; cde3ekhl | (6”2 TCE DEVI CE W TH ACQUSTI C WAVES CGUI DED IN A FI NE Pl EZOELECTRI C
-MATERI AL FI LM BONDED W TH A MOLECULAR BONDI NG ON A BEARI NG SUBSTRATE, AND

METHOD FOR MAKI NG SAME The field of the invention is ace
acoustic wave devices, s especially thoke used as fi Iﬂlﬁ &lw Wm

-tel ephony. To carry out filter and resonator type fu surface
acoustic wave devices, it is inportant to set up transduté®and reflector

functions that are as efficient as possible. Typically, a surface acoustic
wave resonatDEVICRYVEHACOWBSTIC WAYESGHIDEBtINCA WINE RIEZGHEILEGTRIGt ween

t f ' to t
the acoustic el Glar P BOUBEPWIPR A MORECERRIBONDRIG Gig A0, (0 11 2P
reflection | oss BEARING §bllﬁﬁ1TRATE| AN(EhMETé*@Bt%@RdHAWNﬁ $BME of

el ectrodes. | ”deed1Tt#é1ﬁeI8f5f€fﬁé '|MFeFﬁ|8ﬁfl§ et isupface doRstis Wavel dévigdd gl e

el ectrode is onl ew per cent hese arrays are Is constituted by
about & hurﬁﬁﬂ@@laélb/éBWQ)Hé%d agfilterscin fﬁ@b'@ tel@PhdWri y spaced out at a rate of

two el ectrodes per PRV@rENHUR- ﬂlﬂreéﬁdaféso%&ﬁnty;fé IfMnétivhs Qﬂﬁp%‘élrFa@é the
weakness of refl.ection f an L ect ro since, t’he el egtrode IS he

surface, i taGRYSHC NWave dgvices; / l'ﬁ;l"?p ant {9 sef U diansdneste 2o rgy is
scattered |mnbtr@1§mla$tar@‘agefﬂabemtd§p@ﬁblej |y increase this int eract ion 20

woul d require el ect asily %ﬁagg %ﬁ%t%&fa&ecl%gg tot?%oﬂgg'tf&eg éu?faf:e

practice). Furt her ect Ion
el ect node iacoustig WIaga tranedue&rbsbeameml tveh earegy s @fdureftmtlyedelaﬁtrtoﬁeSform of

bul k waves C t he
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energy gui dptaifeeBbith Iaswele%trbuee l|ssd, Ahe RiffeE iR e@émbem@mﬂaﬂnonn whi ch
the acoustic wave can be confined.  Surface acoust ransducers are
i ncr easi ngI‘E/f ﬁal@lﬂgge u%IECt(B‘P ¢ ifePRY| 3 &WeE?rCSHg Icﬁ‘b'ﬁr rtse%eltarrays are

one- dgs ect lwb rmltll’gtﬁedw asoutr ahandes! electradedher e‘fren enorehusifoymly spfaced

t ransducer it r r

effici ency uéatt é'% Ettwsfeﬁéﬁgﬁﬁgaﬂé 3@‘@%&93@ ?@%gﬁl gdgéér?%ﬂalﬁl n I ayer
of pi ezoel ersasdus farttbeivetakneise ofireflentionnfrancelectipdengincedheieteatradeis nor e
of f1cient- dilitfe! St lih@oeBVigat! i’é%ﬂ:t @t@%%f%nﬁ fiRY e Buud Mave Wik 3

acoustic waves, gul 'ina thin ezoelectric teri.al CEonded to
a 2 carr?@r9¥u§)§9?fé@r@ds|ﬁ tag sueswﬁv tgsu etan[t'ﬁlév Htﬁﬁ???f-’e i3, intgractiqn
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To increase the efficiency of the arrays and therefore the
25 performance characteristics of the resonators, it is particularly advantageous
to use an acoustic energy guide, namely to use a fine layer of piezoelectric
material in which the acoustic wave can be confined.
Surface acoustic wave transducers are increasingly making use of
internal reflections to carry out one-directional acoustic transmission.
30 Therefore, this type of transducer benefits in the same way from an increase
in reflection efficiency. Furthermore, if the acoustic energy is guided in a thin
layer of piezoelectric material, the piezoelectric coupling coefficient is more
efficient.
This is why the invention proposes a device using surface
35 acoustic waves, guided in a thin layer of piezoelectric material bonded to a
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The carrier material may be of the glass, sapphire, silicon or io gallium
-arseni de type. The piezoelectric material may be of the quartz) |ithium
ni obate or lithiumtantalite type and the nol ecul ar bonder nmay be of the
silica type. According to one variant & the invention, the surface
-acoustic wave device may include a netal |ayer between the |ayer of

