; abe3eYVf 6T<@ February 2004 CREATI ON OF AN ELECTRI CALLY CONDUCTI NG

BONDI NG BETWEEN TWO SEM - CONDUCTOR ELEMENTS Technical field This invention
relates to a nethod that permts the creation of an electrically conducting
bondi ng between two semni -conductor elenments. 5 State of §kepRahorocart The
transfer of a thin filmof sem-conductot material onto a support is often
used in the field of mcro-electronics. This is the case particularly for
10, devices produced on GaAs for which it is preferable to . lay a
substrate made up of a thin filmof GaAs on a . silicon support. This

sol ution of f gREAFEMA Ar alyant agPSIcALL NABhBECPRRG! BONBAYGCE HafigGRpt S
since GaAs i S an expensive ‘ n —enabl es
one to sinmplify handling sEWCeSEMAsCONNUCIHR EIEMENTRr efore ' must be
handl ed delicately. It also enables one to reduce the weight of the
conponents, which is an inportant paraneter for space applications, since
silicon is |Teghrgrcalhafidlds. 20 Such a transfer is made traditionally by
bondi ng usi ng anT?é(_: dei t hi s.tépe of bondi ng being easy to control.
However, bondi ng ‘(iShg*3K=B%i+8 1S p&t i @uimEtiiacht Ghatt hpermhest hi n
filmis el e¢he calrdeystiirsi! @fred sy oIl It . c}'@ﬂf?c jn_25
applications it is necessary to es{@éﬁﬁislﬁlb\%g%% cal e ec%Irr:P alcgc%%%%ti on

t hrough t he®&GH&eRattec Bamljeondicteaseekemantsilarly for di odes produced on
afilmaof SiCfornmed on a silicon support and for solar cells produced by
deposition of GaAs on silicon. 5 February 2004 2 Furthernore, certain
types of tréahkaktet ofsthieoprdeamalzd; transistors with a perneabl e base or a
net al base) nece.?%%;t at e_having a_netal_|ayer jguri ed under, the |ayer of

semi - conduct or fFom whf e thRdy @fe r d figmrhied + geBisrongusitars -

difficult tmateeste anmtccandsgppyerbardidwrds thegmast @ﬂﬂpffe!\@yo%f
producing this tygg of structure.,K Several solutions have. been proposed for

creating cohtTERTRYCBbRARAGSof TS plidk e§hBf &33¢ comrtdm el yl0foment i on
the artiocl edéButéedpCobakbaSidn Gles LAYL! §hiBrSiild ¢ : fer
Bondi ng" -by. K. LJUNGBERG et al ., that appear eg ilrtlz ?%Eé{te%?%‘g%ﬁg% ¥\ao‘c.,

Vol . 141, 13%. 21¢ukshche meda, Ymgef 2820h83Fidmd ¢fieGanki gre a " Low
Tenper at ur g5 9 {4500 Vaf _\af gg s Bondi i.th 15 Nickel Silicide!" by Zhi
Xi ong Xi ao ot al . tha%ﬁg%%gar edglhfig\]. E{&g& Foc emol\%%%lf VoFeVaEsl No. 4,
April 1998 2% s a860- I3622nakids t hese ol veidone consi sbsels formEag a

silicide fr t I o] he.faces of the. plates to be bonded, by

reaction ofgﬂsgof?h%hnei gié{a%%g% h@aégﬁil-a oﬁﬂhcf%iaﬁﬁgﬁr it? .SIhes¥ sol uti ons

have t¥b dildadeaabdges. oBe the osempandy thendlDingti opneék thensiligide

consunes aart. ,of the sem conductor filmwhich nmay be_a di sadvantage in

the case otf&\%grl%et PRt TS AaF § hEUSEher® hgﬁﬂlﬁlﬁ%r‘é‘?iécatﬂ}’- It |
also enables one ‘to reduce the weight of the

components, which is an important parameter for space
applications, since silicon is lighter than Gaas.

20 Such a transfer is made traditionally by bonding
using an oxide, this type of bonding being easyr to
control. However, bonding using an oxide has the
particular feature that the thin film is electrically
insulated from its support. Hence, for certain

25 applications it is necessary to establish vertical
electrical conduction through the substrate. This is
the case particularly for diodes produced on a film of
SiC formed on a silicon support and for solar cells

produced by deposition of GaAs on silicon.




25 diffusion of the netal into the sem -conductor, which has the
consequence of degrading its properties. This is particularly the case if
ni ckel is used. Furthernore, the conpounds forned are not stable at high
tenperature which restricts the possibilities for 30 heag Fbpeaty®its after
creation of the bonding. These two things can be very inportant, if one

w shes, after bonding to carry out an epitaxy which can invol ve the 35
February 2004 use of high tenperatures (of the order of 1600C in the case
of SiC). Description of the invention 5 So as to renedy the di sadvant ages

ment i oned above,égcqggdin to this invention, it _is proposed to use a
bondi ng that uses One Or™%oTe | 85eF@1RhatYB8Snoftr ehEENGiLER oS | ddstr one of

the two semexandust otranbesi-als thide &l gRlninally gognedted, 1 Jherefore
t he subject of the invention is a method for creating an electricalrry
conducti ng B&FEIndrasasweietefbeBing a metsl daverdmduiedr unterenheand a

face of a seg SEM < di £ire y S eat_treatnent,
consi sting of 9”% - desggliqt %%@% eas?}:gﬁe w{ﬁg'?/dgir g$ega{%erre] aPrBHSEE?jd face
of the firsfhdéni -tearriucedr dlayment asd atififidastltonetbayerraftdmat grigal on

