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| MPLANTATI ON THROUGH AN Y mFRFACE The present

i nvention relates to th 'L*J‘ Ii f 5 wafers nmde

of w&es 665 pb S hesen from sef duct ors, meNaaAd4/001826

159159+ . :
for applications in electroni ¢¥"  microelectronics and

. optoel ectronics. Mdre precisely, the invention rel ates
.to a nethod of 10 inplantation in a wafer conprising
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at | east one layer having an irregul ar surface, said
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It is known to carry out inplantation nmethods in

wafers 15 of materials chosen from sem conductors in

ortiee tpresdhai niveenicn effeldtses 2k Fortlexanptesntuignt of
esi | et ed ne, d.n
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Smart Cut (r) process wll be 25 found in

"Silicon-On-1nsul ator Technol ogy: Materials to VLSI",
2ndofei pirecie ldeanth® einheeftliongere patds shed dymethod of
Kl uwe adeni c ,Pub] i R e_aim
islTBi%ﬁg%gécg %@af%néggé%nggpﬁ§?ﬁgﬂ83 %ihi%%%gsgﬁgflayer
t heawaher apf drmeguise swtface t heatdntopilaptagion passing

S ! 0 a1hd & rally desirable for
sg?%Lég % ?%Pgeffggﬁféé£b§§?§$ﬂg'approxinately in the

same plane. 35 Mdre generally, in many inplantation
appti €8t kABen tb casrgesutalimplimtearion adtHdies in wafers

. o b ot . g :
BEEMALAAD AL Pl MO AL oooRegheR co
r egotaindvariobat ebhecwst h

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

(U] ' ]
The SmartCut process thus employs such an implantation
for creating a weakened zone.

A general description of the Smartcut’ process will be
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
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.

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
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- 2 the sane inplantation depth beneath the nean

| evel of the wafer surface. However, inplantation
through an irregular surface 5 disturbs the
uniformty of the depth of inpglantation of these
species. This effect is illusfrated in figure 1. 10
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substrate 11 on which the Iayer 12 lies. 15 1t should
und@&%{gfd oyﬁ?%QﬁEaEbgnteEﬂk héﬁegﬁharlr§% a%8" Istuirface

ood in text to nean surface
r ndigreves nele vaubeENiEBughnEbs éﬁeta ol &ﬁ\@rhatn)gtatlon of
oregdss sbadiasval ue of the order of a few Angstrons.
20 In contrast, in the present text a surface wll be
said to be regular if its roughness is less than this
varies Offéct sid olhbusted tddchuseidgimees surface 120 is
irregular 25 in character, the inplantation depth
(represented by the line 13) is also irregular. This
cofsist Gigyra dhdwsierteso the | nplantateken opft fpecies in

i nyephirl t0g akhewuahe éhnayeér aivwask mE&eaﬁfalevsa{rmhg an
object, the invention 8 S ﬁ ngthod of

i MBI 2 HnSHREACGAt B Srp FREPHERaPAFESE Ghe fbstrate
| ayeromavhigh athé r1£get ar2 suiéace, said inplantation
passi ng through said irregular surface, characterized

in that the nethod includes, prior to the inplantation
stEp, shetlep ibe wpcdnted doukr egbhtr e f doemi s ‘doategilar

Wi L b8, comat i BY A8 s ddoOr A48T thPs! ReK®ASS thHE€an 3 surface
having an rms (root mean square) roughness and a
planarity greater than 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



uniformty of the inplantation depth. O her aspects,
obj ects and advantages of the invention w/ll| becone
apparent on reading the foll ow ng 5 description of the
i nvention given with referencsn t he appended

drawi ngs, in which, apart fromfigure 1 that has

. alyreerhragn SOt ath 1t 1idn e, il lustrates the
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ef fect of producing a coating layer, prior to
i npl antation, on the uniformty 10 of inplantation
demther é.sgem:tesS shoesteesumid sadfargiaggsaitebnshe invention

il r at I I t
st of NPTy CRRESEoBF 1 h8 cont B M yer: Had. ap pyinS
p|mrm1m of tHhe é@aﬁnﬁgomamvelanwlm FefeFenae to

