1 Cross-coupling filter elements in resonant structures with bulk waves having multiple harmonic
resonances The invention relates to an elementary filter of the HEAR 5 type (HBAR/harmonic bulk
acoustic resonator) which is intended to form more complex filters and a corresponding production
method. The principle for constructing a filter involvinglcoupling, 10 by means of a narrow intermediate
zone, two identical electroacoustic bulk wave resonators, each one being constituted by an
electroacoustic transducer sandwiched between two electrodes, is known. The intermediate zone of the
transducer is suffidiostdy aarpW fig thetd &y bel 18 priduded aesvedap cftthe @vwamrescent Waves of the
fields emitted by the two fegqnajgidhaRMNBrady RS ceURERGSANEitiaRsHriMEan the resonances of
the two resonators. Those coupling conditions allow the transmission of data between input locations and
output locations of the 20 structure of the filter in a spectral zone which becomes increasingly large when
the modes are ddwpliegethianigetates, thanhelémenisedidittesabatiation zone between thdiBfdRresonators is

narrow. 25 Fhis; @Clg@h@@%ﬁgvemd g%frgqyep@/oﬂgggg Wmﬁmpperate in the freqgency range
between 1 and MHz usmﬁ conventional rbiv%ye res nators that is to say, using the fundamental

mode of a plate% Hﬂ)% (E?y :S'iﬁng‘%&éﬁgrp q&g Cfr |%§%electr|c ceramic mgterlal, in order
to bring about sp¥esliglintethrivever, the movement towards hlgher frequencies appears to be complex
because of the increasing thinness of the plates in that perspective, resulting in fragile structures which 2

The principle for constructing a filter involving ¢ oupling,

10 by means of a narrow intermediate zone, two identic al
electroacoustic bulk wave resonators, each one bein g
constituted by an electroacoustic transducer sandwi ched
between two electrodes, is known. The intermediate zone of
the transducer is sufficiently narrow for there to be

15 produced an overlap of the evanescent waves of the fields
emitted by the two resonators, thereby producing co upling
conditions between the resonances of the two resona tors.
Those coupling conditions allow the transmission of data
between input locations and output locations of the

20 structure of the filter in a spectral zone which be comes
increasingly large when the modes are coupled, that is to
say that the intermediate separation zone between t he two
resonators is narrow.

25 This principle has been developed for frequency fil ters
which operate in the frequency range between 1 and 30 MHz
using conventional bulk wave resonators, that is to say,
using the fundamental mode of a plate of monocrysta lline
material, typically quartz, or piezoelectric cerami c

30 material, in order to bring about such coupling.

However, the movement towards higher frequencies ap pears to
be complex because of the increasing thinness of th e plates
in that perspective, resulting in fragile structure s which



have a thickness of a few tens of pm to a few pm and which are consequently poorly suited to industrial
production techniques. 5 This principle has also been implemented for thin film filters of aluminium nitride
(ALN), but the thicknesses of layers themselves constitute a serious problem in that they allow only to a
very small degree the existence of lateral modes allowdng effective coupling of the energy between two 10
resonators. The document entitled "Simulation, conception et realisation de filtre a ondes de volume dans
des couches piezoelectriques” (Simulation, design and production of a bulk wave filter in piezoelectric
layers", thesis fORUGASNICKRSIES @& FigMCIRNEOte, BesancodNPRACEV20051Y And 3vRiéfhhart), showed
that it was practgallcinpessédigytoprisagei@dusingaughdlteisdgxscept by promotingtgiced coupling
which returns tl}géﬂﬁ&bi ital transducers used for the surface waves. 20 The technical problem is to
increase the intensity of the coupling provided by the lateral modes of the waves generated within
elementary filters by two HEAR type resonators which are coupled together and which can operate at
high frequesciesiuf uprincfi&Hzas2 %l thateendnipleimyietetioroielaies to an elementary filter of the HEAR
type which is in?ﬁféﬁi?%foaﬂﬁﬁﬁﬂwmrﬁ@gﬂﬁgmmﬁdﬂ?@?ﬁ?&m frequency and Whicrgggépg{ises a first

EA

resonator and a second resonator of the type, 30 respectively, and an element for coupling by

means of overldPig) GEEREIRTERNFHYIS 2SR ep rRSUHabnd the second res&RaiBE¥ach comprising
a first and a seciosvebedirivabexenatorakldetiedethe spesttwely,oivhich are discrete aladesalparated by a

channel, 3a sq%égf%qmﬁge@%mg ggg@@@ptﬁéogﬁgl%;aggzoelectric transdyggsy, g coupling

element comprisin% an intermediate zone of the transducer fhat is arranged between the first resonator

and 5 the s8corlf Lor, 1RE H7R8REWLRL d RIEMEAG: BMitituted by a layeFOFUPHrst thickness of
a first material wehickalisatientedidtia acoutdarntewithmendangleldsdefined by nomendatgiesy Xw)/T of the

IEEE standard %@g@@&&%@ge@giﬁma@@ﬁ,m@g@jﬁ aREYsrieuaegerdance with a firsg cyfting angle 01
defined by nomenclature (\f.ﬁl')/. of theiEl%E standayd ﬁtd-.l?g (1949 revision), such th@t the
electroacoustic %%%pm?d%f{ & WAREIRS %%&Qdé%eer%/v’itﬁ §36nditudinal mode or a trahsvBFse mode within

the material alok@iiegiit@tde tHAABIELHME cRasanepiedianemat 2005 by A.
15 Reinhart), showed that it was practically impossibl e to

envisage producing such filters, except by promotin g forced

coupling which returns the interdigital transducers used for

the surface waves.

20 The technical problem is to increase the intensity of the
coupling provided by the lateral modes of the waves
generated within elementary filters by two HBAR ty pe
resonators which are coupled together and which can operate

at high frequencies of up to 20GHz.

25
To that end, the invention relates to an elementary filter
of the HBAR type which is intended to operate at a
predetermined operating frequency and which compris es a
first resonator and a second resonator of the HBAR type,
30 respectively, and an element for coupling by means of
overlapping of evanescent waves,
the first resonator and the second resonator each c omprising
a first and a second electrical excitation electrod e,

respectively, which are discrete and separated by a channel,



the first resonator, the second resonator and the coupling element comprise the same monobloc acoustic
substrate which is arranged facing and coupled to the piezoelectric transducer by waves having the same
longitudinal or 20 transverse vibration mode through the reference electrode. According to specific
embodiments, the elementary filter of the HEAR type 8omprises one or more of the following features: 25
-the acoustic substrate is constituted by a layer of a second thickness of a second material which has a
product coefficient of the operating frequency acoustic quality which is at least 5.1012, and which is
orientated in ac@drd@BceiRignes elagleotederit@dsBynAdHRSIREIREIREZ Xw)/T 30 of BRIEEEE standard
Std-176 (1949 rexisiangas being equal to zero, cut in accordance with a second cutting angle G2 defined
by nomenclaturg (X 01 G EFEE signARe SIKiA0/d34a gyision) and which g least one
polarisation direction corresponding to a vibration mode an the relative arrangement of the
transducer and HRESUSAF 42l S GERISRO RS MRBRSABOH ifEEMBN of the vibration MEHE the transducer
and the polarisatierselitaeticssohdlier at least one vibration mode of the substrate corresponding

the piezoelectric transducer being constituted by a layer of
a first thickness of a first material which is orie ntated in
accordance with an angle ¢ defined by nomenclature (YXw)/ ®
of the IEEE standard Std-176 (1949 revision), and w hich is
10 cut in accordance with a first cutting angle 01 defined by
nomenclature (YXI)/ o of the IEEE standard Std-176 (1949
revision), such that the electroacoustic coupling o f the
waves in accordance with a longitudinal mode or a t ransverse
mode within the material alone is greater than 5% a nd
15  characterised in that
the first resonator, the second resonator and the c oupling
element comprise the same monobloc acoustic substra te which

is arranged facing and coupled to the piezoelectric
transducer by waves having the same longitudinal or
20 transverse vibration mode through the reference ele ctrode.

According to specific embodiments, the elementary f ilter of
the HBAR type comprises one or more of the followin g
features:

25 - the acoustic substrate is constituted by a layer of a
second thickness of a second material which has a p roduct
coefficient of the operating frequency acoustic qua lity
which is at least 5.10 2 and which is orientated in
accordance with an angle ¢ defined by nomenclature (YXw)/ ®

30 of the IEEE standard Std-176 (1949 revision) as bei ng equal
to zero, cut in accordance with a second cutting an gle o2
defined by nomenclature (YXI)/ o of the IEEE standard Std-176

(1949 revision) and which has at least one polarisa tion

direction P,, corresponding to a vibration mode and



5 to the second cutting angle 02 are aligned; the ratio of the thickness of the acoustic substrate to the
thickness of the transducer is greater than or equal to one;  the angle T defined by nomenclature
(YXw)/T of the IEEE 10 standard Std-176 (1949 revision) is equal to zero; the angle T defined by
nomenclature (YXw)/T of the IEEE standard Std-176 4949 revision) is different from zero; the same
vibration mode of the waves is longitudinal; the same vibration mode of the waves is transverse; 15 - the
material of the transducer is included in the group of materials constituted by aluminium nitride (A1N),
zinc oxide (ZnOJhetFalaHvisiGheaRO@ RO 3Y, theh iR SEHERRENdLITR03) and potassiurBulighite; the material

of the transduces isyuefenablynachuiadsiridn hieegtiowp of matesipls constituted by lithiugagriobate

%ﬂ%q ﬁlein the group of

7, PC ), lithium tetraborate
(Li3407), 25 landa SRS UG HBR097) MAHEPAE 8t REVFERIROTBRe material of the aBB0StRIsubstrate is
quartz; thezomoibie eefesaocaitEiastinge is constituiedapy aitreemocompressible metal;

reference electroge.i ituted 0 opper gr.indiymy, and the common reference electrode is
5 Sr&t%‘%?‘ Wied R gnidg 613|‘Ph‘é BRSE NG IHG slered

extended laterally bé/gway of two connection elements which extend round the transducer and which each

