;e3e | DDEJF"GxHGHT | _d>r A METHOD OF OBTAI NI NG A SELF- SUPPORTED THI N
SEM CONDUCTOR LAYER FOR ELECTRONI C CI RCUI TS The present i ' at es
to a method of obtaining a self-supported thin |ayer of 4mmmmmmm@ﬂgﬂMkr 5
material, supporting or for supporting at |east one electronic C ent
and/or circuit. In certain fields of electronics, optics, optd&8P&ctronics,

or sensors, technical advances have pushed nmanufacturers towards the
fabri cati on 20MERTHOMMEF DBTHNINING M SELFASAIBPQRTRO dBL NMIEM IEIONAUATINR.

conmponents 3nd g6 HIH tE?_iEH]ﬁdl\ﬁ% Qairégdt @ar field of smart cards, there is a

need for themto become thinner and thinner and thus flexible, since they
will then be nor heolpsiesant dverdaiay meliades 1te & mathgst &f at const ant

def or mat i on,odthe MBI o |2 d Sigrddl eH @Y Glay d & LS ddiRRassy bility
of producing circuits of large dinmensions. In'certain _radio frequency type

appl i catd ond"atEF it e FRRRIF T @ o HUWRPHT it &t oS %f a wafer 20
consti t ut ed dlyecx 191l Wonporiditdlaaidfod SQYcdimpe substrate is coupled to an
antenna to produag}contaclfr (ftec i n.ﬁA exanple .is a bus or netro

e .d n
ticket that can iR PSS it e FLO Fere $Fom a transcei ver
station. 25 cfiwealdcmaganf asigepsrsSOtagipe clbstdwrecds dhwe t he power

consunred by ,GIANSS, ARAASIdAH Dl S a6l S dRicth |8 sitdiafes he pover

consunmed by “conponent s on a layer_of silicon. us for equal power, an
i ncreask i n AperEtiMeY dgens PIEIGRH . Widd Bl By AP URAT ages

provi ded by Gqmonenis=4roduced on a silicon on insulator substrate with
the use of the thinnest possjble active layers, it is possible to obtain a
product - for exarpld® Ear%ula%qlf?%f%ﬁzcﬁ%ﬁ%rerf&lﬁ% tY%td ¥5r2 whi ch

t he mechani eaded edisttanae 4 Bicand ethialnet raasseshimearerandridaid y i nproved.

Qurrent ly, the L ekness, of BUp 117 s] % R Ll %o 11 N0 the
15 deformation. In other words, at constant deformation,

the more flexible the thin layer, the greater the

possibility of producing circuits of large dimensions.
In certain radio frequency type applications, an

integrated circuit carried on the front face of a wafer

20 constituted by a silicon on insulator (SOI) type
gsubstrate is coupled to an antenna to produce contact-
free 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
is much less than the power consumed by components made
on a layer of silicon. Thus for equal 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 possible 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

_Illl\\\\ll\lINIII\\IlIllIlI“IlIII\Il| |
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2 acting as the support) is of the order of one hundred mcroneters. The
techni que used to obtain this range of thickness consists in carrying out a
t hi nni ng operation on the rear 5 face of a substrate, i.e. the face
opposite to that supporting the electron?c conponents. That thinning is
carried out by nechani cal abrasion using a grinder (grinding) and/or by
chem cal attack using an acid (one technique is known as spin-etching).
Thin | ayer s aarteirt) ashusheouppwed wiitsh of tiiec ks iaf tdne rhamgresbnpri sed
between 80 niGlQimRi&LS (gym) and 120 Vim That technique allows high vol une
production. A variety of attenpts have already been nmade to obtain thin

layers with a fifdie tiRERHEE 399G 4P ARfR St ViaRdHRedtickness

nmanuf act ur ergoAMR £ OITE dEr Baif N ButdrP Rl et irRp gl it el ch thecausa: of the
| ar ge nunber_of defective parts optain d,eqe%pem ally due tao.notches or,
cl eavage® of fare wff & S adrfar t* G 19 §& e e i ds in

el ectroni cs duppdutaihg adies dlaace tanire @anptthdroye as Tressidiinrmaindy hiecause of
this fact, yield | psses .of a few .percent or. even .a fewtel of a percent
cannot be t ocfael?rafteecg.O‘ﬁb\@@é?e,dbaerélacuasle B aHe previ H &d grlﬁjtr}%f{r]ezr devel opnent

of smart car@dssindingulahdodési relide dal prothae welfg 251 apipbr @t t hin

| ayers or thi f W t | ckhess. 1 09e tor3d, Vidheand ,supporting
el ectronic ?o%p%ﬁle te; %n&?ﬂ%ﬁ%uus. %Ce@pﬁ)or art di sécgl}eose,s known

met hodsl&f priBeRIQRIR e -Wildbt ted T ERTS IR 11 IR0 a few

tens 30 of rRp&rwEEd e8¢ mivrsReasrPafemt i ALd 840, 78fhdlescddesque met hod
of fabricatiqﬁgg s%?j onqgﬁéﬁve an§icle in which the surface of a
nmonocr yst al 13 eP%F 111Hh € T REPTErEMYer ed porous, then a |ayer of
non- porous silican watietheo B demmpted Hdve kalessadyf hhden acdderetd ayer is

grown epi taxi,al Ly, an, {hat . POrous; Livere s 5 PARLSn AN dPUpedipaienied. | aver
i s thus obtained, burie ween two non

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 or
cleavage of the wafers. The smart 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, yield losses of
a few percent or even a few tenths of a percent cannot be
tolerated. ‘

However, because of the predicted future development
of smart cards, it would be desirable to produce self-

25 supported thin layers or thin wafers with a thickness of
close 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.

European 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-



porous silicon layers. The active surface silicon |layer can then be treated
to deposit additional |ayers thereon, for exanple doped | ayers, then an
adhesive filmis applied to that stack of | ayers. Finally, after peeling 5
of f the adhesive filmand breaking the s8ack of |ayers at the porous |ayer,
and then subsequent elim nation of the residue of that porous |ayer, it
becones possible to produce el ectronic conponents on the active | ayer of
silicon whi @emars e lsietdn shaysors ed. THeD agifiore wmfe@lae siddticaretlaeomes up
agai nst pr ohl B8 LONRRCUEE W ttJ'Qiecﬂ@él'tt YacRf1 thigh £ VishAdbd Neheidditon

| ayer fornmed on the porous |ayer and w_ th producing the porous silicon
| ayer. Prodd@4 (ﬁ?‘%“é&tﬁ r@%l}ﬁ}’ﬁr%qtﬁ%rﬁn s hitofucddd e possibility

of nmetal 15 gtiadd nﬁ:‘t it Ryddierof thater®e!t had mecaessidfieas ;seh:ellng

fabricati Onf{(,)éﬁ S fIC sub trate rlor t.0 duci,n the ectronlc
conpone a‘tjﬂ oﬁ'fb‘ﬁ achﬁﬁgft aﬁc T ot

si gni fi cant [ghemetfoud. lélimjs,, artd |tﬂqemtsthaldl;arueatrm ef athe easons

of cost. Te r t ay. Lased on the
met hod knovvn Under t%]f)rtrad?dr‘l!adr}gs %%E}tc i P CI%%%IS é\j\é/ejjl novvn to the
skilled perswedyte elreeeon it ATRATETG cz;bttahmiaffg::t\rﬁ nlaygrerat 25 i nvol ve

