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{57) Abstract: The invention concerns a method for obtaining a

. self-supported thin film made of a semiconductor material, sup-

porting at Jeast an electronic component and/or circuit (3) one of

its surfaces, from a wafer (1) of said material, the latter includ-

ing a front side (2), supporting or designed to support at least an

electronic component andfor circuit (3) and a rear side (4°). Said

methiod is characterised in that it comprises steps which consist

in: a) implanting atomic species inside said wafer (1), from its

rear side (4, 4°), so as lo obtain a weakened zone (5) delimiting 2

- AN front part (6) extending from said front side (2) to said weakened

: l zone (5) and a rear part (7) formed by the rest of the wafer (1);

1 ' d) removing said rear part (7), the front part (6); repeating, if re-

3 quired, steps a) and b) on the rear side of said front part (6) until

4 : I . . the fatter has the desired thickness for forming said self-supported
Ihin film.’
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(57) Abrégé : L'invention concemne un procédé d’cbiention d'une couche mince auto-portée d°un matériau semi-conducteur; sup-

portant au moins un composant et/ou circuit électronigue (3) sur une de ses faces, A partir d"une plaquette (1) dudit matérian, celle-ci

présentant une face avant (2), supportant ou destinée supporter au moins un composant etfou circuit électronique (3) et une face

arriére (4°). Ce procédé est remarguable en ce qu'il comprend les étapes consistant 4 : a) implanter des espaces atomiques & I'inté-

rieur de ladite plaquetie (1}, depuis sa face arrigre (4, 4°), de facon A obtenir une zone de framhsanon (5) délimitani une partie avant
(6) s*étendant de ladite face avant (2} 4 ladite zone de fragilisation (5) et une partie arriére (7) formée du reste de la plaquette (1),

3 b) délacher ladite partie arrigre (7), la partie avant (6), ¢) répéter, si nécessaire, les tapes a) el b) sur Ja face arriere de ladite partie
avani (6) jusgu'a ce que celle-ci présente |'épaisséur désirée pour conslituer lad:lc couche mince aulo—porlee )
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Februaryf232 detection. An example is a bus or metro ticket that
can validate passage for one person remote from a

transceiver station. :

25 - The advantage of using.an SOI type‘substrate is that
the power consumed by components deposited on its surface
ig much less than the power consumed by components made
on a layer of silicon. Thus for egqual power, an increase

~ in operating range is obtained.

30 ' By coupling the advantages provided by components’
produced on a silicon on insulator substrate with the use
of the thinnest possible active layers, it is possiﬁle to

 obtain a product - for example a ticket - with enhanced
'sensitivity and for which the mechanical resistance to
-35__ external stresses is very greatly improved.
Currently, the thickness of thin films before
. embedding (i.e. fixing the chip on the plastics card




1 A METHOD OF OBTAI NI NG A SELF- SUPPORTED THI N SEM CONDUCTOR LAYER FOR
ELECTRONI C CI RCU TS The present invention relates to a nethod of obtaining
a self-supported thin layer of a sem conductor materi al .6Felstqpqmos i ng or
for supporting at |east one electronic conponent and/or circuit. In
certain fields of electronics, optics., optoelectronics, or sensors,

t echni cal advances have pushed nmanufacturers towards the fabrication of
thinner 10. and thinner |ayers provided with el ectronic conponents and
circuits.. In the particular field of smart cards, there is a need for

. themto b aet hi.nper i aner, thus l.exible since they will then
be nore t%fgggﬁt tho@?f %glg) %)n@épl gLr?. %{iﬂ tcl)]tet'ueorr Wor s£ 4= (S:fbl‘hré 2
def or mat i BRCronREeHEre fl exible the thin layer, the greater the

- possibility of rReogduehid gtlel ikl tof drade FHRNILRE JN W dialdsd adi o
frequency t ge aglecatlons, an integrated circuit carried _on the front
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face of a
subst% at efase cofiphedubstazatent enea thepradiec @pporiiae td remulet ection. An
exanpl e ig : r i .t hat. n_val i dat e passage for. one person
: renDte'fr%%?%?y?%gﬁsgg%v§%g§§g§%5%.%?gp%%gn§EVant ﬁg %%Hﬁ%ﬁ%?e%?fﬁ] type
~ subst r at 3% i¢@t ouk heypeaehavdaslimabrby iconpeiagt & deydesiered on its

.surface {grimeingpssndfer bjecReneEatoRsLaRE Dy icoMRANGRLS "R On a
' Iayer'ofi§|llcon. Thus, for equal gomer,-an ilncreasé _in operating. range is
- obt ai ned. PHFBYTR ubT | KPR SdTRAPAGEC AP i dedPE d6¥FETeREE  produced
on di | idurs avbtansed avbthsabshiakaenist hnt bheusengef com@rtikiednest possi bl e

Wth enhaNaaiped 88 mPORSNELEs D AP Sl F2B' AR T Ahek EeBERIRE D | %58
- ext ernal atheessdiigh yelyngreeedyctipnoved. Currently, the thickness of
thin filnms beforerRMbeddf N fémts  hivbXhDgehh9 BBER RAgLNeLPl astics card
6 Februag&ég%githin layers with a final thickness of less than
15 100 pum. However, manufacturers have come up against
problems regarding yield, because of the large number of
defective parts obtained, especially due to notches orxr
- cleavage of the wafers. The émart card field is one of
the fields in electronics in which costs have to be as
20 low as possible and because of this fact, vield logses of
a few percent or even a few tenths of a percent cannot be
tolerated. o | .
However, because of the predicted future development
of smart cards, it would be desirable to produce self-
25  supported thin layérs or thin wafers with a thickness of
clogse to 30 um, and Supporting.electronic components
and/or circuits.
The prior art discloses known methods of producing
self-supported layers with thickness close to a few tens
30  of micrometers. '
' | Buropean patent. EP-A-0 849 788 describes a method of
fabricating a semiconductive article in which the surface
of a monocrystalline.silicon substrate is rendered
‘porous, then a layer of non-porous silicon with the
35 desired thickness of the active layer is grown
~ epitaxially on that porous layer. A porous, and thus
weakened, layer is thus obtained, buried between two non-




2 acting as the support) is of the order of one hundred mcronmeters. The
techni que used to obtain this range of thickness <consists in carrying out
a thinning operation on the rear 5 face of a substrate, 6iFesguariives f ace
opposite to that supporting the electronic conponents. That thinning is
carried out by nechani cal abrasion using a grinder (grinding) and/or by
chem cal attack using an acid (one teghnique is known as spin-etching).
"Thin layers are 10 thus obtained with a thickness in the range conprised
between 80 mcronmeters (pm and 120 pm That technique allows high vol une

product i oOBorbukalisiaticdf 1kl s MY & d Al HeRE Bde: don phf&in thin
| ayers with_a %!na t hi ckness of | ess than, 15 10Q Am However,
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this Pact°t§i Ehg rebesdver fidog éwdpé?l@@ﬂﬁlnﬁ theestadiewt dterofata percent

cannot bethéobak'@hedla}?‘@\ﬁ?V%hd kel seleddiaPadintiiRE faff Wie Wryel opment
of smart cardail be de5|é able tq pEPduce self 2 sup orted thin
| ayers or*THF tﬁoﬁoPﬁl RAELs 3 PECEYES HO5F supporting

eIectroniprodupenehEstrandbocompbnemts ofiheher et iaet 1diveadt ages known
et hods Oé%PiBQHC%ﬂgchSEQE ngggﬁ%egué%XQE%thr‘th'Ck”eSS close to a few

. tens m cronet ers ur opean A-0 849 788 descri bes a net hod
of #%brlcatlh6359§6ﬁﬂéﬁﬂaﬂct bétamﬁﬁbpé CATERI b eHeinstf pmeblemsa

nonocr yst@dhheet &é | w_c@n fénest;uamtys okenger %Q'KBQEQH!%n]gt {yﬁn ﬁoinayer | of
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' ‘equipment and introduces the poséibility of metal

15 contamination.
' | Further, that method necessitates the fabrication of
a specific substrate prior to producihg the electronic
components, which means that component production method
has to be significantly modified. Thus, it is not

20 generaliy desirable for reasons of cost.

- Techniques for obtaining thin layers are also known,
based on thé.method known under the trade name “Smart-
cut”, which is well known to the skilled person.

All theses techniques for obtaining thin layers

25 involve implanting atomic species in the front face of
the substrate or wafer, i.e. the face carrying or
intended to carry electronic components. '

French document FR-A-2 747 506.discloses a method of

~implantating ions that generate gas micro-bubbles on_the
- 30 front face of the substrate after fabricating the
electronic components.

However, implanting ions through electrically active
layers constituting electronic components can create
defects which render such components unusable.

