* 59 59* Process for fabricating an acoustic wave resonator conprising a-
suspended menbr ane The field of the invention is that of aco

wave resonator filters. The expansion in radiofrequency tel R‘Emmmwmlum@&ons
‘over about the last ten years has resulted in crowdi ng of t
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thin 10 mtrmwwgmf sebd sehelratea ASAVN Serface Agpugfic WlaV?hB“Qf@())S | EEE
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el ements 8t Fguedi el shows ¢ QP@?‘Q(?V%E'HW ?trlaﬂlé_gtg‘f? @B’gﬁngBﬁ%n%%ﬁﬁ%and

appl i cati Ggao, buis BBettedi betwgsretwot atetalhzaiiorrsawlpfamdqanallmm@atm back
only aboui"{éﬁl\?%‘a@&b&'"{)v"l 9%‘%”9 Laki n's pioneering work on the use of

pi ezoel ec epo
he following articles recount a complete overview of filters based on

resonators of BAW and SAW type: W. Steichen, S. Ballandras, "Composants
acoustiques utilisés pour le filtrage: revues de différentes technologies"
[Acoustic components used for filtering: reviews of various technologies],
Editions de Techniques de I'ingénieur, E-2000, 31 pages, 2008; R. Aigner,

20 Bringing BAW technology into volume production: the Ten Commandments
and the seven deadly sins, Proceedings of the third international symposium
on acoustic wave devices for future mobile communication systems (2007). J.
Kaitila: Review of wave propagation in BAW thin film devices: progress and
prospects, Proceedings of the 2007 IEEE Ultrasonics Symposium. P. Muralt

25 et al.: Is there a better material for thin film BAW applications than AIN,
Proceedings of the 2005 IEEE Ultrasonics Symposium.

Bulk wave filters have existed for tens of years at frequencies of a
few MHz to a few tens of MHz, using mainly impedance elements or
structures with lateral coupling on quartz for-narrow-band applications, but

30 their implementation at radiofrequencies dates back only about ten years,
following Lakin’s pioneering work on the use of piezoelectric layers deposited
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1111111111111111111111111111111111111 2 by cathodic sputtering for such
purposes. The conpany Agilent whose "FBAR filter" (FilmBul k Acoustic
Resonat or) branch has given rise to the spin-off AVAG was the first to
‘devel op an RF filter based on inpedance elenents exploiting thin filnms of
aluminumnitride (AIN), deposited 5 p@lycrystalline material. Follow ng
fhese technical advances, a | arge nunber of academ c and industri al
researchers have eagerly pursued this track, giving rise to sustained

i nventive_activity durjing the present decad ner.al | BAW
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(made of Molybdenum or Tungsten), so as to confine the elastic energy in
25 the piezoelectric layer, and of thicknesses carefully determined so as to
maximize their influence on the piezoelectric coupling coefficient of the
resonators, as described in the following articles: R. Aigner, Bringing BAW
technology into volume production: the Ten Commandments and the seven
deadly sins, Proceedings of the third international symposium on acoustic
30 wave devices for future mobile communication systems (2007); J. Kaitila,
Review of wave propagation in BAW thin film devices: progress and
prospects, Proceedings of the 2007 IEEE Ultrasonics Symposium. At the
present time, no credible solutions exist for extending this relative band at

constant losses.



Conversely, nonocrystalline materials such as Lithium N obate or Lithium
Tantal ate afford very high el ectronechani cal coupling coefficients,

all owi ng the production of filters exhibiting relative bandw dths of the
-order of 10 50% Thereafter, standards such as DCS al so require
both a w de passband and strong rejec8ion of the adjacent standards. To
Sinmul taneously nmeet these two constraints requires the use of resonators
possessing very large quality coefficients. Muich work has been conducted in
the last ten 15 years to inprove the acaustic wave confinenent .properties
of resonators (JESEEEH |SaPqu@\?PBW§PdaﬁS'Qapqtﬁﬁ% gfqrggs Fﬁh'é th&r"ne'?i I m
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in frequency of the standards toward 10 Gdz. Wth intrinsic quality
coef fi ci eRiecasdingfeoldhg008r IEESF/tfasniqsodWRREBSIHM. f r equenci es above 1 GHz:
D-h_ Gacgon_ et | al ConFéﬂisz, smbAbogstallgie jm'aﬁ?ti@l@esmliuﬂ lasacieiatni Nimmenag ors on

t hi nned sjngl e- ta ezoelectric er... presen t .
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present t bhkowiagwthe paedactiamofefiltess iexbibitrigtelative bandwidthsGafrtberarteryof
resona]toorgoca,}o_ FBAR type, Canpanella et al. have produced an FBAR resonator,

on the basrs of _a nenbrane of alum num 30 _nitride (AIN) deposited on a
pl ati nunt tit ani Ghewmafier) istardasdsr sdeh aheDEHH APt AYed Pobh Ve t hese
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bona o5 axgatd ol Eitftols 156 AL wable gohliierhy Brafdice b RAGHAAE ¢l " °F)
Merci er, Kaitiei Reviedt of WavexfrapagationDegaaty thin fiindevices: pregressranskau, M
Al d, and groBltangageedings - thXﬁe bebY ng@QQﬁ)as%%%@%ymE%ihﬁf). aut hors

have proposed to fabricate™an FBAR structure with a suspengde ayer of

Li No03 and h@refeee, dhe dimitscgpases icther inzigrials, theppselvesrporathande e ar ri ed
out: Y. Ostdbturd, a®heditning- toSeabW upndant itHig alery |grbbaRie0that Abslpough t he

ron- O AR L e e AR EE, AL L o
fact or Kt ualitys eoefficiemds, espedbially ofaicdd s witht thee erise in frequency of the
standards toward 10 GHz. With intrinsic quality coefficients of the order of
some ten thousand at frequencies above 1 GHz: D. Gachon et al., Filters
using high overtone bulk acoustic resonators on thinned single-crystal
25 piezoelectric layer, presented at the 2008 European Frequency and Time
Forum, here again monocrystalline materials present themselves as an
interesting solution.
Concerning resonators of FBAR type, Campanella et al. have
produced an FBAR resonator, on the basis of a membrane of aluminum
30 nitride (AIN) deposited on a platinum/titanium metallic electrode. The
substrate used, on which these layers rest, is made of silicon which has been
etched by reactive plasma (RIE) to form a cavity. (H. Campanelia, J. Esteve,
E. Martincic, P. Nouet, A. Uranga, N. Barniol, [IEEE SENSORS 2008).
The authors Pijolat et al. have shown the production of such