nol ecul ar bonder and the | ayer of piezoelectric material. is Yet another
object of the invention is a first method for the manufacture of an
acousti ¢ wdaEiefesuhstrate sprasimprayidenfar thayenfisement béheeceusticrwares al , a

| ayer of m?r'!ﬂ?éjlgi%rzo@%ﬂﬁm%fgia@ carrier substrate. More specifically, this
[ b

nmet hod i s characteri ze y the followi ng steps: the deposition of a

. ps: 20 -
| ayer of mol ecul ar M@gdRedicallys ap Qbiegd < the 1Bvetionyis) @ SUFfRES RACKFIIG

sEbslt rate, wave@eyied RoRthrizindnmsaingi tercrestesslitic® assLic wheediahd o thimed by
the | ayer

(?f nol gcul ar Ib(gnder nd t.hev@iﬁ%zgﬁl ectriﬁ material subsirate
under A wet@HnBE HEFE'CY G sTRE R r Iy WO RyABISHE I VEVED i §US5Er at i on,
2s - the rethacddterized irt that the deniessconfiprides picamter| subistrate antdst ke dby a
nmechani cal , m.cal. . qr.ion .t ‘ h Lpe: &k Loel ayer
of piezoel é‘&@??‘é‘a@t"&??éw %é@?\?%g@gﬂéY%ofﬁgg%Fg%@%né{%?@lr'rmgp {35% he

fol | owi ng 40 &ps carrierisabstipleant ati on of ions in the substrate of the

pi ezoel ectric 30 ina )t t g, t @?&stst fdal stiidacerof a
substrate of pi ezggjlir%(r:tcrgl}r}:érrg%é%?ag! rl;?na_Q t _e&f gﬁ _heat’i%p%gfﬂef %’telhéggﬁsgﬁbl y

for metP by tgRdiumareepidentyPgculTde BisTaelecHify Materiah 8%3YePecet the AuaEZ al
substrate Sghigm hidbetA6K ithifn RaaRAL epdd bAdTAE enolatuldrBehtsi maat bé e dept h
of ion inpl ntahl 03 and g‘[%flﬁf 3s the thin Ia&er of. p‘#ﬁzoeli’c”lﬁ mat eri al ;
3 - the polf&n$icd J¥P¢he ACHP 'W%?QrOB‘F YA etle i i RVERIOL, i KE Syfjace

i nventi on widoustie waderddvicel may encludar bymatal tHyleer betdeant Hyedagdralof appear
fromthe fq i L Pt | I r i.ctive exanple and from
t he appendglaé)lglyd%?ggsag#b'\?\%@%':agléysﬁfﬁg?%egg% rﬁaée{rfragt‘es a first exenplary
surfate acoustic waled drothee ehjectr of Hhet mventon ngeat firsh emed demdhe
transducer refl i~akh ; i el hids e ok he

st eps of onrgglgqﬁteﬁ]éémngg h%@sggéﬁrﬁ%mﬁag%tsudrejduég?ﬁ%ﬁ%%%aﬁntﬂt"ﬁetléa@-usogi C wave
devi ce of tRezZaelectrcamatedal, a layeyrfanalecyianbppderanda carfie sHAstiae.enbodi ment

of the invention injuf spetifiCalSi thidCmeltfctt 34 ichayditeriARY ibgetheo fallowheg an
addi tional netal layer for the confinenent of the waves; Figures 4a-4c
i || ustrate SeRFi gurations of transducers without is conductive |ayer (4a)

and wkd h conducti ve thaylepokitionasfch tyer of Mdecdar bander G ai firstittoeadfea sur f ace
S AR alg, L LT 2" TP 210 8 hol ovec
one-directional - the joining of a carrier substrate and of the unit formed by the

layer of molecular bonder and the piezoelectric material substrate under a

wet atmosphere so as to carry out a hydrophilic bonding operation,

25 - the reduction of the thickness of the piezoelectric substrate by a
mechanical, chemical or ion type of method so as to define the thin layer of
piezoelectric material.