LiNbO3 d lithjum.t i1a03); [ t ti bstrate is i
materilt constLE By oAt AL eI S oehate (GaP

IPKB9EY A 8GHEABRUARAIS USRS AR QFodes. 5

have an end at th@
one:

equal to

- the angle ¢ defined by nomenclature (YXw)/ ¢ of the IEEE

10 standard Std-176 (1949 revision) is equal to zero;

- the angle ¢ defined by nomenclature (YXw)/ ¢ of the IEEE

standard Std-176 (1949 revision) is different from

- the same vibration mode of the waves is longitudi

- the same vibration mode of the waves is transvers
15 - the material of the transducer is included in the

materials constituted by aluminium nitride (AIN), z

(Zn0O), lithium niobate (LiNbO 3), lithium tantalate (LiTaO

and potassium niobate;
- the material of the transducer is preferably incl
20 the group of materials constituted by lithium nioba
(LiINbO 3) and lithium tantalate (LiTaO 3);
- the material of the acoustic substrate is include
group of materials constituted by quartz, potassium
gallium orthophosphate (GaP0 4), lithium tetraborate (LiB
25 langasite (La 3Ga&SQOy4), langatate and langanite;
- the material of the acoustic substrate is quartz;
- the common reference electrode is constituted by
thermocompressible metal;
- the common reference electrode is constituted by
30 copper or indium; and
- the common reference electrode is extended latera
way of two connection elements which extend round t
transducer and which each have an end at the same |
the electrical excitation electrodes.
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The invention also relates to a production method for an elementary filter of the HEAR type comprising
the steps of: 5 providing a piezoelectric transducer which is constituted by a layer of a first thickness of a
first material which is orientated in accordance with an angle T defined by nomenclature (YXw)/T of the
IEEE standard Std-176 (1949 revision) as being equabto or different from zero, and 10 which is cut in
accordance with a first cutting angle el defined by nomenclature (YX1 )/e of the IEEE standard Std-176
(1949 revision) such that the electroacoustic coupling of the waves in accordance with a longitudinal
mode or transverse mode within that material alone is greater than 155%, providing an acoustic substrate

which is constitgtesl yarigyer Q8@ serss tbicknass et seermsbanaterial which has aggogfficient product
of the operating fr tic quali ich.i tﬁ@ t.5.1012, and which is 0rj ted in 20
accordance witﬁI&?\%ﬁ%@@%@ﬁé@%@%}éﬁ@ﬁgg@% r %ELFlgf the IEEE standatl%ﬁgsqgtcﬁlm (1949
revision) as being equal to zero and which is cut in accordance with a second cutting angle 02 defined by
nomenclatuse (iXlipim@ktiheeloEkctrandanddotdlvhichd4 Toegision) and which hastetlegst one 25
polarisation dire&tjgge?otgfegq?gpmg:@@sgi%@g%gpmgrﬁn\yw‘e longitudinal mode a% tEe transverse

in ' ft

mode, metal-coating a face ot the substrate and a first face of the transducer with a thermocompressible

metal, assembliPiEHBEANIBURTCRMPIE actilfdti@8ubdbidfe and 30 arranging®®#HRdn Mation to each
other so that thepolemidatioa divectipn of theobiltatioi Ao dstaidhedtr&tddiréer(@ddhe polarisation

direction of the ?é\}m)ogg v&qﬁgogdngp%of&,hqjMgmatﬁ,oqﬁrrfeﬁgonding to the second gyiting angle 02

are aligned, 6 bondini]?)b%ﬁo_mpressmn the faces of the substrate and the transducer which are

metal-coatd® inHiE 8 AFAAEFERTGENHTR R AIGHiSLUNGt 0Dt metal-coating a firSt and a second
electrical excitatiefineeleytnodendidhrare ¥parate from efdble tifidr stardsedditd-1ace of the transducer so

as to form two H{gB respiishorsyrhichArerReRaéatrAERBRachpiher by an intermegligte,goupling zone

of the assembly formed bg the transducer, the c%mmor\ refereopce electrode and the acoustic substrate.
10 the waves In accordance with "a longitudinal “mode ™ or

transverse mode within that material alone is great er than
15 5%,
providing an acoustic substrate which is constitute d by a
layer of a second thickness of a second material wh ich has a
coefficient product of the operating frequency acou stic
quality which is at least 5.10 12 "and which is orientated in
20 accordance with an angle ¢ defined by nomenclature (YXw)/ ®
of the IEEE standard Std-176 (1949 revision) as bei ng equal
to zero and which is cut in accordance with a secon d cutting
angle 62 defined by nomenclature (YXI)/ 6 of the IEEE
standard Std-176 (1949 revision) and which has at | east one
25  polarisation direction corresponding to a vibration mode

from the longitudinal mode and the transverse mode,

metal-coating a face of the substrate and a first f ace of

the transducer with a thermocompressible metal,

assembling the transducer and the acoustic substrat e and
30 arranging them in relation to each other so that th e

polarisation direction of the vibration mode of the

transducer and the polarisation direction of the at least

one vibration mode of the substrate corresponding t o the

second cutting angle 62 are aligned,



According to specific embodiments, the production method for an elementary filter of the HEAR type

comprises one or more of the following features: the step for metal-coating a first and a second electrical
15 excitation electrode comprises a step for metal-coating an integral electrode on the second face of the
transducer, followed by a step of cutting a channel in the integral electrode having a predetermined width

in order to form the first and the second electrodes which are separated from 20 each other. The
invention will be better understood from a reading of the description of two embodiments below, given
purely by way ofedinthleyararaiaseifrdneefasetedriigirgdishalmien: 25 - Figure 1 Rdatperspective view

of a first embodiraasd @faawaiemariangthiten afcien hiteAftepy/pe according to the invention, Figure 2 is a

cross-section théﬁ#{%r}ft%}

representation o

s&

e wsf cut{lng ang e crys

&e.wﬁ{g?ﬁygélﬁ%gﬁgig%rt%éé? accordance with line 1l-1I, 30 - Figure 3 is a

orming the piezoelectric transducer, Figure 4 is a

view of the devé§iRhEAREIInE plfaeasiedd 88¢RBDRIERIEGRS BXGicrystal of lithium nicHigfe in
accordanceswitleldwtroudingniutglerel, sbdrateuparh 2atiis@hioe oneatations generally kejogareferred to as

"cuts with a sing
same waves for

%{%ép@tiﬂ{g"traﬁ@ﬂf@e? g%aa\ge% %H?\e %vqj‘%g%epégr{he coupling coeﬂj}qibents of those
|

thium niobate in 5 accordance with the angle el, Figure 6 is a planar representation,

linked to the plaf" 5P thd"&raRSBYAFdofTAR pSRHE BT 0f e HavBEEBREsponding to thedifst
céugling Zosa of pnesastatidnydbtheedeopticecuitinsgangle 10 02 of tkercystal forming the

acoustic substrate, Figed &5 & RrabRPLRsa Rt Poy dinkegHg the plate of the geoustic substrate, of the

polarisatiorlloof the waves corresponding to the first embodiment,

embodiment,

According to specific embodiments, the production m ethod for
an elementary filter of the HBAR type comprises one or more
of the following features:
- the step for metal-coating a first and a second e lectrical

15 excitation electrode comprises a step for metal-coa ting an
integral electrode on the second face of the transd ucer,
followed by a step of cutting a channel in the inte gral
electrode having a predetermined width in order to form the
first and the second electrodes which are separated from

20 each other.
The invention will be better understood from a read ing of
the description of two embodiments below, given pur ely by
way of example and with reference to the drawings, in which:

25 - Figure 1 is a perspective view of a first embodim ent of an
elementary filter of the HBAR type according to the
invention,
- Figure 2 is a cross-section through the elementar y filter
of Figure 1 in accordance with line 1l-Il,

30 - Figure 3 is a representation of the first cutting angle ol
of the crystal forming the piezoelectric transducer ,
- Figure 4 is a view of the development of the phas e speed
of the bulk waves of a crystal of lithium niobate i n

accordance with the cutting angle 01,

group of



Figure 9 is a graph of the broad band transfer function of 15 the filter according to the first embodiment,
Figure 10 is an enlarged view of a zone of the graph of Figure 9, Figure 11 is a perspective view of a
second embodiment of an elementary filter of the HEAR type according to the 20 invention corresponding
to coupling of transverse waves, Figure 12 is a cross-éection of the elementary filter of Figure 11
according to line XII-XIl,  Figure 13 is a planar representation, linked to the plate of the transducer, of
the polarisation of the waves 25 corresponding to the second embodiment, Figure 14 is a planar
representation, fifvicéallietherisiatationthedgteiilc RpisgratefeTede polarisation of the wlveds
corresponding te e w@sansgehediment, Figure 15 is a graph of the broad band transfer function 30
of the filter accor na it e_igegorl)gﬁrggqﬂgng%é%@ﬁer&gl tﬂ]iglt’z.z)dlfJ GHz, Figure 16_3 is 2 enlargec_l view
of a zone of the graph of |gureX , 8 Figure I71s a flow chart of a method for carrying out production of
the elementary fftefigiesisive RaSUPEEE, YavEanie" AUty IHe8at and 2 illustrate a firdlembodiment
of an elementarycitibedshoé thiehHEAE tyee according to the invention.  The elementary filter 2 comprises
a stack of SuCCQSﬁiMEré%WeJSg?&HHPrrjéﬂ?%e tggﬁ}&qm%gl%tmde 4 and a second léDB%r[eelectrode 6 for
g

electrical excitation; which are arranged side by side and which are composed of aluminium having a
thickness el, a floriBBlod PE2YERIctrit!trdRSdRURESHIREN i8TcoN&tit WEYEES by a first material, in this
instance lithiumcoioesper{tinNb@Bhefirsoembodtadirte form and having a first thickness tl,

- Figure 7 is a representation of the second cuttin g angle
10 62 of the crystal forming the acoustic substrate,

- Figure 8 is a planar representation, linked to th e plate

of the acoustic substrate, of the polarisation of t he waves

corresponding to the first embodiment,

- Figure 9 is a graph of the broad band transfer fu nction of
15 the filter according to the first embodiment,