35 FR-A-2 758 907 claims to overcome that problem by
masking sensitive active zones and then producing a




3 porous silicon layers. The active surface silicon |ayer can then be
treated to deposit additional |ayers thereon, for exanple doped | ayers,
then an adhesive filmis applied to that stack of | ayers.c#bmaytops after
peeling off the adhesive filmand breaking the stack of l|ayers at the
parous | ayer, and then subsequent elimpation of the residue of that

. porous layer, it becones possible to produce electronic conponents on the
‘active layer of silicon which can be self-supported. 10 Unfortunately,

(that methogs £o0REs HloRdaLBAL BEORLEMReEONNAELEGM ! Rilhe iidldd Y of the

. crystalline silicon, layer Torned on 't porous l|ayer and produci ng
the porou<e®}ipe ol fhierltptadarrrynoBEqui res unusual equi pnent and

introduces the pssiby|itx-Atampigl g% gepbasi pabtedr ELGon thpt net hod
" necessitatgs the f brlcatéon of a specifig¢c substrate prior to producing

the el ect rgit CTLEhPBHERREIONAT APFEENL t ALECEBRPSReFOMREEHE i on et hod,
has t & be dysfhirictceon | y Tei heelod Thusclosedsthere2l generiaitlsy idesirabl e

for reaso t i i t bj ayer. re _al so known,
based on ?%gg#g%%%dmﬂ%g%ﬁgunﬁ%raéﬁétg?éggﬂngﬁ% Egéggt¥gg%tgfeﬁhich is well
known to eIt RPHRLHe MPrierting relaatyeRicl 6PMEBRERRSN@T hi n

Ia;t;er's Z&Hdl\mimee figd Anthedg c?iﬁfﬁéuﬁélﬁﬁi&&tiﬁ &:Q@r}%ﬁ t ohhace of the
substrat e Jor er... i-.e.t face carrying or intended to carry

el ectroni S%é:@%é“ﬁ% £t %rl%%g%”db(cl‘tﬂ?ﬁﬁ FR-A-2 747 506 discloses a nethod of
i npl &At ati ng | Hewenveat, ddredr atedlyas mequricrdmibihespoodtbeiofOofrant face of
the subst bake 34lChutAY G WA I & | BHdu il GHPOLEDL Brofuever .
i mpl anting”ions through electrically &active yers cons |?u_|ng_electron|c
conponent SCERRNENE S e Whdsthe 1Y Wisiteh thatddihe rdmpengehehabrigatashe. 35

FR- A- 2 758e983dchaikntct @Jeom@@arf&cﬁmtl%pwmemé& Mgk NPs SEHEI Li ve active
0

zones andgthen.pgguuelngaAad B YALALH cost.

15 The aim of an embodiment of the invention is to
overcome the problems mentioned above and to obtain a
self-supported layer carrying electronic compornents
and/or circuits, i.e., a layer that is less than 30 um

- thick.
20 - To this end, one aspect of the invention concerns a
' method of thinning a wafer made of semiconductor _
material, the wafer having a first face termed the "front
face" supportiﬁg - or for supporting — at least one

_ electronic component and/or-circuit and an opposing face,

25 ~ termed the "rear face", characterised in that it comprises
steps consisting in: | '

- a) implanting atomic species in the interior of said
wafer from its rear face, to obtain a zone of
weakness defining a front portion extending from

Cag said front face of said zone of weakness and a
rear portion formed by the remainder of the wafer;
b) removing said rear portion from said front.
portion, to thin the wafer; and
.¢c} repeating steps a) and b) on the rear face of said

: 35 front portion until said front




" that the conponent fahric

di sconti nuous zone of weakness. However, that nmethod remmins difficult to
‘carry out. Finally, FR A-2 748 851 offers another solution to the problem
nmenti oned above of electronic conponent 5. dysfunction. Toebami bmwd

di scl-osed therein consists in carrying out ion inplantation on the front
face of a substrate prior to fabricating el ectronic conponents on the
sanme face, then only subsequently carrﬁi ng out detachnment of the thin

| ayer; 10 ' However, that method requirées the production of a specific

substrate prior to producing the electronic conponents, which nmay nean
hod has e significantly nodified.

Do 1 Q%isor\} e L0 ﬁn IRk St g

Thi's is not genePsHy HostFabt 4o 12 oI GFIREE FOT5 CPRE LAtMEdP%an
enbodi nent of theai agehtsopposteéd tlowercopert he probl ens. nentioned above
and to obtain apself : Jlay Tyin t i C nents
.and/or cir cui,g{:léi #%g?&%@?g%gg}%ﬁaﬁfigﬁﬁﬁ e%,%‘p%htgin&gdﬁ %21 f‘?rﬁﬂ%ﬁoﬂgo To this.
~end, one BSP&LLLSE Hh@RtRAGHt TN cheerfsina highhpdedtist kbasi agea waf er
rr?de &f _fsamffmnduazt @o dBii a#i.tli her vt %r@awéaﬁn@?ﬁééstw&@ﬁau}terned the
"front L. supporti - .qQr r._supporting -- -at t .one. electronic

. corrpone'ntﬁgﬁé}lér B@i fn((:)ﬁi:}t%yant an c')epcézolgcg cf%%g?oﬁ%mfegﬁﬁlf’ﬁgmpear face",

' char act erPggbofinorhproducdng @ seecidtiepsvaiersi sas ngasnofapni whkant i ng

atom c spggggsihnthgegﬂtcﬁ:r ifgf of said 30 35 wafer fromits rear face, to
obtain a zone weakness defining a front portion extending from said

f
front face of éﬁhﬁrzGﬂéfaﬁ’fta\ﬂé'éﬂk‘ﬁe?éltaﬁ’d?rh'hﬁ%E'Htﬁ)r‘t?]il%ﬁa‘FE?ﬁéﬁt%?St he
reneldiderobf thbeinabation) rtalkev adosai by af qibimcisem sabdakront
portion, fcgldi&ifg.the waf er; and c) repeating steps a) and b) on the rear
“face of sai ront portion until said front 6 February 2006 5
* prior to any first implantation step a), the

method consists in thinning said wafer by a
mechanical and/or chemical thinning method carried
15 . out on the rear face;
' e it consists in producing at least one electronic
| component and/or circuit on the front face of said
wafer, prior to any first implantation step;

. : * -the step of removing the rear portion is carried
20 out by applying a heat treatment and/or applying
external mechanical.strésses;

. the step of removing the rear portion is carried
out by blowing a jet of fluid; |

_ « the step of remo#ing-the rear portion is carried
25  out by.scrubbingr -

* the step of removing the rear portion is carried
out by applying a stiffener to the rear face of
said wafer, then applying a heat treatment and/or

o "external mechanical stresses to said stiffener;
30 -~ *» "the stiffener is applied by deposition;
¢ the stiffener is a layer of silicon oxide;
.« the stiffener is a rigid plate;
e the rigid plate is formed from monocrystalline or
_ polyecrystalline silicon, or from glass;
35 - . the stiffener is a flexible film;
e the stiffener is an adhesive film;
s the stiffener is a lafér of wax; '




portion has the desired thickness for constituting a self-supported thin
| ayer. The characteristics of the invention may render it possible to
obtain thin layers in high yields that are difficult to s®mdy2ossth prior
- art techniques, wthout having to nodify the el ectronic conponent
~fabrication mnmethod or producing a specific wafer, as was often the case
in the prior art. OQther advantageous byt non-Iiniting characteristics 10.
of the-invention, taken alone or in conbination, are as follows: + prior
to . any first inplantation step a), the nmethod consists in thinning said

. wafer by a mechapirGalr ad/ie Grp G dé&éwhmg r@&@%&ﬁfﬁb@éléﬁ oyt on
the rear. face; 20 5f%o i t consi st.s, | UC|é£% east gne electronlc

conponent and/ or @%rcw%?<ﬁ1ﬁﬁu?ﬁﬁ%ﬁﬁ Ferot pPRof to any
“first |nplantat|owa§8§pand15&;@ﬂsﬂ1ﬁﬁenernnﬂrmpmdmede@ft@mrhaamngs carried

out by appl¥ing acheali kPP 13U Mo ALY iy Sid Lol mechani cal

stresses t he steE renoving t portion is carried out by blow ng
a jet®of fluid®thBesWBbesT iFefouimeg theom edrl poimtion is carried out by

scrubbing  the st epe Qﬁf‘a@‘”@.‘élwdlﬁﬁdcﬂﬁrorp%ﬂéﬂrhﬂ&%féﬁd out by

I tiff to.th f d waf t h heat
[ el ot and/ ¢r TR BRART ABCRARACEE (AL ds T Shal ATITORE. ihe

st!ffener i's apprEGMbQEﬁmgasumhoan aﬂﬂayﬂnﬁfsmﬂﬂcan;andeg&xmaﬂluml|con
oxide;  + the sti f(ggn@é)l Ssi‘lﬁbghdc@rﬁtlﬁe tg'%ﬂlr Nel) %x‘%é{fdé 55{&?{;@9 from |

nmonogcrystal line or [1'ne silicdn> or fron1 ass

stlf:f%ner is a flaék?gP]ﬁﬁﬁ rGifnP)thaaét1|1HIbﬁ'értr|1§ear£ e ST @ ¥ymiFum
nitride (AIN).

Other characteristics and advantages of the
invention become apparent from the following description
. of three preferred implementations of the invention,

15 given by way of non-limiting illustrative examples. This
description is made with reference to the accompanying
drawings in which: ,

¢ Figures 1 to 6 are diagrams illustrating the
different successive steps of a first
"f20 ‘ ' implementation of the method of the invention;
| e Figures 7 to 12 are diagrams illustrating the
different successive steps of a second
1mplementat10n of the method of the 1nvent10n,
_ .'and ' ,
25 : e Figures 13 to 17 are diagrams illustrating the
successive steps of a third implementation'of
- the method of the invention;
» Figures 18 to 21 are diagrams illustrating the
. successive steps of a variation of the method.