Advantageously, the method may comprise the following steps:
- the implantation of ions in the substrate of the piezoelectric

30 material at a depth d with respect to a first face of a substrate of piezoelectric
material;

- the fast heating of the assembly formed by the layer of molecular
bonder and the piezoelectric material substrate so as to crack the
piezoelectric material substrate at the depth of ion implantation and define

35 the thin layer of piezoelectric material,



20 transducer according to the invention; Figures 7a-7c illustrates an
.exenplary filter using a surface acoustic wave device according to the
invention, with surface el ectrodes or buried el ectrodes; Figures 8a and 8b
illustrate another exenplary filter usihg a 2s surface acoustic wave device

-according to the invention; Figures 9a to 9c illustrate exenplary
encapsul ated surface acoustic wave devi ces according to the invention;
Figure 10 illustrates another exenplary encapsul ated surface acoustic wave

devi ce accordi ng t e théeolishiegtof the thvlayer gépezaklecticematernialt i ¢ wave devi ce
conprises at |east e . - Of B e | rial n j C in
ha¥&ior? ! whl %rpﬁﬁéﬂég&c{rﬁﬁ%r cle; 6&;5@ CHtHRF

which the follow ng €l enents are d . e electr, in order to
fulfill thadvestagss sbalttappear ofomr thesfnllowing Eereription egivednas & INRPer of

ol ecul arbegdfve eRAhofe SHERSH tibASIdRIA fhudss iTiRichn Fi gure 1 whi ch
nore specifically represents an 3s exenpl ary transduger mser%.ed bet ween

two ar¥ays of refl @ctfdgdre 1 Hustrates 13 difple £XCRIPIANSHEFER ROUSTIE WY Rt ri ¢

material is such thatddvicd @agsrding tteo tigi ifieshtiordesnusrising pageahstucet
acoustic energy. The I:;(%er %& bo dﬁr known as "nol ecul ar™ bonder is a |ayer
of material capable JICWERDIWE BECHOUPSIY 1ic type bonds with the material s
at s the interfaces. Figpiesalasle illustrate tee stéps@f vdnetofi thecapedivdds ioh a wet
atmospher e of Settl NGiRuBolirt YRS LRNABth Re CORIs RN Ui of e
interfaces al so conprising oxygen atons. In practice, en a silicon type
carri ¢ substrate is ingention;t is possible to nmake an Si 02 deposit by

sputtering on the qargibere SURRIEME ah QIBHARELABORIMBACENBRS ibnfoh ew
hundreds of Angstronms. “This Is alsqQ the case when the carrier substrate is

made of gal | i um ar sedNd@hihadhe | suraes, aroLsHesWaY¥sPBYIEet GORBIISED Bdnds

bet weenl_tEe layer of @'T‘ﬂg%,m““éﬁ?ﬂg éﬁfb@vﬁ@ccbn;]ﬁmm@mewﬂthésvamt cont aiR
oxygen like quartz, Ta r Li. : th the.structure en for .the

i nvention, by maki rfgL'}f'gH@si‘ga'ftﬁi '@I EAlg oGO @%?%elogctﬁri'%cugg?ser\mg]oé’tl imited
to thes di mensi ons of cmeluative Eyiec (4e8\aridewiith bondacteleylagep@bt andB8chm wi th
the speed of the bul k. st cC e 1 e Ik caLyi
substrate than in t'hlg: 'sg&érééofmp?\ézglé{g gr%féﬂ é(}ﬂ'fn%t'ee?el{cgalu,s h?h‘f"’gg?a%‘?'b%

pi ezoel ectric materi acomeginghtay thee intentioot @omarising o2  Afllewed scaktiefay e

gui de. Now, guided acQistisfe-Wave 20 structures have several ngjor

advant ages over conventional’ non-gui ded surface acqustic M/avgi:rdevi ces.

. s
These advant ages ar%e:Figureellusisateasa madeqiol, cofEdls PEi 2reRe-girectignalet i on:
- highgr resistance tipafRieEr abSdteivigabltbie inventienacousti c waves are 2s

polarized in a ho“.zor-“'tgﬁies e?—?g'illustrates an exemplary filter using a surface
acoustic wave device according to the invention, with surface

electrodes or buried electrodes;
e Figures 8a and 8b illustrate another exemplary filter using a

25 surface acoustic wave device according to the invention;

e Figures 9a to 9c illustrate exemplary encapsulated surface
acoustic wave devices according to the invention;,

o Figure 10 illustrates another exemplary encapsulated surface
acoustic wave device according to the invention.

30 In general, the acoustic wave device comprises at least one layer
of piezoelectric material 1 on which or in which the following elements are
distributed: the electrodes 2 in order to fulfill the desired functions of
transduction and reflection, a layer of molecular bonder 3 and a support
substrate 4 as shown in Figure 1 which more specifically represents an

35 exemplary transducer inserted between two arrays of reflectors.