- Figure 10 is an enlarged view of a zone of the gr aph of

Figure 9,

- Figure 11 is a perspective view of a second embod iment of

an elementary filter of the HBAR type according to the
20 invention corresponding to coupling of transverse w aves,

- Figure 12 is a cross-section of the elementary fi Iter of

Figure 11 according to line XII-XII,
- Figure 13 is a planar representation, linked to t he plate
of the transducer, of the polarisation of the waves

25  corresponding to the second embodiment,

- Figure 14 is a planar representation, linked to t he plate

of the acoustic substrate, of the polarisation of t he waves

corresponding to the second embodiment,

- Figure 15 is a graph of the broad band transfer f unction
30 of the filter according to the second embodiment in the

region of 1.24 GHz,

- Figure 16 is an enlarged view of a zone of the gr aph of

Figure 15,



an integral counter-electrode 10 which forms a reference electrode common to the electrodes 4 and 6 and
which in this 20 instance is of parallelepipedal form, composed of gold, embedded and has a thickness
e2, a monobloc acoustic substrate 12 which is constituted by a second material, in this instance lithium
niobate (LINb03), of monocrystalline form and having & second thickness t2. 25 The filter 2 also
comprises a first connection element 14 and a second connection element 16 which are connected to the
counter-electrode 10 at the side of the first upper electrode 4 and the second upper electrode 6,
respectively. 30 IfriBigerd 1, iallantowyeiars o6, 8 methegd HavEaiBame length 1 and adviith Wi, W2, W,
W, W, the lengtprdderiitghssiogiardiathearestaittiageamybeaciofthe widths WI, W2, \Yugasl the various layer
thicknesses el, ﬂ % # . 9 In order to simplify Figure 1, the counter-electrode 10 is illustrated so as to
have a surface-aréa equal to that of the piezoelectric transducer 6. S The whole of the first electrode and
second electrode 4, 6 has a surface-area less than that of the embedded counter-electrode 10. 10 The
first and secondrejentendes 4nb are siparated ain firg dsetimtineéibe ofidim W1 and W2 thereof,
respectively, by R{ viyng idth ich is Iljn relation to W1 and .15 The
width WC of theﬁﬁgﬁrﬁl}g égﬁstgssg]sorza\llﬁh% rg(é%gvnhtﬂgg e t%ﬁ?ﬁ% tflgof the transducer 8. The surfaces
of the first uppel™¥f&tPHde 4 and the second upper electrode 6, respectively, are arranged facing and

The elementary filter 2 comprises a stack of succes sive

10 layers comprising:
- a first upper electrode 4 and a second upper elec trode 6
for electrical excitation, which are arranged side by side
and which are composed of aluminium having a thickn esse g,
- a monobloc piezoelectric transducer 8 which is co nstituted

15 by a first material, in this instance lithium nioba te
(LINbO 3), of monocrystalline form and having a first
thickness t 1,
- an integral counter-electrode 10 which forms a re ference
electrode common to the electrodes 4 and 6 and whic h in this

20 instance is of parallelepipedal form, composed of g old,
embedded and has a thickness e 2,
- a monobloc acoustic substrate 12 which is constit uted by a
second material, in this instance lithium niobate ( LiNDbO 3),
of monocrystalline form and having a second thickne sst .

25
The filter 2 also comprises a first connection elem ent 14
and a second connection element 16 which are connec ted to
the counter-electrode 10 at the side of the first u pper
electrode 4 and the second upper electrode 6, respe ctively.

30
In Figure 1, all the layers 4, 6, 8, 10, 12 have th e same
length |  and a width W1, W2, W, W, W, the length | _ being
substantially greater than any one of the widths W1 , W2, W

and the various layer thicknesses e 1, t

1, € zandt 2.



20 parallel with the counter-electrode 10, the facing zones of the surfaces being at a maximum, with
edges being arranged as parallel as possible. In this manner, the excitation of the waves is assumed to
25 correspond to a configuration of a first resonator 20 and a second resonator 22, respectively, which
are referred to as being plane-plane, for which the wa®es are excited by the very thin electrodes 4, 10 and
the very thin electrodes 6, 10, respectively, which are deposited on the facing surfaces 30 of the
piezoelectric transducer 8, in the direction indicated by the arrow 24 in Figure 2, for propagating the
waves in the transducer 8. 10 The first resonator 20 comprises the first electrode 4 and the zones of the

layers of the samegsestian whiphhareidoeated perpendistiadytrriow, including the cerregpending layer of
acoustic substrgte 12 in this iggt?f%ea}vé E‘h%“?%‘%%' gré%sga%é?rtlgz‘ comprises the second electrode 6 and
h icular

the zones of the same section of the layers located perpe y below, including the corresponding
layer of acoustit"SUPISEAREETIFRISIERIfe. 10 In this manner, the waves of the first and second
resonators g0, 22 are coupled by evanescent, transverse waves in an intermediate zone 26 of the filter 2,

which zone is rqt,tgih r%qa‘grgiiqgeb}{rg{%gﬂllggﬁsAﬂdhgegég]ﬁr%lesa%rating the two 15 ygspngtors 20, 22 and
b

forming a coupling element 28 between the two resonators 20, 22. The coupling element 28 comprises
the portion of trAASHACHRFSAIRR [RShNARe Rt RhDS HTBOSEHe e diately below theUHEEhannel 18 and
the portions of thlectaode $@ction of the other layers located in the intermediate zone 26 perpendicularly
below the channel 18, including the corresponding layer of acoustic substrate 12. 25 In this manner, the
extent of the cou&legﬁ{zone between the two resonators 20, 22 through the coupling %etwgnt 28 is

increased BY thé S dfiFhiBe (ReC0] e IRE LRt A1 37€ Separated,

direction of the width W1 and W2 thereof, respectiv ely, by a
channel 18 having a width WC which is very small in relation
to W1 and W2.
15  The width WC of the channel 18 is also small in rel ation to
the thickness t 1 Of the transducer 8.
The surfaces of the first upper electrode 4 and the second
upper electrode 6, respectively, are arranged facin g and
20 parallel with the counter-electrode 10, the facing zones of
the surfaces being at a maximum, with edges being a rranged
as parallel as possible.
In this manner, the excitation of the waves is assu med to
25  correspond to a configuration of a first resonator 20 and a
second resonator 22, respectively, which are referr ed to as
being plane-plane, for which the waves are excited by the
very thin electrodes 4, 10 and the very thin electr odes 6,
10, respectively, which are deposited on the facing surfaces
30 of the piezoelectric transducer 8, in the direction
indicated by the arrow 24 in Figure 2, for propagat ing the

waves in the transducer 8.



In this instance, the piezoelectric transducer 8 has a 30 longitudinal vibration mode which is excited in
accordance with polarisation directed along the thicknesses el, tl, e2 and t2 of the two resonators 16, 18,
represented by the vector 'Along’ 11 The acoustic substratel2in thisinstance has a _ longitudinal
vibration mode In Figure 1, the polarisation vector PAlRg of the excitation 5 corresponding to the
longitudinal mode of the transducer 8 is aligned with the longitudinal polarisation vector denoted y of the
acoustic substrate 12. The counter-electrode 10 interposed between the transducer 8 M and the substrate
12 further acts d$'@ BtshdeepmaeostAer@pishe e ficsingieriiog the two resonatorse2d, 2% The layer of

lithium niobate ¢thiNb@RegoRStitHENGR®s of the same section which a re
located perpendicularly below, including the corres ponding
layer of acoustic substrate 12 in this instance.

5
The second resonator 22 comprises the second electr ode 6 and
the zones of the same section of the layers located
perpendicularly below, including the corresponding layer of
acoustic substrate 12 in this instance.

10
In this manner, the waves of the first and second r esonators
20, 22 are coupled by evanescent, transverse waves in an
intermediate zone 26 of the filter 2, which zone is roughly
delimited by broken lines in the Figure, separating the two

15 resonators 20, 22 and forming a coupling element 28 between
the two resonators 20, 22.

The coupling element 28 comprises the portion of tr ansducer
8 located in the intermediate zone 26 immediately b elow the

20 channel 18 and the portions of the same section of the other
layers located in the intermediate zone 26 perpendi cularly
below the channel 18, including the corresponding | ayer of
acoustic substrate 12.

25 In this manner, the extent of the coupling zone bet ween the
two resonators 20, 22 through the coupling element 28 is
increased by the addition of the acoustic substrate 12.

In this instance, the piezoelectric transducer 8 ha s a

30 longitudinal vibration mode which is excited in acc ordance
with polarisation directed along the thicknesses e Lt 1,€e 2

and t , of the two resonators 16, 18, represented by the

vector Py,



15 transducer 8 is a plate which is cut in accordance with a first cutting angle el from a coarse
monocrystalline material forming a wafer. The layer of lithium niobate which constitutes the acoustic 20
substrate 12 is a plate which is cut in accordance with a second cutting angle 02 from a wafer of the
coarse monocrystalline material. In this instance, the fitst connection element 14 is a 25 continuation of
the counter-electrode 10 which extends at the side of the first upper electrode 4. It is in the form of a strip
30 having a width equal to the length of the counter-electrode 10 and having the same thickness,
comprising a firdhgortRPBstig/hichiksttairls Asinda filIS30 iRFRIIGEIgd B ofthe transducer 8 and which is
pressed against the si : tran rgucer 8 located at the side of the electrode 4, a second portion 38
extending rounéog fé 5(3%%}8 E ggenjl%og the transd%t%%'S and being pressed 12 partially against an
exposed surface 42 of the transducer 8, opposite the substrate 12 and recessed from the electrode 4.
The first connection element 14 thus has an end which is located at the same level as the first upper

electrode 4. ' Figure 1, the polarisation vector Paong Of the excitation
5 corresponding to the longitudinal mode of the trans ducer 8
is aligned with the longitudinal polarisation vecto r denoted

I3Blong of the acoustic substrate 12.

