; _7e3eXUZ6T<? CREATI ON OF AN ELECTRI CALLY CONDUCTI NG BOND TVO A
SEM - CONDUCTOR ELEMENTS 5 10 15 20 25 Technical field Thi E‘ﬂmmmm‘m ‘
rel’ates to a nethod that permts the creatioT of an el ect cting
bondi ng between two sem -conductor el enents. “State of the prit¥&t The
transfer of a thin filmof sem -conductor nmaterial onto a support is often
used in the field of mcro-electronics. This is the case particularly for
devi ces produced on GaAs for which it is preferable to lay a substrate nade
up of a thin fil nCREATEON OF ANSELECTRISADDYT CONBCS 3@ Wit T sis ey
several advantages. It enables one 1o reduce The costs since GaAs s am
expensive material in relation 34 N EPNIYCEOR HBEMENES t o simplify
handling since GaAs is fragile and therefore 'nust be handl ed delicately.
It al so enables one to reduce the weight of the conponents, which is an
i mport ant par ameTefhrbfadpfdeldppl i cations, since silicon is lighter than
GaAs. Such a transferqmy tr.aditiaonal by_bondi ng_usi ng an oxide, this
type of bondi ng beingT%gigqggnﬁgﬁg%blgeiﬁ&éserﬁobéndp bhﬁgi 3dn BRF@&thas
e

the particul ar fele ureredbtonheofhianfidledsreteIlyi cabhyubpsnlat oy
its support. qugﬁf for certain %gghications it IS necessary t0 esta
a

R TOhdTe i oRmt JHCERE SLBYEPESe. This is the case

vertical electriT
particul arl y5for di odes produced on a filmof SiC forned on a silicon

support and for solar cells produced by deposition of GaAs on silicon. B
13188. 3 JL Fhake RE he PEWY ¥ttt ypes of transistors (for exanple

transistors with a pgygeabl or tal . pasg), necessitate having a
metal |ayer buried under tﬁ% aygk S sgﬁiﬁﬁéﬁdugi%W f?%nfﬁ?ﬂ%HFQQQﬂétﬁ¥a
produced. 5 Thi fatprdadf omyerai sugipidfritculs tbteneatsedanth COREUEtkYE of

ol ut i ons- have RSt oRrORSEes ot of SRtng Corict FAJeDaRRR mFSHAk L Fom eo

of silicon.l1@nedemyictd memdured hen aGahsl €orButieth Qbals Skbicsi-dgiLayers

n lay a substrate made up of a thin film of GaAs on a
silicon support. This solution offers several
advantages. It enables one to reduce the costs since
GaAs is an expensive material in relation to silicon.

15 It enables one to simplify handling since GaAs 1is
fragile and therefore must be handled delicately. 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 easy 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 1is
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.
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Silicon Created by Wafer Bondi ng" by K. LJUNGBERG et al., that appeared in
J. Electrochem Soc., Vol. 141, No. 10, Cctober 1994, pages 2829-2833 and

the article "Low Tenperature Silicon Wafer tg Wafer Bonding with 15 Ni ckel
Silicide" by Zhi Xiong Xiao et al., that app€ared in J. Electrochem Soc.,
Vol . 145, No. 4, April 1998, pages 1360-1362. All these solutions consist

of formng a silicide froma netal deposited on the faces of the plates to
be bonded, by reaction of 20 the netal and the sem -conductor naterial.

These solutions have turtdesadvant agesta@n t hgpene kand: A frgmt i qrof
a

the silicide con;ggﬁéla pfgt of, the sem conductor filmwhich my be
di sadvantage in the €asé off ¥+ 1S Fifhs2 BeIMRaBiBePAEENRL t Remetiad 25

di ffusi on of thebaseal n'eate@suh@t%em‘iarwiwwtrﬁualNhi&pePaEuE*ﬂgdCBF&?%gU%E%e
of degrading its groEertées. Thi s isﬁgarticul arly the case it nickel i
used. Furt her mor&2Y&he OlonthaSOR R ARATL afd Ot Whsi alb| §hety g penperatiyr e
which restrigts thespossihi | ids es;foL 30 jheat t after_creation of
t he bondi ng. These two '?Ei ngs can bg \];erig?np%ir‘fgﬁ%‘???f gr?e vﬁrs?‘%ge, afber
bondi ng to carr AL aR1Epi Pardingi dis cre i nest veimpé eB w31 88f 3pdbduc8nyse

of high tenperatiyf£s %etgg %gggétgg?wooc in the case of Si Q).
nvent i

Description of the | i on 0 as to renedy the disadvant ages nenti oned

above, according to tdeweralvenvlohiont iavar d@@éredf;t:ep?ggda @n%g@#bﬁé
east one o e two