35 resonators by transferring a thin film of LiNbO; onto silicon substrate by




Q her types of resonators (including SAWresonators) are advantageously
produced on suspended nenbranes. Currently, two main techni ques for
transferring thin |l ayers have already been proposed: a techni que based on
the inplantation of light ions 15 (typically hydrogen) and fracture at the
| evel of the inplanted zone, and the @reviously nmentioned techni que based
on bondi ng and nechani cal thinning. These techni ques nake it possible to
transfer a nonocrystalline |ayer onto a host substrate. These techni ques
are perfec
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previously mentioned technique based on bonding and mechanical thinning.
These techniques make it possible to transfer a monocrystalline layer onto a
host substrate. These techniques are perfectly mastered on silicon allowing
inter alia the industrial fabrication of SOI (Silicon On Insulator) dies.

20 The process of transfer by implantation/fracture is notably described
in the article by M. Bruel: “Silicon on insulator material technology”, Electronic
letters, 31 (14), p1201-1202 (1995), it allows the production of SOI "Silicon
On insulator" substrates.

This process may be schematically summarized by the foilowing four

25 steps illustrated in Figure 2:

Step 1: A donor substrate A, for example of silicon, is implanted with
gaseous species (for example hydrogen and/or rare gases) to form a buried
fragile zone, delimiting in this substrate the thin film to be transferred.

Step 2: The donor substrate is thereafter joined at the level of the

30 previously defined thin film, for example by direct bonding (also called
molecular bonding), with a receiving substrate B.

Step 3: A fracture step is thereafter obtained at the level of the
buried fragile zone by means of a heat treatment optionally assisted by the
application of mechanical stresses. One thus obtains on the one hand the

35 thin film secured to the receiving substrate, and on the other hand the



The thickness of the transferred thin filmis directly related to the ion
beam i npl ant ati on energy. By way of exanple, the silicon thickness
transferred can range froma few tens of nanoneters to a few m croneters by
10 using a conventional inplanter (for which the inplantation energy is
typically | ess than 250keV). TRe transferred | ayers are uniform and
Jhonogeneous thickness-w se since they are defined by an inplantation depth
and not by mechanical thinning. 15Docunent EP0741910 proposes to carry out
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this context, trg @Mf@ﬁéd créyérbear@nﬁﬁ@ﬁh aﬁﬂ'%ﬁbiﬂdyén'e%uérthickﬁéy@Msee process
for fabri catl nﬂlﬁ?{ bul k st I c_wave riqonator ITBI’I s 9 ﬁ rane
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of a SeCOan %txggnswe trelpsltonqhe plrewoSL}sI)? nc?escn%ed p?oucessts“?\/loreover the
achievable dimensions for the cavity are limited on account of the process.

20 Document EP0851465 proposes to locally debond a membrane from
its support by implantation at the ievel of the bonding interface. In this case,
the zone of strong implantation (around the bonding interface) undergoes
significant damage that may cause local modification of the properties of the
material.

25 Whereas today in the majority of components for MEMS "Micro-
Electro-Mechanical Systems", the layers of piezoelectric materials are
produced by deposition techniques of PVD "Plasma Vapor Deposition" type
and the layers to be made for these components exhibit thicknesses in a
range of thicknesses lying between a few hundred nanometers and a

30 micrometer, mastery of the fabrication of monocrystalline piezoelectric and
electrostrictive layers for this range of thicknesses constitutes a significant
technological hurdie.

In this context, the subject of the present invention is an innovative
process for fabricating a bulk acoustic wave resonator comprising a
35 membrane comprising a slender layer of piezoelectric material.



the production of at |east one non-bonding initiating zone by 10 deposition
or creation of particles of controlled sizes |leaving the surface of one of
sai d stacks endowed locally with projecting nanostructures before a
‘subsequent bondi ng step; the direct bonding of said two stacks
creating a blister between the stacks6 due to the presence of the
hon-bonding initiating zone; 15 - the thinning of the first stack to
elimnate at least the first substrate. The expression "direct

bondi ng" is understood to n a e ndi n not t he
presence of an adﬁ'@é‘? PEeQ%FgEh%HB)é %Rﬁ@ft%%goaﬂtpég% %ﬁ?{ 8|t'{)§ Yondi ng by
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stack, allow ng | ocal acoustic decouplin two el enéents.
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The mventmnq#}hg) kes it possible to produce suspended 30 membranes

col l ecti v&F %r with lateral dinensions ranging from 100 mcrons to
amllineter. - the/piodud:tay‘eoﬁ:alt yeast orentnoncendimgiinitiatlg zapedey carri ed
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al | ow tmsgbsémjéht(b@ﬁain@l,gﬁéé blisters to cone together to forma blister of
greater dimension.

tiat
proj ecting nanost f udPgdirect ha'e§P8 03 C@Q&V%g a&EI e tb@?ﬁ)éﬁ%ﬁﬁga%/‘?% respect
to the sutiestacks, dudmi thegresSentenefthearon-bdidinglinitating pemesr at ed t hen

ext end1ss on either _si 91% %inﬁmbsop?ﬁ@%ﬁétugfa%kr% eliminate at least the first
substrate.

The expression "direct bonding" is understood to mean any type of
bonding not requiring the presence of an adhesive substance. It may
advantageously involve bonding by direct contact but it may also involve

20 bonding by thermocompression or anodic bonding or else fusion bonding.

The aim of the non-bonding initiating zone is thus to locally prevent
bonding between the two stacks at the location thereof or in the vicinity
thereof, thus generating a blister between the layer of first piezoelectric
material and the second stack, allowing local acoustic decoupling of these

25 two elements.

The nanostructures have lateral dimensions (in the plane of the
substrate) of less than 1 micron and advantageously lying between 10 and
100 nm.

The invention thus makes it possible to produce suspended

30 membranes collectively on a wafer with lateral dimensions ranging from 100
microns to a millimeter.