The counter-electrode 10 interposed between the tra nsducer 8
10 and the substrate 12 further acts as a bond for the
structure of the filter comprising the two resonato rs 20,
22.
The layer of lithium niobate (LiNbO 3) constituting the
15 transducer 8 is a plate which is cut in accordance with a
first cutting angle 61 from a coarse monocrystalline

material forming a wafer.

The layer of lithium niobate which constitutes the acoustic
20 substrate 12 is a plate which is cut in accordance with a
second cutting angle 62 from a wafer of the coarse

monocrystalline material.

In this instance, the first connection element 14 i s a
25 continuation of the counter-electrode 10 which exte nds at
the side of the first upper electrode 4. It is in the form
of a strip 30 having a width equal to the length of the
counter-electrode 10 and having the same thickness,
comprising a first portion 32 which extends round a first
30 lower edge 34 of the transducer 8 and which is pres sed
against the side 36 of the transducer 8 located at the side
of the electrode 4, a second portion 38 extending r ound a

first upper edge 40 of the transducer 8 and being p ressed



5 In this instance, the second connection element 16 is a continuation of the counter-electrode 10 which
extends at the side of the second upper electrode 6. It is in the form of a strip 44 having a width equal to
the length of the M counter-electrode 10 and having the same thickness, comprising a first portion 46
which extends round a second lower edge 48 of the td@hsducer 8 and which is pressed against the side
50 of the transducer 8 located at the side of the electrode 6, a second portion 52 extending round a 15
second upper edge 54 of the transducer 8 and which is pressed against an exposed surface 56 of the
transducer 8 wHigHiRllyea@aisstiarogrrRsesisetiiege 42 Phénsdéand connection elenféhice6&hus has an end

located at the sapjineeihassiitestacond Hppeeedestiode®. the ke elementary filtetrdds aapable of being

inserted into an-glectric, circuit fi lectric,q é%ri le, ich two inputs are for by the
electrode 4 andﬁge rilfrrls% c%%#é%ﬁgar}w] e%?eérﬁegr'ﬁt 1%;:'1? w%ggu?g{u\tgsﬁgcré’v ?({)Yrmed by the 25 gﬁiﬁode 6 and the
second conneclRSifiEIe RHE IR AS A8 HIETeWRERICIRFBind 16 being at the £4%é-potential. It may
also be considered to be a second electric quadripole having, as the inputs 6, 16 and outputs 4, 14, the

function 30 of iqﬁegﬁ%trﬁlgg Eé("itthée%%%%@ mr%fc%q]fi@&méﬁgri le. 13 material of iguadwafer which is
not illustrated but is indicated by its crystal)%?rgfhic axes X1, Y1, ZI|, the axis ZI being the longitudinal axis
e

of the wafer an®PRETRILLA RJrAhiCAUUE" PR8I prétteified when the 5 mBf R stal is

produced. The émgkadel of théhgsdnsthnppathelenimdefthed is ithe IEEE the form
of a strip 44 having a width equal to the length of the
10 counter-electrode 10 and having the same thickness,
comprising a first portion 46 which extends round a second
lower edge 48 of the transducer 8 and which is pres sed
against the side 50 of the transducer 8 located at the side
of the electrode 6, a second portion 52 extending r ound a
15 second upper edge 54 of the transducer 8 and which is
pressed against an exposed surface 56 of the transd ucer 8

which is recessed from the electrode 6. The second
connection element 16 thus has an end located at th e same
level as the second upper electrode 6.

20
The elementary filter 2 is capable of being inserte d into an
electric circuit as a first electric quadripole, of which
two inputs are formed by the electrode 4 and the fi rst
connection element 14 and two outputs are formed by the
25 electrode 6 and the second connection element 16, t he
connection elements 14 and 16 being at the same pot ential.
It may also be considered to be a second electric g uadripole
having, as the inputs 6, 16 and outputs 4, 14, the function
30 of inverse transfer with respect to that of the fir st
quadripole.
According to Figure 3, the plate of the transducer 8 is cut

in accordance with a first cutting angle 61 from the



standard Std-176 (1949 revision) as being the angle el of a cut with a single rotation about the
crystallographic axis 10 XI, the cut being designated (Y1 X11)/01 in the IEEE standard, Xil being the axis
which is aligned with the lower straight edge having thickness t1 and length 11 in accordance with the
illustration of Figure 3. 15 The reference connected with the cut plate 8 is illustrated by the three axes X'1,
Y'1, the axis X'1 being aligned with the axis XI. The two axes Y'l, Z'i are obtained by the axes XI, Y1
being rotated through angle el about the axis X1, respectively. 20 Figure 4 illustrates the development of
the phase speefafetiRl |cHgitielindpipayvediahd ifandveitiesitaieds ttcuts with a single rotatfon about the

crystallographiciasisatet ®hthe Ergsstlugaiphiwagedts constituted by hithium niahatexigy The line 62
represents the %Igﬁ? S[Pﬁeed ?ét Eug%ré?veg%a wayes Qicr\l\par agaf in mg transducer 8 in accordance

with the axis which i normal re Qtlve to the plsanes ofﬁe_elec rodes ? 6 and 10 in accordance with the
first cutting 30 SYRAEPEIHIBIEsENGS degrees. 148 in BRESIIRIFESIRIAIRGE aXleAaligy the length 1 in
accordanceswitimihveotirgtangl@@ldexgaessed in degrees. Figure 5 represents the coupling of the
longitudinal and 5 transverse waves for the cuts with a single rotation about the crystallographic axis X1

of the transducer 8 when it is constituted by lithium niobate. The line 66 relfzgresents the development of
the coupling The angle 61 is in this instance the one defined in the IEE

standard Std-176 (1949 revision) as being the angle 0l of a
cut with a single rotation about the crystallograph ic axis
10 X1, the cut being designated (Y 1 X)) 61 in the IEEE

standard, X 1 being the axis which is aligned with the lower
straight edge having thickness t 1 and length I1 in accordance
with the illustration of Figure 3.

15 The reference connected with the cut plate 8 is ill ustrated
by the three axes X’ LY 1,272 4, the axis X’ 1 being aligned
with the axis X 1. The two axes Y’ 1, Z' 1 are obtained by the
axes X 1, Y 1 being rotated through angle 61 about the axis X 1,

respectively.

20
Figure 4 illustrates the development of the phase s peed of
the longitudinal waves and transverse waves for cut s with a
single rotation about the crystallographic axis X 1 of the
transducer 8 when it is constituted by lithium niob ate.

25
The line 62 represents the phase speed of the trans verse
waves which propagate in the transducer 8 in accord ance with
the axis which is normal relative to the planes of the
electrodes 4, 6 and 10 in accordance with the first cutting

30 angle 61 expressed in degrees.

The line 64 represents the phase speed of the longi tudinal
waves, expressed in km/s, which propagate in the tr ansducer



M coefficient K21 expressed as a percentage of electrical energy converted into acoustic energy for
transverse waves in accordance with the first cutting angle el expressed in degrees. 15 The line 68
represents the development of the coupling coefficient K21 expressed as a percentage of electrical
energy converted into acoustic energy for longitudinalldvaves in accordance with the first cutting angle el
expressed in degrees. 20 It is apparent in Figure 5 that the lines 66 and 68 have an angular zone 70, in
which the transverse wave is practically not coupled by piezoelectricity and consequently is not
electrically excifedinrREeXi¢lanen vithethehgaxiginedvisavabe idepatticdlarly effective, with N
electromechanigateaisvirowrptasantedmyd<21 of between @hassk3®%.dEgeeaggular zone 70 is centred
about the angle el which is 36 and has an extent of 10. 30 15 When the planar representation provided in
Figure 6 of the plate of the transducer 8 in accordance with the planar axes X'1, Y'l is considered, it is
apparent that the YiaBoRePISIeERcHR BYUREID M cifiRitlPRaiEUSiBRalar polarisation 5lifBEcordance with
the axis Y'l hiahaissieistraiedés the vesticalsmitlgweiBgtbaibiatio say, normal relative e plane (X1,
Z'1), but the quﬂi%l &g%m@% af MCQ is describlegfqMéatMﬂggggeqfénﬁ@%qugco-ordinates in
accordance with the éxcitation plane. The polarisation M vector P9/o is colinear with the axis According to
Figure 7, the actRISHHWEHLYAEIHEBI993€ cut in accordance with a second cutting angle 02 from the
coarse monocrystal of the wafer which is not illustrated but 15 which is indicated by the crystallographic

axes of the qUaﬁtﬁexa'mgzﬁ%z'rglﬁe%éii?tgztf?@i%%?oﬁmml q;fistﬁ?ewgmbpppears during tn% growth of a

crystal gem.
y g . 2

coefficient K T expressed as a percentage of electrical

energy converted into acoustic energy for transvers e waves
in accordance with the first cutting angle 61 expressed in
degrees.

15 The line 68 represents the development of the coupl ing
coefficient K 2r expressed as a percentage of electrical
energy converted into acoustic energy for longitudi nal waves
in accordance with the first cutting angle 01 expressed in
degrees.

20
It is apparent in Figure 5 that the lines 66 and 68 have an
angular zone 70, in which the transverse wave is pr actically
not coupled by piezoelectricity and consequently is not
electrically excited. The excitation of the longit udinal

25 wave is particularly effective, with electromechani cal
coupling represented by K 2; of between 20 and 30%.
The angular zone 70 is centred about the angle 61 which is
36° and has an extent of 10°.

30

The cutting angle 01 of the transducer described in Figure 1
is selected from the zone 70 of Figure 5 centred ab out 36°.