' S‘tl?e 053pRn3RAW deawveg sl f fier apeash | Napaikl apféhi Elgure 1
depth coefficients of various rm erials for hydrogen

i nphathtRAS TR rReeN FRIMRSREGET ™0 t hat i ncl udes
a | ayar 22fi@rdayi hylastirateguthe sfifane dﬁOpmndacing a

e S o TR PR oT ok AbBY5558058R. ', che gty
meyf fomp eatrpt o edeptele; of CVD di anond, of Si 3N4, of

AIN or, of @ Polycsyst alHduae mai'@éh@ks SUC@E as s:.mulatlons
especi aI I y pol ycrystal | | ne silicon. 30 _Such materials

arel FeRigFAt IRF ~ SIS IeH Ry BdusdPcaln dMpdaditation
ofddneh SEX €hel thaekDesknafl aitoy )cdatping f Dayeexanpl ef the

to_ J ove the th condu r ties of
SL&#I{?S AYF 2 OB tﬁﬁ;afl Ié)% ji.‘:‘Eg "T’lgab rgéto nmake the
i nsul at i onfigyee 4 oissachmpkafshmegftbm SifZefwhcss in

t NERIRl e SONGHCTe :ﬁttrffs%%%%'l%ﬁtére o0ty s Diat¥-ials

one ‘or nore mate t hat possess a high thernal
cofrchydregen simplartakio®dnd or Si3N4. - 4

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

This figure shows that a layer 25 covers the irregular

surface 220.

The layer 22 may for example be made of CVD diamond, of
Sis;N,, of AlN or of a polycrystalline material, such as

especially polycrystalline silicon.

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.

It 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

conductivity, such as diamond or Si;N,.



Layers of such materials are generally obtained by

epi taxy. However, the surface of such epilayers is
irregular. 5 The material of the layer 22 is typically
a material that has a high_ frdness (for exanple in
the case of dianond) or is tricky to polish uniformy

. as it is heterogeneous (exanple of polycrystalline
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- materials) 10 anﬁ cong uently difficult .t.o pg
%! %15&

i PAY&ETE aPLt oSUBfanB?f e R BT i AN A
c&ghwwxwateﬂbabvkwn whheh strfate debi reathe B@llayers iS
dﬁ §$ far as possible any | osses 15 of
erl he | ayer 22 may have been obtai ned by
dep05|t|on on the plane surface of the layer 21 of

thgSURst LAl £1 Q;f20cr%cma§seow i 08 &wlfcamgxwlnate@lal

carrled out usi chem cal va or deposi ti on
t &%t s Qﬂéﬁnﬂaﬁﬁnﬁ ? ntl&Q@To xRS ¢ K Iﬁfer%ﬁﬁ

| Rilaneref)or er aid ayericiyoseoswdlaich 22Aifereeyt arml it is

| b t 25 mh th f
e B P03 VB | BEREL Rl AR et Lat10
t raeudsm:nqmweexquy hdi fEécuilteda Heol Helposkt dd | g§ReTRY to

1dhfacte itself plane. 30 In the nmethod of
Eﬁlenentatlon of the invention shown in this figure,

the wafer 20 is a nultilayer wafer conposed of a
Pl qi&ﬁwlcafla;ayft Sméy Nbkhias ceasaAy |n&yt&l'r182]2 for which it
i t_ shoul d.

b I
TR 9 TR GBI BRI P RORE R (3 TV ondr, osses

orafermatt@maﬂry out uniform inplantation in a
nonol ayer wafer having an irregular surface, or even

within a |ayer haV|ng an irregular - 5
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 is 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




surface and lying on or in a multilayer wafer.
Returning to the nethod of inplenentation of the
invention illustrated in figure 2, the wafer 20 thus 5
i ncl udes, beneath the |layer 22, a layer 21 called the
substrate. In this nmethod of inplenenting the

1 nyePtaes, andelyingl amted i on 4 snehrilegevutataras to
. pass through the 10 | ayer 22 having an irregul ar
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surface, in order to form in the thickness Qf t he
substumEn®l, ta zbhe 28etbodr eofiondimpdementhsipnxi »fm the

Coﬂ‘f-@é‘ﬁiféﬁOﬂlqhstt'}%teid”g%xggtf%@u%%e@i,esthé5w Bet 20 thus

coati ng Tayer has been a to the wafer 20 before

i nprahedes onbenpaphr ttheul kayex n23, ndy Ysir otiiceglpgd the
deposit+Hfe of the material of the coating | ayer 25.