The. acoustic wave device of the invention conprises a fine |ayer of

-pi ezoel ectric material. The small thickness nay be obtai ned by nechani cal
or chem cal etching or) again, by plasna etching, froma thicker |ayer
after joining by nolecular bonding to the supporting substrate. 30 However,
for very thin layers, these techniques remain costly. This is why the

i nvention proposes a nethod for making very thin |ayers. The nain steps of
this nmethod are shown in Figure 2. The first step of the nethod consists of
the inpl antation oflTheothickness oftaenaverfdviegesicetjipemptafial is gugh that it

pi ezoel ect jj ré%qssl o9 I@%ﬁe&%Od%m%%%at'& @{aé&gt,b%elpw‘oar dment regul ates

the depth d antati on ure a Second steg a | ayer
30 of nol ecul ar borddér ay@hrOérbqréierd‘rn%ﬁﬁl énQJPClt!'ﬁé kppger (B, layer o

deposi t ed. ﬂétbﬁaﬂeaeébrb cﬁa@etb@g Wﬁydﬂ)pﬁrlr@ﬁybéﬂ)’dﬁﬁﬁ withehenmaterizigiabed i s

shown in Figure c.consi s in_joining a
carrier sull ?r'&f‘@%ﬂ?sw {Uﬁygr yun'?tmf"}ﬂr dS'E?/aqt‘NE'Cﬁor‘Fdé:rap§§ & ?h@’e?

pi ezoel ect rdtmospherter af esétfing Tin sOdpetypti bondsinwhie ditvee materialonatr dhe ed

at nosphere. A fourt 2d is used to define the thin

| ayer of .df‘tsrfé%%%F‘Eﬁé’ﬁ‘t‘?ﬁpﬁﬁﬁ@g?‘%@e’%ﬁ’ sgstep is carried out through the
fast heating of thénprattige,epherd isiiconetypeccasies sithsprate igrugad, nty is
operation %%%Q{b?e It ﬁqagﬁlé'ﬂ?'%r a*egsdsr#by _ﬁfﬁ{;{terrﬁg Encrhecbérrerdatus%%et he

pi ezoel ect step IS

advant(ageoﬁslrfﬁcﬁdm Guiickness @‘tedewhwregﬁ.qtg‘\mgﬁrom f a-B'éS 0 Btk ric
hon | Fa o B e T oo sUst | e
devi ce (SA Qme@epoﬁ?gpﬁeg ss%f“%IteQﬂ(fso Rﬁ%%bstp?l E”def)pcgeg’ta@ Ol%h
surface ?CQir@iciete@tﬂumaierlalsehsltcromarurce<ygentlrke guavtentiTa® nenliNed,npr oved in
a case of a siliconLypg.C S er
substantial | osses VX{}\AH tg’ %"{"ﬁ@rr?o eS| gﬁ \}ﬁe\'\’mvgn {%H rlrog/t eﬁ%{gﬁa ﬁn this
type of corhichuessesoof plezmlgctrrndmaﬂemﬁsawaad a@e(blns diegnsins oi are al
Loyer Det MeRBULHE WAIdLRn° NaRAIR CufnTh MR o e%eubfrth@cmﬂ@r as_
st rat ears

shown in Figure carri e 41 | ayer
| ayer of mecevaliamayeahecolingateatet i thel caeer subgraie daar i theélamr@har 11

on which 2s, %itf’el@étﬁ&tﬁt‘éf’é?r?aﬂih@rlﬁ QﬁQﬁ%erQeleEﬁi% h’ﬂht@rré‘fehﬁéy Istper thd is a

conductive's et we i ezoel ectri Ia%er and,t he carbr er substrate
S

in such a r@ﬂﬁt's'ft%eoglaébtaﬁpgﬁtl‘c fMaed 9 PWy (LlIde %2"5{9“@ ErYV@8v®ayer 11
are copfi n%ftlruct[h@stha\re rﬁ‘ek/érallmnjﬁr a@\yarhage@mrtmmtrbhal sonfguigedf t he

pi ezoel ectric. substrate g0r 0N both of them A
| ayer of noM éfé&?aaﬁogé{“%tﬁ’ rat T&i?%Beasagggg ®on the surface of the
metal |ayer or of thewealosses; substrate or of the pi ezoel ectric material.