30 It should be noted that in the three implementations
of the method of the invention described, the first two
steps (illustrated respectively in Figures 1 and 2 for
the first implementation, 7 and 8 for the second
implementation and 13 and 14 for the third

35 implementation) are identical. As a result, they are
‘described in detail only for the first implementation.




Hecet\/ﬁbatsﬁ'aﬁﬂpﬂe?}’éiﬁfqﬂs a Iayer of wax; 6 February 2006 6 prior to the step of
detaching the rear portion, a stlffener Is applied to the front. face of
said wafer and said stiffener is renoved after having ehtgidaemhod he
sel f-supported thin layer; 10 the wafer is forned fromsilicon; the wafer
Is a silicon on insulator wafer; the wafer is produced froma materi al
sel ected from germanium an al I oy of silicon and germanium (Si-.Ge),
silicon carbide, gallium arsenide, indium phosphide (InP), galliumnitride
(GN) or alum num nitride (ALN). OQher characteristics and advant ages of

- the invention becone apparent fromthe follow ng description of three
preferred inpl BvgW¥at foR8BF EhwaitRvedt hewings agifiar hypdaporfam- i niting

i|lustrata V@afméﬂptﬁé “fiabﬁt da&ém @hp@&ﬁt&n@dedﬂd ted o @‘L@i;ﬂﬁﬁﬁﬂg) the
acconpanyi n ures [ trating

anyi V\%‘g Ny t o are dia rath |II
the differ es8fve-steps &F 5 NPPEFWZ'O% CEméntatto net hod
of the i rﬁ/emq:@nql ofpgaing Plavai2 face di, agreanmsd Itrkmtrraiamgfadﬁ!' different -

succegsi ve Ste@ﬁeOéefmse@@ggtrbﬁﬁbeg%&?gﬁgﬁg ahgl/e Bthag of 1

invention; and 25 Figures 13 to @%rams |IIustrat|ngt
successi VSt PP LR @Y hPF APRKBLEHBNt REPEHCEE SLREGRMIOPH! t he | nventi on;

Fi gures I&tacidiralr eeﬂéﬁgﬁan?rébb!ﬁéﬁr gfhlghgth@eaﬁﬁ@@e@sddﬁl@tr%os of a
vari ation u e no t in the three

i npl ement ac%fl%&bem?gt hglﬁ% oPé ﬁgvﬁﬁ$3nﬁpo§%3e ?Lﬁclgg&’mﬁ?e' first two
steps (i |dRisteat efepm‘e@bectroallysu nokEi genesrlfdrdd2,f emd megef i r st

| npherentationa iy apd &éOElémsSSSQOQEFHEQL:%ﬁet %&19%&% bAand 14 for

“the third 35 irrplerrentatlon) are result, they are
. - semiconductors.

The expression “supporting - or for supporting - at
least one electronic component and/or circuit” means that
said componegt(s) and/or circuit{(sg) have either already

15 been prxoduced on the front face 2 of said wafer 1 prior
to commencing the steps of the method of the invention,
or will subsequently be produced, but on said front face

2, while all of the other steps of the method of the
invention will be carried ocut on the opposing face termed

20 the “rear face”. 7 o

| For simplification, in the remainder of the
descripticn {(and as shown in the figures), we have
elected to describe the case in which the components
and/or circuits 3 have been pfoduéed on the wafer 1 prior

25 to carrying out the various thinning steps of the method

_ of the invention. | '

It should be noted that in prior art methods in
which the components 3 are produced after thinning, they
have been produced on the front face 2.

30 The wafer 1 is produced from a semiconductor _
material, which can be monocrystalline, polycrystalline
or amorphous, in particular from a silicon-based
material. _

Said silicon can be solid, or it can be obtained by

35 epitaxial growth on a substrate,

Said wafer 1 can also be a “silicon on insulator”

- wafer, i.e., comprising a thin layer of insulator (for




described in detail only for the first inplenmentation. Received at: 7:01PM
2/ 23/ 2004 6 February 2006 7 Figure 1 shows a wafer 1 having a first planar
face 2 terned the "front face" supporting - or for suppatebigy 2l | east one
el ectronic conponent and/or circuit 3, and a second opposing planar face
4, terned the "rear face". The*term"eg]ectronic conponent and/or circuit"”
means any conpletely or partially proddced structure or structural el enent
prepared with the aimof producing components, circuits and devices in.the

el ectroni tic o) el ec ni ¢ or .sensor fields, and nore 10
genoral 1y S AR itertlachittten Gr ACCeam CoRaGERors. The
expr essi oR-a¥p Ut tWingrh tdhe folecuppoici nijrcust iteasthedeasteeat r onic

conponent saikHatd It dng MBANS hd@hansaht SOBPOPENt (§hcANd/ Rk eSkr cUi t(S)
have either already 13 bé%n roducgda%m the front facg Eﬁog séF%kmafer 1
prior to o ﬁﬁ'ttl”h?sﬁ Bt t¥RITet hod. of the invention, or will

. subseguent|y bdrproduceihting, aaihivhfsont dacealdo MBI beoahteaf the ot her
- steps of t . _t-h i nvent i i1l _be carried o on_the opposi ng
face ter n‘gfg% Wg‘é [&%g:a%{lé%r %%c%?%o&%#ﬂﬁﬁﬂ?%’a‘”bn?ﬁ ?\fi‘ﬁ% Pemai nder of

+ the descPlpticon @ gssmaAwm i (BiRe)fi guileon weataide, ejatl ddmt 0
- descri be. bhgesase,i Andveh JHREHIARONEGHUS | @H’jﬁurﬁ'ﬁﬂ&iée?’(@%ﬁfﬁ been
|

produced on tEe waf er 1 pr.ior to carrying out- the various thinning steps
of . the nBEhBdYWGPYHALEAFES iGN+ shoul d be noted that in prior art
met heds in whiSehdt wafeanpodents favateirpiredl et iedetdi tHidlg, (dhey have

sem condusfor“nBler; 3 20, hiiS ekt A Ridngken SHEIR vt il ne o
amor phousisi APPHEL 7861 #m £hamka -si Mhaen- Isaded wafmerl als 18 dshsdvm con can
. be solid,tersthieannbgightai ned by 35 epitaxial growh on a substrate,
The rear face 4 of said wafer 1 is then thinned
15 employing one of the con#entional wmethods meﬁtioned
above, i.e. mechanical abrasion aﬁd/or chemical acid
attack, as shown symbolically by arrow A. It would also
be possible to thin down by plasma etching. The rear
- face 4 is the face which does not carry electronic
20" -components. ‘ ' '
The thinned wafer illustrated in figure 2 is
obtained with thickness in the range 80 pgm to 120 um, or
even 50 pm. | | -
7 The rear face of said thinﬁed wafer carries
25 reference numeral 4°. .
This step is adVantagecus in that it can remove a
large quantity of material cheaply using a technique that
is well known to the skilled person and in routine use. ‘
However, it can only be continued until a thin layer of
30 © the desired thickness is obtained since, as explained
| above, it results in large reduction in yield.
Continuing this method beyond thicknesses of S0 um -
 mentioned above greatly increases the risk of wafer
. rupture or notching. _
35 Furthermore, the thickness obtained, in particular
 after chemical etching, is no longer homogeneous .




Said wafer | can also be a "silicon on insulator” wafer, i.e., conprising
a thin layer of insulator (for 6 February 2006 exanple silicon oxide)
inserted between an active silicon |layer on which the el&gehkg@Pr@sCircuit
is etched and a substrate acting as a mechanical support. Such a wafer is
known by the acronym"sot". 5 In a vari®ation, said wafer 1 can al so be
produced froma material selected fromgermanium an alloy of silicon and
germanium (Si -Ge), silicon carbide, -gallium arsenide, indium phosphide

(I nP), gal | i umfvnttice tGaN), mﬁchdmuwaﬂnmhdmniﬂg YAl drinddngai d wafer 1 is

~afew hun%@%@ o QBtALG tRAK 4 88y Al ﬁ@g%@mrﬁ 200, 1 %5' met er ('m?

di anet er l.icon wafer 1s about 725 pm sai d waf er I S not
shown to § 8ty dappaed - 'WR%QQ%&SfQﬂﬁFQPE#aékﬁdwhﬁmeﬁpﬂr®%0bh@ﬁ t hi nned

15 enpl oyichg dieadf dhiekmweentional nethods nmentioned above, i.e.
mechapi cal abr asi nd/ che cal at.t ac homm synbolically by
B o33 s ostt sl o bt by Ya

arrow A It wou d be AN Bt ching. The rear
face 4 |s9eherhady wititalrkesk snaqust aramr;glaf et r o qamplmwnetm:s afThe

t hi nned nater céhh%&ifatvﬁféﬂ %rrfdlg.urt@ql%lie s oG- Al did i gypess 10 the

range 80 é g or _even sal’d Thinned wafer
carries 28551 Fﬁréﬁcé FGRCHion 1“TH%§W§R%¥|%P4uﬁhﬁﬂa§éd%s inthat it can
renove a rédugeiqunanhi theofarenl ehiaal ccheap! )bdlﬁ_iﬂligbcﬁ B;,eq:mm ddw@t  is

wel | 1gnown to ﬁ?gFéé Ilgg RELSAY ?pd |%ﬁ%PE%E$$ %ﬁn Ho ver it can only

-be contlnued un thin rayer S is obtained
since, asmeshiaiaad anfdes, Ch.emefglll tainmingr @:apaduadthemt in yield.