i mpl anting alomM &SRR &5 ddh the ddontsfRseridqthe substrate or wafer, i.e.
the face carryl n or |ntended to car:{éﬁl eftronl c conponents. Fr nch

document® FR- A- 2 79 06 inR et hs ddhaf SFONGRHI ENAHF RS T GO

generate ga&dnwé@téwbbim e tdjlﬁaB:Q:}f r@ﬂttﬁ@ﬁ@rﬁtéi&ﬁ@b@ilﬁ@ after
fabricating the el ctr %hr% ents. wever antl ng. | ons tlprough

el ectricall ylaz%eflf r%nc tﬁ??{ﬁlﬁﬁ aeYee%ta}%% npponen(f ah Create
def ect s whi qismrcsmjesl]sm Coaponent Bredwstalbre. rétﬁli:fesf\ nyS58007 clains to
over cone that @{ﬁ@é&ﬂ&;{d i LNSifd v o@ﬂb:‘.’fuﬁ}? r@r—ﬂéjai hen produci ng
a 4 disco uous zone ness. wever at et remai ns

difficul® thQfat?E_mlmﬁl.OlFl naI ly, FR-A-2 748 851 offers another solution to
the probl em nentigpech@bovendf @dErsdd ond e EHMPONESNthe fabrication of

a specific substrate prior to producing the electronic
components, which means that component production method
has to be significantly modified. Thus, it is not

20 generally desirable for reasons of cost.

Techniques for obtaining thin layers are also known,
based on the 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



5 dysfunction. The nethod di sclosed therein consists in carrying out ion

i nplantation on the front face of a substrate prior to fabricating

el ectroni c conponents on the sanme face, then only subsequently carrying out
detachnment of the thin layer. 10 However4 that nethod requires the
production of a specific substrate prior to producing the electronic
conponents, which may nean that the conponent fabrication nethod has to be
si gni fi cant |34 saditfiirechusThiend o hoteagereeral | Haesiamblthatomatdasbns of
cost. 15 There%i)atrgnog O{it}ef i ‘ﬁ%;ﬂ?o%a{r};} Q. Qvercone the problens mentioned

above and to obtain a’selt- orted-l ayer carrying electronic conponents
and/or circuits, Finallys |ER/¥-2 748 i8] exffanmmpphayn t9alucion this end,

the inventi Q& QRIS ndRENAE PTatR D IFUCi ¥ #orsifd fostiRpidied thin |ayer
of a sem conductor material supporting or, for_ supporting at | east one
el ectrom ¢ CHBIfFoHETIdhd/ o inelfiad dﬁl%ﬁé’%ﬁdi '{'geqea:‘crbsc,gor*srjo?ﬁsa ifaf er of
sai d sem conthiehpimdradel iidn 9@ Ihadeiorthat nthe fidred fame dferaved t he
"front face" supporti [1}% 25 or r_su .ortigge- at_. east one, etlsec(;tronic
conponent a6 @ YT H1Snhd g doe ST TRPOREES (Yte |
Accor di ng t chdesdamy efdden,thdn omigt b sammETtsles ctepsindmeitsting in: 30
a) inplanti r&getaé%e%épcgfi&?e iﬂh:f‘l@elalr}éére.ri or of said wafer fromits rear

0

face, to obtain a zone Wweakness and a rear portion fornmed by the
remai nded of the Hefesrer b)thid: et serairieas Wy (Rrfyeors % Front 35

portion, to dlidygthe W rathblor frNesRSEad g rapeadidcsdes a) and b)
on the rear face of said frant portion Lifé]%” said front EFkF)ortlon has t he
desired t hi FIERGYrS c s FR RPhJER &1t ER& FpdfR et hi P et Fhe
characteri stietshed hde toventdommienceitly npodsiidd. t oTlobs aisn ddi n | ayers
in high yields th are 5 difficult to obtain w prior art techniques,

W t hout havi%egn?%aafhjo‘ﬁic%/sjt%%b]e“?e ]Foﬁa(‘:so%%%p%%e%%s abrication nethod or
produci 1§ a speciThe avferf e wasverition the tasevérceme phe @reptemy her
advant ageousy it S0l | 15844 e g NS agt et 1314 oS 1. & ddVenden, taken

al one or in conblnation, are as ows: prior to aj Irst 1mplantation
step a), thePREFOHNE RS BEECRIC t FRPRARR BRI dndvidercicahethahi®al and/ or

chem cal thingag vrithods R eglHOUio Ofmttigi diear face;it consists in
produci ng at l'east one, el ectroni cconponent and/or circuit_.on tgﬁ front face
f-de

of saidwafer, prit? tRTRRSEi eS| HRYSREET oTORTRERT e BERICD t achi ng
t he reazoporpredudsng ad r set2Osuppdyt epptlyimgl aydread £ t & esemiodndwcit or

appl yi ngext ernal _nechani cal esses;th det achi rear portion
is carri edou‘{“”“b‘?/rjf)‘—fl W&}%ﬁ%ﬂf%{é o(?lsff%% d‘?‘fiégg?gbg 0%3 d:g élac i(r?llggt he rear
portion is caleced@sbutchypsrenbbing/ohecirepibfonerrendhgitfefaea®, portion

is carriedout by aPPLYLRO-A SiidfEORIc4RatbeFerirdacs of sald water, then
appl ying a heat treatnent and/orexternal nechanical stresses to, said

stiffener; 30bevitngtaffeher facappereedbyhaepbsPit oh2¢he SEPPPERERTIS a
| ayer opssi |6§0ﬂoﬁxé@{§$éf§iﬁéi tf gpetehst aone gk Uept abRit heompghenpl ate is
Lo Lom JegerySLaLly pe Shpel VErXSLALL PEcRt | LEeaOLa ! PgLesS: 30 (e
stiffener isfackayer of wax;
According to the invention, this method comprises
steps consisting in:

30 a) implanting atomic species in the interior of said
wafer from its rear face, to obtain a zone of
weakness and a rear portion formed by the
remainder of the wafer;

b) detaching said rear portion from said front
35 portion, to thin the wafer; and
c) if necessary, repeating steps a) and b) on the
rear face of said front portion until said front



6 prior to the step of detaching the rear portion, a stiffener is applied
to the front face of said wafer and said stiffener is renoved after having
obt ai ned the self-supported thin layer; 5 the wafer is forned from
silicon; the wafer is a silicon on insubator wafer; the wafer is produced
froma material selected fromgermanium an alloy of silicon and gernmani um
(Si-Ge), silicon carbide, galliumarsenide, indium 10 phosphide (InP),
galliumnitride (Galﬁ)omrloanl l}nmisnlitrMenistilded( AN kne@sh o re arattienititigcs  and
advant ages of the i nve fr he foll ow ng description
of three preferred | rat nt ati g%% %%sﬁgﬂ’ltnnve |I£)n 15 given by way of
non-limting ill lﬁieralhal@@mﬂms T s:mmmqmmn irengsde Mith reference

to the accogszﬁ{% H)E ¢ PAMIRGS d Y CAlyerd QW q'ﬁg]h o B B & i agas

illustratin ferent successive 'steps of first 20 i nplenmentation of

the mettod GHEHeY v Q?FalrFl"@LFrfb§rquroaJ¥? aFreéﬂ'HPélj%effns YWi5he45 ating the
di fferent sm&&g W siRDisEPftife sacutkdiid e@iortdran Rfbdieatirihod of the

i nvention; 25 Fi gé”ecf 13 to 17 are. dia rans il Iustra’:)rlftnqqrhttrh

successi ve é‘i D% RAFTH i b1 RS 6 6 Fhe HetIRS Shventi on;
Figures 18 tamg¥l iar ecltb ggriaowms ddd ustrati ng the successive steps of a

vari ation of the I t i

i mpl emrent ati ons o@%o%d&%léaé%%%lf%ebqﬁ\% |1glgn Aﬂ%& dgqa{dgbe?%]ﬂ esftrlscis t wo
steps (10| ustf athead Jreaspucidvel taken Flpneon Ehdoniyiratien f iare as

i npl ement at i gy, f,nd 8 for the second inplenentation and 13 and 14 for the

third 35 inplenentation) are identical. As a result, they are descrlbed in
detai|l only for the B4 Gomameheriteay dplantation ‘step a),