Advantageously, a heat treatment step may be carried out during or
after the direct bonding step so as to promote the creation and/or the growth
of the blister. Typically, this heat treatment can take place at a temperature



According to a variant of the invention, the step of producing this
projecting nanostructure is perfornmed by |ithography and etchi ng. According
to a variant of the invention, the step of producing this 10 projecting
‘nanostructure is performed by the deposition of particles of controlled
size in a localized nanner. Ac@ording to a variant of the invention
fhe projecting nanostructure exhibiting a height of the order of a fewtens
of nanometers to a few hundred nanometers, the blister exhibits a dianetral
shoul d be
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exanpl e. preparation can nota consi st 1 n decreasing the
hydr ophi | P2BORITWHUIEn i ncreasi ng the roughness of the surface if it is

?esi rgdfto Erohmh@oi’ﬁin atbeéa}ari%m@ﬂ&h@ﬂnﬁnhﬂdgefthéiétésroffmddubing tlhw sa.

o nodify the r ophi recourse ad for ex e to a plasma or
UV/ ozone PFOé%‘Et!@]‘E?'PGFé“%B‘HFf@PF@’P%%M&@%@"‘PQ%B‘U&ES%% be had for _
exanpl e to a chActemaling Weta earidnty of tlediimegentidoc dinelistep taf Erodacingnthisof t he .

I nventj.on_ t.hea. - ' L nit Latd Ongo [ atn ; calized
deposi1t0i oﬁr%%]&hr&gﬁ)a(?%rg ldﬁ@"%rfso#’@wgﬂ?é 8? {s?%l iogp%rgfggbct%g t rg{learg}aépgenerate
gaseous bgopirelascsize i gloealizagineanierh the aid of an atonic force mcroscope

(AFM tip. Thi SAé_@Gn‘%iiﬁ%?@h%rﬁhrﬁ!QﬁQﬁ@qh\%htiﬂhr,‘Qhé”pré]bbﬁrﬁq«‘rna%smﬁbtﬂ”@/ be nade
to grow in dinensi %n@%rmﬁ{\ tcpe «?fffect of \Fgressgrgﬁe} I n hﬁﬁﬁnbogde zone
subsequenXRIBItNGA NEIA4 O ordeg of a few tefg Rl IANQERIETS 10 7 fRW MUPGIESt ack
and/ or t heasemetaslsstrachlistemextabits asHametrahextent bbthe ardeonfiartbolisgred , at t he
| evel of which thgsndi rect bonding is perforned. Advant ageousl vy,

the fiPst rrggrg&nketg conpri se between the layer of 5 first piezoelectric
mat eri al and t h# shuldbel ndied dhaigthiedyeat t(eatment cauieidaee!) duringoaiftec | ayer

intended {Q BERYRgastel! E51 BRYEmake it possible to locally debond the surface of
the projecting nanostructure from the surface of the stack facing it.

Likewise, the surface surrounding the projecting nanostructure or that

20 facing the latter may have been prepared prior to the bonding so as to
facilitate or to adapt the extension of the blister during the heat treatment for
example.

This preparation can notably consist in decreasing the hydrophily
and/or in increasing the roughness of the surface if it is desired to promote

25 lateral extension of the blister and vice versa.

To modify the hydrophily, recourse may be had for example to a
plasma or UV/ozone treatment. To modify the roughness, recourse may be
had for example to a chemical, wet or dry etching.

According to a variant of the invention, the non-bonding initiating

30 zone is obtained by the localized deposition of hydrocarbons or of liquid or

solid products that may generate gaseous by-products, for example with the

aid of an atomic force microscope (AFM) tip. This zone creates a non-

bonding zone or blister which may be made to grow in dimension through the
effect of pressure in the unbonded zone subsequent to heat treatment.



Advant ageously, the first piezoelectric material is nonocrystalline. Such a
| ayer nmay be obtained by epitaxy on a suitable substrate or constitute the
superficial part of the first substrate. In this case, the first substrate
‘may 10 be a solid substrate of the first piezoelectric nmaterial. The | ayer
can al so be deposited on the first suBstrate. According to a vari ant
of the invention, the process furthernore conprises an ion inplantation
step so as to create in the first stack a buried fragile zone delimting

with the surfacg of .sai t ack zQn ri,Si t rt the
| ayer of first /Sfj rgggggyﬁy,atﬁﬁg?%ﬁﬁg& aRARr e Q%%@éidr%llgﬁ‘é%gﬁ c‘tohfbr%%a“ ant of
t he i nvenai the stiface ld bondingi Ryeheat thist leivabof which dke wirechbonding isvel of
t he buri eg %[zﬁg%c#]e zone. According to another variant of the
t

i nvention; inning is obtained by grinding_and gwél shi ng
20Advant ageous| Advamaggeusiynthe, fiesteiagks canneainaiies bedveenthedayarnehg st ep

(betteg kﬁ@wbléabenétqn@%aemm %tﬁ@fwﬂbﬁai b@wngﬂsvérn(dfqhemurfa%@ Bg)). This

polishing is rie the ard of a solution containing
an abr asi N6t ?'ﬁ?l ré{ge“é‘l’%?‘? §erver%psoclele\éﬂg%%| e based on col | oi dal silica.
25Accordi ng to Advamtagebusly, thee firstvpiezoelectrihengtedaloe evdridorystallinei al is

deposi t eaSUPa Ty S5 way ik FRAMIEE! by ebhadPUN Y SUbRjE suestfaRE of ekl
Accor di ngtheosuperficiahpartaif the dirsthsubstiate, |ntthl$ ersuiibe §U$i§u®ttr@te §ayade of
silicap OBeCHJQBﬁdZsQBstF'ét@gﬁ?rlﬁeCffrslgﬂ)léﬁo@@@m%' materldl, TRY IR rTamPai8o Pe 30

conposi t variant of the invention, at [|east one
bondi ng | d9eesitest ey the st EWé‘# E€ric material that may be Sio02.

~According to a A@émrﬁ a6 & heariamt egrt tm§1 |n\liélﬂ|ohr QhQSprd‘c@sé higFtherfrooNpr i ses
a step of el ectrode

di
foa vari GHIPGRST A PRVERIATAToR RieRosa8dt SrenBHbre fest sagk pduuied ot ep of
pr oduci ngfragileizpee ddiecitingdeitrothe serface fafcaidfstadie af zored compeikingf at he fir st

and segongl 3t ACksn i Blyet BPfifst biYoBRcHiEMaterial.
According to this variant of the invention, the thinning is then
obtained by fracture at the level of the buried fragile zone.
According to another variant of the invention, the thinning is obtained
by grinding and polishing.