The angle 02 is also in this instance the one defined in the 20 IEEE standard Std-176 (1949 revision) as
being the angle 02 of a cut with a single rotation about the crystallographic axis X2f the cut being
designated (Y2, x12)/02 in the IEEE standard Std-176, X12 being the axis which is aligned with the lower
straight edge of thickness t2 and length 12 in 25 accot8ance with the illustration of Figure 3. The
reference connected with the cut acoustic substrate plate 12 is represented by the three axes X'2, Y'2,
Z'2, the axis X'2 being in alignment with the axis X2. The two axes 30 Y'2, Z'2 are obtained by the axes
Y2f Z2 being rotdhentiieugpiae eRifS O alleouPtRUdRdsIX Figeepdrtively. 16 12 is cdn$iglered, being

similar to the pI@n;aé ide gieatianJriosdediaidhs deaedyrRrtSeinFigure 6, it is possiyartax@escribe the
polarisation of t |tudugakg gg%hmcedg V%‘E?ﬁéwts ﬁi.% |rt@iglq/}8r§tx&l]on in the acoustic substrate 5 12

which has cuts orlvvhlch]the coe iclent [oro e operating frequency acoustic quality is at least

5.1012. The Ion@'i‘ﬂﬁ’élr@i%ﬁ%ﬁ%rﬂ*ﬁé@l@'%ﬁﬁéb&@ésﬁc%trﬁféaiz which is constit§@@by lithium

niobate, alse hads scatatiafdeoldtisatiomeandris establishedicacieoitianeeedith the axis Y'2 and depends

on the local co-grdinates Salﬁlé $rqﬂgllﬁ§qc}%£§ ﬂﬁa >ordance with the exci@éigp Hgane For the
ed a sing

transducer plates 8 compo of lithium nio e rotation designated (YX1}O) in accordance

with 15 standarf'Atgatidn IEEE, 1949%vikien (ReEE JSRERAGHY pRizéItritSity Std 176-1949, Proc. of
the IRE, volumel83¢risgksby3 8- iBRhiph949) thee kpagialdoabwinasselected only becomia coupled if the

alignments of t%g&y&gﬂ&gr@,ﬂhictﬁge\g%%ﬁag%er 8rﬁgd I[glaﬁ,ﬂ'qg.&)ustic substrate 12,&¢e 20 selected
advantageously. It is necessary to take those polarisations into consideration when the materlals of the
transduceriand veetacoustic,sibhstlineaireitistenabiedin order to allow coupling of the acoustic waves

which it is desirable to excite in the acoustic propagation substrate

According to Figure 7, the acoustic substrate plate 12 is
cut in accordance with a second cutting angle 62 from the
coarse monocrystal of the wafer which is not illust rated but

15 which is indicated by the crystallographic axes of the
quartz X 2,Y 2, Z ,, the axis Z 2 being the optical axis C which

appears during the growth of a crystal gem.

The angle 62 is also in this instance the one defined in the

20 |EEE standard Std-176 (1949 revision) as being the angle 62
of a cut with a single rotation about the crystallo graphic
axis X , the cut being designated (Y 2, X 12) 62 in the IEEE

standard Std-176, X 2 being the axis which is aligned with
the lower straight edge of thickness t 2 and length | 2 in
25 accordance with the illustration of Figure 3.

The reference connected with the cut acoustic subst rate
plate 12 is represented by the three axes X’ 2, Y o, 7" 5, the
axis X', being in alignment with the axis X 2. The two axes

30 Y ,,Z ,areobtained by the axes Y 2, Z 2 being rotated through
the angle 62 about the axis X 2, respectively.
When the planar representation in accordance with t he axes

X' 2, Y , provided in Figure 8 of the acoustic substrate pla te



25 12, in this instance lithium niobate. In this instance, the acoustic coupling effect is achieved by aligning
the axis Z'i of the transducer 8 with the axis Z'2 of the acoustic substrate 12 in such a manner that the 30
polarisation &," is identical to those of transverse modes in the acoustic substrate 12 represented by
Pmong. 17 characterised by measurements in termsf transfer function for different bands of
frequencies corresponding to the spectral zones of strong coupling of the longitudinal mode. 5 Figure 9
illustrates typical broad band spectral response in the region of the harmonics of order 5 of the
fundamental mddeisvenckiperedniBemaasioulantMine, RIRfRS tfasducer, that is to sayaiothe region of

500MHz. A plurgtiyieédiliering fuactiensel 82 fariming e ¢ogpo104 are visible and §&iieetseparated from

each other by a&gg%gg%eﬁy%%%%éﬁbx%q 9}%@%5@@&&@%&@ for an elementary[fiietﬁ:rngow ich is also

referred to as a filtering cell IS In this Instan he insertion losses of the elementary filter
measured are 1088NnttEsqRSHANR BuEKYIbHI B¥uBEAUSHRITY into consideration thegtfAtested filter is
not matched witlvimpagiahas atfsOfQgr Ahiciguie tadkistratesoduthe form of a modulust lthe as a solid line
and a phase lin - % ' i iltering-transfer function 102 yubich is centred at the
frequency of 50?%%@6%% ﬁgﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ%{ﬂggg} %5 The increase very%c early shows two
separate poles which form the spectral response of the filter, which proves that the filter operates by
coupling vibratidmen tafestLalisyampiletaibah nnookieirofviheh dbewstioustib vibrations are in piatge in the two
resonators 20, 33 apdiandubRRREIAARMeRsIRAVAIch the acoustic vibrations agg i

phase-opposition |n the two resonators 20, 22, 18 Figures 11 and 12 illustrate a second embodiment of

¢ . I .
an elementdry MREAHIIG tﬁ'édH%,ﬁﬁ‘WB%hggc'gr@l?@)?g%%eiP{\’)ghtion. 5 The externd'§é&Retric structure
of the filter is idéhticridalenenoftoe tiiecloolthe-firsirateisodiicbratrediements which arenkshtical in Figures

1, 2 and 10, 11 fpaveishe poapedRfnescaRume @lsitation plane. For the
transducer plates 8 composed of lithium niobate wit h a
single rotation designated (YXI/ 8) in accordance with

15 standard notation IEEE, 1949 revision (IEEE standar d on
piezoelectricity Std 176-1949, Proc. of the IRE, vo lume 37,
pages 1378-1395, 1949), the longitudinal waves sele cted only
become coupled if the alignments of the crystallogr aphic
axes of the transducer 8 and the acoustic substrate 12 are

20 selected advantageously. It is necessary to take t hose
polarisations into consideration when the materials of the
transducer and the acoustic substrate are assembled in order

to allow coupling of the acoustic waves which it is
desirable to excite in the acoustic propagation sub strate
25 12, in this instance lithium niobate.

In this instance, the acoustic coupling effect is a chieved

by aligning the axis Z’ 1 of the transducer 8 with the axis

Z' , of the acoustic substrate 12 in such a manner that the
30 polarisation I5Along is identical to those of transverse modes

in the acoustic substrate 12 represented by I3Blong .

The response of the filter 2 constructed in accorda nce with

the first embodiment described in Figure 1 has been



M Only the transducer 208 and the acoustic substrate 212 of the filter 202 differ from the transducer 8 and
the acoustic substrate 12 of the filter 2 of Figure 1.  The monobloc piezoelectric transducer 208 is
constituted 15 from lithium niobate (LiINbO3) in monocrystalline form. The monobloc acoustic substrate
212 is constituted by quartz in monocrystalline form. 2@ In this instance, the excitation of the waves is also
supposed to correspond to a configuration of a first resonator 220 and a second resonator 222,
respectively, referred to as plane/plane, for which the waves are excited by the very thin electrodes 4, 10
and the electrod&a/B.CIgiSEY ey FeetveIoMeRisN e arspesitedelathe facing surfacégnétifiie piezoelectric

transducer 208 fgr thgifflireatiopaingicase driey] lea e afcispananiglafse with Figure 11 fotheropagation of
the waves in th E%?r%ﬁ’%%g%st??%n hceo[j St reso %t%n?g%g Iﬂmprises the first elgfzﬁt&i 4 and the zones
[ i aré) I'og?ecr;l' d(f %

of the layers of the same section w perpendicularly below, including in this instance the
corresponding layer of acoustic substrate 212. 19 The second resonator 222 comprises the second
electrode 6sancrifer@anigasifdies sgiivalsecionbehthedayess tocated perpendiculagydpeowm, including in

this instance th?h(éo%(;tﬁgrqryiqgelwggn%rﬁgggjsgigragpsgrggetﬁ&%uﬁdlg this manner, the Waves of the first

and second resonators 220, 222 are coupled by transverse evanescent waves in an intermediate zone
226 of the filter PLEPHaIAY thdtiiTd8siRRET 1298132204 HhGdfRing a coupling elefI5€528 M between
the two resonattrat Théoceayp|ing tlennegibA28f caboptises thepi@atducer portion 208 thist of located in the

intermediate ZOﬁ@e?i%é mﬁg@qﬂ&;@@@mig&e&%w%& apd thg portions of the saipg sggtion of 15 the

other layers located in the intermediate zone 226 peg)en_dicularl% below the channel 18Tincluding the
correspondfhg 18{ferr6PAEBELHEUN AR TEr by approximately “10MH z. The

out-of-band rejection for an elementary filter 2 wh ich is
also referred to as a filtering cell is 25dB in thi S
instance.

15 The insertion losses of the elementary filter measu red are
10dB in this instance but may be reduced, taking in to
consideration that the tested filter is not matched with
impedance at 50 Q.

20 Figure 10 illustrates, in the form of a modulus lin e as a
solid line and a phase line as a broken line, an in crease in
the filtering transfer function 102 which is centre d at the
frequency of 501.1MHz and which is illustrated in F igure 9.

25 The increase very clearly shows two separate poles which
form the spectral response of the filter, which pro ves that
the filter operates by coupling vibration modes, a
symmetrical mode in which the acoustic vibrations a re in
phase in the two resonators 20, 22 and an anti-symm etrical

30 mode in which the acoustic vibrations are in phase-
opposition in the two resonators 20, 22.



In this manner, the extent of the coupling zone between the 20 two resonators 220, 222 through the
coupling element 228 is increased by the addition of the acoustic substrate 212. The piezoelectric
transducer 208 has a transverse mode which is excited in accordance with polarisation which is directed

25 in accordance with the length 1 of the resonator reff#fesented by the vector P".