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 detaching the rear portion is carried

20 out by applying a heat treatment and/or applying
external mechanical stresses;

e the step of detaching the rear portion is carried
out by blowing a jet of fluid;

e the step of detaching the rear portion is carried

25 out by scrubbing;

e the step of detaching the rear portion is carried
out by applying a stiffener to the rear face of
said wafer, then applying a heat treatment and/or
external mechanical stresses to said stiffener;

30 e the stiffener is applied by deposition;

e the stiffener is a layer of silicon oxide;

e the stiffener is a rigid plate;

o the rigid plate is formed from monocrystalline or
polycrystalline silicon, or from glass;

35 e the stiffener is a flexible film;

e the stiffener is an adhesive film;

e the stiffener is a layer of wax;



Figure 1 shows a wafer 1 having a first planar face 2 terned the "front
face' supporting - or for supporting - at |east one el ectronic conponent
and/or circuit 3, and a second opposing planar face 4, termed the "rear
face". 5 The term "el ectronic conponent @nd/or circuit" nmeans any
conpletely or partially produced structure or structural elenent prepared
with the aimof producing conponents, circuits and devices in the

el ectroni cs, optiesprdgirogicecihromtey odr detrsdring ¢hds reand poutd o) a
e Y N e ft SelelhaPnld il Gonneel ol samaondud ofs. The
expression "supporting - or for supporting - at least one electronic
conponent and/ or ci Madier amsarrs ich&t iffiederoisorencyedandter devddx s) have

ei ther already 15 begnr fArRduced %ltﬂl%utr[;ﬁy}ttef@%i% Qfayedi,d wafer 1 prior
to commenci ng the steps of the nmethod of "the invention, or wll

subsequent |y be ptoddced2iinn i6h foamed f&am S4de % imhil e all of the ot her
steps of the nethed tfe thagdmvientd &iwiddn e dargulest cutwadert;he opposi ng
face terned 20 the "rear face". Faor_ si ificatiaon, in the renminder of the
description (and &s tg}?omq%ﬁ t'fe %oé%?ce% ff]iﬁé“ FaV S et e F TS ees%gri be the
case in which the cdymonermnaridimor agi reddidys & Vg dege st eiugediom t he

wafer 1 prior 25 to -r_ré/ue%)ng out; the c\%ﬂi(&ésl NN RO SRS f, tihgs iRt hod

of the invention. It shoul'd be noted that in prior art nethods .in which the
conponekl s 3 are pralipaRnigde erInhingadg, iuhaii thde n&E)pradd Fedt g he
front face 2. 30 The, jwafigle 1(A1%v)pr oduced from a sem conductor naterial,

whi ch can be nonocrystalline, epo rystal|ine or anorph ua%(?i n particul ar

| yc
froma silicon-bddetPetaragt H K 13D PERNTRIRIT it can be
obt ai ned by #BHepiiaxivdcaiovdpparerst st rieie. £ Qe slvivef ededexcigpt adrso be a
"silicon on insulator” fer, i.e..._conprisi t.h of i nsul ator
(for 8 exa%%ﬂ%‘%‘?? i%on eo&"f%%)l |%1s%r§?rg%a%%(%r\?\%e%f a%é;c{ﬁegﬁ%ll Tcon I ayer on
which the elgttenity way cof tnéms- kirchisthandl lustimst et eexanpIrs as This

mechani cal - syppor{ tei%&?hié Ewi th KPONO-dyed N AR OV omldnyimg I N @

variation, said \ r.1 can also be produced froma nmaterial selected from
ger mani um airawings ofn swiiedn and ger mani um (Si-Ge), silicon carbide,

gal l'i um arseni de, i gdip{gphResphige £ 10R) ,doabtamen 1 Tuseeat Gad)tios al um num
nitride (ALN). 10 Said v\?;_er 1is a few hundred m'fro ters thick (as an
exampl e, a 200 nillimetErEeRet FFARRERT LIS 1 FLoS vF 6 T8 3bout 725 ~Cm

t hi ck).2dhus, said wafafplenentwt ishonh tloe scatleod nofi ghe eidveTheomear face
4 of said wafer 1 ig the i nned 15,e oyi i onal

met hods menti oned a%ovﬁenf&#% ?re% aﬁ% c‘"g?é a%#%%%ﬁga%}%g&cﬁgﬁfig lll(glci d
attack, as shown synbofiff¢renbysueeessive | stopsl of af s¥e®enPossible to thin

down by plasma et chi ngimdienefede {8of the'herhogeorhind depeneobnparry
el ectroni c
and

25 e Figures 13 to 17 are diagrams illustrating the
successive steps of a third implementation of
the method of the invention;

e 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.



20 components. The thinned wafer illustrated in figure 2 is obtained with
thi ckness in the range 80 ~mto 120 Vim or even 50 Vim The rear face of
said thinned wafer carries 25 reference nuneral 4'. This step is
advantageous in that it can renove 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
t hi ckness i s obt @irpdresiinEhovas sex@ fEEmad rebovey & tf inmeguldlsnar |frage

reduction i i . Wy thi ,,m;m d thi ckne HO ~m
ment i oned a%obgee@é%gat y i%dgg:se%%e r %%%f%h%f ercmr upture” roorfntolt%i ng. 35
Furt her nor e,- tafe tedistk mass edsctigasd,c iqpmrananiulaand /£t «rixdvei Gal astkhi ng,

i's no | ongery humgen sind flUdderesdd 14, d@mefaniaal hisningdwy,
grinding leaves a surface zone a few microns thick that is slight Id)r/ﬁﬁdarraged
- which i s unaccdf@aBiEFmnen SEFHVIEhIGRIRIRETY ARIM GFeSELtS MG |y,
after chenm caly aldnslletdiie ovfird i ldeneymdduca teokattum estrongly at its
periphery than at its center. \Wen sma|l it iqﬁpesses qie reached, this
results in agatlré’cﬁ]:éﬁagh G et t iS5 R IBPTIEFRE area that
can be occupiapdnemEpaanientsitd Gridwenarges tirsHhe celmctimgreidcg hat this
first nmechanjgal , an ] . 1 hi no , | t eous from an
economni cal \%pgc\?lmcoﬁn:gﬁ%&l%q%%aﬁé%’nﬂ %@S}J se?qlﬁéelﬁfé ’st%?ﬁg?@ml anting

at onm ¢ Bpeciganatll iy ber ddig ifeiblsla ofi raplicaniane qeHedreE WLEF the 15
non-t hi nned i &orlauddsrd hird step of the nmethod shown in Figure 3
consists in inplanting atom ¢ species:%?rromsi%%égn the interior of said