20 Advantageously, the polishing step is a mechano-chemical polishing
step (better known by the acronym CMP (chemical and mechanical
polishing)). This polishing is carried out for example with the aid of a solution
containing an abrasive (known as "slurry"), for example based on colloidal
silica.

25 According to a variant of the invention, the piezoelectric material is
LiNbO; or LiTaO; or more generally Li(TaxNb1-x)O3. If the layer is
deposited, the piezoelectric material may be AIN or PZT notably.

According to a variant of the invention, the second substrate is made
of silicon or quartz or diamond or else sapphire. It may be simple or

30 composite.

Accbrding to a variant of the invention, at least one bonding layer is
made of dielectric material that may be SiO,.

According to a variant of the invention, the process furthermore
comprises a step of electrode definition in said metallic layer.



5The invention will be better understood and ot her advantages w || becone
apparent on reading the description which follows and by virtue of the
appended figures anong whi ch: Figure 1 illustrates the operating
‘princi ple of the BAW conponents hi ghlighting the propagation of the bul k
acoustic waves; 10- Figure 2 illustraBes the various steps of a process for
fransferring substrates by inplantation/fracture according to the known
art; Figures 3a to 3e illustrate the various steps of an

exerrpl ary procegs far f br catin sonat or of, FB ng to the
i nventi on; Récording 1 u‘f'aé‘?ngaoafamf X8y d?%g‘?rgﬁ%%$%8§ﬁ§§?/ﬁ$ﬁe bl i ster
creat ed 150ntipr|se@ asstep @b pmcbdmdneg faabuppeatelecirauencr dise sudaceiofithe tinahe

i nvention r chtl: Al on; Figure 5
i1 lustrat %ta%ﬁ i@%ﬁ%@'gﬁ%?ceﬁﬁ pegf%?t(g ucedmﬂgcsg% ding to the process of
the invention; Figure 6 illustrates the electrical response

of thegnenbrane n@ﬁe%%éig.%mﬂmdoé beftet bﬁdéﬁstbﬂdaﬁ@o(wa@awagwmrt he

response of the suspen rane (cu Gener al |

process oPe?%epﬁF&?éﬁ'ﬂt P’f‘l\f@ﬁgt')‘Snth é%gcn,p(f%dérgplmfgllqvbs BPE R ¥irugny %nents
basectz)lI on a@a@eride&aﬁgif fes baforg@highe bul kK acoustic 25 wave conponents and
not abl y conponents EBAR . r p I Sl S d nbr ane
of piezoelectric ha?tgruirgl _ﬁ{vvi'ﬁ‘zsq%q%%v\gié/e‘l?%%gﬂgéeigﬁg'pgen ﬁ'ﬁﬁ@? gAe\&arode SO
as to geneomipenthts tpgblpgahjmgitbe podpagationaafdbe biutk acousdic wanes; menbr ane bei ng
producgd on the Suﬁocf\‘ﬁQZOi Iu&r%%é?ﬁ@rvaﬁ&@ts?eg)sod‘fatﬁﬁ)cg SitSr f?énsff@?nrigo' ning by

bondlng of two su one risin sur ace at [ east” one
non- bondi ﬁ§b$tfﬁt§$@Vl'ﬁ@‘%ﬁ@n/ﬁ@?tu@&éﬁﬁ?r@"&g thpdPeMRA@hanost ruct ure. The

suspended mat er I al rﬁega@@ t6 OB Nl Fstiatd tﬁée\raimspst@pgeéfesﬁ reﬁemmé@r i al
| ayer. The oduci n P g 66 P on . a known
and nast eP ”E%ﬁ'iﬂ Fgﬁﬁ‘@ﬁqtﬂéo ﬁ%ﬁ ttya? |a(9ﬁ° NG %@es'BY?'H'Oghbst rate of
pi ezoel ectric mat erl-‘uglhreso4asand)4®r show diagtdmmatioaibt thee dlister created
15 during a step of the fabricating process according to the invention, before and
after a heat treatment operation;
- Figure 5 illustrates a resonator of FBAR type produced according
to the process of the invention;
- Figure 6 illustrates the electrical response of the membrane not
20 debonded from the substrate (curve 6a) and the response of the suspended
membrane (curve 6b);

Generally, the process of the present invention makes it possible

to produce components based on acoustic waves, for example bulk acoustic

25 wave components and notably components of FBAR resonator type

comprising a suspended membrane of piezoelectric material with a lower

electrode and an upper electrode so as to generate the propagation of bulk

acoustic waves, said membrane being produced on the surface of a blister

created on the basis of the joining by bonding of two supports, one

30 comprising on its surface at least one non-bonding initiating zone, for
example a projecting nanostructure.

The suspended material membrane comprises a slender

piezoelectric material layer. The process for producing such a membrane can

be based on a known and mastered process comprising the implantation of a

35 solid substrate of piezoelectric material so as to create in this substrate a



10 buried fragile zone delimting in this substrate said sl ender |ayer and
then the separation of said slender piezoelectric nmaterial |ayer fromthe
pi ezoel ectric substrate as a whole by fracture at the level of this fragile
zone for exanple by heat treatment optionally assisted by mechani cal

forces. 5 Exenplary enbodi nent 10 A solid piezoelectric substrate
Spezo (for exanple of LiNb03, LiTa03 type, etc.), is chosen for the BAW
application (in terms of orientation, of 10 nature of material, etc.). As a
vari ant,

| d. b trat f.sill f
exhi b t§ nBUESH afie gofe AEERg BIBE A< sabieiad ik E R the
advant agesesanationrgfrsaik sleandst pigzoefeciic matetialdagenfronl thecpiezgelecttio
t ended I T, 1
t ended Lebbfng AU WHAIECHIAS Bothel el onls EGRBRE rolbiampRi ! 10
whol e i's bvs@neahtreetmemtqpélﬁaa||wa§%ist@deby mechanicabiessesy | ayer Cci: this may
be for sexanple a dielectric layer, for exanple of Si02 of a few hundred nm