uses one or nor . that _dag.not react with at on¢

seni - conduct or rrac{ng&f{fcg‘flan ogﬁggépgct‘??cgf”f’y et 8d. bl ieen ef Ong trhey
subj ect, of1®he remtentri othés aaviRilRod B@Fi&d eabioad tans £ eeifically o
conduct i ng bondi of a first sem -conductor el erent cand a

ing .between a fac
face of a secon&lgé'rﬁo-ncoﬁ’d%%?%a ;Yen@ﬁﬁeﬁy BRoha gt hwatK+ r BAUNBBERG et
consi sting of . al§ - €eposhpbBarau |8ASY, OBICLAYELKAL, ML i al yon s3d face
a e ri

of the first sem -conductor el enent and east on ayer ~of ron
said face of th¥9%eddhd SekPPESNdERr RBRER®NLB20RESA Jdepusi thd |ayears e

conbi ni ng duringrgai dré}gﬁé Iy ty st 0 | gyer . .2Q th rovi des an
el ectrical |y conducting boﬂd?‘?rﬁgégglv\%e%'{ h@g}‘c\% %aocegé%?raz%?‘%%g s#igh
faces one dgai n¥tckhé ofiddcidel’h it erdfusi ngiaigsaktlabayets afl .depepiied

mat eri al betweep,th 25; - carryi Qut .said peat treatnent, characterized
in that the Iaye?ﬁo%%rrgt efi al ‘deél(%‘s%’l%tter 5t sgPﬁ'f’acg"&)f thS £ i Nex. 4,

seni - conduct or apehent 1898,t hedgger dB860mLB6Ral dapositiggsont go%'tgohgce
of the second sggjlg?%gu%goroel enent ar%ho en.in order to react in the 30
solid phase during the heatCfPeifnént 195 M £ 1Rt adepesitadl en
mxture with respectatest hef f thet pAttdhetsegpentheddq copguct ct%{?‘?{fqu
3188. 3

the heat treatnent not . inducing a reaction product between the
IL 58 nt!::he metaT an trﬁle semi—cogductor material. These

solutions have two disadvantages. On the one hand, the
formation of the silicide consumes a part of the semi-
conductor film which may be a disadvantage in the case
of very thin films. On the other hand, there is
25 diffusion of the metal into the semi-conductor, which
has the consequence of degrading its properties., This
is particularly the ~case if nickel is  used.
Furthermore, the compounds formed are nct 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 one wishes, after

bonding to carry out an epitaxy which can involve the

B 13188.3 JL



4 deposited materials and at | east one of the sem conductor el enents.
According to one particul ar enbodi nent, the nmaterial of the |ayer deposited
on-the face of the 5 first sem -conductor elgnent is distinct fromthe
material of the |layer deposited on the face of the' second sem -conduct or

el ement, the heat treatnment formng a mxture that does not induce any
reaction product with the first and the second sem -conductor. 10 Accordi ng
to anot her particul ar enbodi nent, one of the layers of material is

deposited with X6es§ ; LLhi ?&‘j%qraﬁ:lfﬁf‘% h r f this.l| [, .in
contact with thg@séfhg? Iﬁé gr q:lc% mat er | agcgén%?tnkgeg (\g/\fﬁ Tt RE &@ﬁéﬁcdéﬁo’éh?ed
| ayer of materi atase of d@iCio formsaid 15 stable mi xture, the other part
of the layer deposited with an excess thickness, in contact with the

sem conductor elenment on which it is deposited, reacting during the heat
treatment with tDescrxigptienndfictRer igy@ARRAbai N order to forma filmwth
ohm c contact. 20 A |l ayer of oxide may be provided between the deposited
layers of maferial, the 3%ite beragychoseniisadyeddades meattiondd avoreast
one material of i sitedd.aye hi esses of the oxide |ayer
and the |ayer ofa%?a%giﬁgq) gmbt %H%a%/c}gﬁﬁ{’ﬁééggbdecir%gai%spf@"t?é”lerﬁjg SQchSena

t he oxi de forme&onging tteat onsesf onsolcat ewb e eapetat eRavhgeh nda Nlsct
substantially harmt e ically conducting bonding. This |ayer of oxide
may be deposi tegl(@)@rrl1 rolaﬁce ggg%%e %a%/e?g & erratt"écgi ﬁFmecgﬁdBGf-ﬁroﬁ“qmaksor
exanpl e, by a nethbe eliessriih fioreamEagtadcuum deposition and sol - gel

t ype deposiqtyon. B 13188.3 JL 5 In order to inprove the bonding, the
first and sledcond se '-SSﬁ%SEFortheﬁ eﬁ"}tt?ﬂesc%a‘?fb’éhr%rbgg@atbﬁé Agaiangte thioe!