wafer 1, to obt ai e PENEHLIMaAIGFHROE R 4 IorSBRCE A r arftle of
defects, at edgeptdne| s tibriir td@npRent dfdatd orcutiept mdadortisa d

atom c species. .l n accordance w a funda al, charact.eristi¢ of the

i nvention, <H i?%‘i‘pa‘?ﬁearf' Q?C? iaén(i);?l? icejdr%lﬁn‘??stf)onl%&%‘ﬁ% erleéar%e]f aéciexc%élfor 4 if
the wafes haseewtpimdicediomethe nfzeiartecy 2 @b Fhed teafer at @ EOSpeci es
i mpl ant ati on’, et %é’liog?@r&@ﬁ@ Of @ﬁ&%&tﬁ&?gfjﬁhé@ﬁ&é&h@{oﬂ I on,

capabl e of introdu species Into a materi th_a_ maxi num
concentrati ot ofikhien etln keirreoduesd albut R sadd ntifemei FF$ ocat ed

at a depth thatyh s deder bpethdbmdh SesPecdr titnd hfebosdasbeghsur face. The
nol ecul ar or, ion atomc, SfECI es are introduced into the nateri %ﬁwt
nﬂ‘?ﬁ %f‘%‘?o

energy that FaVeRsPRi¥tt bk ePEHLIE et TR BHES n T"SPeci es
i nt o t hgo matiehié atremn fecearri ed out, for exanple, using an ion beam

L anter, of 5% Bl 38Tt [HELALEM, | THL ST oL ELALAOLY, nel O 1Bl antaton
step description (and as shown in the figures), we have

elected to describe the case in which the components

and/or circuits 3 have been produced 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



10 during which the rear race of the wafer 1 is bonbarded with atom c
species. Preferably, these are selected fromrare gas ions (helium neon,
krypton, xenon) and hydrogen gas, taken in isolation or in conbination, to
create a 5 zone of weakness 5 in the vol 8ine of the substrate at a nean ion
penetration depth. However, the inplanted atom c species preferably consi st
of hydrogen al one. The zone of weakness 5 that is forned defines a 10 front
portion 6 ceEX¥aspondiiig aan tdrldgpemgasrtgdhasfwadane amfatt ivesgidnidiaty from

the front fai¢e§/62r %Wfdw&ﬂ@@%&qfc to 548l zanefhawakhess 5 and a
rear portion 7 fornmed by the renmai nder of said wafer 1. The energy of the

i mpl ant ed at%%ﬁ%?rsad@:@é“stlw Rt & MRERIfe ePRTC eSUGHIaMaESoN dept h
P, cal cul at eids fireit ey sand aéc@ccg{yrﬁ hesgear face 4', while the nean

i npl ant ed dose al] ows the uantit structural ects forned at that
b1 anieg dose alfows Lhes Al L of Sidetrel, defects, LoLgEg.

paraneters af‘mcanzi)mmraemﬂemmlec‘lﬁmj eScrpmesgmmmaﬂmm,n a:fepﬂhch? afeans that it
does not havsel cﬁdl{' £ V% ffﬁanﬂg\t\ n&@ve élevecg 1%% In the

IITp| enentation shown | n ure energ a IOﬂ I USE

carried out atseibisig, llnﬁb?gmabfe?%&lr - Vo1R) (I\?Ei\l)llu@yliv@yl@ﬁ quﬁstratl ve

exanpl e, w tdy s&mnlafmm iR et | gmaener gy and by inplanting nonoatom c
hydrogen into a SI icon wafer | n a suitabl se, (of the order of 101

d
hydr ogefl at ons, fRISHARR)L 3% 3 SPpduimieed SFr IMEEHE drii5Hl B ati on
depth of abax é;ﬁarﬁfbm B goovenid 1 X e tBex€ O(Hih )i sduangetsenf:rsmctdsrplmeaﬁl on

energy currently exi In Ja , exanple, th an_ At Energy
Research | nstY t%tf%ﬁ%( ?}A%Ql‘ﬁm hé\lgiotgg)v'el 0 %Hﬂse elh;al‘i'?rjosgerno rﬁ) Qfter in
the 1 MeV 3xemnrgle rangeéigutdr T he speci f| c property of retaining a charge

state of -1 for %%0?%?%4& #%@Qd er f]lgegﬂé&mt}?mre&nati onal

pat ent application exarrp uses an inplantation energy

of 3.8 MeV. amplevineqratobtdye eInyert ANbINeEiedn TentHeRe®s 4 and 5,
consi st in dgtaehi ng d hend @MnPOLt | DA toRfaddoredigdmiecal acid

attack, as shown symbolically by arrow A. It would also
be posgsible 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 um to 120 um, or
even 50 pm.

The rear face of said thinned wafer carries

25 reference numeral 4'.

This step is advantageous 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 50 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.



In the present case, said rear portion 7 is sufficiently thick to be in the
formof a nonoblock |ayer, i.e., formng a whole. It is then detached from
the front portion 6 by 10 applying heat treatnment and/ or by applying
external nechani cal stresses. Mre preci8ely, detachnent can be

acconpl i shed either solely under the action of supplying a suitable thermnal
budget, by heating the wafer 1 to a tenperature 15 sufficient to cause
detachment (arrov@ir$heseestHilgur eneidhaofidaie tthiorpiord imngBiraichg? of the

waf er, or Soie%l\Ye@ya anpl 3y g zedﬂeﬁra[‘aﬂe '@.{Brfsa'tﬁtcrke 4 h no heat

treatnment. I'n a variation, detachment can SO be acc ed 20 by neans
of an exterrﬂa'lllgfé-‘c]warﬂ%@rg%i rew%plm%mrmﬂqq@ehl%m@n tww ikat ment

step. Applyigie aflrfpé,lhaﬁmlcca]inesgg ess may consist in appl y| ng a bendi ng and/ or
tensile stress, or aglrpl |ng shear_ to the two portions 6 and 7, or
ik qgkr

introdud ng a bl ade? Bt T34y ui oV , F%hhi ch may be
conti nuous Gfert@ya Mar yatvuatdfketd Myreatstidndg It edtf aioes (ﬁeﬁ:lphé:ayeﬂmﬂ atbe
det ached. UItrasou d gan Iso be pﬁl Cl? The source of thoe te nal

e

mechani cal thtr st can d“ab]e CHi© enz’lerregyr aCh? i'cation of an

el ectrost at imzesrltzn ol eactlrezdwcgrnem cirf idlahetest ra;ste@td%rlrwe’:d from heat
energy nay q«%cﬂlc’f@fcﬁ’lf rr?”El?é)pAﬁ/éa{‘gcl%& %aﬁ?tkféa:%%lgéié‘d el é%h?é“ ron

beam thernoelectric heating, ogeni c super-coo 35 fluid,
ropild

etc. 1P The frdMWeRYEi okt 63habt r%l%?r%qr‘%ftﬁtestkalﬁ H?Jnrﬁ'rtayer with a

t hi ckness ofpahoiti &0 VB /Jdhi Shddidhl ayeinSuRP Gt Campasent s and/ or
circuits 3. The rear face_ 4" of said thin ] ayer can bep],:)ollshed in sone

cases (see PRI i X VPRSI ar T E WP O ap pr Dt wt ¥ &lur f ace
treatnents sand meréumjmm@mﬁlm@mngmym sldécaiemess is not

obligatory si it i te |l

obt ai ned has® S‘Efqirl%:el ent ?%k‘%uetss&r%é/(féﬂge sg{l'fé gcjegap%r{aedé décan t hen be
cut and1$rarts¢rertrfemrc,¢tﬁpﬂa)§emrﬂ p, to a plasticized support card, for
exanpl e. Chi p Cufjﬂé‘gcr?fﬁ?] %%r@éaﬁ@c%a%&wmrwagr e!f the

t hi ckness renove ess of the rear portion 7, |s
i nsuffi ci entCoORHESES el Hﬁpll%nﬂﬂﬂ! BT DroRERE APt g@ﬁ'ﬁ%"fﬁ it ed in