The acoustic substrate

212 has two transverse modes, a first referred to as being slow and a second referred to as being 30
rapid. 20 orthogonal polarisation, the so-called rapid waves having a phase speed greater than the
so-called slow Wieesinltiganrd 112 tHiupbrifis atiGie setdorembenifienéxeftation 5 correspor@ding to the

transverse modg|&hiedipnmesicen208fistad g BARItR pedclacisaiiey vector which is designated &is,

corresponding to

hﬁt%lﬁw transverse mode of the acoustic substrate. M A polarisation vector

corresponding {0 iﬁe excitation of the rapid transverse mode is represented in Figure 1 by Pflas which is
orthogonal relative to Pmcis and which is contained in an extension plane of the substrate 212. 15 The
counter-elestrodid @xntenpbgedruetieemubisanrsthecnetO8 and the substrate 212dkticar serves to bond

the structure of
208 is a plate w

material forming'RIGfER FRBUSHHIAG GRS &1 i€ aBAIHCY

3.

10

15
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reference numerals.

Only the transducer 208 and the acoustic substrate
the filter 202 differ from the transducer 8 and the
substrate 12 of the filter 2 of Figure 1.

The monobloc piezoelectric transducer 208 is consti
from lithium niobate (LINbO

The monobloc acoustic substrate 212 is constituted
in monocrystalline form.

In this instance, the excitation of the waves is al
supposed to correspond to a configuration of a firs
resonator 220 and a second resonator 222, respectiv
referred to as plane/plane, for which the waves are

by the very thin electrodes 4, 10 and the electrode
respectively, which are deposited on the facing sur

the piezoelectric transducer 208 in the direction i

by the arrow 24 in accordance with Figure 11 for pr

of the waves in the transducer 208.

The first resonator 220 comprises the first electro

the zones of the layers of the same section which a
located perpendicularly below, including in this in

the corresponding layer of acoustic substrate 212.

3) in monocrystalline form.
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25 The layer of quartz which constitutes the acoustic substrate 212 is a plate which is cut in accordance
with a second cutting angle 02 from a coarse monocrystalline quartz wafer. The cutting angle 02 is
defined in the same reference as that described in Figure 7. 30 It is apparent from Figure 5, which is
applicable for cuts with a single rotation of lithium nioldte, that the lines 66 and 68 have an angular zone
272, in which the longitudinal 21 wave is practically not coupled by piezoelectricity and consequently is
not electrically excited. The excitation of the transverse wave is particularly effective, with
electromechanid&ec6aping reprastditctl ByCRPPIETSetiR S8 BME#18060%. The anguRftezéne 272 is

centred about the angle Qbmgci@ﬁstﬁ@?;sanﬁhgg(ﬁdnagﬂimge@yd@ McThe cutting anglegkaf the
transducer 208 eeb?é w&?c I'Qr@g% OJV\(]) 'S|ﬁ8||8& Q hqrﬁgnqn%zghgg Flgure 5 so as to be 1|§g> For the
1

cuts of lithium niobate wit ing e rotation, onI the mode corresponding to the rapid transverse wave
has electromecRARREIQAINAARYBY ohaseLsHe SETENR Ry, When the planar representation provided in
Figure 13 o the plate of the transducer 208 is considered in accordance with

In this manner, the waves of the first and second r esonators

220, 222 are coupled by transverse evanescent waves in an

intermediate zone 226 of the filter 2 separating th e two

resonators 220, 222 and forming a coupling element 228
10 between the two resonators.

The coupling element 228 comprises the transducer p ortion

208 that is located in the intermediate zone 226 im mediately

below the channel 18 and the portions of the same s ection of
15 the other layers located in the intermediate zone 2 26

perpendicularly below the channel 18, including

corresponding layer of acoustic substrate 12.

In this manner, the extent of the coupling zone bet ween the
20 two resonators 220, 222 through the coupling elemen t 228 is

increased by the addition of the acoustic substrate 212.

The piezoelectric transducer 208 has a transverse m ode which

is excited in accordance with polarisation which is directed
25 in accordance with the length | of the resonator re presented

by the vector Pags -

The acoustic substrate 212 has two transverse modes , a first

referred to as being slow and a second referred to as being
30 rapid.

The so-called rapid transverse waves and the so-cal led slow

transverse waves are defined as being transverse wa ves of



the planar axes X'1, Y'1, it is evident that the transverse 20 mode excited by piezoelectricity has scalar
polarisation in accordance with the axis Z'i represented from the end in Figure 13, that is to say, normal to
the plane (X'1, Y'1), but the spatial dependency of which is described by a function of the spatial
co-ordinates in accordance with the 25 excitation plar#.The polarisation vector p" is colinear relative to
the axis Z'i. When the planar representation in accordance with the axes X'2, Y'2 provided in Figure 14 of
the quartz plate 212 is 30 considered, being similar to the planar representation provided for the
transducer 208 fitFagonal Bolaiispiiusihetsaeateihsapid pe@xasation of the transvé@én@ddle which it is

desirable to explatide gpestr gfen@xanapléenswickahas siats friwabich the sensitivities in terms of
temperature of

In Figure 11, the polarisation vector P... of the excitation
5 corresponding to the transverse mode of the transdu cer 208
is aligned with a polarisation vector which is desi gnated

P, corresponding to the slow transverse mode of the

acoustic substrate.

10 A polarisation vector corresponding to the excitati on of the
rapid transverse mode is represented in Figure 1 by Preic
which is orthogonal relative to P.... and which is contained

in an extension plane of the substrate 212.

15 The counter-electrode 10 interposed between the tra nsducer
208 and the substrate 212 further serves to bond th e
structure of the resonator 2.

The layer of lithium niobate (LiNbO 3) which constitutes the

20 transducer 208 is a plate which is cut in accordanc e with a
first cutting angle 61 from a coarse monocrystalline
material forming a wafer. The cutting angle 01 is defined
in the same reference as that described in Figure 3

25  The layer of quartz which constitutes the acoustic substrate
212 is a plate which is cut in accordance with a se cond
cutting angle 62 from a coarse monocrystalline quartz wafer.

The cutting angle 02 is defined in the same reference as

that described in Figure 7.

30
It is apparent from Figure 5, which is applicable f or cuts
with a single rotation of lithium niobate, that the lines 66
and 68 have an angular zone 272, in which the longi tudinal



22 the first order are close to zero without changing sign. The shearing of the quartz is also scalar but is
produced in accordance with the axis X'2 and is dependent on the local co-ordinates connected with the
plate in accordance with the 5 excitation plane. For the plates of lithium niobate or lithium tantalate with a
single rotation designated (yxi/e) in accordance with standard notation IEEE 1949 revision (IEEE standard
on piezoelectricity Std-176 - 1949, Proc. of the IRE, volume 37, pages 1378-1395, 1949), the transverse
10 waves selected therefore have orthogonal polarisations relative to each other and become coupled
only if the aligniawres &F tREBEHESIA0BPhpRRLIBIRES BY tHilararRAlitel’y208 and the acousticishstrate 212

are selected adyansagaebsiyisihis resaaeany xéalka.thpse ealarisations 15 into caagigesation when
assembling thellﬂ'leatelﬂ%lﬁ E gg trzavr%l%uce}g 20 amql ?Mac%ﬁagﬁvseubs%%e 212 in order to allow coupling
{

of the acoustic waves Which it Is desirable to &xcité In the acoustic substrate 212 for propagation, in this
instance quartz &ESHRMFSHASIENCEOHRINECERSBESIBRIRY Kffect is achieve®bP@ig#fAgIPe axis Z'i of the
transducer 808 svithab® axis X'2 of the acoustic substrate 212, or in an equivalent manner by aligning the
axis X'1 of the transducer 208 with the axis 25 Z'2 of the acoustic substrate 212 so that the polarisation
15,", is identical to those of shearing modes in the acoustic substrate 212 represented by /1," allowing
compensation of IRePHBHRTaF SRFtTTA IR GHERI R Biaf8Gresponding waves Mtcth fhe case of
quartz, in the retbdn afhdHeaswtmagaitgte ey 10°.

10 The cutting angle 61 of the transducer 208 described in
Figure 10 is selected in the zone 272 of Figure 5 s 0 as to
be 163°.
For the cuts of lithium niobate with a single rotat ion, only
15 the mode corresponding to the rapid transverse wave has
electromechanical coupling by means of piezoelectri city.
When the planar representation provided in Figure 1 3 of the
plate of the transducer 208 is considered in accord ance with
the planar axes X’ 1, Y' 1, it is evident that the transverse
20 mode excited by piezoelectricity has scalar polaris ation in
accordance with the axis Z’ 1 represented from the end in
Figure 13, that is to say, normal to the plane (X’ 1, Y 1),
but the spatial dependency of which is described by a
function of the spatial co-ordinates in accordance with the
25  excitation plane. The polarisation vector P.. is colinear
relative to the axis Z’ 1.
When the planar representation in accordance with t he axes

X' 2, Y' 2 provided in Figure 14 of the quartz plate 212 is

30 considered, being similar to the planar representat ion
provided for the transducer 208 in Figure 13, it is possible
to describe the polarisation of the transverse mode which it
is desirable to exploit in quartz, for example, whi ch has

cuts for which the sensitivities in terms of temper ature of



of -24, the two transverse modes, slow and rapid, change their polarisation.The modes remain orthogonal
but the 23 rapid shearing mode replaces the slow shearing mode for the cuts of angle 02 of between -24
and -90. This results in the illustration of Figure 11 corresponding 5 to a cutting angle 02 of less than
-24 and the polarisation of the vector p," correspondir®® to slow shearing of axis X2. If the cutting angle 02
is greater than -24, the polarisation vectorsBids and Pflasof Figure 11 are 10 permutated and it is
advantageous to rotate the plate of the transducer through 90, that is to say, the polarisation vector p" of
the excitation wilge Hsthergahiacelosd s #erlightirul chi@ndBdwith the polarisation §&tor .41cis for
slow shearing ifhis slesif o fenepquake WWihisoasagtamul s ghearing mode. In pragdigeedvaen it is

desirable to stagﬂigoer égﬁ Ctéa\ﬂl%ertﬁ%ngygn){)f the filteg 251% igtggpésn%hqr%[%e{ﬁéq& E'l[pe cutting angle 02 is

selected within an angular zone, In

co-ordinates connected with the plate in accordance with the

5 excitation plane. For the plates of lithium niobat e or
lithium tantalate with a single rotation designated (YXI/ o)
in accordance with standard notation IEEE 1949 revi sion
(IEEE standard on piezoelectricity Std-176 - 1949, Proc. of
the IRE, volume 37, pages 1378-1395, 1949), the tra nsverse

10 waves selected therefore have orthogonal polarisati ons
relative to each other and become coupled only if t he
alignments of the crystallographic axes of the tran sducer
208 and the acoustic substrate 212 are selected
advantageously. It is necessary to take those pola risations

15 into consideration when assembling the materials of the
transducer 208 and the acoustic substrate 212 in or der to
allow coupling of the acoustic waves which it is de sirable
to excite in the acoustic substrate 212 for propaga tion, in
this instance quartz.