ot her during théobeatetrdaigment -eI@Tﬁtﬁi@&IIﬁlC@éhé{ué\?i‘ﬁljC%BHQiHQ”%ie@gzeremy
result 5 froma_mxture of identical materials. By way~ of an exanple, t'he
first seni-conddcfBFSelCdneht LI5S EeRAGCOREUSEOEN @ legintc amtlica ofaek eBENt
is SiC, the intgrngdkahg | S I+ Ng tungst en and | ayer
of silicon on said facegof @%éﬁ% fci%?I?t?lrdst?rlr‘il~I 1%‘3.4(:%@{”?3& e'f‘%‘?@ﬁt 3ﬁd Eef"’éyer
of tungsten andtEe?EReRtof conpiissangnofaizd face of the second

seni - condu %\gr el enment, the mxture fngEd after the heat treatnent
conprising Wi 2. |f on&eEP "enfrcortRet oPNE ehdies iaf amgtierisd fohm
the method may seimpr faeea @f elchel Nt ys 6t @RGECRYINH IS Of o fEfi Hi ”%[ntahi$ thin
filmas a superficial Iayfr of a substrate, intended to %e separ at ed J?om
the rest of theSist?RFel2keEoCd MRt 2% ieat Sehfodrmeniofexarl secahd i ng

the prelim narysetieoddecsepst I ai@mes 20 f of by I a s ort, a
sacrificial layer and the thin film T hé sepa}?%% on g%gtgéé@‘t%ﬁil n ?f‘&ﬁ’ﬁ om
the rest of th&WHiNG edPEiRg ok nhgataftesatmant i bn ofotheabandidyg, by

di ssol uti opo of thhe sagebiighal |ayer o 1AcGqd 0 copd embadi nent
exanpl e, duri n% the 25 prelimnary steepf&ﬁ%atqﬁiﬁl f??r?ng'ilg bBﬁndgﬁ’r} g
substrate by aPP&yérrnofthi de dZadases obtained by ionic inplantation, the
separation of the thin filmfromthe rest of the substrate being

consecutive to the bonthRg? hedt SEr-Eatr@as "% AR Epeki Fhe Reheryr edttient

30 or to the appkiecabisdmgof s®chgaigal 1faQieGes a5t o4EPEsE i ngti .of a
heat treat nent bgggeteget%%%l i cati on of mechani cal for clgs.s %%313%&%@5‘81

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

B 13188.3 JL




6 Brief description of the drawi ngs The invention wll be better understood
and ot her advantages and particular features will becone apparent on

readi ng the description that follows, given by way 5 of a non-linmtative
exanpl e and acconpani ed by the appended drawt ngs anong which . - Figures |A
to. 1D illustrate a first exanple of the creation of an electrically
conducti ng bondi ng between two sem -conductor elenents, according to the 10
nmet hod of the invention, - Figures 2A to 2E illustrate a second exanpl e of

the creation of ap,gbectyi cally, s ucting hondi pbet ween t '
seni - conduct or el eErDrents, accoréfggﬂgo ‘Hﬁ% me thdé]ag%t te'§ n\?éé'rq\?it&?, g5maL -
Fi gures 3A to 3O-¢ndlusteat elamehisd exanpl e of the creation of ‘an

el ectrically conducti di ng hetween two sem - conduct or el ements,
A’%mgf&' &SbaHedt of the

according to the netHo the i mfent PBR. RPTeti+ed d

enbodi ments of trowetenvehticth the | nweati mgwwsohhetgéeafg@{ QAfr arpe
bondi ng usi ng Igﬁy.ers which, do not react with one or the other of the

seni - conduct 8r &l it sS$BL heCRFREEPE caPL§MEBkinedSed. iz imator df memt ot hée

invention; the neiwit@ds o efReSerh Ret Werh Jhe Jdvo gl eppat s 1o be bot ded
react during the heat treatnment to forma mxture stable wt resﬁgct ?
these el enents ateHGh teapérapndestand s t enplee at bieas gresd £rmdhan

that of the heatro3hitdeak Mei s+ JPb S +S{301 4 [ enperature is_ ,

particularly i rrporte;ntgev\hen t}f]eJ%% err%r?t S g?%¥n§§£og%§l}f@;nangngqﬁcq%

must be subj ect ®Foddicdpintidty .t 131188 R the Thecomd hodmaceondiiBgot0 t he
i on, barri al t hough a

T usi on barrior moy HETGLEY T GYRTHRTY. PTHEL PRLer pBRBacHREBR SRS eacE . 5

- W (or a conpothe basgdrsn &Y/ SiateM{lor i3 caspesndchasgd:on W/ S/ ML(Or a

corpound based gﬂi@%hess such that a part 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 1is deposited, reacting
during the heat treatment with this semi-conductor
element in order to form a film with ohmic 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 n@thod'chosen

30 from among vacuum deposition and sol-gel type

deposition.