(for exanple 20Q n at the surface intended to facilitate the subsequent
di rect bonding g&&@—"&?—%&i—&ﬂﬂ'm strated in Figure 3a. An ion inplantation
operation is carried out (before or after dep05|t|on 20 of the netallic and
bondi ng | ayers) te a
buried fragile é‘o‘if:oé'tdg‘? Fgﬁégﬁctﬂbﬁkété F? (s é)%érﬁ{ﬂ% ?qu' ﬁ? Iglj '-12?32% of

pi ezoel ectype; etadeis ahosen lier theadX\dr applicatipns(in rtprraﬁtqimrdﬁnta’aﬁ)n bef

perf °r1'65dnéﬁfreedﬁ‘amélté‘rhé?”e dE ﬁgé@ %an‘?&ntmﬂdw&l@r‘bé’ra Qﬁt)bblm &fbs‘t’ra@ Xbire of

these two species wth doses between 1016 a SO wWith an

ener gy of S@SO'bef%@ﬁa@@@eﬁxﬁﬁﬂ'%@%é\? d%lb%@ffi?'ﬁ b laven P!ﬁz Y of the
8' eZO_e{ _ecmaténéla?;teé%mé@busags cbimprigks af Qtéckrbfl'_atgtééet She metallic Iayé'rhfe < 0o
eposition o ondj n ctric X a of Si
ot the. sufradafndea et o bating s Rsrib el et Satof TREIMBIAIC

par al | el Myeanmcmbasemsnr&n AlSa, AlSI, WIMeIIPtat(‘Hdeicn Fi gure 3c, whi ch may
be 30 de of pi o tr -' I f le Si,
Sapphl{rgg QJartz% {aBK a{s é;V\}P'I Ilé”%b éaﬁféjr%?hlﬁbﬁ 3{1@&\?&?&99 with ngogfg o
and depentayer Gan; tﬂl%m?dtbﬁ fpr@rxagmla asdielestiicsiayet, fak example of SiOp

substr at ege\@h@nHRYS AR (‘f@rre)&n%ﬂérm nﬁmﬁét MR temRBab I8 EREE He
pol i shi ng’suggegtfer;[t%lrggt t():gn u% Ioperatlon as |IPustra'fled$|n |8m'e Ia.r ect

An ion implantation operation is carried out (before or after deposition

20 of the metallic and bonding layers) in the piezoeélectric solid substrate so as
to create a buried fragile zone Zj delimiting in this substrate the thin layer of
piezoelectric material to be transferred. This implantation may be performed
for example on the basis of hydrogen or helium or a mixture of these two
species with doses between 10'® and 10'" at/cm?, doing so with an energy of

25 between 50 keV and 250 keV depending on the thickness of the piezoelectric
layer chosen, as illustrated in Figure 3b.

The deposition of a bonding layer, for example dielectric for example
of SiO, at the surface intended for the bonding operation, is carried out in
paraliel on a second substrate S,, as illustrated in Figure 3c, which may be

30 made of piezoelectric or nonpiezoelectric material, for example Si, Sapphire,
Quartz, etc. It should be noted that this layer may be optional and depehdent
on the nature of said second substrate.

The substrates are thereafter prepared, for example by mechano-
chemical polishing, so as to be compatible with the subsequent direct



11 bonding step. This preparation can make it possible to obtain the

pl anarity and the roughness desired for the subsequent direct bondi ng.
During/after this step,particles of controlled sizes are deposited/created
-on one of the two bonding interfaces. These particles or p- 5 pads can, for
exanpl e, be created by lithography fd1owed by etching or else by the
.deposition of particles of controlled size in a localized manner. Figure 3d
illustrates a configuration in which the p-pads, pP, are produced on the
surface of

t he | ayer_Cci. These particles.are ngn-bhonding,initiatjng zones:
ocal |y ¢ RRYAIBRATER TR ARG B AKS b Seae G e e bandi % of
these 10 anddéee euhmessadesined fardhe subaeguer@tdiract bppdimgof non- bondi ng
initiating zone ] ri S nt Ly. FL.guL e
il lustrates theﬁgméé)iarﬁtg?o?ﬁﬁe %{ﬁg s;b%zﬁ(gél?n %fgntcgg{rog%? orée'_gg{ﬁe %'(;%ndi ng
phase. Thdepesitesiitreatest @ one of the feabeadingdntesteces. dhese padisies @iglas 15
Sori coRduET ot AT O R e O e B o 8 " 1009
257 pp. TRY $hesAEPEHEORAS PSS DA AheZs R MEAIZ] WaPRRE| oWt the
b]gmdit nghi Bd G![Iliétfa%es lasc@wffgmfmdrom ohidhehes Lzsady, |iFheapaprodaked (@mthear t i CEI ar
of its hei i,sterAo eci .to that
of the paptitese oBofe 48 Gay T Baklcied B MR IBehclng J8k8H BBHR:
ni obat e (locatieithey pfevist dherdtanding: obthie twersubstratesuat theeleyebofjyhese
correspongj t [ o Ni & b t he (i of the
bl i st eras %ﬂ%d ( Qt/%‘ﬁg(m'ﬁ éth%QngIB@EFatCﬂg%?éﬁ%e%sgéﬁg‘éﬂgfngxIggtrlél n!t ally
~are in haZﬁWﬁlW"é@P deseribashsubseauenty.pr esent invention, the applicant has

observed that thguieigghhiusrafeBahaasiabingbbfethel fvdTBEdeRS il dbreadtesefban t he
hei ght of the rs)CﬂrtLOﬁll es: the dianeter and the height of the blisters are
LORH{RY PRESG|

control | e budget applied. 30According to the process of the
present inventi The twdeaibstratst meat theseafigyl bendé¢d ebywebirect diDidimgl &00C,

b czodtectiedled 3 @R BiaurblbcsuPbes EsE Grv: o Ped b8! 1 ¢ zone.
Thi s heat SemieenduatoraV\afenBladingt Ssirndebaerd tlechnelogyh&Vigy, dNew \fQﬂ?t ially
formed arqygd, S8F pBr ThRChHRR B88QDESUSHDR- thEbdHRidtdid phRicle at the
bonding interface: as a function of the size of the particle (in particular of its
height), a blister of a specific radius and of height equal to that of the particle
20 is formed.

Applied to the case of lithium niobate (in terms of deformation
coefficient and surface energy corresponding to the material), the orders of
magnitude of the radii of the blisters found by theoretical calculation and
those found experimentally are in harmony.