20
In this instance, that acoustic coupling effect is achieved
by aligning the axis Z’ 1 of the transducer 208 with the axis
X' 5 of the acoustic substrate 212, or in an equivalent manner
by aligning the axis X’ 1 of the transducer 208 with the axis

25 Z' , of the acoustic substrate 212 so that the polarisa tion
P, is identical to those of shearing modes in the acou stic
Substrate 212 represented by P, allowing compensation of
the thermal shift of the phase speed of the corresp onding
waves.

30
In the case of quartz, in the region of the cutting angle o2
of -24° the two transverse modes, slow and rapid, change
their polarisation. The modes remain orthogonal bu t the



20 which the first temperature coefficient of the frequency of the first order for the slow shearing waves is
close to zero and gradually approaches zero. That angular zone is centred about +35 and has a range of
22, thereby ensuring a first temperature coefficient of the frequency of the first order 25 CTFB1 which is
less than 20ppm.K-1 in terms of absolute value. In thi83manner, the first cutting angle, the angle el, of the
transducer 208 of Figure 11 is selected in the zone 272 30 of Figure 5 and the second angle 02 of the
acoustic substrate 212 is selected so as to be approximately +35. 24 Figure 15 illustrates the typical
broadband sped¢@Rifre5garise MaHe regiasesf it HawRhfiarsidoriedss of the fundami@htdlemode of the
transducer, thatcistémpsalgie the regien Bétv@distda. Aglaity of filtering functions which 5 form a comb
are visible and are separated from each other by approximately 3MHz. The out-of-band rejection for an
elementary filter which is also referred to as a filtering cell is 16dB. In this instance, the insertion losses of
the elementary filtis ragdsuiBdnRadllvedatinnt chayoyeerddue@@taking into considerafPRRAERGhe filter tested
is not matched vaith dupadanegeat 50Q. B2 bigets Iitailustates) indipeltorsatafira modulus line as a solid
line and a phase line as a broken line, an increase in the filtering transfer function which is centred at the
frequency of 1.231%185'9hd whidFeis FRIEESRAATNEIQHOW SSGrRROFSxe very clearlyshows two
separate poles forming the spectral response of the filter, which proves that the filter operates by coupling
vibration modes;; a symmetrical modg in which thgfcqsustic viprations are i) phase in the 25 two
resonators 220, 22 and’an & ti-syl%metrical modé in'Wwhich the acoustic Vibrations are in phase
opposition in thedwagesemat@as@?0, 222.  FRure hads a figw chast ofragpreductioarsmethod 300 for a 30

CIS
resonator 202 described in Figure 11
10 permutated and it is advantageous to rotate the pla te of the

transducer through 90°, that is to say, the polaris ation

vector P, of the excitation wave of the transducer, so as

to align the vector I5Acis with the polarisation vector Psgs for
slow shearing if it is desirable to operate with a constant
15  shearing mode.
In practice, when it is desirable to stabilise the transfer
function of the filter 202 in terms of temperature, the
cutting angle 02 is selected within an angular zone, in
20 which the first temperature coefficient of the freq uency of
the first order for the slow shearing waves is clos e to zero
and gradually approaches zero. That angular zone i s centred
about +35° and has a range of 22°, thereby ensuring a first
temperature coefficient of the frequency of the fir st order
25 CTFB1 which is less than 20ppm.K 1 in terms of absolute
value.
In this manner, the first cutting angle, the angle 01, of
the transducer 208 of Figure 11 is selected in the zone 272
30 of Figure 5 and the second angle 62 of the acoustic

substrate 212 is selected so as to be approximately +35°.



In a first step 302, there is provided a piezoelectric transducer 208 which is constituted by a layer of a first
thickness of a first material which is orientated in 25 accordance with an angle T defined by
nomenclature (YXw)/T of the IEEE standard Std-176 (1949 revision) as being zero, and which is cut in
accordance with a first cutting angle el defined by nor&nclature (YX1 )/e of the IEEE standard Std-176
5(1949 revision) so that the electroacoustic coupling of the transverse waves is greater than 5%. The
material of the transducer 208 is selected from the group of materials constituted by aluminium nitride
(A1N), 10 zinc dasgzntD, lithiskaimebatee(Likpo=y, litpieadhanthlaf®¢LiTa03) and potassiut niobate.

Preferably, a masepah&®nm lithiume gishaie heNbs¥acne bihsraetaptalate (LiTa03) will betselected

because it is 15f3r?§ metﬂtgpm%l?ﬂbq mgd@%ig&hdeégf;?aﬁ % 3 %&gcrystal of significeﬂt i}'tiuéckness.

Lithium niobate and lithium tantalate can be produced as a wafer having a diameter of 4" in accordance
with the 20 starf@&eiR AblirdGHRicKnRSENSBDPERTHIUMBEbm. In a second step 802 WHE!R: is provided

an acousticssubfirate 2bmvhiehvisiornstitlied bypardayer fodra sachnd other by
approximately 3MHz. The out-of-band rejection for an
elementary filter which is also referred to as a fi ltering
cell is 16dB.

10 In this instance, the insertion losses of the eleme ntary
filter measured are 10dB but may be reduced taking into
consideration that the filter tested is not matched with
impedance at50 Q.

15  Figure 16 illustrates, in the form of a modulus lin e as a
solid line and a phase line as a broken line, an in crease in
the filtering transfer function which is centred at the
frequency of 1.2337GHz and which is illustrated in Figure
15.

20
The increase very clearly shows two separate poles forming
the spectral response of the filter, which proves t hat the
filter operates by coupling vibration modes, a symm etrical
mode in which the acoustic vibrations are in phase in the

25 two resonators 220, 222 and an anti-symmetrical mod e in
which the acoustic vibrations are in phase oppositi on in the
two resonators 220, 222.

Figure 17 is a flow chart of a production method 30 0 for a

30 resonator 202 described in Figure 11.

In a first step 302, there is provided a piezoelect ric
transducer 208 which is constituted by a layer of a first

thickness of a first material which is orientated i



thickness of a second material having a product coefficient 25 of operating frequency acoustic quality
which is at least 5.1012, and which is orientated in accordance with an angle T defined by nomenclature
(YXw)/T of the IEEE standard Std-176 (1949 revision) as being zero, and which is cut in accordance with
a second cutting angle 02 defined by 30 nomenclatur@yY X1 )/e of the IEEE standard Std-176 (1949
revision), and which has at least one polarisation direction FM corresponding to a vibration mode. 26 The
material of the acoustic substrate is included in the group of materials constituted by quartz and typical
isomorphic subSGeRELATER eXidmple 2062 and Te02efaRRIPYoRPIOBRBlaHIEd YEAPO4) which is also of
isomorphic strugfuties Maggjmﬂai@1@1@7&@@2{9@@@&@@@4[&1’3407) langasite (Lp@abSi014),

langatate, Iangaemae htr|1Se Cv fgb%% é’@rrd%ﬂﬁsekmﬁ E;gﬂgqﬁaéernal of the acoustic scl%%gratee is preferably

quartz M because it as remar roperties o ms of temperature and 1s known very well

in the field of crﬁﬁﬂﬁfb#ﬁfpﬂw&'%ﬁ iMg'¥tep 306, éhef fcebEstaafaulieit-268 and 15 one face of
the acoustic suljstegeraligiany soefiakicoriateauenadinasnasspii between 100 and g0singmeby a
thermocompreﬁg%@;ﬁpwa%@grsgépé?tﬂ}ﬂ ({for example, gold, copper or indium, in order to bond the
two faces and thereby to form a cotinter-electrode. In practice, and 20 conventionally, an engagement
layer typically of chromium or titanium is included in that layer forming the counter-electrode over a height
of 10% of the tothlthicktezss affthbdayrantoiumarg 208 deustteatbecthane. 25 Gold is a matén@al which is
particularly adv%p(g@gegp%f&gmg tXBﬁs‘HﬁHQHWaF&IﬂFﬁ%}ﬂt%%‘i’(ﬁ@'derat'on its plasti RIQP erties and its

mechanical robustness which is sufficient to ensure an acoustic connection between the transducer 208

and the acBlstié'BROAGED. SRIARHLORAS INPStep 308, the tan SN RB/BBE Y the

(LiTa0 3) and potassium niobate.

Preferably, a material from lithium niobate (LiNbO 3) and
lithium tantalate (LiTaO 3) will be selected because it is
15 easier to control the production process of a monoc rystal of

significant thickness.

Lithium niobate and lithium tantalate can be produc ed as a
wafer having a diameter of 4" in accordance with th e
20 standards having a thickness of 500 um and 350 um.