B 13188.3 JL



The thicknesses of the interposed |ayers are generally dinensioned so that
all of the materials in 10 these layers interact to forma new stable
material. However, in certain cases, it may be advantageous to use at | east
one layer of material having an excess thi ckhess. This excess thickness of
material then reacts during the high tenperature heat treatnment with 15 the
element with which it is in contact in order to forma filmwth ohmc
contact. By way of exanple, for elenments to be bonded nade of SiC and

i nt erposed | ayers nadg, of diSi, 14 en- pfor : t i ntear e

| ayers to react, thedj?%tt ioo%éef%nzsgt hjérhggko(?&a?| ttﬁeckggéélgé’t@ési tfﬁé:%ce?:? %?d

| ayers to the totegondi cRamsscondupsow | gyemenits ayars st pheesspadl doeor
close to 2.5 in o] taj n S e f . Wei 2. In order to
have an excess t%f cq?lseésstlggp%%ﬁ%?oggggggt ?%,h%?)‘lrn%g%al%@egl%i'ghtly bel ow
2.5. 25 This enabl es Tine taldetveicalhyn doddadastey dmoVBln@ndnd wheshits
al so stable at high tenperature. cor.di to a kinetic approach, |ayers
are used whi gh ;}lrrgmbnlay I?Jrl’g’?%%yﬁ’gﬁi %%??ggg?gbl%%rt%losﬂe gV t1RY ofPheradf
the seni-conductedanpiieer i ahe afitde 3IQnticwperdaiotcas gsededyring Bredugid on
of the devices and during their use, after the heat treatment for bondi ng
the two seni-cordifct of S8C&Fent §SMEGLOBLNGSOE, | RLERENEaseist tHECtr ardfer

of silicon carbijge M sidd CORBrd3L8Rpidkng & CRIPifde, st fal.l ow
stacks can be usled .S CJ:'eI em,?n{/WI aye?/ éi. Ingyer-ﬁsﬁw%gygfl S\%F%%g‘re?lsi%gjthe
silicon being aforpapas of csydtigon nen B@dlichgfeane heht theeafiest, ddne -

tungsten r ts Si]ld t orm j 2, Far tructure_Si.G W
(t hi cknesse%é.: 1cgﬁl%&c}%% (%Jh%rgﬁﬁtesgné 25 ]Ea AR c1):(utn%sc ShesdNY. 2253-2YSH)
/' W (thickness 00f 1) iShiC, o8 GiaBil2/£8ic€ isf olvhai neecomReackimdn coeRlwes o om

650C, inplying ¢ i.Qn o he .sjlicon_with.the. tungsten, wthout the thin
filmof SiC bei ﬁg‘gg‘éﬁgum‘gh%o%ﬁ‘&%ee E0LTER) (R Bb EBoatnSTy o SERATMESG0C

Figures | A to 1PompeikriangsWsrise views which illustrate a first enbodi ment

exanpl e of the net hog accordi Eg to the invention for which the bonding is i
carried out in accordinc®&i Ph &8 ndEMd "SPPAYSERT 15LMeRte EA shohwdla SiC

plate 10 cawer edisugCessieVelme tdd Qna{fanyoniﬁrPsfetUé‘gsl‘éf@l%gngrkaygr;eé5 of
silicon. Figure 1B shows a SiC plate 12 covered successively wth a [ayer
13 of tungsten @AASasSFaper ofe WL ingorhisi ghie fElshoavds a heuperhiingaof
the structures shown b 20 Shi@wesd AiMtdRq the sshein
brought into contgct throuéh their Ia;}ers 15 and i%é %é%]?éﬁée(gtf Fﬂga rrlr%nt
from 650C, the B88Enbfy Wovibh st R ERir eACELFIingt &oned. £ ihet SpibptamentO i s

connected by a i call ndyct i i he .S C nl.ate 12 25
t hanks to the P?\%‘geﬁ%%lf atagrlxgggr 14 4;%(?%%8{‘:8%?36%% he tﬁ\?@ %@%“e%a thd*S
conpri si ng206i 2fogued by o texthingal by seEpdudt,i iy bendifigctan He wsedah®

cbtain thi s thiFTiTir: B0 PhPcRReaesilone i D Tohtct T a8 may
be reduced. Thimestasof wohanpobstiraadybetiageobt@inde afrdantkeddids of
difficult tO(ﬂgﬁgnbgn&QkB;iAJn PORITRELER 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.