The insertion of a é\fe% veral advantages other than that
of fornming a shield @ar nstﬁ'e@%?’?é ]pBﬁI ds. These advant ages are

i |1 ust r at ed especi alhigheyresisiarRcerto PPYEF, caspegially. if s CeyRG VAves e Figure
4a giy gt?i(?af,hca %rﬁﬂ Fggné he field lines in the piezoelectric |ayer

beneat a trans ucer her e 0, cqonducti ve Ia er . e 4b for
its part gives a sch@rﬁ@?‘éﬁ“c\)ﬁv%‘(/@ QPV'Pﬁeor}stQF‘ré“YﬁfgW@rr‘é?mH I5¢S £ gé'%'p[aé@énce of
a conduct i wf bfyeeledttic ntmaterkze. NoTledl sinatl thiekreesiss raaylebeenbfzemed rayi on of
the field lines thr,oughou h sults
n-an | nor dAS AT drbier oGebfbror. 2ok 5 FREMRCRBIRET £im St uEf
t ransducer .layer after joining by molecular bonding to the supporting substrate.
30 However, for very thin layers, these techniques remain costly. This is why
the invention proposes a method for making very thin layers. The main steps
of this method are shown in Figure 2.
The first step of the method consists of the implantation of ions,

for example hydrogen type ions, in a piezoelectric substrate 10. The power



Dependi ng on each case, the transducer may conprise unbal anced connecti ons,
-nanely the first connection is at a glven potential and the second
connection is still at a zero potenti al e. connected to ground) or else
bal anced connections, nanmely two connecﬁlons at the same io potential but
Wi th a phase difference of 180. However, for optinum performance in the
event of bal anced or unbal anced supply, the conductive |ayer nay be
grounded; Flgure 4c shows anot her enbodi ment in which the second phase of
the i nput ¥fgthe iors hasnbersimeantt teauirtes othgugerte & &¢dogt inppliantatiosr 18€e of
the two sudekﬁageg? This is has the not negligible advantage of doubling

t he di nensions he | ayout of |nterd|%|tafed|§?@ctrod atra sducer

The periodicity of IPh S6iceRfr$8Rs ar @Yl P0d°f Me aE(?ﬁf‘ESDr‘é(Plcg
where ~, i sexdmeplacetistie cemvgtpengs hdepusiteds iThig tdepm&eearpr&esemr\ed bearl ier,

this periodicity wa r S a structure that can
dolubl 2 tlhe % | Qﬂcj”@fu'?'ft@g{?%eéﬁsg}?&‘%ﬁ Fpéa'?en gdew ce. uI nucases where the
carrier substrate hasthirdghtepeshownyiin yFigtiter 2exeonsists wieipiningi & eaterof
glass or s fafe A WRheRE %ﬁ@'foﬁﬂé&'tﬂ’ i BEh¥eERo! Qﬁd nhezaet@abéﬂne

substrate an the carri er substrate 1 s necessary to prevent conductive
| osses in tsubstrate 1@r T§1ﬂ3@D$r@¢|@n qa@rhﬂadoﬁ%ms@ ICQBETQU%%aH'Q%WFSnt to those

described in Figure K StefCstcith PﬁFt@ﬁ?@ZBYs hgéart@aehhetﬁémthn@,abmfas

shall be illustrate e bel ow. The advanta Bz rg’{})lant%ﬂhons are

st rondér pl@ﬁwlééﬁrlﬁlfﬁa%@bl i Rig, SteR i eR1E t%ﬂgli"@é‘ﬁf‘d gdasheaiig ¥dheand t he

shi el g: ngt ofinit *ﬂﬁe;ﬁéﬂe’dern fttﬁeglfﬁr@%]'?faé n§tbp6| @Ctcrackivig fdhpérdﬁon Ixclts iis taeﬁo
ossible to o ra ef fec n e e

Fr ansducer mp?'ﬁégp'i%%gleéct N F%ﬂ?&tﬂg %ﬁf) lPI?I ﬁ%oa"tﬁ%%%r#égg { b

possi bl e, |t1tn|dklnessahe Theiy caaclan@uatepds (ﬂdmtaganelslyaﬁtdtowetd) ban@rSéaQeoft he
depth of PoRS rhﬁtrq e Qurfa&fp?dz%‘é l’neﬁérﬁ’éld Thig&tep Nwhith &h?otpérﬁ%ﬂ?' ectric