25 In the case of the present invention, the applicant has observed that
the height of the gas bubbles is markediy greater than the height of the
particles: the diameter and the height of the blisters are controlled by the
thermal budget applied.

30 According to the process of the present invention, a heat treatment is
applied (between 100°C and 500°C, preferably 250°C) so as to initiate the
transfer of the thin film of piezoelectric material by fracture at the level of the
buried fragile zone. This heat treatment also makes it possible to grow the
blister initially formed around the projecting nanostructure. On the particle-



12 free zones and outside of the induced blister zones, the direct bonding
of the faces is carried out. The application of an additiona

t hermal budget (once fracture has been obtained) for exanple between 100
-and 500C (preferably around 5 250C) nmekes it possible to control the

| ateral di nmensions of blisters desiretR It can al so nake it possible to
debond the nenbrane fromthe projecting nanostructure (as illustrated in
Fi gure 4b); This thermal budget can also allow two or nore

ToAn addi TPBASNCSABAHF AR, ArinF dybicestisidl fipsstistiree hondtapor g™~
struct ur efadesdsicasietowtnd 4b thus show di agramrat ically (only the

| ect t
bove a nanost r i0E ST s, aRHBRRL it EicioBt TR Fallud s To"tne
ext ensi onbeén satitdined) Soerexaiilg pbetwelep, 166rarp©r50Q§’Ce£pr@ferably aralind of 100
. 361 95teC) AKX BT ke cBhuBCReasRAal dirinsidiR G iRfergluckial pm i n

di anet SN nNg pProcesses SUC heat treatnent an
00l Shi ngltt@AbBISe Make: BRANIRIE o ARk ihe MambrRe BPBHIN PEeBIng

conponent ﬁaﬁogﬂgdt@,re (@l’slluume@ﬁw p@rufr@a d. 20A sl ender | ayer of

pi ezoel ectric EI‘ eﬁo E )t ai ned, with rﬁddl ti gﬁ% | ayers on a
host substrate. ?frﬂﬁ CFB oPvi OF?F(SH‘BI@e%P 19"'883 PEIBIP of an
upper net abﬂnnedogetheirrt@ﬂ:ﬁrrr(hmlaiterblhlargevdehenélohhe blister formed CAV, as

| Tustjated | n K} 04Gi5ngTBREMESlaldolyedthad St ERBEIAIAY ALY gRAal | on

of bul K acoustic waves n carried out on such a
st ruct ur esueiweg figerese denaand pfez wsecshaw disgrammaticetly ¢ fenly utigended

menbr ane. E%%eféé[ﬁ’ce%élénéﬁ' &%? i® reb}éé'éhfeﬁ ethtehfbrﬁia%hréfflé' blfs?érpefAiﬁ of the
suspended nbrane obt ai ned accord rocess o |nve tion.
Curve 6a egev%@paﬁaestfleptw@eu? Sod qfﬁ%ehﬁpaézteat@em.l@aﬁ
debonded extemsioneofdais blister.at e, curve 6b relating to said debonded nmenbr ane
o R ET "2, L ybEBLBEbaRIRCER bt B AR FCRRHE e oiSallE | onec
blister achieved is of the order of 1000 pm in dlameter
Finishing processes (such as heat treatment and/or polishing to
obtain a roughness compatible with the production of components a
posteriori) may be performed.
20 A slender layer of piezoelectric material Cpiezo is thus obtained, with
additional layers on a host substrate. The final FBAR resonator is produced
by deposition of an upper metallic electrode Cy, at the level of the blister
formed CAV, as illustrated in Figure 5, moreover highlighting a zone Zgaw of
propagation of bulk acoustic waves.
25 Electrical tests have been carried out on such a structure showing
the resonant piezoelectric character of the suspended membrane. The
curves of Figure 6 illustrate the electrical response of the suspended
membrane obtained according to the process of the invention. Curve 6a
corresponds to the response of the piezoelectric layer not debonded from the
30 substrate, curve 6b relating to said debonded membrane and therefore to the
final structure of the FBAR resonator.

As mentioned previously, other types of non-bonding initiating zones
may be produced on the surface of one or both substrates to be joined so as
35 to locally preclude the direct bonding of these two substrates and thus to



may be produced on the surface of one or both substrates to be joined so as
35'to locally preclude the direct bonding of these two substrates and thus
to 13 generate at the interface a blister acoustically decoupling these
-two substrates locally. This may invol ve notably hydrocarbon species
present at the surface or liquid or st3id species. These species may

.gener ate gaseous by-products. Wth a suitable heat treatnent, this zone is
made to grow in 5 dinension through the effect of pressure in the unbonded

zone, so as to,gener te end msrrbran hel d | aterally). For the
di mensi onfRRE'@§ @t dhe é’?atﬁa@ﬁ%e rrgﬁs 160 AEKS FBR %é%ﬂlmq'eﬂe e 1% and
Coesel e ( bolodtraté8 Yoqalk2Thisl mayhavolaemomablydfg/:aismargontstpecmstprebenbat F.

Ri eutord 0, r e, on Rc of
bubbl es (uﬁbcg‘%@&%) Eg!{é&? %Tssé{%f nc i on o%s pergésds'%ére yt%&%({%vﬁeegé%@nunber N
of nol ecubgproducisobttarasuitalie)hest teeajinesh thimpgenatismead®doigow Val ue
wher e sheqndidien IthrotighPle 8tfeét 6f b?ébstu?érﬁﬁrtﬁé‘{ﬁrﬂ)o-ﬁded zone, $0 as fduring the
heat treatment, the pressure I ncreases F&ﬁﬁg ET 5d], bondi n ener gy
may be i nBFRAR aHsPRAded irembENg 2ok latgeplly ¢ arh AiRGRSRAITS o\ ont 1 o
prevent t bffeGBerefoterdle ag FoRtade e hilésby dasignand®Gddseld dhavial

d| nmensi onﬁgg?ofdf%)he unbonded zone and of its height h. Mor eover,

risg han a critical radius such as defined in the article by F.
RI eutord (ECS 20ife caseTohdegassirgdbelasti¢le dykr 18@Aterd4BGS2010) Zvembonded