B 13188.3 JL



B 13188.3 JL 9 throughout its thickness and, on the other hand, there is
a loss fromthe rest of the sem -conductor plate supplying this film This
invention al so enables one to renmedy these disadvantages. A first solution
makes use 5 of a sacrificial layer. A second®sol uti on enpl oys a cl eavage
met hod after ionic inplantation. Figures 2A to 2E are transverse views
which illustrate the creation of an electrically conducting .bonding, in
accordance with a kinetic approach, between 10 a sem -conductive SiC plate
and a thin SiC fj bizal j |yt d . acrificial layer. Figure
2A shows a sili cgﬁ%lga%%s%qg%g?ieﬁﬁé ;a%ég/lé%sgl of silicon oxide or
silicon nitride whi chThel linyentsech asihl sher beittieal drajerstdbe saar idciheizal
|l ayer 31 is 15 ¢ cessjvely with a SiClayer 32, which will provide
the thin film ag?ﬁgg%grgaéggognﬁuﬁgas‘%‘%hc%?o‘ atsé?aa%}b‘?‘g’%ﬂbflsPFFeaﬁ. apP§yeatoB
shows a Si C pl at en34ecaaNered: et Heaclrayperodb wfatt Uﬂ@ﬂ@ﬂs?”d}iﬂr&rﬂ@% %8 yof
silicon. Figﬁre Zg shows the joining of the structures 20 shown in Fi uyes
2A and 2B, tHese®St rdictiftfes YRE bfoughietik® @kt aéCoompsugied héiyr Ehger s
37 and 38. AfterapeendédeataRihgbr aRbRa0Ghithe assenbly shown in Figure 2D
is obtained. The SIC layer 32 iS connecCted through an electrically
conducting bonding to-thegBir€s25l5pl ave 134 ttlHarktsrate t fe fiitiser b B | gyer
36 constituted héMﬁg Jhe saqéﬁficiaJ %q¥?r.is hen digsolyed g% a

t echni que known 1o a FETE SKOTI etf i P} hef T TP bbY ai FRUIGURE ARG oRendira,
the structure shostwaen Frguor esetii -ddedutSot Oed@yentlshi natddbiy pfigSicl bopded
30 t hrough connection to a Si C support, and on thé other

g@ el ectrical

hand, a reus3bl EGNIERE pHiR el NY¥$YEI@R, 3A to 3D are transverse views which
illustrate the creati_on el,gctr| I cting B 13188.3 JL 10
bondi ng, in accordance agéﬁggskﬁﬁé?%%%g%p¥%g§%€y%%?mgeﬁegoggﬁGKﬁﬂRﬁﬁRQQe
Si C plate and a tite n cSie@tfidrm aift aiared diyeatrdaeddey afd@ididing  bonding

i npl ant ati on. Hg% re 3A shows a .Si C Ciate 50 within which a |layer 51 of™ 5
micro-cavities has“ﬁﬁﬁlé@ﬂefﬁ?&&qﬂﬂ)%ﬁﬁ%Fiﬁ%%ﬁﬁPEFiOﬁCQQF%M@h 6Re tdte t he
faces of the pl atehald, dfh wrcardaeeion th the techni que discl osed by the
docunent FR-A-2 681 472. A layer 52 of tungsten and a | ayer 57 of silicon
have been siitcessively BepesesedPhotol03R hélinptaated o acteiod thempllat &£50.
Fi gure 3B shows pl f S C_coven i | ayer. 54 qof tungsten and
a |layer 58 of SF?FCO%%%E?ggge §E sﬁ%wsggﬁgt?%%%%§5 o%opﬁ@c§ﬁpﬁbt3%@§l§ﬁbmn
in Figures 3A ahdt8Bent Huse stmietonesichieirng bemeghs, i Biceozenimct téhtaugh
their 15 layers gzhg§d0$8.hAfter hzgt treatnment, the assenbly shown in -
Figure 3D i s oblained. OTh&E fedf e ddMent causes cl eavage of the plate 50
along the layer of mcro-cavities. Athin film55 of SiC remains, which is

connect ed an_electri.call onducti bonding to the
B% De agied ges%rgptgon o em%odid%nts of the invention

The invention proposes the creation 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 one of them must be subjected to epitaxy.
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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 |ayer of oxide on
the surface of at |east one of the structures 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 h@g;t QR hehandi,ng. yatgrd al; f.or.m t nd
of the process, precipltaFEs &ﬁgch §8 notbhinder t el§W%§¥f$%%Id§%ﬁduc??on.
Duri ng the heat napdtaeentthe heistehi 0fl agerdBf£3688n3 Yarriét odlokbdehr eacts

with the netal i i.s offered to it,, if nmetal is sufficiently
electropositive%nﬁgh &ﬁ%rﬁﬁ%ﬁl%éi %ﬁi%%ggre in the formof isolated
preci pitates. |n parPireflerablhi sthe ifee cpseeainhdtSriatanaya whi ch reacts
with the oxide Si02 to formTi 02 and rel easing silicon. Hence a stack