Cont i nui rmmwag@wgdf%moaﬁ ERbakResaes vqfe@%l dahove greatly

i ncr eases_ t e risk of wafer rupture.or nofching. ur ernore; the
t hi ckness®™ t%?%e%UbFﬁqBEPFl@EFHrOfaﬂﬂéﬂaﬁﬁéﬁﬂtéﬁcﬁﬂ§hﬁﬂ@cha§ no | onger

honogeneausuld be carried out directly on the rear face 4 of the
15 ‘ﬁon-thinned wafer 1.
_ The third step of the method shown in Figure 3
consists in implanting atomic species (arrows I) in the
interior of said wafer 1, to obtain a'zone of weakness 5
or a zone for the appearance of defects, at a depth close
20  to the mean implantation depth P for said atomic species.
In accordance with a fundamental characteristic of
the invention, said implantation is carried out from the
rear face 4' (or 4 if the wafer has not been thinned in
_ advance) '
35 . The term “atomic species 1mp1antat10n” means any
bombardment of atomic species, molecular or ion, capable
‘of introducing said species into a material with a
maximum concentration of said species in said material,
_ that maximum being located at a depth that is determined
30 with respect to the bombarded surface. The molecular or
ion atomic species are introduced into the material with
energy that is also distributed about a makimum.
Implanting atomic species into the material can be
carried out, for example, using an ion beam implanter or
: 35, a plasma immersion implanter.
' Preferably, said implantation is accomplished by ion
‘bombardment. This consists in an ion implantation step




6 February 2006 9 Further still, mechanical thinning by grinding |eaves a
surface zone a fewmcrons thick that is slightly damaged - which is
unaccept abl e when approaching the final thickness. 5 Fi natebiary2doker
chem cal attack, the wafer is generally attacked nore strongly at its
periphery than at its center. Wen sred| thicknesses are reached, this
results in a reduction in dianeter and thus in a reduction in the area
t hat can be occupi ed by conponents. 10 However, it should be noted that
- this firstumschamical @nel/wrarhsdealf tthanrafestepis avdabardeadvant ageous
froman e m VARILeTY Nl e S

I mpl ant i ng&g?loﬁi\%?mslpéem eséfé oul ?%‘B carr |%’da%}gefé%|?%éét y on t%eﬁjfeear face 4
of the = 152axeng@ls msd wdiekium, \AROLhilyEiep cofend) mstddydFeg@ii n
Figure 3 gﬁ@nSIt%Jk%ri R MRt aixori.lrp c‘iﬁﬁﬁ.x%?t:i(&{ J s didedttethe interior
of sapd wafer bt ai n zor%ﬁ1 akneji ﬁﬁ% a zo e for the
appearanc&°Bf 8$f S i & gt ion depth P
for said a&anlaosp@@natraﬂmmnadEgﬂﬁance mnth a fundanental characteristic
of the.invent d dypl I I f %%ﬁ: ear face 4
«(or 4 if the hg%v%?s né’it‘épbgr«[,}l%l t"|%niane Q%Cr ance ﬁl%g? t};erm"atomc
-speci es |ﬁﬁP§h?§tPénh¥ﬁ§§m§naﬁ}°n@bnbardnent of atom ¢ species, nolecul ar

~or ion, capabl eheOkokat wfdu;@am&e%@l 4 tpee q% Ifdirined WRifEIHed avth a

maxi ncepntration of sai eci.es in s mat eri al t hat i mum bei ng
oratla cbrethtrtihar s EiEERPRRITos BNt MR DY e Horkis ded
sur f ace. Whéennleeutandung E@nmathﬁlfrspﬂcfegeamesumpantnngj|nto t he

material dbhfongheco LB abag dishebiked 2ot 4 g | Pl anti ng

atoni c speclies | nto terial can carri e or exarrpl e, usi ng an
i on beamPeHF ARk e¥ Sprmsé EYpFEt@rrﬁeTﬂﬁfﬁ@Fi?F-’oﬁ’fl ﬁalalnﬁ@rferprleferabl y, said

i npl antation ishacenspbiysbedthy iAplanesBacdeRAl. sPRicSe@ONsi sts in an ion
';Irnﬂfgﬂéué(%ggéfges the mean species implantation depth P,
calculated from the surface of the rear face 4’', while
the mean implanted dose allows the quantity of structural
defects formed at that depth P to be detexrmined. The
skilled person will adjust these two parameters as a
20 conseguence. The expression “mean depth P” means that it
does not have a single value, but can have several
similar values. _
In the implementation shown in Figure 3, high energy
. implantation is used, i.e. carried out at about 1 mega-
25  electron-volt (MeV). :
' By way of illustrative.example, with such an
implantation energy and by implanting monoatomic ﬁydrogen
jinto'a silicon wafer in a suitable dose (of the order of -
10* hydrogen atoms, for example), it is possible to
30 obtain an implantation depth of about 15 um.

' | Equipment for accomplishing such an implantation
energy currently exists. In Japan, for example, the
Japan Atomic Energy Research Institute (JAERI) has
déveloped and used a hydrogen implanter in the 1 MeV

35 enérgy range with the specific'property of retaining a
charge state of -1 for hydrogen ions (H~ ions). For




6 February 2006 10 during which the rear race of the wafer | is bonbarded
Wi th atom c species. Preferably, these are selected from rare gas ions
(helium neon, krypton, xenon) and hydrogen gas, taken idwves@ladoson or in
conmbi nation, to create a 5 zone of weakness 5 in the volune of the
substrate at a nean ion penetration th. However, the inplanted atomc
species preferably consist of hydrogen al one. The zone of weakness 5 that
"is formed defines a 10 front portion 6 corresponding to the upper portion

of the I eﬁgﬁﬂgiﬂg fL.om Eﬂﬁz rti onents 3 to
~said zong%% WEEkness ar éﬁéﬁ%ﬁ $1$%£@85A ?gggfnder of
sai d waf efOF. ergardifor gipast %ﬂu%mﬂﬁﬁﬁﬁﬂﬁﬁpﬁuﬁﬁﬁﬁgzpe%| 58 @gvdeternlnes t he

mean speCIes | Mlea R AdRuARPdEdPs dﬁﬂgﬂgEﬁéﬁhéd(ﬂgﬁ$ﬁhsyﬁface of the rear

face 4', ile Ian d do al |.ows t uantlt of structural
~defects f Fﬁgﬁegtqtﬁggpg%p Qﬁqﬁ*ﬂﬁi e%&l? Eh* B%r on wll

adj us® t hefethweo wadeanat.er s as a 20 consequence. The expreSS|on "mean depth

-P" neans that kf, %%ei"%gﬁ S%SIS%QJ ye%lf"ﬁ)qf\f% ve sever al

simlar values. In th atlon omn i |gh ener gy

< i npl ant at FBAEES1g8EdY Fhé-Ckcm ied %Uttf@ ayautef] WOIZ%O@FeCt ron-vol t
(MeV). BylﬁggrofllglgsEbgﬁhhg-gxwm@yé wth such an inplantation energy

and by i npl anti a dr.o |nto |co mafe in a suitable
dose. (of the o#geP Sof Be %bﬁ€&%88e%%5Wb rk% { P¥ possible to
30 ob@alnapplympgaheatluMedemEhtohndUautb@Sapphylﬂguﬂxnﬁrmanr

acconpl i o8 ﬁyegla tk liaatation energy currently exists. In Japan, for
. exanpl e, %H% a Japan to%?c nergy Research Institute (JAERI) has devel oped

and used a hydﬁ‘l%@npmﬁnaﬁ@@p ﬁ¥ﬁﬁémfnrveva95b@;1@|cgspmﬁéﬁ@wth t he
speci fic @i@]@@ftyomélyehﬁﬂéknﬁhé aehabge ot guppfyinty forsthidipgen ions (H

' lons) Iq%hermefrﬁgég EO gy heating the wafer 1 to a temperature
15 sufficient to cause detachment {arrows S, see Figure 6)
of the two portions 6 and 7 of the wafer, or solely by
applying external mechanical stresses with no heat
treatment. - 7
In a variation, detachment can also be accomplished -
20 by means of an external mechanical stress applied'during
' or after the heat treatment step. ' |
_ Applying a mechanical stress may consist in applylng
a bending and/or tensile stress, or applying shear to the
7 two portions 6 and 7, or introducing a blade or a jet of
25  a fluid (liquid or gas), which may be continuous or may
vary with time, at the inteiface of the layers to be
detached.
Ultrasound can also be applled
The source of the external mechanical stresses can
30 also be electrical energy (application of an
' electrostatic or an electromagnetic field).
Stresses derived from heat energy may originate from
applying an electromagnetic field, an electron beam,
" thermoelectric heating, a cryogenic fluid, a super-cooled
35 fluid, etc.




