases
thus illustrates the benefit of such a

planarization.

It will therefore be understood 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 consequence td selectively adapt the implantation
depth for the purpose of further increasing its

unifeormity.

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




or by subsequent treatnments (selective chem ca
etching - 10 - or planarization, etc.). The
i npl ementation of the inventi has been di scussed
with reference to figure 3 for coating with a |ayer 25
5 b3¥eBlB8Ra5k2&R#OB 09EC- As wil | now be seen, the
nature of the naterlal(s) used for this coating | ayer

@ so_have an influence._on , the differences in

Rt APPSO EREEEAEEs Ot At ieventgie 2as | baerr digsussed
t hewhdlanrefpirantat iton fdeptle 3( ReA)cddtiMPsiitita layer 25
5p|q%5§gdo oL tae gn&Xé%a as a function of the

antation energy (inplantation energy in keV,
plotted on the x-axis) for hydrogen 15 inplantation
| Nty W3l { PusowBber kaks; Eﬁésnétﬁfée ﬁheﬂ@ hRaLriLPts) usea

the sane_i nplantation. conditions,

i mpt%int 5PESn SRAiRDi 1aees mazrfc@ﬂ(ﬁ%gh%et Re riqfnsnsie on

t hethapd Bt extkermmé e il im2AQrEaeh o itericindsay, thus be
Ocharacterlzed by an inplantation depth coefficient

.specific thereto. Figure 4 thus illustrates that the
f olThowd ngf hgweei 4l $11a5trayede thbaawiai e:dnp]nantatlon depth
de Siyng d ffIC ent, (t S ta

| C(F?(e )sar%ceHl egqgggﬁga%éon%ﬁgoomf%l ons, t(r}hee %taéﬁ a

haﬁWﬁ&tdiﬁigh@f c5BEf | dimpAentatt bncorareEsmnd txmpﬂantatlon

Or ealedlgyl MRhankay| o idsRidy ! ons"gfeu X?’%Jélg for gxydrogen

1 gernaqlunl carbon di anond n1nun1OX|de
3 ThéTR1ar e ioRc 48 OhvﬁﬁﬁpﬁﬁtﬁﬁFéﬁlééEth coeffi ci ent

may advantageously be exploited within the context of
th%hi%nv%qgh%% 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 ©classified in dedreasing order of this
coefficient  (that is to say for the same implantation
conditions, the material having a higher coefficient
will correspond to a greater 1mplantat10n depth) :

° Si0;;
30 . Si;
. 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 Applicant has demonstrated that it




This is because the Applicant has denonstrated that it
- 11 is possible to further inprove the uniformty of

the irrpl antation by coating whth a layer 25 made of
in which each material has an

ej] ﬁlmat er |€

i mp an?g? Bepth toeHiTLi sfPra¥ec|de Walfewsi by eofo the
5f tIM@laITﬂaa:iICaI imn cept ing oef th calemay@f: fQBemﬁﬁberabne or
0 aving an_jrregular; surface at

Wi mﬁﬂgchﬂgg%g%%%QQS g‘%ld p‘f]}élh i zi SRS hthllgat Cf had  an
| ay 8P leptetdoabldennh | ere Ll it p@‘kl shoag &8 ﬁosys)tble to

51 ehlel Singh driven oRid MEEp eRN iy Cg‘f‘f%ﬂeﬂt g HZ Htgte{fligl of

dl%&ﬁ gnces i,n Iantatlon epth that are genera
8V1eFe|28n é’lPﬁ il ék’ﬁég‘él@? shéfacayer 22. 15
In this case, an "overall |ayer" nmade up of the

rs 22 and 25 i s deposited.

suggg_j@o& tion of the | a%e
Thi§2overal L Flyef® dGNELant Ot Wik nREnafizdye this
of coahaéngl aihayezat (ongfanabhn ilpl alntcaludlmgie@t hpollshlng

10 COEEEb?' eRluhRat |
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bl
~shoul'd" be por nted out ?h‘%éﬂ%m -2 ggiééﬁggl EP5 F‘&nllelng
cofBfne dififangnadre | aper D lanysturcal i t depthl ayghest of are

-du@é@éﬁ@teaatsyl akhel Naseeb, an¥ay that %ﬁtcﬁﬁsgsgeotf the

thf ng %t ation depth coefficients of ese various
et I's corresponds to the value of the

[ rrpl ant ation depth coeffici ent of the i rregul ar | ayer
2204 cQ d. The above ned "average" may be °
wer ght edl‘cby (?Bhse * 307t es PRSI t HPYRRessBE9Ef HRe Oof the

vaRurREPIsteren maki nthelp Layke sl a@@r al 2¥0is deposz_ted
Zoﬂﬂé)%ﬁaﬁal][ 112aye£qe/t§:R§O<90 ?9&1‘?@6%%%%@5 beﬁ:%tége[z of

met hod of | antation in a
ortd'¢ ay el %@Fh@aﬁhomregandr s@rf acelmskantation  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 various
materials corresponds to the value of the implantétion
depth coefficient of the irregular layer 22 to be
coated.