Si ¢/ Si 02 (of3thickness ®. 02r~anFomgpord( fRsedi ernB3gSA. OL pm) /Ti (of

thickness 0.1 ~m)/Si provides the structure SIC (TiSi2 + TiGQg~) /Si. The
reaction occurs at lﬁod@;(?ﬁp?yFﬁﬂpfﬁnﬁegéfF nOBf%Pﬁé%ﬁMiQ9ﬁ1 i GHRGpERd

titanium and reduction wdsédeod WP, by the titanium wthout the thin film
of Si C being consunmed, The SiQ2 nust be thin so that the Ti 02 does not form
a continuous |ayer. THhE sydH&hnass@sp @t upth® 133DErPPEATFt edal@rshe are

formation of a dangubeqll GRRINEEShdd Ssd aMhtSi 281 bLh stﬁe?nﬂag{:éﬂ'éf%‘éi}[ﬁhe

description above can bé applied to the bonding of other elenents. nce,
for exanpl 0 onehadg H@EiE®zs | apderefctGahe epioraxiat agwors el smadeeiofl .

P oo CahDeR, S UL e e PG 0! Sl nlede Ly
creating an el ecsei e | yeestduzthé nd alyerdi 0f lretbwedm la haveéngf anf ekskss
ol oment (12, 3aEhEEFTEy S hoafilsr RERES { ARiTuRisd oonk: oPrhgEbhL, EReR
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 elements to be bonded made
of SiC and interposed layers made of W and Si, in order
for all of the interposed layers to react, the ratio of

20 the total thickness of the Si layer or layers to the
total thickness of the W layer or layers must be equal
to or close to 2.5 in order to obtain a homogeneous
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 to 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
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- depositing at |east one layer of material on said face of the first
sem -conductor elenent and at | east one |ayer of material on said face of
t he second sem -conductor el enment, these degﬁsited | ayers 10 combi ni ng
during said heat treatnment to forma |layer that provides an electrically
conducting bondi ng between the two faces, - applying said faces one agai nst
the other, with interposing of said |ayers of deposited material, 15 -
carrying out said heat treatnent, characterized in that the |ayer of
material (11; 15¢38pi@%, 52he57)foddposined mtcoc§ai@brtac1§eofug5§ first;
sem - conduct or eéfggné de &he Izéer f material ( 13, 16, 35, 38, '54, g@)
deposited onto said TAce of LEKETEdondaVER~S40 duRiAr bapeenBifye thesen
in order to reacsilhcéhebsohidapbass ot io tidde apd_to form
gdapbasg 2 il dd eaipnl, gg? Babe

a tenperature stable mxture with respect to the first ( t he
second (12, 34, 5372YR%HEcoRBtcEERIEFaReRRactiie Widht thea Nentomotoi AdEgi Ng

any reactions25 g pduct twee g .deposid, terials and at |east one of
t he seni-conductor %l e&o%fs%ZE%%%to%peacé&%&vﬂg &J”@}él?%sl, @hhr amef$zed
in that the materiralcligfeddepl ayer,gergsi e,fagce of 30 {}g?e,fi rst

sem - conductor elenment is disti ngt"gf rorrqt:kﬁ%%tstes{]i %I ggf “f“i)lé%l a l%l’é‘b%ﬁted

on the face of thed BundBI88C3 3hc/wh3,gecond sSesp+Longyct nt. the
heat treatnment form E&a m xture that2 does not i nduce ang‘%?glggtgﬁondcp?bﬁuct

with the first &¥®m heS¢¥oontmskyingondacttdorel @fethe S 311 MK hQ.stfKCCtQ{edi ng
to one of C ai @u% Qr e2, characterized in that one of the layers o

material is deposifadShit I B ¥xces8t HldtheSslBuRK tHif bepagt awh sunies

|l ayer, in comtaghqwhB heihers | of ial, 10 ¢ ines with the
other deposited | ayer of E}’%malt eri asl s?%é%{)lredgr%ﬁeoratrﬁasréi ]tf’o@yé}nl e mxture, the
other part of the |ajégudeposilfed twi t HDan sxecessSrihs¢kAESS, viB,yEONLAGL W th

the sem - conduct nt on ich it is.deposited, reacting during the

heat treatment \%\n?g'ﬂgkﬁlggelf sétyrhmr-sc%onﬁﬁ‘@f’gﬂ'mégéneﬁ{‘amﬁlérdé? ttdef omethoti | m