mat eri al . are o surface acoustic wave devi ces it is
very 3s di f¢¢ma$tbefqredbeatlﬂh stemshawn iarfdgurepteouhishotensiets in deinmng the
characteris M edeflcact Sﬁwsdl@ﬁ%é SBy | indahsV &ty efichiogeul t to
etch the plidrgazqeecét%ugtéug}sé?lraa?jg t()st@em sely to tﬁeg}teqw rgd deSth By
contrast, i#eROfiNG eRe@iIONBvention, there is no difficulty in this respect.
By ChOOS! ng a net hﬂm@fsuﬁﬁb@@cb\ggtl@bﬁvlec@é\?ﬁ @t‘ruc’@,re idf the ipesrtion matyo gtch
one precise ositio he s_ thi er. of .piez trlc and to
et ch sol el yo& HNRrQYSS) ini 3 [35H Of@sS'P‘Eﬁfhf/ Heycaft‘ﬁéstjggt@ Vﬁwgﬁéﬁé}ﬁehﬁyn t he
waveguode niby shbstantibeidseesd bwirg td theyloansesidtivith ef e mategalt elohthisglype such

as vapor de&)ﬁa}tﬁﬁg@ﬁ@a ; tag/r e Abera"d\z%%'t‘%féqftfshﬁé ifS&TH e btal |5'>aé*e

better coup!i NdsPAP= VAT invention, it
advant ageousetweendheauter sutistiate ead tha layes of UpPleFtian HoRFer s Ahopip in’

hol | owi ng ogjy, s@id ‘?ﬁﬁ&' §rcatﬁéreébﬁétrat@n$ﬁtdeat§'% ?r@tbl\/téyék'r5‘1a¢eﬁ|é3fertdﬂ‘e
surface acouStic wave devi ce. ?hre 5a |% ustr E’ faﬁﬁ acoECbl c wave
devi ce i n wholaruarebenger &t a§‘9& intlayerso B'eéeﬁ%c ei¥hEl OMWRICBosi ti on
faci ngst he gt bretraaes of atétdepbazemal ety trin Mt uazyer151 a@raacosdmxgwehe

| ectrod 3 d
another var e Bet@endfe Feelatat laver o85S Fofler SPEHot AR RO WAL he
case of a siHat ¢loe eteutricatrfictdi tines af éhe ipiezoes|quits idyes 1t1oataseomm€td k AN
h I bl
n the cont 01 QP Vel iRl 6, YedIsABHTOR ' () Brigbe OPne. piezdaekfic 20! O
of the conpbebsitate hon thevsarrinitsubslats: ©F rit beth0f themyeAdayeral BRIATF gur e
ob illystr aBSﬁdé’r Ha?/nt'ﬁ@HCt?é d%?o&ﬂﬂé& ohy iR s@r‘i’é’dé bf‘%é’“rﬁétat eyl irnof the

plezoelectr ayer, le to nmake se ctrodes on both

faces of th@arﬁﬁézﬁe@%@t?l @r sbeéftEF a‘?'@zoﬂe@ir'Psfﬂ%@t‘aIZSO ﬁ@ EEEYh Yné of the
faces and i sohdi@ftiveS8gerdbadisevsisl hovaftageslting thntthat sbfarming &t stisll, 2s

i nasnuch as the zqgel c ri,c s [a af & lLat i on
wavel engt hsaﬁg'@flp eﬁe‘tcgﬂ%a ?lﬂﬁgrjﬁﬁg% %Y%Z%ééﬁao%jgn‘ag%%gegl égﬁ 5@9 b%l;
obtain acoueteamseﬁeﬁtgyresaﬂcb -4¢.i blore speciically, &iglireetst pvas awetmatmener is
suppl i ed Wi AR |y of
this Knd cé]kr]ttheaselqj '\R% &e %&%Eﬁﬁ‘: |Q%é,f@§r?é;aq§5a rgsfd#rc'eér?)o hytlr)‘?rg%
illustrated in Flgure 6, known in the prior art. In this case, the

el ectrodes on the upper surface are powered with the output 1 and the

el ectrodes on the | ower surface are powered with the output 2. A one-way
transducer made in this way is a w deband transducer, and it is highly
efficient.



8 It nmust be noted that the hollow ng of a carrier substrate can be useful
.even when the resistivity of the carrier material is sufficient. For
exanpl e, depending on the piezoelectric material and the carrier material,
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30 It is also possible to obtain comparable effects by burying the

electrodes of the transducer in the piezoelectric layer. This configuration
makes it possible, in the same way as a buried conductive layer, to increase
the depth of penetration of the electrical field lines inside the piezoelectric
material. In a prior art structure of surface acoustic wave devices, it is very
35 difficult to obtain constant and reproducible performance characteristics with



reduce this price as far as possible. In this context, it may be very
-worthwhile to use also a thin layer of nolecul ar bonder to bond an
encapsulation lid to the fine | ayer of plezoelectrlc material. Figure 9a
shows a first exanple of a surface acoustic wave device 20 in which the
-el ectrodes are integrated into a thin |ayer 18 of piezoelectric material,
sai d piezoelectric material being bonded by means of a |ayer 381 of

nol ecul ar bonder to a first carrier substrate 481. A second carrier
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in that the il feul 3 HRRAES With 86 !iRButs with a phase difference of 90°. A
power supply of this kind can easily be obtained by means of a quadrature

30 hybrid illustrated in Figure 6, known in the prior art. In this case, the

electrodes on the upper surface are powered with the output 1 and the
electrodes on the lower surface are powered with the output 2. A one-way
transducer made in this way is a wideband transducer, and it is highly
efficient.