11 helium International patent application WO A-00/61841, for exanple,
uses an inplantation energy of 3.8 MeV. The subsequent steps of the nethod,
shown in Figures 4 and 5, consist in detaching the rear gestdrprwogd 5 of
‘the wafer 1. In the present case, saidipear portion 7 is sufficiently
thick to be in the formof a nonoblock layer, i.e., formng a whole. It is .
then detached fromthe front portion 6 by 10 applying heat treatnent :

and/or by appl yrRg £x68¢ r@&rtﬂ@ﬁh@nbﬁahlﬁé&eééﬁgumeespbe%lﬁei y,
-~ detachnent, can be, acconplshed either solely under the ?1& of suppl ying
~a sui-tabl e@Y¥Her T HudGRECKRGSReQT | AGCTRe3 RatBr 1TRdSat g‘raé(teﬁre 15

suffici entsuppmec@k@mémmtaﬁafoﬁmslﬁcume Figure 6) of the two
portions 6 and f Fqa O y [ |4 hani cal
stresses. with gn%é)hlé%%? 1\f‘@égt‘%ren £° ‘Lﬁﬂeil 5§¥?a?$g%¥ Q %né}%alcsan(&al so be
accond | i siiecFonCasesebire oFigiwrexé braml lhe@%nﬂ@dﬁr%’r eésyagppitived during
or after tdye éﬁﬁfoﬁf%é@ﬁrﬁé@@ t PRRLYEREs 8sHEERAR! EE' pebbgeg My consi st

in applyin ing and/or tensile siress shear to the two
 portrony Smt Fe A AV B ackL o 2o e S pRobsORLABRERTH | qut d or
- gas), Wwhi chirey :be ics0 ret ff theeo Les1 b romy tlvar:;/ea\rtfacterre at the interface of -

the layers to bﬂhanl ca t’fﬂ, ]}JI r@@gﬁg%%aﬂ? glgef)g gg{.n:lgﬂ Ig_gsgource of

t he external stresses can ri ca ener gy
(appiifcat iten Bt e £ EuRRITacht iandream drerthontignetnd trapgfertefesses

_derl ved fr&mﬁ&ﬁi c@ﬂ@f,gwm ﬂdsﬁii@i@ed rabp S| Y4 A8, apog! eabmhpragnet ic
field, an el.ectron ,beam er noel ect%]lf;: heatJ nlg_ a cr#‘genl c fluid, a
super - coof B PR3 EUHING C&r’c He? £+ BPtion 6 obt ai ned

'Constltutes a tIf khe thlckness removed i.e. the thlckness of the
_ rear portion 7, is insufficient, the steps of
15 - implantation and detachment illustrated in Figures 3, 4
and 5 are repeated on the rear face 4” of the front
portion 6 (or thin layer 6) until it has the desired
thickness, i.e. a thickness close to 30 pm.,
It should be noted that very high energy
20 implantation, i.e. beyond 1 MeV (for example S MeV) could
-~ increase the ion implantation depth P and remove a still
greater thickness of material.
‘By means of the method of the invention, it is
possible to thin the wafer 1 without detexriorating the
25 electronic components 3 when these components are present
‘ on the front face 2 prior to implanting.
| Further, by knowing the thickness of the orlglnal
- wafer .1 and by appropriate selection of the atomic
_ species implantation parameters, it becomes possible to
30 reduce the thickness of gaid wafer 1 in one or more
pagses by eliminating a pre-determined thickness to
prdducé, in a relatively accurate manner, the desired
final thickness for the layer 6. '
The method of the invention enables implantation
'35 units to be used in an optimum manner. In general, we
commence with thinning by high energy implantation to
remove a rear portion 7 of substantial thickness, then it




| ayer with a thickness of about 35 Fem This thin [ayer supports
conponents and/or circuits 3. The rear face 4" of said thin |ayer can be
polished 5 in sonme cases (see Figure 6) or it can under g@Fcauagronety of
- appropriate surface treatnents so that it beconmes conpletely planar.
However, flatness is not obligatory sifice it is after all only the rear
face. The thin |layer 6 obtained has sufficient thickness 10 to be

sel f-supported, and can then be cut and transferred chip by chip, to a

pl astici zegs sHppaida C@ﬂim;{,pan@%@gpé@-a ﬂ%ercahék?g ganrahsQet ake pl ace
e . e

hi ckness renpved, i.e t hi ckness of the rear

~prior to thinnng. |f
portion 7,S"i'52'1r5feﬁ'gtﬁ]?3r‘élf’éﬁs,'the steps of 15 inplantation and detachnment
il lustrated in Aigpoasd 3imzdl ereanih- 5t boe oBpelhd ededhotlhefr ear face 4" of the
front porthdideridhim thd e,;desired thickness,
i.e. a thf%Lness ol ose tp'ééP%gﬁéﬁ #%'%*%ﬁ#%gﬁz %gté “that very high energy
.20 i ®pl ant at i AW.94TR. 2 belOrF TRty therstemnpt elBPlenFiBguREOMifcr ease the
Eon |npla%;gqug(E%?{Féaaﬁﬁngﬁnaﬁh;téaf!fa¢gr@aigf_%ﬁécgﬁgﬁﬁegf Hater}al
y means o e nethod of.the inventiqn, it is_ possible fo thin the wafer
Y hout RAEE | G R (HFEosib Bt (o Ee b niRTerd <O8 WHErVARBSeD |
‘conponent Sharte hpreesert anrdady fbemt dlaomed)prior to inplanting. Further, by
knowt ng the ! hiygkien% Uaddi® sMlithitle 1AL - caPPfedVo@PPRORAGAI © Sel ect | on
an

of the atomic¢c species inp il on paraneters, 1t becones poSsible to 30
redudf t hémPRpgksass Wrets A% \argient vh okt elvresedatles by el i ninating

a pre-det gighroed sltirddiess t Chepriaglicmitdtich Idlatdyely Begyrate. nanner,
the_desireg final t%ickness f t.he 1ayer 6. Th nehgﬁgﬁgf the, invention
enabl es i MpPERt &0 8n %Wdtrse%{(&{ & qz??rér?"%prﬁ’ hner. In general,
we comrence WEblr timplrintgthiyrhi glefenerge isiphaid dt¢ omade toeoibwe a. rear
portion 7aBEv~éUBétsé?&kgc'iohhio%k%%s’fi%%n‘ﬂnggl%x{ee&ﬁ&@{dn?()% 13 is refined
by |nEIant|ng at ‘a [ower energy to renove )
_ 1 As an example, when implanting monocatomic hydrogen
into silicon at an implantation energy of 210 keV with an
implantation dose in the range 2 x 10'® to 10" monoatomic
hydrogen atoms per square centimetexr (cm?), a zone of
‘weakness 5 can be produced at an implantation depth P of
.20 . about 1.5 pm to 2 pm.
' Figures 10 and 11 illustrate the step of detaching
rear portion 7. o |
| In this range of small implantation thicknesses, the
_ rear portion 7 does not exfoliate, or only partially. It
25  does not have a homogeneous appearance. Blisters 10 are
formed and the rear portion 7 has the appearance of a '
_plurality of pieces of material (crumbs).
A shown in Figure 11, said rear portion‘T is then
detached, for example using a scrubber 11 or by‘spraying'
30 a jet of a fluid (for'exémple a jet of ligquid under
' pressure or a jet of gas, such as compressed air}. The
scrubber 11 used is, for example, a scrubber such as
those routinely used in microelectronics in association
with chemical-mechanical polishing steps (CMP). The term
35 *scrubbing” alsc encompasses ahy other equivalent
- technique that is known to.the skilled person that can




smal | er thickness. A second inplenentation of the nethod of the invention
Is illustrated in Figures 7 to 12. 5 Figure 9 illustrates the step of
implanting atomic species carried out on the rear face 4 Fedfard st hi nned
wafer (or even directly on the rear face 4 of the wafer 1 that has not i
al ready been thinned). In this case, inplantation is carried out using 10 g
inplanters that are currently routinely used in mcroelectronics. The

i mpl ant at lx@fhoﬁﬁéer};%!rﬂﬁzlé%'\/ arhd thhé’ﬂ' Sedds dof epatepised such as

ki | o- electr Its(%%%¥% For antatlon reference should be nade to
_the abov? 1W9m?f§ PShpl enentation. 15 As an exanpl e, when
i mpl anti ng mnmeomt@ﬁg/dxﬁ)gemplanﬁatmﬂ |aoh ddtarhmempt aof athenreaer gy of

210 kev wpbhedn H1PLANALO0 L0, ﬂé%g B4 Lnd0ip 10,401 " Mnoal om c

hydr o tons per ‘square centlne zone néss 5 can be
produged HEP&ALEApcanttds d??&i%pﬂ%ﬁ?q?‘ld’f of Zdi%mnq Borpien © wntilgures 10
and 1111 bue! 31E -GhppaieRiiidel A6yl sndhRl DGO T12 | othi s range of
- smal | |an§Etat|%? t hi cknesses, the rear portion does. not exfoliate, or
~only part 25 does not have a honpbgeneous appearance. Blisters 10
~are fornmed ana‘lgkwelseaﬁ frar tli7on 1l usksattiee sappeardniosp dmentphtiahi ty of

pi eces Ofofaﬁgé'@Eth&ﬁ”@&skheAlﬁg%Wﬁl&% Figure 11, said rear portion 7 is
then detache exanpl e using a Scrubber 11 or by spraying 30 a jet of
a f14Pd (for e¥BAPFESR Pdt loW PRgUHY aheEH pEResies cmplintationas, such
as CO”DreﬁﬁbdsarétedTmﬁ F&%ﬁ&EbQB 1t yeeehtiiall @6 @MW AIsd scrubber such
as those routi oe ectronlcs I n aSSOC|at|on wth

_chen1caj-%%%ﬂﬁh$%g lBoFF%ﬁFﬁﬁn %gp 18B%\) 7 -The term 35. "scrubbing" al so
~enconpasses anjfoehesaddquivplentatienhppguettivat, ias skndfertea t1e kil l ed

person t haty, ff‘é‘dfstgepfl Bka?080011a" CBRVELRALH,GLER kY Nr RURESS Of
mat eri al, such as I ng or using a scr
1 'rear face of the unthinne wafer)

Thelterm “application” means both application by
deposition, such as-spraying or chemical vapor deposition -
(CVD), and physical application consisting in placing a
rigid plate or a flexible film on said front face 2.