said face o n ] -copducto r_el enent,.these deposited | ayers
conbi ni ng dfi??‘?gc?g?’ ﬁjeéarﬁq[r}éaggreﬁ % 8955 T P Ly e 250 C’tﬁ?aﬁr?ﬁ‘éﬁ%%s an
el ectrical | gheendyeei o lsadigtgideet ween the two faces, - applying said

faces one agains& t he gtheﬁz w th interposing of said |ayers of deposited
material bet weenEREAP L2521 HANS nja ket bS] Breerosedateentcradtaiagt eri zed

in that thecbayeet@hgndsridahg deRoSthed ,an hel f thg,Lirst
sem -C(iréd-uctor- el emaﬁt- and 'ghge | ayer of pmaﬁt%rsisa gdesgg'gicggend oﬁPS &89 face
of the-SecdhASeRftcdhductbEielentRurded cholahti $idriderdd oLagaet iim t he 30

sol i d phasesguiésy dedeal pyeatdmiy R ON @t enper st abl e
m xture with respect to the %?rst and ?ﬁgdgggén eﬁr-ggﬁ%g%g%gGeﬁénent,
the heat trahtmehbakotapprRicgdhgiany r eBkeconopheductSdeet,weeslt haq1,5

Fobruary 2004 918¢PRRIdHt 1650 2! pAL 292823539794 LIS 28T, gqnductor
~ "Low Temperature Silicon Wafer to Wafer Bonding with
15 Nickel Silicide” by 2hi Xiong Xiao et al., that
appeared in J. Electrochem. Soc., Vol. 145, No. 4,
April 1998, pages 1360-1362. All these solutions
consist of forming a silicide from a metal deposited on
the faces of the plates to be bonded{.by reaction.of
20 the metal and the semi-conductor ~material. These
soluticons have two disadvantages. On the one hand, the
formaticn of the silicide consumes a part of the semi-
conductor film which may be a cisadvantage in the case
of very thin films. On the other hand; there 1is
25 diffusion of the metal into the semi-conductor; which
has the consequence of degrading its properties. This
is particularly the ~case if nickel 1is used.
Furthermore, the compounds formed are not stable at
high temperature which restricts the possibilities for
30 heat treatment after creation of the bonding. These two
things can be very important, if ocne wishés, after

bonding to carry out an epitaxy which can involve the




According to one particul ar enbodi nent, the material of the |ayer deposited
on the face of the 5 first sem -conductor elenent is distinct fromthe
material of the |layer deposited on the face of the second sem -conduct or

el ement, the heat treatnment forming a mxture that does sgebiuagUER4aNY
reaction product with the first and the Zecond sem -conductor. 10 Accordi ng
to another particul ar enbodi nent, one of the layers of material is
deposited with an excess thickness such that a part of this layer, in
contact with the other |ayer of material conbines with the other deposited
| ayer of material_in order to formsaid 15 stable m xture, the other part
of the | ayePS§efdsitedh wrenraratrEess (aff dheesrden cHNiE60°® Lh the

sem conduct @x gl eFeRt; an which it is deposited, reacting during the heat
treatment with this. sem-conductor element in order to forma filmwth
ohm c contact: 20 A | ayer of oxide may be provided between the deposited

| ayer s of L .t he ilde. .being chosen in order to react with at | east
one mat eri gﬁg(%{:‘kggft&o&eﬁg)s(i%d YZAF+CR he thi cknesses of the oxide |ayer
and thed ayer of sgakerital AddduwWhigd § q c i such that

( P 16 'ﬂ§a8¥hﬂ€aé§§. %“%Pég"\?&%ag%%v%t

the oxide formed is in the formof isolated precipi
subst ant i al #5°REAHITh& 2| BREFI daiventsiiucitng Hopdopgsedhitso | ager of oxi de

may be deposhigdnon fod YELS terial qr_on both of them for
exanpl e, by a ng?ﬁoaﬂgﬁoglesr‘]a%804?0%61%%8”35&/&&% Si ¥ oRC&nd At gel

type depositit®h. at Sezsilr uang 20D4tke | twor desmi-coniOVSrt ha ckendiing, the
first and L tor _elenents can be pressed one agai nst the
o e S FrERr RknroRhRE ar

ot her during t rea ectrically conducting bondi ng may

resul t18 from a THedeferof thdestbdaktmatferdhd S.nvdh L of sap gxappLe) the

first sem 'f%q:ndclift r.elenment .is _Si,C and the second sem -conductor el ement
ter e Cofrpirt

is SIC, thein 4 M a§erst § FPUhidg drondingt batwadna | ayer

of siliconazorfzmd dof age ralrsthesdn I- okt P 89@&?8&%:&" rept_andg.a |ayer
of tungsten and a | ayer of silicon on said face of the secon
sem - condu€t oP SEC&entSeRhecoRseGE@L f oRABE@EeRtt ebyt haideer tofat heat

conpri si ngt‘ﬂgiatmehft,o%rpgistﬁqlgse&-ponduct or. elenments is a thin 15 film
the nethod may conprise a prelimnary step consisting of defining this thin

filmads a superficlegposiyengofata delstr abge ilntyanded st onpesseparajed from
the rest of_the 'fsué)str tet. According.to.a first enbodi nent exanple, during
the prelintnary $t8p, °thdMubstrate TEPODCPREWEECPY ediematithgands gdport, a