20 I't should be noted that the surface 250 of the

coating layer 25 is plane. This nmay be achieved in

parhi cthibs hyetdssd yiol) dimplemert itreatthent iofveirtion, the
Su{r{;ﬁf ng%t(_)ionsu%Q %atxrrq.%tdrremt MRy %.Fuscd +é’9etﬁrough the
planarization reatment, for exanple involving a

polawew n2 opeYiRgoAn Joregulay Ber§ach.i ADf pgdes o form,
that thee ZoNgidddSs MSH oY € @it altd han the zome 23
13 in figure 1. The fact of having coated the,
ir??ﬁﬁﬁ%ﬁk% RcetBf FRE MaFIMUB2 GPPRCRTEAYEPThafing the
a phplhentsed fasecidef ore 35 the inplantation step

means in fact that this inplantation can then be

carried out wwth an inplantation depth of

subsiantdadting neyeed hasi flogent pddeds twitbhe twefer 20

(x%gfggec%%§¥§ﬁ%éggbﬁ;meakened zone corresponding to
t he zone

aving a maxi mum concentration of
i npl anted species, a regular weakened zone 23 may
t hei ebak-e iba1arodugets byayMmdeanpabiGBed by 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 out with an
implantation depth of substantially improved

uniformity.



5 while carrying out this inplantation through a |ayer
22 of irreqgqular surface. This operation may be
advant ageous, especially within the context of

i npl ementing the invention fop carrying out a
SmartCut (r) process. 0 10 The 1 nvention may thus be

. Cafi{dierh outhwi t Rightddie cont extreat iagSnat t Gueékened zone
~process. In_this gase, after the %érpl ntation the
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f FPHRETRPHA M st &Fs aF2€ caPPEd o ondieng Bf Jaximum
stedhenetrd toi dheosurimpdean2ed; sifecickst achnerpudhrt keakened
sub ate, 21 i 23 EO | v ;

trze%#ren o#%ettprggégggff a%% t usdl?&c)%%at d %irqpptlﬁnstatlon'
zovel P8 carpping enburbial sBPhankaRiPBnERTPHAR Pn il 22

case ititpegRPasi bl gurbgtere tiaibondoperat@onnsemaya be
thin electrically |nsulag)tsing film bet n the s rfe}:ce £
2RAVIRPIFRUS i f FRIRFCIDE hi Ve be np|9°§#eed‘ ot
f oimpkem@heily tkheoshtvengien fekechrirydngy dutsud aSmamgtCut
film- for exanple made of SiO2 - on the surface 250.

| PEUEH R case, the conbination of the | ayer 25 and

the 30 additional filminposed thereon may be |ikened

topf Qe i:‘fx?@r?ti,{kgn' %Y%{) g ahvemeptined JJH Nwithin  the
insulating 111 mmy be ,deposited before inplantation
orcPPEe kP ng FREEELHE 3BYPRETSi s1BI FBAAy CHPEseMEtST the

¥C§M§ﬁ?§f&?§dmfﬁﬁ@ B@D}o&ﬂngST@hnasuégstiwé Sarriddisut :
ilmthen for art of ¢ ayer 2 see_jin i
ogar of e BidRad bt st ErendY o Thd Girtded iy,
gener ad , tdetzchamemy dhHyehe 2Subsyraoms2stimftize zone 23;

plusrgl ity of layers of different materials. This

aspect .
. optionally, treatment of the free surface thus

created in this zone 23.

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

and the stiffener.

This may be accomplished for example by depositing an
electrically insulating film - for example made of
Si0O, - on the surface 250.

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

coating layer.

The abovementioned thin insulating film wmay be
deposited before implantation on the coating material
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).



will be discussed later in the text. 5 In the
application of the invention enploying a SmartCut"”
process, the substrate 21 nmay be nade of
single-crystal silicon. This y also be the case for
ot her applications of the invention. 10 The

. inmargtea{ém may hise caatmgl aldyen t l2shyslaggetonangt orof a
.he um._ This s i n art L the cas
ALY UIVFES PholARGAEERG AGekracdryTnis aspect
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prmz:laBsbeldfsogm&& laﬁenstxmttdmtth@cteffect on the

local 0 15 inplantation depth of the thickness of the
coating layer and of the planarization of this .

coEt i nghe ayéppliﬁaé}lpalyeroé) eptis entBVERBIOR QuPTPAEHENT 2

| ngph ARt &ldOnpreeRdist | Offe tdigod R @t 2t omaglepﬁ@ made of
thr%H%P a coatln 20 | aye 5 and thr gh a