20 Such techniques are known to the skilled person.
| ' The rigid plate may be a glass plate or a
monocrystalline or polycrystalline silicon plate.

The flexible film may be a film formed fxom a
plastics material, or polytetrafluoroethyiene, trade mark

25 = “Teflon”, or an adhesive strip.

The stiffener can also be a layer of wax.

In the case of a deposit, it is advantageously a
layer of 51llcon oxide (Si0,), forx example.

_ When the stiffener 12 is a rigid plate or a flexlble
30 film, it can be bonded by molecular bonding or by
- eutectic bonding. In this case, the surface guality of
the rear surface of the substrate must be high, or it
must be polished.
Said stiffener 12 can also be bonded with an
35 adhesive. , , .
' It is then removed (see Figure 17) by applying
mechanical stresses (arrows S) or, when it is bonded, by



The steps of inplantation and detachnment of the rear portion 7,
illustrated in Figures 9, 10 and 11, are 5 repeated on the rear face 4" of
the front portion 6 until the self-supported thin |ayer exheuway 206 Fi gure 12

is obtained. Figures 13 to 17 illustrate a third inplenentation of the
met hod of the invention. 10 The step o¥5| ow energy atom c species
i nplantation illustrated in Figure 15 is identical to that just.

described in relation to Figure 9. After said inplantation operatl on, a
stiffener MI9aE HERATRRRY &-q 1R iipateddre rdiesie thonddagwateto(or t he

5 rear fate 4raffert i tﬁﬁlb;,nraaed:ry@ﬁﬁal tﬁf&ﬁﬁr{ﬁ " apRbing ah50oNg HEanS bot h
applicati Y, as Spra cheni cal va 03|t|on
(CVD), g&pfﬁy(gll%%% 5’1 c%ﬁ t}?yyd:r}?% AP arf ?Haﬁfgte or

f 1 exibl e pelivesw )sai d front face 2 20 Such techni ques are known to the
skilled personghelbgeiia@iidrd at r ogcrystalline
or pol ycr¥st alli r?ela?l i C(;Ln pl 3tlg é)% ex% %‘g%melnsgy :Ese @ ﬂ}n f or med
froma pFa% Pes TRRCEtES 2 @#“ﬁ?@llf{té‘f off [tidesetdy It rﬁqﬂadﬁa%rk” .25

"Tef l on", ofr tae fdbesi pexsmbnps Tioa- &tmfnf aR8ferC &) Qirﬁﬁlbel@ hayernof wax.

In the ca I.s_ad u er SI|ICOﬂ oxi de
(Si ), f%gsg%ga Qﬁﬁg%gsst HECEP; #2 ?‘gc ﬁgs%z? ﬁlﬁ% forl% flexible
30 film it caﬁlbélﬁlﬂndé’dgby‘em)ﬂéc&baﬂ1b0|idu$grarteb)a veutientien bwihdi ng. | n

thi sygaseghéhg ﬁH&Iia&E gHal i hyef he ;te rea rate must
~ be high, © olis gdi:logl ig %f’%#efra l%féfn %?ngseé bonded with

“an 35 ao‘?}%@#‘bﬁd F? FgetEEﬂnFe%G’@dz(?getpﬁgwﬁée}"?)"— by &8s/ inri omechani cal
st.resses tﬁartlcmsaﬁ):mﬂ)t spbeﬂest1mplbﬁﬂdeﬁionb}ét6p|:€€Eééal’éﬁg?iﬁ%ﬁ 11‘33 a heat

t r eat ment é t Lve ond| n t he waf er or by a
cheni cal ?rea é&}f&@ % \/\%Etéég I?ﬁ‘?t 5085 88e' bitlre' 18)1%5F chiar
the stiffener 9 is present when the rear portion 7 is

15 detached.

The description pertaining to the stiffener 12 is
also applicable to stiffener 9, and thus said stiffener
will not be described further.

Said stiffener 9 has the sole function of

20 temporarily facilitating manipulation of the front
' 'portion‘G obtained, in particular when the thinning
operations carried out on the rear face are repeated a
plurality of times.
_ Once the desired thlckness of the self-supported
25 . layer 6 has been obtalned that stiffener 9 can be
‘ removed using a suitable treatment, during the last step
of the method (see Figure 21). It can optionally be
removed after cutting and embedding the layer 6.
The thinning method that has been described -
30 (regardless of the selected implementation) has the
| advantage of being carried out on standard wafers which
are routinely used in micro-electronics, on‘which
electronic components and/or circuits are disposed using |
. the usual equipment. Thus, there is absolutely no need
35 to modify those prior steps of producing the wafer before
carrying out the method of the invention.




of f (dissolving the adhesive by the action of a suitable solvent). 5. The

operations illustrated in Figures 15, 16 and 17 can be repeated a
plurality of tines on the rear face 4" of the front portdm@pubyfoes thin
layer 6) until it has the desired thit&ness (step illustrated in Figures 6
or 12). Finally, Figures 18 to 21 illustrate a variation of 10 the nethod

of the invention, in which a stiffener 9. is. applied to the front face 2.
of the wafer 1Maig hwengwdlly, ttthishenatlond cis paopEscahpeanbashpn step (see
Fi gure 18 fi.er ( %e g so that the
o sti ffener)sélk%;tfg?gcegn%l\;\%}hi&\?t ]ijiﬁeéﬁ%%éte'?%né %é %&)lﬁed The _
descri pti GRTREREREH (P tidF s Heryit tFagrer 12 is also applicable to stiffener
9, and thus salsévsetn fﬁaa:rtgrcumﬁ lexiipIRgs des aidaskdnbsd hef . c1gai d stiffener 9
' hastges e nctlonlﬁ‘ hjrrpararllyfamlltatlng mani pul ation of the _
~ front porf“ 6 Bbt'Rimed Y PHETEd ar when the thinning operations
. carried out on the rear face are repeated a plurality of tinmes. Once the
desired thickness of the self-supported 25 |ayer 6 has been obtained, that
stiffener 9 can be renoved using a suitable treatnent, during the Iast
= step of the method (see Figure 215XAMPLEaR optionally be renpved after

- cutting and enheddinogriRedldder GilTked Wardina Meldwdn hat has been

descr jbed ar Ie of the.selected inplenentatjo t he advant age |
of bgpng %g%“% 9 g‘oﬁég’t ﬁ‘déc?l&c\%af ghée\ﬂﬁ ot rEe & rofth Hﬂ? Rised in '
m cro- el eeupn«nri;gd @ﬂiewmr@nicek:empmlmd:scmmUmntc&ra:w/m 3c,| rcuits are
di sposed Qﬁ&@ﬂweheeaU§H§Eteﬂ@bﬂgﬁﬁg all BUg th%%%ﬂf%atx%HfHﬁi no need 35

to nodify thosengrlor stegl uci ng bef ore ying out the -

‘met hod of StfR- i nehfi é<koteigerer aﬂarf?r REs thitshedtasingshl i cabl e to

any substrat eacatepi 8¢ Qmpnahemdgdﬁtolgﬁérwlghegﬁr@ﬂégg-%g@ﬁpgnﬁam onits
t

‘fr(”ESfagﬁésSEMgn Bg&%&ggloutexanghgsrggrtQacgE%hngO%a thinned

wafer using an implantation dose of 1.8 x 1017IF/Cm

Implantation was carried out at ambient temperature. The
mean implantation depth P was 15 um.
Heat stress was then applied to the wafer by heating
20 to 400°C, which allowed exfoliation of the rear portion 7
to a thickness of about 15 um. '
The thin layer & obtained was 35 um thick.
EXAMPLE 2
| The procedure was identical to that deséribed for
.25 _EXample 1, except that the heat treatment was carried out
 at 350°C and the rear portion 7, in the form of a
 continuous monoblock film, was removed'by tearing using
an adhesive strip (temporary stiffener).
_ The thin layer 6 obtained was 35 um thick.
30 EXAMPLE 3
| The prior thinning and implantation steps were
identical to those. described for Example 2,.excépt that
before the first mechanical and/or chemical thinning
- step, a stiffener 9 was deposited on the front face 2 of
35 - the wafer. This stiffener 9 was a Silicon'wafer bonded
by a 5 pym thick oxide layer, planarlzed prior to bondlng,
bonding belng accompllshed by wafer bonding.