wi th ohmi ¢ contactordinybttwdtaecolfir@gtion Oy dnicharagd e@%oq,‘eaqlni‘ n té?at a
ma i ar,

| ayer of oxide j royi ded between said 20 deposited layers o
t he oxi de bei ngé%ﬁgjs%% i M or ddl AESOFLANGH t Wikh | easkinationt eppabach. sai d

deposi ted [layerBigtihe tin ckpegsess ofkikhe, pxide @y the | ayer, of
material with whjch the oxide reacts bei%g such thg?vtgﬁgdoxsl CERTHEY s in
the form of 25 150t at ed@pREcili ©oft dindgitedn dondhoa debstants alf ys hafsad he

electrical ly camdicid nasbogabpg. . shbt hodhaccqrdi ng. Lo Qlaim s, .
characterized in that said |ayer of oxide |€é:dggos$$%8r8 oGRS Theely -
with a layer 13 of tungsten and a layer 16 of silicon.
Figure 1C shows the joining of the structures shown 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 support. So as to obtain this thin £ilm, the

30 thickness of one of the two bonded plates may be
reduced. This has two major disadvantages. On the one

hand, it is difficult to obtain a thin film homogeneous

B 13188.3 JL



30 deposited layers of material or on both of them 6. Method according to
Claiml, characterized in that the first and second sem -conductor el enents
are B 13188.3 JL 14 pressed one against the other during the heat
treatment. 7. Method according to Claiml, characterized in 5 that the
first sem-conductor element is SiC and the second sem -conductor el ement
is SiC, the interposed |ayers conprising a |ayer of tungsten and a | ayer of
silicon on said face of the first sem -conductor elenent and a | ayer of

tungsten and a |@M§6u§tto§tl I1GQN D O s dad@ceoal thke 8t bhand, there
sem -conductor el enen the m xture forned after the heat treatnent

conpri sing Wi 2. is. a\VeiRBE abeWt dithg tEeBhy Ofnetdt SREINICANSHTTPAEPERERS,
charact eri zed. t tgpéref}tmaoeﬁlgf £ S @l LM P! LIBN S D109 8oL Ity

film (32, 55), conprises a prelimnary step consisting o
defining this thremédymassea simdvantaagasayet\ 6irats@l@§tmoa mankemdesleto

be separated fron%the rest . ﬁ 20.th %strat qbqgcorgfg%
Cl aim 8, chaPact® |fedsﬁﬁr% éfla&rl %y? e pre |n1nary $tep-Cthé <tr af e

is formed by stackédgagesmpphott 480pr aonacrifpthakakdyer. 25 (31) and the
thin film(32), the se aratlon of the%m filmfromthe rest, of the

substrate being obt ai eI EFEer 26r e5Pi ok Fof e &ﬁﬁﬂﬁﬁfr%ﬁ/(ﬂ%ﬁ%ﬁutY%ﬁc%f

the sacrificial {amest£3de. t3e 1lOreMeibnd oFcca dengcteiCaailf &onducting
characterized in that during the prelimnary step, the thin filmis bounded

in a substrate (p)d %ﬂga.L%yé?ceFdﬁﬂéﬁo@éﬁpt@e§%ﬂ§PHQﬂﬁRBQR§FQn/@%#W%ﬁn
I npl antatiopg the B %§o§dt]!:tlvé5 gepar gihed Ofhnighe gt hivh i | mf¢omifie

rest of the substrate eing consecutive to the bonding heat treatnment or to
a specific heatah&&mn&mtbyrdu@aﬂkgtﬂqﬂ|Q%taoﬁa@tlﬁé@haﬁ|d@yahxcﬁﬁgmweto

the combination » of, g, begt S4nqaLTEY A Jhecaprtigation of 1Ry cas

forces.
silicon oxide or silicon nitride which will be used as

a sacrificial layer. The sacrificial layer 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 SiC 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 1in 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 1is obtained. The 8iC layer 32 is connected

through an electrically conducting bonding to the SiC

25 plate 34 thanks to the intermediate layer 36

constituted by WSi,. The sacrificial layer is 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 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
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109 () - 10%& () - 10%& () -5100& ()~ Y1008 ()- br-\:10g 10% [)- &% §
10%' ()-&$ g 10%a () SEBL-ceuguCEiveoodiQ - Blateeg )d b@! thin Sic film

Fod0oq 6{ b2 () - 0! EUDVETT) 01 FIIONEEL) Th D FodBhes() - CL T EATHRLE (96

FOd0% <f <&: () - O8EHEH¥hows a HIDWRLEre fIVV@Ethinzt IOVER' (3 - LaQerll of
FoR oo vt & () SORTHBESFRVbIERR (1142 10REH () - FEPRIASEE () - B 1000RAp) -

la g#10%' h' & ()imhplantation, through one of the faces of the plate 50,

gr10%s& () - "27 @D, S EAREX L TIOR8 [0 S8 Dhid by the
document FR-A-2 681 472. A layer 52 of tungsten and a

~ layer 57 of silicon have been successively deposited 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 Figures 3A and 3B, these

structures 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 plate 50 along the layer of

micro-cavities. A thin film 55 of SiC remains, which is

connected by an electrically conducting bonding to the

20 SiC plate 53 thanks to the intermediate layer 56

comprising WSi,;. The remainder of the plate 50 can then

be reused.