sacrifici alehayeonand dyher tdf Mmbtbfialh@nseRarpt #00, of £t thin fidmfrom
the rest of the sugstrate bei ng obtained, after creat%’J‘(’anleglte %ﬁee%oﬁéndi ng, by

di ssol uti o Bt tRRILGEPES | civhemefyer . AEESSE@ ng depes seednd daiyadisment

exanpl e, destspnihg 2R} i ghRar P in filmis bounded in a
subst @te hy a Iaygr ofﬂn@cr%gg\'/ﬁﬁg Sgtggfgﬁteegltby&:"oﬁlpfmi bl aAY&Ei on, the

separ 4t'i on- At t hETEMLASS | narr o ¢rcricalby t kensulostivay e behAgng

consecut i isdwadher hondi,n0sheaL treatnment or to a specific heat treatment
30 or to the application ojf: mechani cal forces or to the conbination of a

heat treatnent -andpphegiagplsatat i faced orRehagheaktf th%esother, with

interposing of said layers of deposited material
between them,

25 — carrying out said heat treatment, characterized
in that the layer of material deposited onto said face
~of the first semi-conductor element and the layer of
material deposited onto said face of the second semi-
conductor element are chosen in order to react in the

30 solid phase during the heat treatment and to form a
temperature stable mixture with respect to the first
and the second semi-conductor element, the heat

treatment not inducing any reaction product between the




5 February 2004 6 Brief description of the drawi ngs The invention wll be
better understood and ot her advantages and particular features wll becone
apparent on reading the description that follows, given by way 5 of a
non-limtative exanple and acconpani ed by the appended dsgebRgs Z50ang which
- Figures IAto IDillustrate a first exanple of the creation of an

el ectrically conducting bondi ng between two sem -conduct or el enents;
according to the 10 nmethod of the invention, - Figures 2Ato 2E illustrate
a second exanple of the creation of an electrically conducting bondi ng

between two seni -conductor elenments, according to the nethod of the
i nvention, PROFERA eNBRIRBD idridistatat deastthi ctheexarfpl ehef tbgicreation

of an eIect@dﬁgdd@égygﬁg%é§§%bonding between two semi -conductor el enents,
according to the nethod o e invention. 20 Detailed description of

enbodi nents of t RedondEimg ontdhe omwentiaan JpudReses ekbBedemaali on Pfea
r of the

bondi ng usi |_ayer,s ich do.not react wi.th one or the other
sem - conduc otre%é%émﬁ\?s % b Mt SFEQPF§e§onﬂ€ct%‘Eﬁ dmcccefditieto the
i nventi o, thieswat ereal-cdidinoseds barugen the Lwaglenent bonded
react durinﬁ?éhe,h at treatnent to forma mxture stagﬁg?mf¢ﬂ%$e§%5%t to

these el emeNESSEt3Hi ghtt difer dBESs dRBCAGEABI yor erfpfer atfaces gfeattas  t han
that of {hesbeahdS0 dawealdBiiycddl s sighkhly alpdi g Lemperature is
8 of “&RE arfd Ot t hem

particularly inportant when the el enents aré mac .

must be sub%@é@éﬂgtcﬁep‘ilﬁéw.e tBaFeltass y n2@04iZdihe netnode3eEaléi Ng to
the inventi gp,dQes NOLwr [ e_use.of a diffusion barrier although a

di f f usi on bgr?ier na%EBe%ﬂgegirEEe g?aﬁ%?,%ﬁ%?q tET PSRN Wt e?Fal s are 5 -

W (or a%onpoundidaseding W/ Shothk( gara icarpotnshibesadeon, VhhSI (W (or a

.conpound b The thicknesses, of the interposed | ayers are
general |y ﬁ%n%%ar\grds eI‘:t hIg?EEFF'a f the HRRFIERS iH 9D EResexragsrs

interact toHiorimesnewushabiteatmabkergadt of this layer, in contact
' with the other layer of material combines with the
other deposited layer of material in order to form said

15 ~stable mixture, the other part of the layer deposited

with an excess thickness, in contact with the semi-
conductor element on which it is deposited, reacting

during the heat treatment with this semi-conductor

element in order to form a film with ohﬁic contact.

20 A layer of oxide may be provided between the’
deposited layers of material, the oxide being chosen in

‘order to react with at least one material of said
deposited layers, the thicknesses of the oxide layer

and the layer of material with which the oxide reacts

25 being such that the oxide formed is in the form of
isolated precipitates which do not substantially harm

the electrically conducting bonding. This layer of

oxide may be deposited on one of the layers of material

or on both of them, for example, by a nmthod'chosen

30 from among vacuum deposition and sol-gel type

deposition.




However, in certain cases, it may be advantageous to use at |leas t one

| ayer of material having an excess thickness. This excess thickness

-of material then reacts during the high tenperature heat treatnent with 15
the element with which it is in contact in order to fornggehiuhRr20oth ohm c
contact. By way of exanple, for elenentg to be bonded nade of SiC and

i nterposed | ayers made of Wand Si, in order for all of the interposed

| ayers to react, the ratio of 20 the total thickness of the Si |ayer or

| ayers to the total thickness of the Wlayer or |ayers nust be equal to or
close to 2.5 in order to obtain a honogeneous |ayer of WS 2. In order to
have an excess ttIinckoedercapablimpm'bweeathéng:;oxidj.mt_u,st tbm slfiight] yakel ow
2.5. 25 ThIS enabl es. one to({hve a th mbased and WC which is
al so st abl e S&FRigh et %toﬁcc% ?o S2Ri ng‘ﬁ SHth,OMyers