4. .Surface acoustic wave device according to claim3, characterized in that
-the thickness of the layer of nolecular bonder is in the range of sone
hundreds of Angstroms. is 5. Surface acoustic wave device according to one
of the claims 1 to 4, characterized in ®hat it conprises a netal [|ayer
-between the | ayer of nolecular bonder and the | ayer of piezoelectric
material. 6. Surface acoustic wave device according to one of the clains 1
to 5, characterized in that the piezoelectric material is of the quartz,
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Then, a pattern of electrodes 27 is defined so as to obtain a series of
resonant cavities in lines, for which each resonance frequency is a function
of the cavity wavelength |, (in the example 1 < n < 5).

30 The impedance of each of the cavities can be modified by
changing the width of the acoustic waveguide in each section Wn.

The coupling between each of the cavities is controlled by the
aperture of the guide Cn and the length of the slots Sn. According to this
method, an acoustic filter may be made in exactly the same way as a

35 standard guided electromagnetic wave filter. The length of each internal




2s - the reduction of the thickness of the piezoelectric substrate by a
-mechani cal, chemcal, ion type of nethod so as to define the thin |ayer of
pi ezoel ectric material. 16. Method for the manufacture of a device
according to claim15, characterized in“that it furthernore conprises the
-following steps 30 - the inplantation of ions in the substrate of the

pi ezoelectric material at a depth d with respect to a first face of a
substrate of piezoelectric material; - the fast heating of the assenbly

formed by teavitydyenlyodabausinézuPditenohthis kinddameaydheretoredresmeiler thandheal

substrate Se@SaftOsGrifc dcbastic Wavki BROR! QhoskCafBySTdfalefeRAE I RRirat t he
depth of ian | ant at 1 on, and def{ M?Q]B‘he thin layer of piezoelectric

mat eri al ; ’Eq{gglp‘iﬂv'téqﬁ IRgheFaRgRo t ayer of piezoelectric material.
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The invention also relates to SAW devices whose packaging is
worthwhile in terms of cost and size.

Indeed, the cost of encapsulation, which should usually be a
hermetically sealed packaging, is presently a major part of the cost of

15 production of the component. In large-scale production, it is important to
reduce this price as far as possible. In this context, it may be very
worthwhile to use also a thin layer of molecular bonder to bond an
encapsulation lid to the fine layer of piezoelectric material.

Figure 9a shows a first example of a surface acoustic wave device

20 in which the electrodes are integrated into a thin layer 18 of piezoelectric
material, said piezoelectric material being bonded by means of a layer 381 of
molecular bonder to a first carrier substrate 481. A second carrier substrate
482 is also bonded by means of a layer 382 of molecular bonder to the layer
of piezoelectric material so as to provide for the encapsulation. A package

25 according to this approach is a highly robust full package (i.e. without a
cavity). Provided that the speed of the bulk waves in the carrier substrate is
greater than it is in the guide, it is possible to obtain very low propagation
losses. In a standard manner, conductive pads 681 and 682 set up electrical
connections, through the substrate 481, with the surface acoustic wave

30 component.

Figure 9b illustrates a second example of a surface acoustic wave
device (herein represented by a transducer between two reflecting arrays)
with electrodes that are on the surface and no longer integrated. A locally
hollowed carrier substrate is bonded at its the periphery to a layer of

35 piezoelectric material by means of a layer of molecular bonder. This
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5 device after bonding of the carrier substrate. This complicates the testing of
the device during the production process. Furthermore, the hollowed carrier
substrate used as an encapsulation package lid may advantageously include
active components, 19, components for adaptation or any other components
integrated into the package as shown in Figure 9c. If the interior of the cavity

10 is metallized, it also enables a particularly valuable electrical shielding in the
RF applications.

Figure 10 shows a variant of surface acoustic wave devices
encapsulated collectively. In this case, cavities are etched in the
piezoelectric substrate 19. Then, a metallization is done and the

15 photolithography step is carried out and finally the piezoelectric substrate is
bonded to the ceramic carrier (for example) with via holes and metallizations
781. The last step consists in separating the components mechanically with
a saw.