Figures 3, %ﬁ@rﬁoer@frmt@f@ﬁ ih%é%tiﬂ@%%oxﬁ_é@aﬂéa]&%s@%tl on 6
(or thin layer 6 untr% it has the desired t@ﬁ ness, i daé}rlr ness
close to 30 A FRRRHRN dEBe HIHSHTPEE VerTH G endr gy depth close

20 to the mean implantation depth P for said atomlc 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) .
25 The term “atomic species implantation” 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 maximum.
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



20 inplantation, i.e. beyond 1 MeV (for exanple 5 MeV) coul d increase the
ion inplantation depth P and renove a still greater thickness of material.
By nmeans of the method of the invention, it is possible to thin the wafer 1
wi t hout deteriorating the 25 el ectroni c 1®nponents 3 when t hese conponents
are present on the front face 2 prior to inplanting. Further, by know ng
the thickness of the original wafer 1 and by appropriate selection of the
at onm ¢ specidesiinglvamitcat itdre paaeaneteeress ofi ttHeecwmfes dosis Hamkiaard3@ r educe

t he thickness | 1dn r Qq,lses%s jqrd i
pre-determ i@l&q{ rﬁ“%gs\?p%l;jﬁéddu%%\réyﬁl ative ya%aéc;gfrlgégréa%ﬁ} t he
desired fi n#anehigsiendsins othaliam aywors. kK@ tast/haEnem )t [Fed Apstagsi

enabl es i W'g%{'gt,ﬂ-ttiaﬂ{érgﬁrymbéoﬂ#tqré}? disad idbnflﬂrgt&ttiidﬂl,n][ﬁﬂirt&%até iy, general ,
we commence Wi i Nni_ng i ner i np ion.tgo renove a rear
portion %7 ofz%ﬁﬁaﬂfqaﬁmﬂ%&ﬂg&ﬁlq H’gé%hinle oafgfﬁ'les TS T D5 il ant i ng
at a | ower ewirg)idrD peatanientai@ialdh t hi ckness. A second i npl enentation of

the nethod of the, inventi is jllustrated i.n, Figures 7 . Figure 9
illustrates the s oe‘“’pe"—oefr’i Sr:rp}fean rI‘i‘pnlgana eocfria(?cosrtilolecciéé% C(r:laersr ipertc?%o%]%bol t he rear
face 4' of tdmgidthred hedmggoraleven directly on the rear face 4 of the

wafer 1 that has %r{ﬁquy ddu mhed); e 14y tqgﬁn&ﬁqfefiir{gg gptation is

carried out using 10 1 nplanters that are currently routinely used in

mi croel &t r FHEE PRIE §9P| QriRETSIPIHENY 1S YhiyURper RIGsER ¢ thsy

hundred Kil gy£iety akteldsnd k@im tied firgi@antadd on, sugi@renes shoul d be
made to the above description of the first | ement ati%. 15 As an

[
exanpl e, wheéiPTRATISHHS mYy TSR T hyEr JRATSRD 3137 Ht%an
i mpl ant at i onperterqy Dfffek ey whd wamd irplantel ionidlosefem T he range 2 x

1016 to 101" non om. ¢ ro t quare. ce | r (cnk), a zone
of weakness 5 can be epl}eoo%\ge%@g{hegn%@p an?éatl on@d%pﬁé%?% 20 about 1.5 ~m
to 2 Vith Fidptresniliearithd In¢dn 8pecies the anmbfodederti iy rear portion
7. Inthis r@é@&%{&%@%@@@ﬂ% td¥ chnesses, e rear pertd on 7 does

not exfoliate, or only partially. It 25 does not have a honbgeneous

appear ance. Bl Jie3R’ IPRREGGT AL IR FrdirRtitn of Ristideiral
appear ance Qiefedd 4l 8birhdd oft pilesesd&bt e efd abe (destwhnined shrwe in Figure

11, said rear. portion 7 is t det ached, for_exanple using a scrubber 11
or by sprayisr‘?ﬁf%%e RS W u"i“ﬁjﬁ%rg%%%ﬁ"éoap ]ﬁe?m%?%?q?ﬁaaunder
20 consequence. The expression “mean depth P” means that it
does not have a single value, but can have several
gimilar 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 monocatomic hydrogen
into a silicon wafer in a suitable dose (of the order of
107 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
developed and used a hydrogen implanter in the 1 MeV

35 energy range with the specific property of retaining a

charge state of -1 for hydrogen ions (H- ions). For



pressure or a jet of gas, such as conpressed air). The scrubber 11 used is,
for exanple, a scrubber such as those routinely used in mcroelectronics in
associ ation with chem cal - nechani cal polishing steps (CW). The term 35
"scrubbi ng" al so enconpasses any ot her dduival ent technique that is known
to the skilled person that can 14 renove particles and other pieces of
mat eri al, such as polishing or using a scraper. The steps of inplantation
and det achnﬂrdljnfmthrmtreaa*raq]mrta]orpaheri'd lagstIriataadi am W%}'WCHB/&I,SZHJQ and 11,
are 5 repeat e " of {1 t he
sel f - supportfg elae;/eiradss saca% |AfLm artérgg: Ev :é;ne[ig}}a o%gds dlil gur'es 13 to 17
illustrate a th| rmm rﬁp«llftﬁﬁmt%"tﬁ it axfs tChfe thet Wt hfd t awiveidt i on. 10 The
step of Iowmﬁf&'saé%md: 55D QLIS d TR A e i rid usd rﬁﬁdg&tﬁ'cﬁﬂrﬁ 15 is
identical to that just described in relation to Figure 9 fter said

i npl ant at i orPfopdtatWafifr a stiffener 12 is applied to the rear face 4' of

t he thi nned vvaf errd adhd llﬂ-e]&ﬂtﬁaj’ag‘aa,cegaéhd)frda{le povtthiogined mafer). The term
"application” ans pl.i catl on itio such rayi ng or

chemi cal vaptt tI%E,\‘:plo‘i‘s‘i‘ta:t a}? thijeanso nft Gt orhoai??o% sting in

pl aci ng a rilgykempl atteao,r ﬁoﬁrﬂtmg bal evHallenm on sai d front face 2. 20 Such

techni ques are kngwn & q.ihe cféﬂ:'al%l‘?é!i pﬁfo%]?ncheﬂ'ier (}%r_g%lac;ﬁe be a gl ass

plate or a m)nocrysta Ilne or po ycryst 1 he SI ate e flexible
fil m med0 be aPHIYING drertd Frerhrepl astd/ar it éIrHIa]IYlTEﬁ externa

pol ytetraf | yraeiiwdenesctdagle; mark 25 "Tefl on", or an adhe5| ve stri p The
stiffener can also be a |ayer | n the case of

advant ageous| y a MERPEC q]%'orty%é%“? g AN 492 She’Wten the
stiffener 1Zitther ré@iéﬂ;pltm@mrttae fd cexd dd eaBQstipl;i»:mmg Lasuibealonded by

I I di t d f it
ol eoul a1 DAL, O 8L SEL W SO e LA a5y A auel ity
Sai d stl1% f ersuf ot aicso:dlmé)cd&jmblvm&rtt ataﬂfﬁve&jt&slw Figuwme tden
removed (Segof'% Sl )p S ARRL Yé e deFhani Al (S1FESSeSy (S81OMp 1) Or, when

it is bonde
applying external mechanical stresses with no heat

treatment.
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 applying
a bending and/or tensile stress, or applying shear to the
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 interface of the layers to be
detached.