are used \Ahaglamrse amey dirermeryiag agld M’léé@biﬁe&\tﬁl@n@ne or the other of
the sem -conductor materials at the 30 tenperatures used during production

of the devices ahdSdufitf§-ERERL LYse CORMGTE e RONdinEatasht Teauldondi ng

the two semere@NAUICHIk Ll RITBHES 1 et IRANPhELekRaliRe c35e af the transfer
of silicon carbide ontxo SI|ICOI’ll 5 I%ebruary 30051l g g% 3% Hf ar Iovm ng

stacks can B¥aggsés,. tHhe éllémiint$W¥a9@h¢8ttpay@l®emayars/ Wi@yem(ﬁ C, the
sil.icon bei a S Dur j heat tr ment, the
tungsten r eg%t S V\%?ﬁ&qﬁe %o%g%%ugg?lfﬂn 5 lJP‘I(’;or o st rﬁg’ur et§|e(‘1 w

(t hi ckness DntleNnejifSte( ﬂfmy@lcrsesssorﬁpﬂﬁsrn@') aSll@tyhazCIGIESSuﬁgBEeEUBh/dW

(thickness 0. / Si.C CIW5i Z/ Si C | tai ne& eact on nccnrc from
650C, i nplyT néaryee ct Pgn B 1R i cﬁﬁl $%he °tun 153% hé8Pirhe thin

film of0Si Gdreduge: 6onel@m@nitO At &he.agf)é&taml’éuﬁlggbbﬁ aindTog € 1bhag 1600C
Figures | A tlﬂ 1D_are transverse views which illustrate a first e:-nbodi nment
exanpl e of ¢ e SHetRoF %‘&cé‘raddng%( Set RE | FRNSIEGPNCor SR chRonAEcEerdi ng i s

carried outeldnaCeOr daRCenyktNra kdelidL apRERaCthe | ReRitIUEE L@mﬁﬂ?""s asic
plate 10 covered successively with a l.ayer 11 of tungsten an?i ayer 15 of

silicon. FiRRREIBRROMEI=a Si C plate 12 covered successively with a |ayer
13 of tungsten ary gnbayss of 1890 r WS . he j oi ning of
n éﬁe se%'uI dJ<TFle(9.II_J %l%ﬁe?&% Y ng

the structures shown in 20 Igures | A an &ses Strutt ufes
br ought 3i ntfd lebnt dehe t hmeulydd t heay Iaympszss amd e lAftieraheatstegat ment

from 650C, 44 I re talned The SIC plate 10 is
connect ed by anaﬁ]ﬁﬁg}r%’%aﬁ ggc%ﬁ g‘?ﬁ Ny %P% |Ejg Po2Phd §"l’§’epzfé& ab o5

t hanks to tlaysamtof redsavsttaye ﬂﬂtémdeﬂdtbeb&e&@ptah%tfe\w Rt ashand
conpri sing i h ctrical conduct i ng bagndi ng can be used to
bond a thi r“fvgemojfocla%c%g fe'FPﬁeOnﬁ‘J% %oth%luﬁt %rlr§l§p|cﬁ§fi‘hi° digends to

- obtai n thi exthplef,i ldarihe Bﬁ)et blr@liﬁ_ﬁﬁ&a&fy e ®f {;lla]g gwgslgggq_%d pol ates may

be re ed.. This has two or di sadvant ages. the one hand, it Is
di ffi FBrB‘EFaH?V asFﬁFEﬁkgl ? horDReheoud sacrificial layer and

the thin film, the separation of the thin film from the
rest of the substrate being obtained, after creation of
the bonding, by dissolution of the sacrificial layer.
According to a second embodiment example, during the
25 preliminary step, the thin film is bounded in a
substrate by a layer of micro-cavities obtained by
ionic implantation, the separation of the thin film
from the rest of the substrate being consecutive to the
bonding heat treatment or to a specific heat treatment
30 or to the application of mechanical forces or to the
combination of a heat treatment and the application of

mechanical forces.




5 February 2004 9 throughout its thickness and, on the other hand, there is
a loss fromthe rest of the sem -conductor plate supplying this film This
i nvention al so enabl es one to renedy these disadvantages. A first solution
makes use 5 of a sacrificial layer. A second solution enpFeymsiafy 2d03avage
met hod after ionic inplantation. Figureseé2A to 2E are transverse views
which illustrate the creation of an electrically conducting -bonding, in
accordance with a kinetic approach, between.. 10 a seni-conductive SiC.
plate and a thin SiC filmobtai ned by di ssol utlon of a sacrificial |ayer.

Figure 2A shows % |I|con | ate 3 covered with a layer 3l of silicon oxide
or silicon nmit? Vﬁfﬁﬁp PP BE dzawings.rificial |ayer. .The

sacrificial |ayerrrl mvéﬁt@eﬁemmsmeﬁétﬁew WiddY & AL Lawer,:32. whi ch
wil | prOV|d he thin film a layer 33 of tungsten and a [ ayer %

silicon. BRI HRNE BFEiﬁF&ﬂéESIQ%ﬁﬁﬁﬁiiWﬁlh bE¢9Wera35aaEntungsten
and a Iayercﬁﬁ Plasihd CQ@_ K 0 h gf e structures 20
shown in Figures 2A a% 5 a%ée%gléﬁﬁ@t \g?gtg Efe(%ﬁjg r bught e|t1!.1ntk?)}'cfff Yact