In an advantageous way, SO as to improve the

bonding, pressure can be applied between the assembled

25 structures. One may also, conjointly or not, 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 Angstrdms) 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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- (g 10,4 gt) In particular, thlS( is the case with

eclpilt
5 titanium which reacts with the oxide Si0O, to form T1i0;

and releasing silicon. Hence a stack S5iC/Sio0, (of
thickness 0.0l um)-SiQ; (of thickness 0.01 pm) /Ti  (of
thickness 0.1 um)/Si provides the structure SiC/(Tisi,

+ TiOy)/Si. The reaction occurs at 1000°C, implying
10 reaction of the silicon with the titanium and reduction

of the SiO; 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 1is

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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S2:ty s X<{\:0'H L@ (10%& () -, 210%&' () - "TOX T0< 10<F
T?10%& () -!HQ 10%<0<0& ()-S2! CG @ 10%) 7 & () - S2X<] =) >W??@AWMUI3{\: 0! L@
(1098 8 & ()-,2!zL@ 1. Method of creating an electrically conducting
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
5 treatment, consisting of :

— 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 deposited layers

10 combining during said heat treatment to form a layer

that provides an electrically conducting bonding
between the two faces, |

- applying said faées one against the other, with
interposing of said layers of deposited material,

15 : — carrying out said heat treatment, characterized
in that the layer of material (11, 15, 33, 37, 52, 57)
deposited onto said face of the first semi-conductor
element and the layer of material (13, 16, 35, 38, 54,
58) deposited onto said face of the second semi-

20 conductor element are chosen in order to react in the
solid phase during the heat treatment and to form a
temperature stable mixture with respect to the first
(10, 32, 55) and the second (12, 34, 53) semi-conductor
element, the heat treatment not inducing any reaction

25 product between the deposited materials and at least

one of the semi-conductor elements.

2. Method according to Claim 1, characterized in

that the material of the layer deposited on the face of

30 the first semi-conductor element is distinct from the
material of the layer deposited on the face of the
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Z"10% & ()-y, 109%& ().-glo9& () - .
852" 10% & () -y for&an a éfxture that does not induce any reaction
product with the first and the second semi-conductor

element.

3. Method according to one of Claims 1 or 2,
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 tfeatment with this

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

ohmic contact.

4. Method according to Claim 1, éharacterized in

that a layer of oxide 1is 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 form of

25 1solated precipitates which do not substantially 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 to 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 is SicC and the
second semi-conductor element is SiC, the interposed
layers comprising a layer of tungsten and a layef 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. Method according to any one of the preceding

15 Claims, characterized ~in that, one of the semi-
conductor elements being a thin film (32, 55), the
method comprises a preliminary Step consisting of
defining this thin film as a superficial layer of a

substrate, intended to be separated from the rest of

20 the substrate.

9. Method according to Claim 8, characterized in
that during the preliminary step, the substrate is
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 is

bounded in a substrate (50) by a layer of micro-

cavities (51) obtained by ionic implantation, the

B 13188.3 JL



10/ 10/ 10/ 9?10% & ()-'}4 "10%/ x/ & ()-'}@F"109%/ x/ & ()= ZXXXWZX{\: 0

1, 1109 ()-z 10%& ()- 10/ 10/ 10/ 9?10% & ()-! L?10%& ()-!,!10%{& ()-z
Normal " "Headi ng 13]c" "Heading 23]c" "Fbading 33] ¢" "Heading 43]c"
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" Yeadi ng 83]c" "Heading 93]c"A
- "Default Paragraph
Font GA] $+18F?C} 1 ' OTUZ\ A bdf hj | nprtv! 7BX<=> "Nl W' (, . [ 35: X<hACFHnLM QdRUZXX?
@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ 6Ti mes New RomanAri al Courl er New'h Root

Ent r yWor dDocunent segdad&ifod ) *o'f - ‘ﬁﬂ&2%45§78911m from the rest of the
<= >7@%BCDEFGHIJKLNN%FQRSTUVWXYZ[\]

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

5 of a heat treatment and the application of mechanical

forces.
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