The abovementioned “average” may be weighted by the
respective thicknesses of the various layers making up
‘the layer 25. :
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5 inplantation passing through Zaid :rgegular_surzace,
chaga [ Ln that the nethod includes rior to

hgb ?hg%éﬁﬁg?bgn step, a sTep?imh which FG%ERACAAN0HNL826
surface is coated with a coating layer in order to

i ncrease the uniformty of the inplantation depth. 10

2. The nethod as cl ai ned i rcdamagr ecedi ng cl ai m
characterized in that the wafer 1s a nultilayer wafer

that includes at |east one substrate and said |ayer
haling-&nméthQQUbiri$¢ﬂb&¢atib5 3n EhewmféﬁOdoﬂprlslng at
cl ad n h di_.ng .cl ai characterized
B t & e“ﬁéﬁ{a$F§%§1 a%arﬁfgggggﬁ o8& Fgepas§ald
t h%%lgéme@crrayaaaeamngtanoughr ezpiddir isurigader 28u#face,

Thenami g Bs¢! ah ki nt@éleméléhw ﬁ’éf&&& f&r%?' & the
cha cterized in that the coating |ayer
i G %ﬁﬂﬂzﬁt%ﬁnfébeStEB SINTh¥ hﬁhhoaaaé ckarﬁ@dlar

i rsmrfe@‘ tibe ¢ps2eedi R thel A 'EQ)atGJ?ﬁf a%?ékz%' B3t o
t ture I'S chosen SO as

tgﬁ}ncfgg%eg%%th oatlyg?f 3&etﬁ@p&ﬁBF8ﬁﬂﬁp|Gﬁpéépth

30 6. The nethod as clainmed in the preceding claim

h h f ti . .
racers ars) erhBar t8b Gl 8 0 £B8% hb%ediny eritha i,
bé@%ééﬁtﬁﬁézeﬁnﬁﬂanthitohhdewﬁﬁeaoeﬁf|almnﬂtdﬂa@he wafer

meheki al n@fudde dtayféaQ@VbB% hLLpegul a ggf ayer
th ci ent " of af%

t | antati on _35 dep coeffi coa
ngﬁgﬁp |E§)lr¥89?ﬁérnﬁﬁﬁ6ﬂcgs claimed in one of the
pr ecedi ng clalns characterized in that, during the

cqatin te the coatlng | ayer |s produced SO
a§ to gléquﬁgp ayer © ab@%ﬂe3§hrF§@e the preceding

claims, characterized in that the implantation is
carried out so as to pass through the layer having an

irregular surface.

4, The method as claimed in one of the preceding
claims, characterized in that the coating layer is

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 ehoice of coating material (s)
is made so0 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).

7. The method as claimed in one of the preceding

claims, characterized in that, during the coating step,
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8. The method as clainmed in one of the preceding
claims, characterized, in that, during the coating
step, a treatnment of the surfiace of the coating |ayer

'S akpl ut e clainmed in the .
prgggdfzﬁg%gflgi Y 8o o PR AT S A TR 40 TBnis layer
trdabheht $Y4rE@fanari zation treatnent. 10. The

nmet hod as clainmed in the preceding claim .

cq?ract rized.in that sajd treatnent includes a 15

po

i shi g of& -8 on2s 11 RedredRodoBe Q% B¢ | Rremeding

ofcldvianpr eclealit gk e el BidTEin ctieiBCt @it zef the tES IR step,
rogen and/ or

i npl ' is. -carried out with h )
hen%)i 3%1%3%81%‘5 Fhe WSt hodt A8°g é%neﬁg?n G619 rhever is
predadiaty ouwll-ai ms, characterized in that the aim of

the inplantation is to forma zone of maxi mum

concentration of the inplanted species that ‘
carr esp&fds "eshadneake impsd zgme. the., Fhecedimopd @saim,

Clotiared tieh 10Rel ah tHHQ tPrRGeHING a 14l TBis %hj?ﬂ%%f%££§§ion

in that a SmartCut(r) process is carried o .
tﬁéeﬁﬁgﬁgﬁtation. 30 14. The nmethod as clained in one

of the preceding clains, characterized in that the

| ayer ' havi .an Jirregul ar surface_is made
o?ﬁéneeg n?%§£h$%II%ﬁM SQH%W%ﬁw al's: thf ariffedgng claim,
AtNaragseporgdr ystal | tlmet si baddn. treatment includes a

polishing operation.

11. 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
claims, 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.,

. 13. The method as claimed in one of the preceding
claims, characterized in that a Smartcut® process 1is

carried out after the implantation.

14. The method 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, 513Ng, AlN,

polycrystalline silicon.