t hrough ?heiaf | ayensnshalndta:&aveAf ceampdatl andat aestmbaahedS06y t bRe
assenbly shaun .0 Fi re. 2D i s_obtai ed The SiC | ayer 32 is connected

t hrough an eﬁ%%t?%gggf %ﬂﬁﬁuﬁ$?@ﬁ h?%g to the SiC 25 plate 34 thanks to
the internediate_l ay uggscqmsquuigd BY L\WBIL 2« o fi yer is '
t hen di ssolved by a %%chnlq known té auﬁgn éklpf gﬁgﬁktéaéﬂaléi £

obtains, ontffe 6ﬁ§aﬁé@@ Pﬁe &y uel@cs risadd v n dRingluet Ry tﬁmmdlﬁgto say
athin flIﬁng obi qQﬂﬂ o¥1oTr al co tionto a SiC
support, and og t he ot ﬁ Egna reﬁggb %gg%ﬁngn ng l&?gﬁfbst
are trafsvensthotend mhﬁchannhmamne the creation of an electrically
conducti ng 5 February 2004 10 bondin in accordance with a kinetic
approach, between & ST oPUER ¥E S Hﬂ%ﬂ%?%ﬂ@ aechnd six@mpllenadbt ai ned
by cleavagetggteérégaignlngkang ti @gReFhg ate 50 mnthln
which a | ayer 51 of m cro- cavﬁtleseﬁas 5§%§3é%§ggﬁcglb§’u%°n&%
|nplantat|099tVﬁ?@udﬁKbnée©i chadfigtes cfleansnips at ec8®rdimactor ddvace with
t he technlqﬁgtgb§c5@s§g b¥n herdagument FR-A-2 681 472 . A layer 52 of
tungsten and a | ayer |con “have been successively deposited on 10

the i npbant ed face Fofulrae p:tzat £0500 H i BB shawe i py PbkRLP3 @ Si C
covered with a la er 54 of tungsten and a | ayer 58 of SI|ICOﬂ Figure 3C

shows the j %l WLiehe ot r 2R ureeehohral by Fi gardyceAngndbeBdinghese
structure sdwidwh bequohder o et £ he ers, 57,and 58.
~ After heat treatnment, the agggﬁ%?§&§ﬁ%wﬁhln Fléirehéfé?gkg téﬁ%eghgThe heat
treat ment GRISRI QlediReinrerhiopt ate 50 al ong the layer of
mcro-cavities. Athin filmb55 of SiC remains, mhlch is connected by an
el ectrically conducting bonding to the
20 Detailed description of embodiments of the invention

to 3D

The invention proposes the creaticn of a bonding
using layers which do not react with one or the other
of the semi-conductor elements to be electrically
connected.

25 According to  the invention, the " materials
interposed between the two elements to be bonded react
during the heat treatment to form a mixture stable with
respect to these elements at high temperatures and
notably temperatures greater than that of the heat

30 treatment. This stability at high temperature is

particularly important when the elements are made of

SiC and cne of them must be subjected to epitaxy.




20 SiC plate 53 thanks to the internediate |layer 56 conprising WS 2. The
remai nder of the plate 50 can then be reused. In an advant ageous way, So as
to i nprove the bonding, pressure can be applied between the assenbl ed 25
structures. One may also, conjointly or not, use a thin #gyeiagf20p4i de on
the surface of at |east one of the strugtures in order to reduce the
pressure necessary for the bonding, or indeed do without it. This |ayer of
oxi de must be sufficiently fine (a few Angstrons) and 30 capabl e of
interacting with at | east one of the bonding materials to form at the end
of the process, precipitates which do not hinder the electrical conduction.

During the heat Theatmetitodt ke-ddudidqyer thd Sifrebhruasy 2864s ofnhgaxi de
reacts with the nmetal which is offered to it, if the netal is sufficiently

el ect r oposi F¥¥81 €0 FBFm Wt alCxite SIS Y e BaF 14RE f rliitsudhsolat ed

preci pitateg; rils PRt hevkabr RBLS kS e case with 5 titani um which reacts
with the oxide Si02 to formTi 02 and releasing silicon: Hence a stack

Si ¢/ Si 02 (of thiRkaEesablpl Ehe)insecroger mhtekviess @reOl: Eun) /Ti (of

t hi ckness 0.1, Eun i provides the structure SiC/(TiSi2 + TiG~)/Si. The
reactioﬁ occurs'ét%égﬁﬁgﬁi9ﬂﬂ3ﬂ4ﬂ§iﬁf§ @t dHW oF1the silicon with the

titanium and reduct of. i | tranj w, i hout the thi,n film
of Si C being consunegngﬁe%lﬁlg?u%u‘?ds?:yab%lfhc% E@o}#%utq t‘%g #i 6?m888§dnot ~form
a continuous | ayerba¥ke systiémis stable up to 1330C (limted by the

formation of a eutectic between TiSi 2 and Siat this fenperature). The

descri ption aboé@m%aﬁgﬁ‘:g%%T%%ﬁ t8Eth5%80n&d%?§ﬁ°%ﬁ er£%§€ﬁ%nt§Fernce,

for exanpl genmraaliny domdnaibagdr «2of Gadk epilllaxd fit eHeomaa sstibstg aig of.
interposin%tat 20 -l east_ two | ayers

o at b albeHR s hREE P oel Y RS SEO DA CEATRY 15 CABLRod RS EF Rkt | n
) . g
bondi ng betwerrex facs Herrdifebayasy 2004map dlechbivaallyeeoaducting
first sem -conductar el enent
use at least one layer of material having an excess
thickness. This excess thickness “of material then
reacts during the high temperature heat treatment with
‘15 the element with which it is in contact in order to
form a film with ohmic contact.