STFTYT e 8L 160k adBLs i ( ROSOnbEKIdls BRes for
Subshent fplli ddthibses sefteenceseddjor2, 25
corresponding to the various layers illustrated in
figure 2). 25 These results cone from sinul ati ons
pefior netplgntateiompmaahe Igantiese Skl atlitdns hydrogen
t%&ﬁaﬁrhailnﬁ\d trﬂﬁschﬁéa%e Zﬁﬁﬁﬁ&ﬁrstﬂgl @astd if the

crystal silicon; the |ayer d the charactesristics
of IR Hoton Ja%d*?%sf%r%“%%%ﬁﬂﬁ}é‘a“% 3 RNt h&FRESS -

an |rregular surface (the carbon corresponding to

di anmond aver_25 was cQ d of L wo ers:
I‘al%‘i”f chn IJ?;\He1 5t e%%es“c?teat oh t he |erc$tegul ar sure%/acé‘ocal
oflrtwear@taa:tbmnl aegrtIP2 oft hehei r thjoknessi est ofthehi soating

thlﬁi foéﬂc?scpp%ﬂg;iihafi%ﬁr?’ 3P dbs V@éé@ﬂ?%cfﬁ

nesses I n various sinulations)
Si 2 | ayer coating the silicon |ayer.

This layer represents, for four local implantation
conditions, the implantation depth 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 various

layers illustrated in figure 2).

These results come from simulations performed by the

Applicant.

In these simulations:

. the layer 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



The four sinmulations shown in figure 3 correspond to
four hydrogen inplantation conditions: 5 case 1
corresponds to a carbon thickness of 2000 Angstronms,
coated with 2000 angstrons of  silicon and 1000
Angstroms of SiQ2. In this case, the inplantation

. depth in the sid isa@) DhybhecsdbshgatBe2dilisonlIfyer.
. Angstrons; 10 case 2 corresponds to a carbon
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t hi ckness of 1000 angstrons, coated with 2000
amg&trﬁaarofsjsﬁulamironsandhmﬁﬁo J'Angétigume 8f S espend to

t Hn%@{ QD s d.he silicon of
t hrEeoshsISb Cﬁ%%ﬁll Angstr orrs 15 case 3
correSpond@ﬁ% la @@rrﬂ'@ﬁplqmd@kné@s af caulRn Afduickaess  of

Cord Rl a&&gsttzi&x@ Aeaat;éamioci‘h SQbDQOEngéﬁQroﬂqQObe silicon
Angstrons of this case, the rrE antation
1

deétftth |H°Pﬂeé§HF Eeﬁlsof %he Sifatratid 21tPEE oHpPe,  the
Al’hg!%ilfa}l’ﬁ?atnaﬁd aéptna&a A 1001 § £5pecas off 0 thecashiostrate 21
thic rﬁoe;noé %} OOO Angstrons, coated with 1000

t 9% Con “and 1000 Angstronms of SIiQ2. In
this ease, catsh?e 2 i pglraespongs dept hai reatkoni [thigkngfss of

thﬁ)(?d"%{gﬁleon?sl béa%ggs Wgst hegs. aggsuroﬁgo%fj B€1icon

poi nted out that the inplantation conditions (dose,
er?éfcby 180¢. f‘naﬁér?ﬁ“é sdtke i FiPre Bur EhBdEs. %"”E’F‘e' the
a[rﬁfelﬂ:tcmldiépshrahe theugbeicoh efff ees: substrate 21

fII‘St r W|th an irregular surface, when
aﬁn%lga% %}g pI ace through the surface of |ayer

22 that hasa.sin 3 rrc@gmﬁpiqnﬁsanuot hao_ugetrl@pm:oa:thﬂ«tgcness of
'aé/cfd n?sthﬁoéﬂgﬁ v?{tﬁ h%o%r Eﬁﬁét}?%@t SoP”snlcon
thi's ace eilrre ayer S

cﬁncbnl QOOPeBﬂﬁéﬁé’@ﬂleutO veﬁlﬁagm fliréd tiFhﬁs |%aser the

P14l Ingﬁtaz%a@@mr? QYpERMAA idMk C3EScdnand ZhahsGhsEHRYE 21
fference of 1623 Aglgstrorrs in the
1s 2383 ngstroms,
. case 4 corresponds to a carbon thickness of
1000 angstroms, coated with 1000 angstroms of silicon
and 1000 angstroms of Si0,. 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:

o 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 angstroms in the
implantation depth, starting from an initial