Ultrasound can also be applied.

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.



15 a heat treatnment to elinminate the adhesi ve bondi ng it to the wafer 1, or
by a chem cal treatnent, known as |iftoff (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 ofl2ines on the rear face 4" of the
front portion 6 (or thin layer 6) until it has the desired thickness (step

illustrated in Figures 6 or 12). Finally, Figures 18 to 21 illustrate a
vari ation of 10 tlie netdrod pefrttimn iG‘I\L‘éJﬁc’i'iO‘rEd iqonﬂtiidﬂmtee$téi ffheimer 9 is

o053 ot M bt edde i 8 B, L e

species inplartation step (see er t'hat step
(see Fi gure SHRHROE® tmpqqﬁé’ltsetlafrf 3 @ﬁ%llﬁ?%s:*ent Wnen the rear portion 7

is 15 detached. Tha qeé%pxrlﬂadé)wp%ﬁ A NEHi% tleq;esﬁlcfafre&% P ighed SO
appl i cabl e to stiffener and thus saij d stiffener w not be destcrl bed

further.” Sai'd* X9%% e‘?‘?e?re% RS (IS £ Fetditorf Bt etrﬁ'?pc?r ard
facilitatingfirepgudmiiate Osfuﬁihaecé rmatpmﬂua)rscﬁ uitsttaurtedqeadmepartl cul ar

when the thinnj 0 atl o car e r ted a
plurality ofcqmpﬁ%t&& e des}lfér"gg' nh‘L"eésr{sf15 o&{ e]tasrhe seI‘?k?fL f‘?pa{ orf&ed 25

| ayer 6 has siiewre aljt ammajﬁtqmaatllstqrﬂf}en’éte e fwce enoved using a suitable
treatment, duri n%ﬁ@gcﬂfétla%}eelp Plodie e gk (éia@fl':digé&{te %%ckﬂéséan

optionally be renove ter ‘cutting and enbeddi ng the The thi nni ng

met hod that taPdem!l e peer B0 Frb R R die tHe saerr%c%%risferred

i mpl ement at Iéﬁh)p has dHigp Advad geea i i ety @i’gﬁﬁdﬁd ultd ONE it anekansl naf er s
which are ro Jnel% used in mcro-electronics &IC%QGCII’OHIC
conponent s G (PR R stpel}%ee(lp]t%cfehg‘ﬁ?]h%r Ualt nt. Thus,

there is absolutely gioe netedcldbedo mnb\fqd,t hiose. p:rh@rtksicepsesﬁ @f odhei ng t he
waf er bef Oreré:ﬂp%c} t - the, ngt ho %ﬁ\e L Ye ngﬁ&ps £ 16 More generally,
ica

this net hod e’to any subs e carr |ntendedto carry

yin
el ectrohbc comporemsion and ¢¢mhmeme:1lsemr@%ﬁc?uerm|%¥9w@ es? of the
met hod of the,® 4 nyentioheyidd Hovehe Si¥eNFace 47 of the front

portion 6 (or thin layer 6) until it has the desired
thickness, i.e. a thickness close to 30 um.

It should be noted that very high energy

20 implantation, i.e. beyond 1 MeV (for example 5 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 deteriorating 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 original
wafer 1 and by appropriate selection of the atomic
species implantation parameters, it becomes possible to

30 reduce the thickness of said wafer 1 in one or more
passes by eliminating a pre-determined thickness to
produce, 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



EXAMPLE 1 A nonocrystalline silicon wafer 1, 200 nmin 10 dianeter and 725
~ mthick, the front face 2 of which supported el ectronic conponents and/or
circuits 3, underwent a first nechani cal and/or chem cal thinning step. A
50 ~mthick thinned wafer was thus obtailided. A step of inplanting H+ ions
with an energy of 1 MeV 15 was then carried out on the rear face 4' of said
t hi nned wafer using an inplantation dose of 1 . 8 x 101" H+/cnz .

| npl ant at i ontavae filarad éxy dutplatntaimy erft & empermatanrexgyTHe meawoveard ant ati on

dept h vaass]n% %?9'1% rfés{ £ss was then applied to the wafer by heating 20
to 400C, whi j] owed ex lation of the rear portion 7 to a thickness of
about 15 ~Cm Thé t¥RGPNhyidic lemita rian s BB meihaf 9 HBMPLE 2 The

procedur e wasJdighitdeals tio hhatraeseribet figfe 25 E@@rme 1, except that the
heat treatnent was, carried qut at 350C.and the r Eﬁgﬁrtlon 7, in the form

of a cominuous rHorfBHI%ck FiiHtIRtEs SRR SFIR ‘f P dhesi ve
strip (tenmpapeyied iddmnissd .outheod hilre | maear ﬁ‘adﬁ)taa'l refl thes t3hinmed hi ck. 30

EXAI\/PLESThe r|o t hi.nni n mpl ant.at i on st entic to those
descri bed f ol EBanple 2 ex ep?dﬁ atorbrtflger eroﬁ%r I-feél‘locrseisYEF fchtghél]ca‘—’f]%arnall or
chemi cal thlummgh&t emt aalsmea‘d}erimerg Wba;lsnr@mﬁo& ted on the front face 2 of

35 the wafer. Thig, stifd enss a?n d4 ded hy, m t hi ck
oxi de ltﬂoag pl anarlséze(f'I pri oer' to ondtl%ng,&gondl gl ﬁg accosrrp g?shed by
di

waf er ﬂgnplaqt;erﬁwé:hérﬁ ATy S B IHb A TR 1RaL 85128 i ck. EXAMPLE 4
Thi s exanpl eni@pesatest fxaigs e 1Thewlt I&tﬁ:a@é(mptéﬁkghhais afdwey imeghani cal

analor chemcel LG, e el d ves ST UL ok Lgplant at Ton ves
i npl ant ati on deptdo Mmla&utamomheremmatslmultbskm waesdd to 1iflie H+/ cne
and the hoatuLtFALIBI, I 62161 bt 2l 5 el SN0 v Lhen
33 ~, mi%ick. As an example, when implanting monoatomic hydrogen
into silicon at an implantation energy of 210 keV with an
implantation dose in the range 2 x 10*® to 107 monoatomic
hydrogen atoms per square centimeter (cm?), a zone of
weakness 5 can be produced at an implantation depth P of
20 about 1.5 um to 2 um.
Figures 10 and 11 illustrate the step of detaching
rear portion 7.
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 7 is then
detached, for example using a scrubber 11 or by spraying
30 a jet of a fluid (for example a jet of liquid 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 “gecrubbing” also encompasses any other equivalent
technique that is known to the skilled person that can