By way of example, for eiements to be bonded made
cf SiC and interposéd laYers made ofrw and Si, in order
fof all cf the interposed iayers to react, the ratio of

20 tﬁe total thickness of the Si layer or layers to the
total thickness of the W layer or layers must be egqual
to or close to 2.5 in order to obtain a.hnmogeneous
layer of WSi,. In order to have an excess thickness
capable of reacting, it must be slightly below 2.5.

25 This enables one to have a thin film based on WSi and
WC which is also stable at high temperature.

According teo a kinetic approach, layers are used
which are only thermodynamically stable with one or the
other of the semi~conductor materials at the

30 temperatures used during production of the devices and
during their use, after the heat treatment for bonding
the two semi-conductor elements. For example, in the

case of the transfer of silicon carbide onto silicon




(10, 32, 55) and a face of a second sem -conductor elenment (12, 34, 53) by
nmeans of heat treatnent, consisting of: 5 - depositing at |east one |ayer
of material on said face of the first sem -conductor el enment and at | east
one layer of material on said face of the second sem - copgdphRfy SocTENt ,

t hese deposited | ayers conbi ning .during8said heat treatnment to forma | ayer
that provides an electrically 10 conducti ng bondi ng between the two faces,
15 20 25 - applying .said faces one agai nst the other, interposing said

| ayers of deposited material, - carrying out said heat treatnent,
52, 57

characterized in that the | r of material (11, 15, 33, 37 ‘
deposi t ed o%qsrgilgef’acé:thoef tﬁ%l ?‘f%’fgseﬁ@%ﬁduﬁ?ar beendifehng t hei€ ayer of
material (18leh6nt3®d 3I%hyhd si58)14epessi ed] gpesaivd flacR Ofs the sgpond

sem - conduct o:L.eI erTEnt, are chosen in order to react in“soli oi' phase during
the heat tr8atnEAP §Fd G0 FFTRLYS QUrerYHadlisnet aBusingr tha dear at ure

hi gher thantthgcheat,t r8at Ry IPEANE §onthgaf LESE L0, o32fotrﬁ[g) ha”f'
ea

for the second (12, 34, 53) sem -conductor elenment reéesSpectively,
treatmert n8fiindudmg anysteactipe psodywt behverAekke deposikgggsyaterials
and at | east one of the sem -conductor elenents. 2. Method according to
Claim 1, chhfateereged0i-@5t hem) ol [ byl ¢ hme ps eli. BiSnary) A0 eghtik@ntlisn film

i s bounded ¢1n a sx?strate ,(S}J%Sby a layer of mcrocavities (51) obtained by
i oni ¢ i npl antht FBh/ Sthe F-C/WSindiSitaris 20082i8edecdrRaRidR conductor

el ement, t atc:heeat nent f.ormn m xture that does not induce any
reaction p:%%%gt %\?\Abt 't ﬁgtpft.tiylj.ngg aﬁ%%ﬁe@%eegnd:béeen?%géﬁeﬂct‘b#tfél Ehent. 5 3.
Method accorndigurdr, oRethbu€l aiH® dhon 24i16haACEEEI 24 Eﬁﬁ‘%xﬁﬁ?gﬁ' of the
-layers_of material is deposited with an excess thickness suc af "a part -
of thi30] ayad tihe carmzent i t$tabke ozhemotayehanf 16a0ecial 10 combines with

t he ot her deposid, | ayer, of materjal _in order to formsaid stable m xture,
the other part (gtfl%tq"ﬁ y]élf d‘é?)os#’bedaﬁft htAANEXELSS t Hi@¥esswhieh .

e

€ la
contact wi till Itfse reemd - @onfllies of @leiEnte o =whainglld t oirs dgposjdied,q Feacting
- during the _heat treatpent with .this 15 sem -conductor elenent 1n-order to

forma filﬁc\ﬁiotrﬁl(?ﬁm Eocotrﬂeact’-.nve”tlon fror which the bonding is
carried out in accordance with a kinetic approach.

15 Figure 1A shows a SiC plate 10 covered successively
with a layer 11 of tungsten and a layer 15 of silicon.
Figure 1B shows a SiC plate 12 covered successively
with a layer 13 of tungsten and a layer716 cf silicon.
Figure 1C shows the joining of the structures sﬁown in

20 Figures 1A and 1B, theses structures being brought into
contact through their layers 15 and ‘16. After heat
treatment from 650°C, the assembly shown in Figure 1D
is obtained. The SiC plate 10 is connected by an
electrically conducting bonding to the SiC plate 12

25 thanks to the intermediate layer 14 formed between the
two plates and comprising WSi,.