I mpl antation depth, starting froman initial - 9

di fference of 1000 Angstrons in the thickness of the
carbon | ayer and > by conparing cases 3 and 4, which
shows a difference of 1482 anstronB inthe 5

i npl antation depth, starting froman initia

. di fferencqigfekPeAngst N idnddtardmy cknesshe othtibkness
. carpon | a secon in the case in I C
bon | yeftr he dlé’élﬁ h whi ch,
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starting W PP dRYETs @ ace of the |ayer 22,
by pl anaridzi ngy 1@orﬁﬂs&rnm§1t cagekagerarkd 4 he wiliifcher sinmes  a

in inpl amﬁtff%'}e th i verylgﬁ) %@%P&rﬁé’ redyged; he

> conpari ng -cases and thus™i
di f f er encamplagtiarion) degshronstarting frAm a@rat isatial

depth, st afslffG-drcem afdllfd‘oeef @ag;%t%n@‘ 100G rangshhi eRBess
in the t hi ckness of the 2. Conparing cases 2

and 3 cor PdsFSFdSHHR lﬁ%ﬁatl on in which the silicon
| ayer ot hatsecem@lyi,buiresthe faasd nint kaickat i siataimy with

25 hasg I na d f d Ltign t ' :
ST oBer aRiel, AR REIS58 ORRLL20, Oy BRamhBaing
t e | kbastingt e!aayme b?éner-hte ofligterence plignaimpdansation

| agfid {eiGhP A diel ok A, O T i ze the

erence in inplantation depth that are
gener at ed ’by CORPFINGeARES ? n2PAi Skriddds of LiRgtrates a

| ayer 22, dﬁ.fﬂ@x@ﬂﬁd zedfcoacbnng | s pArdnded @y  in  the
advant ageo @Z:rlou' d. al t hat

Hy :
possi bl e, S TR 13 gF?gEmgP&%o%t%o'glg]ference
i mpl enent |orfg 100D |angaﬁnans i theathickueps ohethe layer

thi Cknessfz%f t8 %QP% NQals@Lera 23l ¥akhe %s BhRkS to a

on the wa consequence to, se Ive

adapt theﬁlr\'afblaéﬁtoé’tldfﬂ d@’p’tqfhfo‘?h? hesbld%‘fa%%e ép.yer that
further |ReRaSPMtds o forming the coating layer 25 has

been planarized before deposition of the SiO;
layer that coats it. Comparing these two cases
thus illustrates the Dbenefit 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 1layer 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 1locally adapt the thickness of the
coating layer 25 at various points on the wafer, so as
as a consequence to 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
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35 uniformty. This |ocal adaptation of the thickness
of the coating |ayer 25 nay be achi eved while
depositing this |ayer, or by subsequent treatnments
(sel ective chem cal etching or planarization
etc.). The inplenentation ofjf%e i nvention has been
dicelelpmghrwaﬁﬁ_dre,f egtence to figure 3 for coating with
a layer 25 5 based on Si and Si02. As will now be
seen, the nature of the material (s) used for this
c(EHé nimp hgwenvayiahsofhihe admveﬁtlimndeaenbeene discussed
di e I a N ,t
4 11T e e ntilet (R R BhR 2, e O TR ) T 28
/¥Qﬁﬂ¢dﬂﬁﬂ;ﬂkﬁ4ﬁﬁi$ﬁpﬂhe y-axis) as a function of the
i npl ant ati on energy (|nplantat|on energy in keV,

plotted on the x-axis) for dro gﬁsgglantaﬁlon 3
i D Wkt oY et ePPERs. tﬁﬁl FPE r8fsﬁ &L use
t hos athisnMalaatialg obayepndiali crsso t heveeam influence on

|l ant A ¢ QL glent h i fifef e ACCR Al ddie nature of

he |np material may thus be
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These differences in inplantation depth coefficient
%%is figure shows that, for the same implantation
conditions, the mean implantation depth differs

according to the nature of the implanted material.

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

Figure 4 thus illustrates that the following materials
may be classified in 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,;

. Si;

. germanium;

. carbon (diamond) ;
) aluminum oxide.