10m 5S.

-10%m®& ()-z! L@10% {& ()-m+ rOL@10% {& ()-m+! " L@10%ms& ()- m-Uaveses/ ' (}

[OM 10mv!!h® @10%| 4| & () -, ! nD@*10% | *

1& ()-,! @10%| 4| & ()-,!0S

10% | & ()-S 10%4] & ()-110%4] & ()-()*+)-11 . wue+:

-104| * @10%4| &'()-,!‘@th‘%P| Pl& ()-,! @1098| Bl & ()-,! @10%3 G & ()-,!vo@tl
09| 4] & () - @1098| 8| & () - . Q0b112gE:

104 * @1!° @10%c& @10%e& | 0@ 1097 Z8& | @109 Z& f 109&2&

- 104| 104| 2B4T568[88](8A82[PEe04|()1gz 1&1-% - - 0
10Z00@10%Z& () -! 0@10%H§Cé)adou@féW§\¢e?L o(e\nde' e)an(s @”698@& ()S#(1 3

“89: | <P=! ?2zX6PE: 04 100 Z& S#lO‘V Z& -
co8 ()12 | SRR STE WasRaq 7 ihind é%'@c%f Dolatiel I walets

10rr 10rr
10rr!"
o9& () -

acoustic waves are guided, characterlzed in that the device comprlses a

- #10%tc&' ( ) pue@b{e@ammammwmmmds@mo the carrier substrate

10

15

20

25

30

2. Surface acoustic wave device according to claim 1,
characterized in that the carrier material may be of the glass, sapphire,
silicon or gallium arsenide type.

3. Surface acoustic wave device according to one of the claims 1
or 2, characterized in that the molecular bonder is silica.

4. Surface acoustic wave device according to claim 3,
characterized in that the thickness of the layer of molecular bonder is in the
range of some hundreds of Angstroms.

5. Surface acoustic wave device according to one of the claims 1
to 4, characterized in that it comprises a metal layer between the layer of
molecular bonder and the layer of piezoelectric material.

6. Surface acoustic wave device according to one of the claims 1
to 5, characterized in that the piezoelectric material is of the quartz, lithium
niobate or lithium tantalite type.

7. Surface acoustic wave device according to one of the claims 1
to 6, characterized in that the thickness of the layer of piezoelectric material
is in the range of one acoustic wavelength of about 1 ym to 30 ym.

8. Surface acoustic wave device according to one of the claims 1
to 7, characterized in that it comprises electrodes integrated into the thin
layer of piezoelectric material.

9. Surface acoustic wave device according to one of the claims 1
to 8, characterized in that the means for creating the surface acoustic waves
are located in a central part of the piezoelectric material and in that the
carrier substrate is hollowed out in front of said central part.

10. Surface acoustic wave device according to claim 9,
characterized in that the carrier substrate is completely hollowed out up to
the thin layer of piezoelectric material and in that it comprises a first series of
electrodes on a first face of the layer of piezoelectric material and a second
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12. Module comprising a surface acoustic wave device according
to one of the claims 1 to 11, and an encapsulation package into which the
device is integrated, characterized in that the encapsulation package

10 comprises a second carrier substrate bonded by a second layer of molecular
bonder on at least one part of the layer of piezoelectric material.

13. Module according to claims 8 and 12, characterized in that
the second carrier substrate is bonded by a second molecular layer to the
entire layer of piezoelectric material.

15 14. Module according to claim 12, characterized in that the carrier
substrate is hollowed out at its center and bonded at its periphery to the
periphery of the layer of piezoelectric material.

15. Method for the manufacture of a device according to one of
the claims 1 to 14, comprising the following steps:

20 - the deposition of a layer of molecular bonder to a first face of a

substrate of piezoelectric material,
- the joining of a carrier substrate and of the unit formed by the

layer of molecular bonder and the piezoelectric material substrate under a wet
atmosphere so as to carry out a hydrophilic bonding operation,

25 - the reduction of the thickness of the piezoelectric substrate by a
mechanical, chemical, ion type of method so as to define the thin layer of
piezoelectric material.

16. Method for the manufacture of a device according to claim 15,
characterized in that it furthermore comprises the following steps :

30 - the implantation of ions in the substrate of the piezoelectric
material at a depth d with respect to a first face of a substrate of piezoelectric
material;

- the fast heating of the assembly formed by the layer of molecular
bonder and the piezoelectric material substrate so as to crack the
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the thin layer of piezoelectric material;
- the polishing of the thin layer of piezoelectric material.