Such an electrically conducting bonding can be
used to bond a thin semi-conductor film onto a semi-
conductor suppert. So as to obtain this thin film, the

3C thickness o¢f one of the two bonded plates may be

reduced. This has two major disadvantages. On the cne

hand, it is difficult to obtain a thin film homogeneous




4. Method according to Caim1l, characterized in that a |layer of oxide is
provi ded between said 20 deposited |ayers of material, the oxide being
chosen in order to react with at |east one material of said deposited

| ayers, the thicknesses of the oxide |ayer and the |ayers¢bbArRheroc W th
whi ch the oxide reacts being such that ghe oxide fornmed is in the form of
25 isolated precipitates which do not substantially harmthe electrically
conducting bonding. 5. Method according to Claim4, characterized in that
said | ayer of oxide is deposited on one of the 30 deposited | ayers of

material or on both of them 6. thhodrgfcordinﬁ%to glaim 1, .characterized
in that the e8I skE®ndliekNEESn &G orCTtl BNBnPE NEFe Nand Febiehfy 2004
14 pressed qre agaids Ehemottd @dkitndof henkeatehl eabAERELoE Hhited

according to Claim1, characterized in 5 that the first sem -conductor
el enent i s SHEPANE Nche et ohblBenTREDNHNEEBELENeAEFC €935 1SS tIRE i ¥R er posed

| ayers CP“EE&EQ& q:k{%%'@rd%a yogsLeRsang %ﬂﬁy@r?eiuékbhcm 1d face
of the first seni-conductor elenment“and a |l ayer of tungsten and a layer of
siliconB0 ofi sai ¢afacief infidhe legeond Bermiemortiusrdrtdlogneanplope m xt ure

formed after,the_heat trea t conprising wsi2 .8 _Mthod according to any
one of the pr&ddarhig™esA%idh:e% qﬁg%féh %ﬁﬁ??F}%%t, one of the
sem conduct or el gigntesbeiarg ad hi2efism (32rah5yerthe mekhed conjyH ses a

relimnary, step consisting of defining this thin filmas a superficial
Fayer of ayéiiggFéﬁé?i?ﬁ%%&EEaF&q&a% paFat ??{ﬁﬁ?ﬂLYrEQF 339 he

substrate. SonlehBod 3CGUIH b G 8, KCRat aet apbzedch) bhaledy ing the
prelimnary step, ‘the substrate i's formed by'stack|ng'a support "(30), a
sacrifil& al 2] ajepizsongiictdy® t Kl G himldse m3nR) , at hehdBpafali of 8M t he
thin filmf r , S tpat e helg oht aine Lyer -%%g%gon of
t he bondi ngég%ﬁgggs%%t%#%&tﬁ%ﬁsacri f%dz}lglﬂ;éyler (g??. QOE} . Met hod
accordi ng t3ACshbws8a ciakiaztrerpkatiei A0t kaveded ny tthhea ptavéni Rar pfst ep
the thin filmi oun in p. (£ .a.. | ay.er . crocavities
(51) obtai n%glbémlqo%lxg‘%%rrp ra?ﬁj?fjj?%% a{iggggé %l%h %Vﬁl %e M18L8°8Y
& sacrificial layer. .The sacrificial 1layer 31 1is
15 covered successively with a SiC layer 32,.which will
provide the thin film, a layer 33 of tungsten and a
layer 37 of silicon. Figure 2B shows a S5iC plate 34
covered with a layer 35 of tungsten and a layer 38 of
silicon.‘Figure 2C shows the joining of the structures
20 shown in Figures 2A and 2B, these structures being

brought into contact through their layers 37 and 38.
After heat treatment from 650°C, the assembly shown in
Figure 2D is obtained. The S§SiC layer 32 1s connected
through an electrically conducting bonding to the SiC
25 plate 34 thanks to the intermediate layer 36
constituted by WSi,. The sacrificial 1layer 1is then
dissolved by a technique known to a man skilled in the
art. On obtains, on the one hand, the structure shown
in Figure 2E, that is to say a thin film of S$SiC bonded
30 through an electrical connection to a SiC support, and

on the other hand, a reusable silicon plate.

Figures 3A to 3D are transverse views which

illustrate the creation of an electrically conducting




5 February 2004 15 separation of the thin filmfromthe rest of the _
substrate being consecutive to the bonding heat treatnent or to a specific
heat treatnment or to the application of nechanical forces or to the
conbination S of a heat treatnment and the application ofs pesiiani sl forces.
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[\]*W [M 10~in accordance with the technigue disclosed by the
document FR-A-2 681 472. A layer 52 of tungsted and a -
. .. layer 57 of Silicqn,haFe_beenmsuccessiv¢ly”depositqd‘on.,‘
10 the implanted face of the plate 50. Figure 3B shows a
plate 53 of SiC covered with a layer 54 of tungsten and
a layer 58 of silicon. Figure 3C shows the joining of
_the structures shown in Fiqures 32 and 3B, .these
structuresv being brought into contact through their
15 layers 57 and 58. After heat treatment, the assembly
shown 'in Figure 3D is obtained. The heat treatment
causes cleavage of the pléte 50 along the layer of
micro-cavities. A thin film 55 of SiC remains, which is
connected by an electrically conductiﬁg bonding to the
20 SiC plate 53 thanks to the intermediate layer 56
comprising WSi;. The remainder of the plate 30 can then
be reused.
In arn advantageous way, so as to improve the
~bonding, pressure can be applied between the assembled
25 structures. One may also, conjointly or nct, use a thin
layer of oxide on the surface of at least one of the
structures in order to reduce the pressure necessary
for the bonding, or indeed do without it. This layer of
oxide must be sufficiently fine (a few Angstréms) and
30 capable of interacting with at least one of the bonding
materials to form, at the end of the process,

precipitates which do not hinder the electrical

conduction. During the heat treatment, the thin layer
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. of oxide reacts with the metal which is offered to it,
if the metal is sufficiently electropositive, to form
metal oxides which are in the form of isoclated
precipitates. In particular, this is the case with

5 titanium which reacts with the oxide $i0, to form TiO,

and releasing silicon. Hence a stack SiC/Si0, (of
thickness 0.01 um)-S5i0; (of thickness 0.01 pm)/Ti (of
thickness 0.1 pm)/Si provides the structure S5iC/(TiSi,

+ T104}/Si. The reaction ‘occurs at 1000°C, " implying
10 reaction of the silicon with the titanium and reduction

of the $i0; by the titanium, without the thin film of

SiC being consumed. The Si0, must be thin so that the

TiO, does not.form a continuous layer. The system is

stable up to 1330°C (limited. by the formation of a
15 eutectic between TiSi, and Si at this temperature).