The cycle of operations was repeated once nore to obtain a thin layer 6
with a final thickness of 31 ~m 15 EXAMPLE 5 The prior thinning and

i npl antation steps were identical to those described for Exanple 1 with the
exception that after mechanical and/or dfenical thinning, the wafer 1 was
35 ~.mthick, the inplantation energy was 20 200 keV, the nean inplantation
depth P was 2 ~Cm and the inplantation dose was 1 x 101' H+/cnez . Prior to
i mpl ant at i orxenpvie MENTtaral &t g mither qurestas wfedndbeniagl asyql &t was

bonded to thefrant,d age i Bpnding acconplished using a W reversible
25 adhesive.” After detaching the rear portion 7, the front portion 6

obt ai ned was 33 e Hit@Rs THe iR GH isperaid shat aplanendpet dda Wisd mor e
Eﬁ obt a} n a;ﬁdﬂgﬂdr?yﬁr iﬁwédtaaadéd Nis ﬂi@dﬂ@'&ﬁ_sf,f afo %&g@m,?v%xasfter rfemovi gg
e stiffener 9, if necessary addin ne i ner to the front, face

bet ween tacH WA E%A%%LGE aﬁ&ap‘% g4r'nt ":*rﬁTen UL htd HStleps
wer e i denti ddle tselthcesgpmederd badif draye@mnievrdl , imiRigudee 135 iexception t hat
after mechanj,gal, ang/ or chenical thinning, the wafer 1 was 40 ~mthick, the
i npl ant ati on energy was 18 750 keV, the nean inplantation depth P was 10
~.m and the inpl dhtguresm dode ias 1l 1istriegie Bw/tdrird Ammlrient@tiiomt o the

i npl ant ati onysSt@p @iHdd fenamd Gaasididfed by a glass plate was bonded to
the front 5 face 2. Bonding was acconplished using a Wreversi bl e adhesi ve.

After ¥l antati ome S5ER (FlendW ERYEHE AR IRFU I AP IR IRES bonded
to the rear flacestBodut nigh Waisgwaes ol 1 s hietbrisidyl acdMnavensdtl e adhesi ve.
10 The rear (goré]%)jggl% Wwas e’tslgag:n. rrechoa i.cal I% i.em)ved by introducing a bl ade
or a jet of A% Tomgt €5 1t €1° Betdesh The two giass plates at the
zone of weakness A teéthesssial fimpilppurateicn aymera: ot aianexk Wafser88r ~1In ihi ck.
EXAVPLE 7 applied to the/rear face 4’ of the thinned wafer (or the
15 rear face 4 of the unthinned wafer).

The term “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 from a
plastics material, or polytetrafluorcethylene, 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 silicon oxide (Si0;), for example.

When the stiffener 12 is a rigid plate or a flexible

30 film, it can be bonded by molecular bonding or by
eutectic bonding. 1In this case, the surface quality 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 adhesgive.

It is then removed (see Figure 17) by applying

mechanical stresses (arrows S) or, when it is bonded, by



15 A nonocrystalline silicon wafer 1, 200 mmin dianmeter and a 725 ~m
thick, the front face 2 of which supported el ectronic conponents and/ or
circuits 3, underwent a first nmechanical and/or chem cal thinning step. A
thinned wafer with a thickness of 40 ~mlsas thus 20 obtained. A step of
inplanting H+ ions with an energy of 750 keV was then carried out on the
rear face 4' using an inplantation dose of 1.3 x 101' H+/cnR. Inplantation
was carried soulteadt tardsiternt enperlamimat el dhareathe2b vienplcnttiatg dre dept h P

was 10 ~,m j t.he fin Eﬂ%ﬂi 'ﬁ%%( e thi nni step, a
stiffener gem%s%e%g:silt’e_ llon t he ron,tc%qace tgieﬁerﬂv\rg@(ﬁ .amsgjq stiffener
9 was a siliadddn WHfssolsomgedha adhepiva th dheodatd drayadr a Futailged 30
prior to bondiRgndionding being carried out by wafer bonding. The stiffener
remai ned in place until the end of the method and woul d be renoved when the
desi red 1 hi ckness ¥ Q%@tl@%d’“iﬂé’bﬂ—’aﬁeﬁ néd FieHeSs thies o Gnddd Heh

ap]E)I : ed to tden w?‘ efepgBatieitd nd W tia AOC dihers sef Wi nawWiaate all owed
exfoliation t.he rear_ portion 7 19 .The front portion 6 ohtained was 30
~m t hi ck anc?oI{: ST i B e F Super %ekblri et IGSi Lfrhtelnlexla{:rrp %% "d&scri bed
above, the whfsired wasidkorassd fat@mn siillliwgratedHowe Eirgutigs o 1d)so be
possi bl e to prodygg,ityf r o erd al | ectied rj@ni ymo.an al | oy of
silicon and ger m%%%um (JSi Cge%gqn[sgla%l con oczlz(r-‘lbi dle tfallralqllrgu%Farsenl eo, i ndi um

phosphill, 9 inghhnd RfdEhn JVaRTHWR nilt ivﬂiei.c%rwe sielffdrere e culiP al so be a

SO (siliconymn il idsuad arjorfty b td@atithe wad LAl ME theA giBtdiod of
produci ng a sel

f-supported thin | ayer, (6) of a sem conductor mater.i al
supporting dr e fﬁ%ﬁ%ﬂﬁ i TR At e]a{@flaé}%tell%btsrrtﬁﬁ cpstecﬁ'rﬁ‘ e @it/ or
or immediately after that step (see Figure 19), so that
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 6 obtained, in particular when the thinning
operations carried out on the rear face are repeated a
plurality of times.

Once the desired thickness of the self-supported

25 layer 6 has been obtained, 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.



5 circuit (3) on one of its faces, froma wafer (1) of said sem conductor
material, said wafer (1) having a first face (2) terned the "front face"
supporting - or for supporting - at |east one el ectronic conponent and/or
circuit (3) and an opposing face (4), tééned the "rear 10 face",
characterized in that it conprises steps consisting in: a) inplanting
atom c species in the interior of said wafer (1), fromits rear face (4,

4') to obtain a Mmne (g‘enmzddﬂ@ss tHth)s defilridng sa afppdnitc gkdret iten a(rﬁ/) 15

extending fr ); e ﬁﬁi 0 qg& and a rear
portion (7) d—ﬂb ery:le |O(n%éLrnch C-gt\z/\?a?%‘rﬂfyl\)ééq'a%j)'L tachl ng said
rear porti orﬁ?C(ffE)Ol’ferrtFrﬁ Smcitfﬁ’f diorgorfidasn (6), to thin the wafer (1); and 20

c) if necessary, JRRAAtING ISHERS BxAFA L) N e fBdod e e’ ) of said
front partiaon (6) until, said front portion has the desired thickness for

constit (R i ng TS 10 Middp Rt Kf iR -ayer (6). 25 2. A nethod of
producing a thin layer according to claim1l, characterized in that prior to
any first inplantation step a), it consists in thinning said wafer (1) by a
mechani cal and/ or chem cal thinning nmethod carried out on the rear face
(4). 30 3. A nethod of producing a tBKmMPREet according to claim1l or claim