zone 14 fﬁr HETIBGHe gritical d'adluy}ﬁﬁl%n%%t Iﬁelolf %ﬁbﬁ%@t(ﬁﬂbaﬁ?é@%n%k& It

possi bl'e ce un zones great I n
product i oR, foICt'PB @fo@@q&uae t(Ep @@ﬁygnthg BW@PQMM&Qﬁ motegulesmyPrdei9as on t he

surface ohvhilbiOradh BRerBmMpdfatrd] RE s b ValRx@RBlEtheZBubble is stable at
a given temperature T. |
During the heat treatment, the pressure increases like PV= NRT. The
15 bonding energy may be increased during this heat treatment and yet it is not
sufficient to prevent the opening of the zone, hence the increasing of the
lateral dimensions r of the unbonded zone and of its height h.
Moreover, if r is greater than a critical radius such as defined in the
article by F. Rieutord (ECS 2010) or Tong and Goesele (book 1999 p.42), the
20 unbonded zone is not resorbed.
These controlled contaminations make it possible to induce
unbonded zones greater than a critical size.
In production, it is possibie to deposit a contaminant that may degas
on the surface of the bonding zone by AFM tip for example.
25



14 CLAI MS 1. A process for fabricating an acoustic wave resonator
conpri sing a suspended nenbrane conprising a piezoelectric material |ayer,

characterized in that it conprises the foll ow ng steps: t he
‘production of a first stack conprising at |east one layer of 5 first

pi ezoel ectric material (Cpiezo) on thdsurface of a first substrate;

the production of a second stack conprising at |east one second substrate;

the production of at |east one non-bonding initiating zone by deposition or
creation of particles of controll egisaps | eaving the surface of 10 one of

sai d stacks endowed IocaIIy W th projecting nanostructures before a

subsequent bondi naeg the direct bonding of said two stacks creating a
blister (CAV) bet @r@%ssfpé@@"‘?aﬁﬂé ANAAWSIIB WAvETEEORAOf FRMRATIWondi ng

initiating Z&J%‘bended membrane cohﬂﬁlstr@ ngi regdelédtfict imaterial aklyer0
elimnate at 15 su The process for

2.
fabricati ﬁ'@aréﬁ?%ﬂ,zﬁﬁkf‘%&a%%“%%%g}e f:;)ﬁ%\gm(gl SIPR%d in claim 1, characterized
in that the direct bbed:ro@mtmnpefrédrrst&siab& cphamsm;g abledst mesiaymksf in

di r ect Coms?f) eZBkel %%rlérﬂgté??eﬁggg.gzo ?I?eagﬂrf BPQW‘& s%Bs{?Q{éd' ng or by fusion

bondlnS an acoustrc wave resonator
as clained in eitherthef p@lduptm 10faﬁdSQC0Qﬂ1§rt%@t @omwngw athlgast tone

further mogg-GRBibstRed heat treatnment step carried out during or after t he
di rect bond| ng step so as 25 to pronote the creation and/or t he vvth of
the bl ister. the proqugtion ket deagronenondandtg itatina sone &

resonat or dgpositien roecereatiomef Partidies w6 controlléd sidesr ieatiegi thedsurfadehat t he
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m cron d| sebsequent bonding step;
- the direct bonding of said two stacks creating a blister (CAV)
between the stacks, due to the presence of the non-bonding initiating zone;
- the thinning of the first stack to eliminate at least the first
15 substrate. '

2. The process for fabricating an acoustic wave resonator as claimed
in claim 1, characterized in that the direct bonding is performed by placing
said two stacks in direct contact or by thermocompression or by anodic

20 bonding or by fusion bonding.

3. The process for fabricating an acoustic wave resonator as claimed
in either of claims 1 and 2, characterized in that it furthermore comprises a
heat treatment step carried out during or after the direct bonding step so as

25 to promote the creation and/or the growth of the blister.

4. The process for fabricating an acoustic wave resonator as claimed
in one of claims 1 to 3, characterized in that the non-bonding initiating zone is
a projecting nanostructure corresponding to a local protuberance with respect
30 to the surface of said stacks of micron dimensions.



15 5. The process for fabricating an acoustic wave resonator as
claimed in claim4, characterized in that the step of producing said

proj ecting nanostructure is performed by |ithography and etching. 56. The
-process for fabricating an acoustic wave resonator as clained in claim4,
characterized in that the step of prdthucing said projecting nanostructure
Is performed by the deposition of particles of controlled size in a

| ocal i zed manner. 107. The process for fabricating an acoustic wave
resonator as cl fﬁ )eI Eﬂ i characterized in .that said
proj ecti ng nanost %Pu?%esé Al t{qcabn%aﬂeqw ig vV ESPRRPT g clal tens of
nanonet er m tolaim f4ewcharadtegidedaimotieatetise step of ipsoducieg hsdidt praedingnet r al
extent of r 8. The process
for fabri Céﬁﬁ%tglfgﬁfeag&e?ﬁr@%so&q Se’ér%hﬂ?%r (aaess[cr(‘:'f’gi med in one of clains 4 to
7, characterized in that it furthernore conprises a step of preparing,

prior to the boadfrﬁs gréé&s%Ffaﬁ&aﬁH{; raﬂ%ugﬂcme%@bﬁafdr@g dMARRsS ruct ure

or that facing It as to facil e or to e extension of 20 the

blister dlifig@m He ﬁ'@%ﬁacﬁerrlgﬁgrrﬁhtthatséh?i ﬁ?@pﬁ?lprﬁgd%‘f@% s PEISSHYS n

decr easi nﬂahb@trlﬁmdfe)isméribrﬁfww tHendepskifion ofipahielesoofaturersiedfsizeim sur f ace.
9. The prao r fabricating an acoustic wave resonator as clained in

cl aim 8, 3ﬁ %@@rﬂ"%’é’&e in that the preparing step for decreasing the 25
hydrophily is carried out by a plasnma or UV/ ozone treatnent. 10.