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




advant ageously be exploited wthin the context of the
invention. This is because the Applicant has
denonstrated that it - 11 is possible to further
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with a layer 25 made of one nore materials, in
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dlfferences in thickness of the layer 22. 15 In this
case, an "overall layer" nmade up of the superposition
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i mpl antation depth coefficient of the irregular |ayer
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Hiyis ¢Y§¥¢¢&0b§Y991926 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 implantation
depth coefficient of the irregular 1layer 22 to be

coated.

The abovementioned “average” may be weighted by the
respective thicknesses of the various layers making up
the layer 25.



CLAIMS 1. A nethod of inplantation in a wafer
conprising at |east one |ayer having an irregul ar
surface, said 5 inplantation passing through said

!rﬁ(fg%ﬂ@g/m.f%:e, characterjzed in thatpctllyg-mtot;%o]_ezs
udes,

i nc prior to the inplantation step, a step in

. Which said irregular surface is coated with a coating
~layer in order to increase the uniformty of the
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i mpl antation depth. 10 2. HiAIM8 hod as clained in the
preceding claim characterized in that the wafer is a
mul tilayer wafer that includes at |east one substrate
art- said maybed piviimplantatiegulidt JuvpheE. CPPPEISTRE at
Mef ok asorkd ai Tk N IREI R e ARAGRAING wifiive, said

characterized in that the 1nplantatign is carried out
sOMBRIAREFHEQD { RARTING hERFRVER n3R1Ng Hr eI r¥gulshr tace.
SWHaEfc t &0i Zed The tkdbotdhasmethodedntiudas, obrtibe to the

pre [ .0 cl ai haracterjzed in t .coati
I alyrge?epé%tga%le%gsi eeoé: ‘on E_gaisg"rélér gﬁiu[ grﬂg%hr f %%el?o %g}%.guj‘ar
Theunfaded iss epatadd Witlone ofcahingr d@dithgincl @rder to

chaf@cd £4d z@gk i dhifGimite JateHe GhpldiecLOadd Ndepth,
material (s) is chosen so as to increase the uniformty
of the inplantation depth. 30 6. The nethod as cl ai ned

i hnz; he nlfi@cmmwl alsm _cllalm)éac_teni zgdei phdwddide claim,
chaice of cpatin er i S s_made so_as, t
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coe ent of the coating material (s). 7. The nethod
as clainmed in one of the preceding clains,
chay act e zekthod hak, €ldimedt i ceakl ngfsStitle preceding

claims, characterized in that the implantation 1is
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 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).

7. The method as claimed in one of the preceding
claims, characterized in that, during the coating step,




- 13 the coating layer is produced so as to give this
| ayer a plane surface. 8. The nethod as clained in
one of the preceding 5 clainms, characterized in that,
during the coating step, a treatnent of the surface of
the coating layer is carri'ed”out. 9. The method as

cl@aidredod pihber ayecednprdaricdd sk aharacyevezedikn layer

that said treatnent is a pl anari zation treatnent. 10.
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THe REAHMOFES 2F%i med in the preceding claim
characterized in that said treatnent includes a 15

pol i shi operatiopn, 11 t.hod c i"‘%‘xjei Mol I-WF
oféthe %?eecgn(%t%ﬁgd)c. Si rr%}gﬁ%ggcl{}griog%d %ﬁ t hat ?.)he ding
i npladmist | oparactenizeé@dinuthaki hduydrggéheas@psing step,

hel iy _eat%%r%z: ofhe et kod rageCl 8 MGhd NcoReifl tIwyer is
preceding clains, characterized in that the aim of
t eary ftation is to forma zone of nmaxinmum

concentration of the inplanted species that

correspaonds tq.a akened_.25 zope. . T no :

cl irregﬁ?% &Fgub?aﬂfl’?‘g nggé&eﬁlg ngl atlzlérr%, Eggﬁiea%neg%tmeq? i 2%2 .
i nchdned ctaeSheed Clm (thapr ssédstireatwanti éd¢ eutrlampsarization

th&%{@}l&%ati on. 30 14. The nethod as clained in one
of the preceding clains, characterized in that the

| ayer of material having an irregular surface is nmade
ofi®ne Mhet heetHod | @W ng1mmeni akf: ehanpihced N, claim,

ALIN, 35 polvycrystalli ili ) .
g%aracté&i%ééy in éﬁéé sggg 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 is

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, Si;Ng, AlN,

polycrystalline silicon.