dinvention will now be given. EXAMPLE | A nonocrystalline silicon wafer 1,
200 mMmin 10 dianeter and 725 jimthick, the front face 2 of which
supported el ectronic conponents and/or circuits 3, undergs@phap2o0bbr st
mechani cal and/or chem cal thinning step. A 50 Amthick thinned wafer was
thus obtained. A step of inplanting Hi17ons with an energy of 1 MeV 15.
was then carried out on the rear face 4' of said thinned wafer using an

i npl antation dose of 1.8 x 1017 H}/cnR. Inplantation was carried out at
~anbi ent tenper Sher ¢hithelaymars iolptaitel iveee diptgm elwbek 15 Am Heat stress
cwas then applied to the wafer by hgapipfle 40 to 400C, which allowed
exfoliation of the rear portion 7 to a thickness of about 15 Am The thin
| ayer G obt ai néd Ba§XBENG HsReat ek At ke fhe witde dele ee¥RePE M@t i cal to
"t hat descthlatdafEdlErZi‘leEXﬁﬂ‘nlcmll,arﬁi?ﬁﬁptcHdiﬁﬂcélha:mﬁﬁilﬂgﬁﬁaﬁkﬁ@mraﬂ@ﬁ carried

out §Oga§ngg gﬁlte rkporkgﬂ%ntatlon W%?\P %ﬁWﬁF%TR nt%%gfus monobl ock

film mas r enov an adhe
stlffeneryheTh@Pﬂﬁhﬁﬂmapa'G&&ﬂQXMWﬂajaﬁﬁsKEY¢Nﬂhdnmﬁan 30 EXANPLE 3 The

prior thi pRHAENRAE ; bgpb@gﬁglg) I escri bed
= for Exanplebz nfxcl?F 1, hat be?ﬁ%ﬁgf nwefﬁgi R@ﬁhanlca‘ﬁgﬁ%%%g%ﬁﬁgnlca

t hi nni ng Ls¥ep? Fif efRf BhGaRedbpbiribdcBh VA8 FREKLCHaOEE236f 35 the
waf er. Thasostiffener .9 was a S|I|con mafer bonded by a5 mthick oxide

| ay pl anazi bondi.n in acc | i shed by wafer
bongl[?\g 6 Feb%‘gg'fl§£ 8‘862"%‘? ?’E’ent% rllg Pug % %\g"es\%r Dt t hi ck.
EXAVPLE 4pdhtioBxAnpl e repeated Exanple 1, with the exception that after

mechani cal andfgs gfsatc@brmbansnabtgaaeaausg 33 Ja@s2 Am Lhi ck,
i npl antation meg | as npl antati on, the inplantation energy was 200 keV,
t he nmean e cyc of operatlons was repeated once more to

~obtain a thin layer 6 with a final thickness of 31 pum.
15 EXAMPLE 5
The prior thinning and implantation steps were
identical to those described for Example 1 with the
exception that after mechanical and/or chemical thinning,
the wafer 1 was 35 gm thick, the implantatien energy was
20 200 keV, the mean implantation depth P was 2 pm and the
| implantation dose was 1 x 10 H*/cuf.
Prior to implantation, a temporary stiffener 9
constituted by a glass platé was bonded to the front face
_ 2. Bonding was accomplished using a UV reversible
25 - adhesive.
After detaching the rear portion 7, the front
portion 6 obtained was 33 um thick.
The cycle of operations was repeated twice more to
_ obtain a thin layer 6 with a final thickness of 29 pm
30 after removing the stiffener 9, if necessary adding a new
stiffener 9 to the front face 2 between each cycle.
EXAMPLE 6
The prior thinning and implantation steps were
identical to those described for Example 1, with the
. 35 exception that after mechanical and/or chemical thinning,
the wafer 1 was 40 pum thick, the implantation energy was




I npl antation depth P was 2 pm the inplantation dose was 1 x 1017 H'/cnR
and the heat treatnent was carried out at 400C. 10 Scrubbing was then
carried out to renove the rear portion 7. The front por tdmsufy s ai ned was
33 Am thick. The cycle of operations wa § repeated once nore to obtain a
thin layer 6 with a final thickness of 31 pm 15 EXAMPLE 5 The pri or

thi nning and i nplantation steps were identical to those descri bed for

Exanpl e 1 g hede ¢ qﬁ@;ﬁogmgféﬁééikgﬁ FEBPA PoRear TOn B 8PE) s, 20 200

~ t hi nni ng, the waf er i an?at #Enérgy -was,
_keV, the ﬁﬂﬁﬂ%ﬁ%t‘i%\edé@?hlmwasl Dk Aed” ¢ he |rrpl antation dose was

1x 1017 K /g”ﬁ?uﬁfﬂ@f e 18| 291G Oftup Pah€IROOAT ¥rab) [ heBE fRener
constitu a s bo o the front Tace 2. Bonding was
acconplis e(ﬁ’%’é%fg:"h %v%rﬁ\gi?ﬁ% lglsa'é%lh‘@?vléon@@@eﬁ"od@%cﬁ?:ﬁ@tt he rear
porti &n 7 fagee Zr orBondiog iwae Gaadsmp heshedsuSdndnat iV ckevdheibyel e of
operatlongd S ikgpeated twice nore to obtain a thin layer 6 with a final

't hi ckness 29 pm 30 after renoving the stiffener 9, if necessary adding a
new sti ffener tey thekangrmtiare 2 Heifkererath eyeseltuAMPYER6 The

" prior thignesg @tildu:lerWaEmtlﬁrid?éa HEeRmaeFsar | e | Cagoh@ihdongsdescri bed

for Exanple 1 e 35 exc Il on that after. nmechani cal and/ or chem cal
t hi nni ng, cFﬁglp:%Id‘rs Af%ﬁd&%@iﬂfﬁﬁ"a{%#ﬂe@ ?‘éﬁ‘%ﬁ&%ﬁi on energy was 6

Febrd@ry 2006 I&e?i@alre\gortdi@mamasrrpjmn ate cirartiopd 1 P yesodedi by and t he
I npl ant at al: " Fur , t L ppl ant ati on
nmp iﬁErgaﬁé Wgsc b@La?&elt T abge/tc £ R Qg‘t[ ccﬂm}gﬁxo sé@eﬁté?ﬁ

step, a spiffener onstitu ag ass pla e front 5

- face 2. BRRBYRETwEDCatvonpIlicsite@ladiong 3 WG arrsidl evealtires Ve
' The self-supported layer 6 obtained was 30 pm thick.

EXAMPLE 7
15 A monecrystalline gilicon wafer 1, 200 mm in
diameter and a 725 pm thick, the front face 2 of which
supported electronic components and/or circuits 3,
-underwent a first mechanical and/or.chemical thinning
-~ .step. A thinned wafer with a thickness of 40 um was thus
20 'obtalned '
' A step of implanting H' ions with an energy of
750 keV was then carried out on the rear face 4’ using an
implantation dose of 1.3 x 10* H'/cm®. Implantation was
carried out at ambient temperature. The mean
25 | implahtation depth P was 10 um.
| Prior to the first mechanical and/or chemical
thinning step, a stiffener 9 was deposited on the front
“face 2 of the wafer. Said stiffener 9 was a silicon
_ wafer bonded via a 5 pm thick oxide layer, planarized
30 prior to bonding, bondlng being carried out by wafer
bonding. The st1ffener remained in place until the end
of the method and would be removed when the desired
thickness of layer 6 had been obtained.
Heat stress was then applied to the wafer by heating
35  to 400°C then scrubbing, which allowed exfoliation of the

rear portion 7.




- After inplantation, a stiffener 12 constituted by a glass plate was bonded

to the rear face. Bonding was. acconplished using a UV reversi bl e adhesive.

10 The rear portion 7 was then-nechanically renoved by isnt@ekmong a bl ade

or ajet of air or conpressed water be en the two glass plates at the

zone of weakness S. The sel f-supported Iayer 6 obtai ned was 30 mthick.