The: description above can be applied to the
bonding of other elements. Hence, for example, one may
bond a layer of GaN epitaxiated on a substrate of
sapphire or SiC with a SiC substrate by interposing at

20 least two layers of materials, respectively W and Si.
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bonding between a face of a first semi-conductor element
(10, 32, 55) and a face of a second semi-conductor element
{12, 34, 53) by means of heat treatment, consisting of:

5 - depositing at least one layer of material on said
face of the first semi-conductor element and at least one
layer of material on said face of the second semi-conductor
element, these depcsited layers combining during said heat
treatment to form a layer that provides an electrically

10 conducting bonding between the two faces,

- applylng . saitd faces one against the other,

mterpos:.ng sald layers of depos:.ted material,
- carrylng out said heat treatment, characterized in
that the layer of material (11, 15, 33, 37, 52, 57)
15 depocsited on said face of the first semi-conducter element
and the layer of material (13, 16, 35, 38, 54, 58)
depoéited on said face of the second semi-conductor element
are chosen in order to react in solid phase during the heat
treatment and tc form a mixture that is stable for a
20 temperature higher than the heat treatment temperature for
the first (10, 32, 55) and for the second (12, 34, 53)
semi-conductor element respectively, the heat treatment not
inducing any reaction preoduct between the deposited
materials and at least ocne of the semi-conductor eiements.
25 ‘
2. Method according to Claim 1, characterized in
that during the preliminary step, the thin film is

bounded in a substrate (530) by a layer of micro-

cavities (51) obtained by ionic implantation, the
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characterized in that one of the layers of material is
deposited with an excess thickness such that a part of
- this layer, in contact . with the other layer of material__
10 combines with the other deposited layer of material in |
order to form said stable mixture, the other part of
the layer deposited with an excess thickness, in
contact with the semi-conductor element on which it is
deposited, reacting during the heat treatment with this

15 semi-conductor element in order to form a film with

ohmic contact.

4. Method according to Claim 1, characterized in

that a layer of oxide is provided between said

20 deposited layers of material, the oxide being chosen in
order to react with at least one material of said
deposited layers, the thicknesses of the oxide layer

and the layer of material with which the oxide reacts
being such that the oxide formed is in the formr of

25 isolated precipitates which do not substéntially harm

the electrically conducting bonding.

5. Method according to Claim 4, characterized in
that said layer of oxide is deposited on one of the

30 deposited layers of material or on both of them.

6. Method according te Claim 1, characterized in

that the first and second semi-conductor elements are
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pressed one against the other during the heat

treatment.

7. Method according to Claim 1, characterized in

5 that the first semi-conductor element 1s SiC and the
second semi-conductor element is SiC, the interposed
layers'comprising a layer of tungsten and a layer of
silicon on said face of the first semi-conductor

- element and a layer of'tungsten and a layer of silicon

10 on said face of the second semi-conductor element, the
mixture formed after the heat treatment comprising

- WSis;.

8. Methbd-according to any one of the'preceding

15 Claims, characterized in that, one of the semi-
conductor elements being a thin £ilm (32, 55), the
method comprises"a preiiminary step consisting of
defining this thin film as a superficial layer of a
substrate, intended to be separated’ from thé rest of

20 the substrate.

9. Method according to Claimrs, characterized in
that during the preliminary step, the substrate 1is
formed by stacking a support (30), a sacrificial layer

25 (31) and the thin film (32), the separation of the thin
film from the rest of the substrate being obtained

after creation of the bonding, by dissolution of the

sacrificial layer (31).

30 10, Method according to Claim 8, characterized in

that during the preliminary step, the thin film 1is
bounded in a substrate (50) by a layer of micro-
cavities (51) obtained by ionic implantation, the




—

1! P10% (& ()-109% & ()-x'H1I0% & ()- 10" 10 °

100 " ~p6"10% & ()-!~xx*P"10% " & ()-8 XYWWWWKrS1 1!

P10% (& ()-10% & ()-x'HI0% & ()- 10" 10 10 " !~p6"10% & ()-!x’

1'10% (& ()- Normal" "Heading 13]c" "Heading 23]c" "Headi B%eB "zadjeadi ng

43] ¢" "Heading 53] c" "Heading 63]c" " Headjgg 73] c" "Headi ng c" "Headi ng
93] c" A "Default Paragraph

Font ] Xw$" +18x?Cl OTVZ\ ~" bdf hj | nprt v! yBUY<=>?"XxK! 8% (, /. 349;

- @BFAG LNQRIVXY@ABCDEFGHI JKLIMNOPQRSTUVWKYZ[ \ ] *6Ti mes New RomanAri al Couri er
New'h Root EntryWrdDocunent " #$UR' ()*+, -./0123456789:

<=>7? @G\BCDEFGHF¢RENBCRQRSTOVVWKYZE\ | thin film from the rest of the

substrate being consecutive to the bonding heat
treatment or to a specific heat treatment O0r to the
application of mechanical forces or to the combination

5 of a heat treatment and the application of mechanical
forces.