2, characterized A '?n&rﬁ?ctr t-)aclqrﬁieﬁ SSJTlllQ:CFH Mg at%d@qﬁﬁ {qpe el ectronic

conponent and/or circuit ront face ( sald wafer (1) , 35

prior tlP andignestey er1<ian7t?a'?‘L iHh Wik, thel ronk f@gpd off piiddiiting a thin
| ayer accor diyphdrt&d alBds rdiad adniidzat d mrdd)dr tdierstiy of, detaching the

realr portio?ué}q%qvgs c??rar JS%OS‘%‘? ap Iylaggd/a heat trealt nt and/ or hi

appl yi ng ex Shc iFFH?:I’* gﬁb"dlﬂ:]l athin

| ayer accor ditiegp 1 0 ZcI50 mud, t ek aﬂt:ﬁmdcedvaﬂ‘eﬁ hats tﬂml§tcﬂ:|ﬂ:a)ifne£ﬁat aching the
rear portion (7) rénsqce?Rr/:alr dm(\)ulta btyl ng a Jwgil;: ofanf Ie erigylg’ 01 ﬁﬁr\rlet hod

of producing at 40 crafm ", ar ac at the
step ofldet ads mjaetrhe:azaa;lreq)muu crm (t717e |zseac1arﬁacaej Yutohysaiet ubinmed 11) . 15

7. A et hod ale g Gt SR daeroRcRAdia 16 ol aigw Ly charact er i zed
(0} ac

in that the step |ng t e rear portion (7) is carried out by
appl yi ng a simgkaHeat jap)was eaeriehrodacd (Hhient Lgmparaie Waf@?‘e (1),
then appl yi ngeah haad1dieat fmntdadd o5 vaxd ermalm Mechani cal
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 6 obtained was 35 um thick.
EXAMPLE 2
The procedure was identical to that described 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 adhesgive 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, except 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 um thick oxide layer, planarized prior to bonding,

bonding being accomplished by wafer bonding.



20 stresses to said stiffener (12). 8. A nethod of producing a thin |ayer
according to claim7, characterized in that the stiffener (12) is applied
by deposition. 25 9. A method of producing a thin |ayer according to claim
8, characterized in that the stiffener (I2) is a layer of silicon oxide. 30
10. A nmethod of producing a thin [ayer according to claim7, characterized
inthat the stiffener (12) is arigid plate. 11. A nmethod of producing a
thin | ayer accor ditteg tthoiiB5 sgteat i kit achrerdactesy iXedin reindt. the rigid plate
(12) is formed from nonocrystalline EkAﬁ?% ¥cpystalline silicon, or from

gl ass. 22 12. A nethod of producing a I'n |ayer according to claim?7,
characterized in THa e#pnzls fifegratqd Bxgmple ) :emltﬂfe the AXBEOIBLOM et hod

of produci ngigyd fo\:éxa)fﬁéc}?s&Pﬁéj_L %&/bﬁ'@ﬂéﬁﬂcalchﬁ{ﬁﬁ{ﬁ{g zathd Rt the
stiffener (12) is an adhesjve fil . netho of producing a thin

| ayer actor di M8 o TIA4R rﬁ@ld‘c'ha"r‘%ﬁltaéﬁazte’d)ri Fashalagee stirkEHAt (D) is a

| ayer of mmhelimﬁamjatmgbmferm@umm 204 higv | aytes neegording to 15 claim
|, character,i d in that rlqéd50 th step q{ det ch|Q%$the ear portion
(7), a stiff tga)t ogﬂacﬁ ad T e AT orf'S RRrES (1) and
the stiffener X Yol sHT/em?vaddather hkati ngealbtnanneWasheasellfeglupp(ur aed thin

| ayer (6). ZQM%Q: A method of producing a thin |ayer according to claim 1,
characterized 1n that said wafer (1) is forned fromsilicon. 25 17. A

met hod B produci SR EPh N Was drher RN IR tDIE| @ Memothdikr %83 zed in
that the wafgsr{iddn i, a silicon on insulator wafer. 18. A nethod of

producing a thin Iager according t
The front portion 6 obtained was 33 um thick.

The cycle of operations was repeated once more to
obtain a thin layer 6 with a final thickness of 31 um.
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 um thick, the implantation energy was
20 200 keV, the mean implantation depth P was 2 um and the
implantation dose was 1 x 10'7 H'/cm?®.
Prior to implantation, a temporary stiffener 9
constituted by a glass plate 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 um
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 um thick, the implantation energy was



30 claim 1, characterized in that said wafer (1) is produced froma
material selected fromgermanium an alloy of silicon and gernmani um
(Si-Ge), silicon carbide, gallium arsenide, indium phosphide, gallium
nitride or alumnumnitride. .A3. A3fY. A8 AyY. AE. A A2. AAEAA

AE. AL AL A A2. A A A5% . Ah2 . AY.A=8 < = ?
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10#L<100& ()-! 9 "Hoe@ 9t P CIQuE (Waqltheqonwk@nllczally removed by
introducing a blade or a jet of air or compressed water
between the two glass plates at the zone of weakness 5.
The self-supported layer 6 obtained was 30 um thick.
EXAMPLE 7
15 A monocrystalline silicon wafer 1, 200 mm in
diameter and a 725 upm 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 obtained.
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 implantation 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 um thick oxide layer, planarized
30 prior to bonding, bonding being carried out by wafer
bonding. The stiffener 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.
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5
5. A method of producing a thin layer according to
claim 1, characterized in that the step of detaching the
rear portion (7) is carried out by blowing a jet of
fluid.

10
6. A method of producing a thin layer according to
claim 1, characterized in that the step of detaching the

rear portion (7) is carried out by scrubbing (11).

15 7. A method of producing a thin layer according to
claim 1, characterized in that the step of detaching the
rear portion (7) is carried out by applying a stiffener
(12) to the rear face (4, 4’, 4") of said wafer (1), then
applying a heat treatment and/or external mechanical

20 stresses to said stiffener (12).

8. A method of producing a thin layer according to
claim 7, characterized in that the stiffener (12) is
applied by deposition.

25
9. A method of producing a thin layer according to
claim 8, characterized in that the stiffener (12) is a

layer of silicon oxide.

30 10. A method of producing a thin layer according to
claim 7, characterized in that the stiffener (12) is a
rigid plate.

11. A method of producing a thin layer according to
35 claim 10, characterized in that the rigid plate (12) is
formed from monocrystalline or polycrystalline silicon,

or from glass.
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claim 7, characterized in that the stiffener (12) is a
flexible film.

13. A method of producing a thin layer according to
claim 7, characterized in that the stiffener (12) is an

adhesive film.

10 14. A method of producing a thin layer according to
claim 7, characterized in that the stiffener (12) is a

layer of wax.

15. A method of producing a thin layer according to

15 claim 1, characterized in that prior to the step of
detaching the rear portion (7), a stiffener (9) is
applied to the front face (2) of said wafer (1) and the
stiffener (9) is removed after having obtained the self-
supported thin layer (6).

20
16. A method of producing a thin layer according to
claim 1, characterized in that said wafer (1) is formed

from silicon.

25 17. A method of producing a thin layer according to
claim 1, characterized in that the wafer (1) is a silicon

on insulator wafer.

18. A method of producing a thin layer according to

30 claim 1, characterized in that said wafer (1) is produced
from a material selected from germanium, an alloy of
gilicon and germanium (Si-Ge), silicon carbide, gallium
arsenide, indium phosphide, gallium nitride or aluminum

nitride.