" EXAMPLE 7 15 A QcL lline.silLc dla ter and a
725 Amt hi ck, t@ﬂ ro%fmgaggrgl%? %‘i%eﬁal%%p‘tﬁt Z%S)e‘fr%cttktjo o nponent s

and/ or ci rcapnstit:uted a. selﬁﬂd'eppaented Iayst. nechani cal and/ or. cherri cal
~thinning step. Ajt n | S

obt ai ned. A step of Eh@ igél—%%%ﬁ%‘%ﬁt anéengrl%y o{g% "iémﬂ.]/ Was then
~carried out Qﬁm?ﬁefreﬁrstéééoﬂ using an inplantation dose of 1.3 x 1017

H+/ cng. sl npl ant alibRBvies i€akdhEd £Pdo abe PDLLMIL arP el ikhe nmean 25
i npl antation_depth P was i%g]r?P” r_to the first rrechan][cal d/ or

cheni cal ﬁFﬁWl ﬁgmi‘{:‘éﬁla e r NSRS e PR YIRY 9ont  face 2
of the waf esllsaoﬂ shdf @emanﬂmtva(;sm@) ) 1 €bhi covaf earibieteledyalilaivan 5 Am t hi ck

oxi.de |ayer r|z pri or o bond| bon beln arrled out by
waf er bondf}lﬁBelall ?H?lf hos ’dﬁ’an ﬂtﬁq? tcﬁ'e en 1" t he

et hod and murudee r'éh@vtedfameh Ctdnelil@lmecbe ta“nSﬂ&te(ﬁ;Lbedram 6 had been

~ obt ai negg. F@ﬁgu§5£g§ etéﬁﬁb 4ed to the wafer by heating 35 to 400C
then scrubbi ng, mhlc omed ext o |at|on of the rear portion 7. 19 6
February 2006 The front portion 6 obtained was 30 izmthick and :
‘constituted a self-supported layer. Iri the exanpl es described above, the:
wafer 1 was formed fromsilicon. 5 However, it would al so be possible to
produce. it .froma material selected fromgermanium an alloy of silicon
and germani um (Si Ge), silicon carbide, gallium '




arseni de, indium phosphide, galliumnitride or alumnum nitride. The wafer
1 could also be a SO (silicon on 10 insulator) type substrate. 20 6
February 2006 CLAIMS 1. A nethod of thinning a wafer madgreBhiary2006°

seni conductor material, the wafer having%a first.face - terned the "front
face" supporting -- or for supporting 5 at |east one el ectronic conponent
and/or circuit and an opposing facet terned the "rear face",

characteri zédA¥# S hat it conprises steps consisting in: a) inplanting

atoni c- species i m i@ hiodt el %i%i%gj d waeberf ro”}n'é&é Bifar face to obtain a
- 10 zone of: weakness defining a fronf portion extending fromsaid front face
of said zdn59ﬁlcqﬂéﬁf eLsmahgrdaleathBorpfer haviea Byfiket feeainder of

‘the wafer; rermedD Lheg “Sabatr gabeposlppBrtinf Sabd f68nkuppsrtPRgtion, . to
]E hin the wafer ’1e§@g_ %}]erg gfa:i:lgﬁgistegs a}teagdab%égn t he rlear_ face of said
ront portion _-until sal poFrBR"Shas* R heCteStFERt hi ckn@aS for

constituti ngnaoppbkinguppoeted t hiprinagethe20refr Pacethod of thinning a
waf er accor di : TN ract eri ' prior.to.any,first
I dhBgateethabd ik tHhR %E.S&ﬁﬁ?gségggggéﬁ é%ﬁ%%sgﬁn%.hﬁthanical

i mpl ant ati.on 'steﬁ a), It consists in thinning
and/ or cheni cal Bhi APhEFERHOALCEEE | BREBLRS oln the Btémioraf fecid 3. A

- nmethod of thinning gapefer accpréhnged orddRifcd. or clai m2, ghanacteri zed
58 thaaoyt.con3|sts?|n $€oqg0|n at_Ieigéﬂﬂ?e electron|C'conp2?ent and/ or
circlit on the FFERt PHCECIMSH d wafHIIng & txpminypantian
i npl antation step. exténdbndofreh ddidninghia fefer aceHr didug RNBE
Portion s carred BRCR Sopl yi T o T RVEANon: o Oyl iRy
ext ernal. mechani calremainder of the wafer: '
i 'b) removing said rear portion from said front
15 . - portion, to thin the wafer; and
c) repeating steps a) and b) on the rear face - of
said front portion . until said front portion
has the desired thickness.for-constituting a self-
supported thin layer, -
20 |
“7;2. A method of thinning a wafer 'according te claim
¢1, characterized in that prior to any first impiantation
-step a), it consists in thinning said wafer by a
_  mechanica1 and/or chemical thinning method carried out on
.25, fthe'reaerace;" | | |

3, A method of thinning a wafer according to claim
il_or'claim 2; characterized in that it consists in |
' producing at least one electronic component and/or
30  circuit on the front face of said wafer,

"prior to any first implantation step.

4. A method of thinning a wafer according to any

. lpreceding claim, characterized in that the step of

35 removing the rear portion " is carried out by applying
a heat treatment and/or'applying external mechanical
stresses. :




stresses. 21 according to claim5. A nmethod of thinning a wafer according
to any preceding. claim characterized in that the step of renoving the
rear -portion is carried out by blowing a .jet of fluid. ¢@ebrdrymbhod of
thinning a wafer according to any . preceding claim characterized in that
the step of ‘renobving the rear portion is carried out by scrubbing. 10 7. A
nmet hod of thinning a wafer according to any preceding claim characterized
in that the step of renoving the rear portion is carried out by applying
15 a stiffener ... the rear-face 6 February 2006 of .said wafer, then
~applying a %e'at &t g%?lﬁgﬁt O§n§i‘8pné§9e?nﬁ?£eﬁechan?ﬁﬁ‘f’rgjf?%srs%sa?% sai d

stiffener Ap¥eckddngf clhimni nhazavhbeizadcindihgttohel atep 20 7,

characteri zed j0:1,Ra h i is appli d iti met hod of
thinning a \;\%g%ng?lgg %ﬁ%r ggtage:r %%gggl&{l}] t hat P% hcgggf%/??e%@t?sﬁgﬁ?wﬁ%na oxi de.
.10. ‘A Fet hd&toPEt AlHARRg a wafer 7,.characterized in that the stiffener
plate. 30 is alayer of according to claim is arigid 11. A nethod of
thinning a wafer_accoyding-to ¢laim 10., characterized in that the rigid
plate is foPned Af?‘%ﬁf‘ﬂﬂngér§§%ﬁﬁ¥ﬁlﬁleaowa%ﬁﬂycr ySREFPYHESi 89 W or from
gl ass. 3512@r6cEﬂbngaﬁya2ﬁQ6characterized in that the step of -

 removing the rear portion is carried out by scrubbing.
10

7. A method of thinning a wafer according to any
- preceding ciaim, characterized in that the step of
removing the rear portion is carried out by applying
15 'a stiffener . to the rear face . of said
_wafer[, then applying a heat treatment and/or external

- mechanical stresses to said stiffener.

8. A method of thinning a wafer according to claim
20 7, characterized in that the stiffener . is applied by

deposition.

9. A method of thinning a wafer according to claim
.8, characterized in that the stiffener is a layer of

25 -fsilicon oxide.

10. A method of thinning a wafer - according to claim

'7,:characterized in that the stiffener is a rigid

~plate.
30T

' 11. A method of thinning a wafer according to claim
10, characterized in that the rigid plate is formed
from monocrystalline or polycrystalline silicon, or from
 §1ass. |
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12. A method of thinning a wafer according to claim 7, characterized in
that the stiffener is a flexible film 13. A nethod of thinning a wafer _
according to claim 7, characterized in that the stiffenefrdbsa@posadhesi ve
film 14. A nmethod of thinning a wafer zaccording to claim 10 7,
characterized in that the stiffener is a |ayer of wax. 15. A nethod of
thinning a wafer according to any preceding claim characterized in that
pri f)_r Ej ot-t h_te.zs_tfem h‘??ﬁod’ @f?tihﬂ@ntihlgf ae%fgg[ﬁi Ona{:élg?aﬁ.ﬁéeﬂé_rclaiﬁ ed

applied to the fran ace .sai ran e stiffener ._is repove
_after havin&n St gﬁrPﬁE%géPfP%§ggﬁ§Pt§&lfﬁFHeFayer. 58 i6£i$¥ﬁ9%ﬁod of

t hi nni ng -a Vdfler. according to any -preceding claim characterized in that
said wafer is fornmed fromsilicon. 17. A nmethod of thinning a.wafer
according to any 25 one of clains 1 to 15, characterized in that the wafer
is a sil¥coi3on PndGtacsr ofatbinnigg A wefksd of abrendibggateataimccording

to any oneQf hada@keliteqlsn chatacher kzedriAeat-hat sal ypfer 30 is

produced fro a_nate%L | selected fromgermanium an alloy of silicon and
ger mani um ( €8 VEsitiitfon  carbi de, gallium arsenide, indi um phosphide, .
gallium nitride or alumnumnitride. :
~ 14. A method of thinning a wafer _éccording to claim
~ 10 7, characterized in that the stiffener is a layer of
- wax. '
+°15. A method of thinning a wafer according to any

. preceding claim, characterized in that prior to the step

15 of removing the rear portion, a stiffener . is
- applied to the front face of said wafer  and the
. stiffener is removed after having obtained the self-

supported thin layer.

20 16. A method of thinning a wafer ~according to any
preceding claim, characterized in that said wafer . is

- formed from silicon.

17.. A method of ‘thinning a wafer = according to any
- 25 one of claims 1 to\lS,-characterized-in that the wafer

is a silicon on insulator wafer.

18, A method of thinning a wafer ‘according to any
~-one of claims 1 to 15, characterized in that =aid wafer
30 is produced from a material selected from germanium,

~an alloy of silicon and germanium (Si-Ge), silicon
- carbide, gallium arsenide, indium phosphide, gallium

nitride or aluminum nitride.