The prgcess for ffr*Hé'? és’%gfo?'fbtﬁ&%ﬂﬁ a‘ﬁ a@{gu&mafte%né&rqs dn” claim

8, characterlzed in R pari consisting I n nD i t he
r oughnessin §n@a@fr¢|étﬂn$)dtt°o§ € errﬁC@%nzedv@t th@ﬁ s@id pé@J@ﬁtilnggnaeestructure 11.
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product s hiietonastersabl e t o generate gaseous by-products. 16 12.
The pr cess for fabricating an acoustic wave resonator as claimed in claim
11, racterized in that the |ocalized deposition of hydrocarbons is

per f or rred wi t h &nThegvbeedsofos éabricating @mpacqustic wave resonator as claimed

in one of claims 4 to 7, characterized in that it furthermore comprises a step

of preparing, prior to the bonding, the surface surrounding the projecting

nanostructure or that facing it, so as to facilitate or to adapt the extension of

20 the blister during the heat treatment, said preparing step consisting in
decreasing the hydrophily and/or in modifying the roughness of the surface.

9. The process for fabricating an acoustic wave resonator as claimed
in claim 8, characterized in that the preparing step for decreasing the
25 hydrophily is carried out by a plasma or UV/ozone treatment.

10. The process for fabricating an acoustic wave resonator as
claimed in claim 8, characterized in that the preparing step consisting in
modifying the roughness is carried out by chemical, wet or dry etching.

30

11. The process for fabricating an acoustic wave resonator as
claimed in one of claims 1 to 3, characterized in that the non-bonding
initiating zone is obtained by the localized deposition of hydrocarbons or of
liquid or solid products that are able to generate gaseous by-products.

35



513. The process for fabricating an acoustic wave resonator as clained in
one of the preceding clains, characterized in that the first stack and/or
t he second stack conprise at the surface a bonding |layer, at the | evel of
whi ch the subsequent bonding step is perfornmed. 1014. The process for
fabricating an acoustic wave resonat as claimed in one of the preceding
clainms, characterized in that the first stack conprises between the | ayer
of first piezoelectric material and the optional bonding |layer (or the

f : tal}l t end h
brocess for fabri b TG Bieokgbaet ecleiis, 88 ABEckaRs TrdlBh Fe of the
pr ecedi ngclaimedsin deimactier chamcterizedatn t that f thes dogzlieed edeposition mekt erial is
mnocrystﬁ%@egrbojn@ 'S§Pﬁtoﬁ388%ﬁ] EtJrﬁlprbec%tﬁ*l ar ag%ct%lstlc wave resonator

as 20 cla prece ng clarns, eri'zed in that it
furthernore conprises an ion inplantation step so as to create in the first

stack g buried frag h‘ﬁezﬁr'&)%e§§|fb|’nfébr"k§htﬁfgt ant%mbf@aeeqteséﬁm@rsasack a
zone conprising at |east ric material.

part the. |ayer t
2517. TheCl3iBeddr qng o ffsgl?r PE%F@F’HI? Slﬁ"aﬁoﬁ'%qr?&‘te\%?a 'Pgbﬁﬁﬁleofrsgét%?kal nmed in
claim 16, aﬁb@lfmé eécar&ﬁstaraktdmmmtdeeattthemumel@bobduagnepbrbat fhealeival e at t he

tabr i cati Ak abE GubbBfe 5P sien s Rertagmetli noa [n one of 1 he

precedi ng cl a| ns, char acterized in that the thinning is obtained by

pol i shjong t hat ma;mberhgf Beelangr Cfgﬁﬁéaﬁm Eaxpﬁc?ustlc wave resoujrgtorTéLe process

for fabricati ngﬂan acousPl C wave resonat in one

pr ecedi ngclaimpadn aneaphiepreceding claigs. P‘Fﬁ!aﬁteé%él'ééh?t @%ﬁf%ﬁt%‘i'ﬁ al is
Li (Ta, Nbi c¥ripdises between the layer of first piezoelectric material and the optional

bonding layer (or the surface), a metaliic layer intended to serve as electrode.

15 15. The process for fabricating an acoustic wave resonator as
claimed in one of the preceding claims, characterized in that the first
piezoelectric material is monocrystalline.

16. The process for fabricating an acoustic wave resonator as

20 claimed in one of the preceding claims, characterized in that it furthermore

comprises an ion implantation step so as to create in the first stack a buried

fragile zone delimiting with the surface of said stack a zone comprising at
least in part the layer of first piezoelectric material.

25 17. The process for fabricating an acoustic wave resonator as
claimed in ciaim 16, characterized in that the thinning is obtained by fracture
at the level of the buried fragile zone.

18. The process for fabricating an acoustic wave resonator as
30 claimed in one of the preceding claims, characterized in that the thinning is
obtained by polishing that may be of mechano-chemical type.

19. The process for fabricating an acoustic wave resonator as
claimed in one of the preceding claims, characterized in that the piezoelectric
35 material is Li(TayNb1x)Os.



20. The process for fabricating an acoustic wave resonator as clained in
one of clainms 1 to 15, characterized in that it conprises the deposition of
a piezoelectric material |ayer of AIN or PZT. 5 21. The process
-for fabricating an acoustic wave resonator as clained in one of the

precedi ng clains, characterized in thBf the second substrate is nade of
silicon or quartz or dianond or sapphire, or of conposite material
conprising one of said materials. 10 22. The process for
fabricating an acoustic wave resonator as clainmed in one of the preceding
clainms, characterized in that at |east one bonding |ayer is nade of

di el ectric materi20. That prowess dobifalricatmg3 an Taeoystioccwase fresofator iasat i ng an

acoustic o] 0 . | ned, 4 n _the..p edi '
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defi ni ti odepesitionmef alpiezoelestde matariahtayenwfatiblser P4F. f abri cating an acoustic

wave rgsonator as 20 clained in one of the preceding clains, characterized

in that it furthernore conprises a step, of Rroduci ng an urpper el ectrode on
3tings %

the surface of theélfiThgl PcesR for fahdc BNaREPUSLICOWAVE t'&ERBAMOE A equent
to the thtRrhed iAtéRe of the preceding claims, characterized in that the second

substrate is made of silicon or quartz or diamond or sapphire, or of composite
material comprising one of said materials.

10
22. The process for fabricating an acoustic wave resonator as
claimed in one of the preceding claims, characterized in that at least one
bonding layer is made of dielectric material that may be SiO,.
15 23. The process for fabricating an acoustic wave resonator as

claimed in one of the preceding claims, characterized in that it furthermore
comprises a step of electrode definition in a metallic layer.

24. The process for fabricating an acoustic wave resonator as

20 claimed in one of the preceding claims, characterized in that it furthermore

comprises a step of producing an upper electrode on the surface of the final
stack of the first and second stacks, subsequent to the thinning step.