In a second step 304, there is provided an acoustic

substrate 212 which is constituted by a layer of a second
thickness of a second material having a product coe fficient

25 of operating frequency acoustic quality which is at least
5.10 2, and which is orientated in accordance with an ang le o
defined by nomenclature (YXw)/ ¢ of the IEEE standard Std-176
(1949 revision) as being zero, and which is cut in
accordance with a second cutting angle 02 defined by

30 nomenclature (YXI)/ 6 of the IEEE standard Std-176 (1949
revision), and which has at least one polarisation direction

P,, corresponding to a vibration mode.



acoustic substrate 212 are arranged in such a manner that the polarisation direction PA of the shearing
mode of the 27 least one shearing mode of the substrate 212 corresponding to the second cutting angle
02 are aligned. In a following step 310, the bonding is carried out by 5 compression with or without an
increase in temperature in accordance with the metalafsed. When gold is used, the heating phase is
dispensed with and a pressing operation lasting for a long time is carried out, 10 taking advantage of the
gualities of the facing surfaces and the ductility of the metal material in order to ensure bonding. Thus,a
plurality ofcompbgtepatrsiabfatniben apepaiie/gulatFalrere anteittede produced in this rdfRer without any

faults, with it begrgupecessanaterinainiednAiigepermiurgueirg0Caiar thgmbdeen hours of application of a
pressure of 300 f fers which three inches in diameter, 20In a step_312. the panel of the
resonator is sut;%é\rlcﬁ%vééﬂ?t]& gpo%ﬁf@?ﬁd %bgligﬁg%dﬂ%’a 5 g; 314, a firs_tzefté%%?riigf?eféié?ﬁo&rﬁlectrode 4 and
25 a second ele¥tHERNERBRAIRABErode) BWIKIEH Aacsebiaremroin EatFiWeher are subsequently

metal-coatesl opoedace olidhattyansduaert2i8epaesifgithe substrate 212059, alautigdeia two HEAR
resonators 220,%&2(%\)45@6 a?rf $ ?atéd fé%@ﬁhﬁﬁ&%ﬂﬁ‘%ﬁé%%&?é%ﬁ}%ﬁi@e zone 226 for coupling the
e

30 assembly for y the transducer 208, the common reference electrode 10 and the acoustic
substrate 212, thereof.
The material of the acoustic substrate is preferabl y quartz
10 because it has remarkable properties of stability i n terms
of temperature and is known very well in the field of

crystallography.

In a following step 306, one face of the transducer 208 and
15 one face of the acoustic substrate 212 are metal-co ated over
a thickness of between 100 and 200nm by a thermo-

compressible or cold-compressible metal, for exampl e, gold,
copper or indium, in order to bond the two faces an d thereby
to form a counter-electrode. In  practice, and

20 conventionally, an engagement layer typically of ch romium or
titanium is included in that layer forming the coun ter-
electrode over a height of 10% of the total thickne ss of the

layer forming the counter-electrode.

25 Gold is a material which is particularly advantageo us for
this type of bonding, taking into consideration its plastic
properties and its mechanical robustness which is s ufficient
to ensure an acoustic connection between the transd ucer 208

and the acoustic substrate 212.

30
In the assembly step 308, the transducer 208 and th e
acoustic substrate 212 are arranged in such a manne r that
the polarisation direction P, of the shearing mode of the

transducer 208 and the polarisation direction P,, of the at



28 The two separate electrodes 4 and 6 can be metal-coated separately or can be obtained by engraving
a primary metal-coated electrode beforehand. 5 The method is simple to carry out, particularly owing to a
wide range of values of the second cutting angle 02 which allows good effectiveness to be obtained in
terms of temperature stability. M The resonators obtaitved using this method can further operate up to
frequencies of 20GHz. The resonators are light and take up little space, providing a high level of
integration. 15 Such a resonator may, for example, be integrated in a homodyne oscillator or in cells for a
high-rejection filRasiNeneraieasittemgsisictihies sHastieéee AR £HEES20 In a variant, thenstiegs 302, 304
and 308 are replagas ey shinitattsigRHMdrR Which the eptirgasiggies of the transducer 8 and the acoustic
substrate 12 and the relative arrangement of the transducer 8 and the acoustic substrate 12 are such that
coupling by waves having longitudinal vibration modes 25is selected. In a variant, the piezoelectric
transducer (8, 208 Risfetpititatedeny a18ydhef BAdingidknedSi8d aGitst material which is dfiéntated in
accordanceswitik@npeghion Jdtdedinedthyunomenaaitse (MXemperbthe IEEE standaigeStd-176 (1949

revision) as beit&gégnﬁ{ &pr mﬁgmefypg‘ Iaich is cut in accordance with the first cutting angle el defined
by nomenclature (YX1 ﬁe of the IEEE standard Std-176 (1949 revision), so that the electroacoustic

coupling of the waves

When gold is used, the heating phase is dispensed w ith and a
pressing operation lasting for a long time is carri ed out,
10 taking advantage of the qualities of the facing sur faces and
the ductility of the metal material in order to ens ure
bonding.
Thus, a plurality of composite panels of lithium
15 niobate/quartz were able to be produced in this man ner
without any faults, with it being necessary to main tain a
temperature of 30°C for the sixteen hours of applic ation of
a pressure of 3000 Newton for wafers which are thre e inches
in diameter.
20
In a step 312, the panel of the resonator is subseq uently
ground and polished.
In a step 314, a first electrical excitation electr ode 4 and
25 a second electrical excitation electrode 6 which ar e
separate from each other are subsequently metal-coa ted on
one face of the transducer 208 opposite the substra te 212 so
as to form two HBAR resonators 220, 222 which are s eparated
from each other by an intermediate zone 226 for cou pling the
30 assembly formed by the transducer 208, the common r eference

electrode 10 and the acoustic substrate 212.



29 in accordance with a longitudinal mode or a transverse mode within the material alone is greater than
5%. In that cutting variant referred to as involving double 5 rotation, the excitation level of a mode of the
transducer is privileged in relation to the other two possible modes, in the sense that the ratio of the
amplitude between the privileged mode and the other38ossible modes is greater than or equal to 10. 10
30 CLAIMS 1.Elementary filter of the HEAR type which is intended to operate at a predetermined
operating frequency and which 5 comprises a first resonator (20, 220) and a second resonator (22, 222)
of the HEAR typd@nivan s2eaiaia (2igcrodssorcanpliy Byrmeangembeeriapping of evadttent waves,

the first resonatesdafit@ndirackhthe sBEINEd esoBaipa @AY 2tneach comprising a jiiglegectrical
excitation electrggaq?]godeié&?g e%g?o(i%ﬁg %lgctrical excitation electrode (6), respectively, which are

discrete and separa y a channe 51 a same reference electrode (10) and a same monobloc
piezoelectric transducer (8, 208), the coupling element (28, 228) comprising an intermediate 15 zone (26,
226) of the transthecere{Bod(8)dingblis arrengedieiaecuthgyfitatiresonator and the sgcand resonator (20,
22; 220, 222), wide range of values of the second cutting angle 62 which
allows good effectiveness to be obtained in terms o f

temperature stability.

10 The resonators obtained using this method can furth er
operate up to frequencies of 20GHz. The resonators are
light and take up little space, providing a high le vel of
integration.

15 Such a resonator may, for example, be integrated in a
homodyne oscillator or in cells for a high-rejectio n filter.

Naturally, other applications may be envisaged.

20 In a variant, the steps 302, 304 and 308 are replac ed by
similar steps, in which the cutting angles of the t ransducer
8 and the acoustic substrate 12 and the relative ar rangement
of the transducer 8 and the acoustic substrate 12 a re such
that coupling by waves having longitudinal vibratio n modes

25 is selected.

In a variant, the piezoelectric transducer (8, 208) is

constituted by a layer of a first thickness of a fi rst

material which is orientated in accordance with an angle o
30 defined by nomenclature (YXw)/ ¢ of the IEEE standard Std-176

(1949 revision) as being different from zero, and w hich is

cut in accordance with the first cutting angle 61 defined by

nomenclature (YXI)/ 6 of the IEEE standard Std-176 (1949
revision), so that the electroacoustic coupling of the waves



the piezoelectric transducer (8, 208) being constituted by a layer of a first thickness of a first material
which is 20 orientated in accordance with an angle T defined by nomenclature (YXw)/T of the IEEE
standard Std-176 (1949 revision), and which is cut in accordance with a first cutting angle el defined by
nomenclature (YX1 )/e of the IEEE standard Std-176 22949 revision), such that the 25 electroacoustic
coupling of the waves in accordance with a longitudinal mode or a transverse mode within the material
alone is greater than 5%, and characterised in that the first resonator (20, 220), the second resonator (22,
30 222) and thet6GpAMpBREMEI @O IERgHnahmeste e adigrsHeonobloc acoustic'SEbEQEE (12, 212)
which is arrangegtfiacithe ardeerupleddasthrpiezariadyis transducer (8, 208) by waves having the same
longitudinal or transverse vibration mode through the reference electrode (10). 31 2. Elementary filter
according to claim 1, characterised in that the acoustic substrate (12, 212) is constituted by a layer of a
second thickned8 dhats&e8i® miadar afRkedad® prodie¥birfiERnt of the operating fijBiency acoustic
5 quality which istatitggstnz. ExtRasmd whéthofssorietiatedl inesageordance with an anglesdudefined by
nomenclature (Yg(w}(/}ie e@‘?n”?ggtiﬁﬁ“?&la}% %tﬁl'e’lr? g%gﬁgr(?ision) as being equal t ggLQ. cut in

accordance with a second cutting angle 02 defined @K/ nomenclature (YX1 )/e of the IEEE standard
Std-176 10(1949 r&ﬁsﬁﬂ%ﬂg‘ﬂifgﬁ H3U%1qE40E AHENBIGs B ESrection FM corresPoifing to a
vibration mode pridleyttatibderalatitecarthagpossiti@hibddsanggacer (8, 208) anddtee thalpstrate (12, 212)
is such that the &%ﬂgﬁg)mdjirection of the vibration mode of the transducer (8, 208) 15 and the
polarisation direction of the at least one vibration mode of the substrate (12, 212) corresponding to the
second cuﬁ?rng angle 02 are aligned. 3. Elementary filter according to claim 2, characterised



20 in that the ratio of the thickness of the acoustic substrate (12) to the thickness of the transducer (8) is
greater than or equal to one. 4. Elementary filter according to any one of claims 1 to 25 3, characterised
in that the angle T defined by nhomenclature (YXw)/T of the IEEE standard Std-176 (1949 revision) is
equal to zero. 5. Elementary filter according to any o€ of claims 1 to 30 3, characterised in that the
angle T defined by nomenclature (YXw)/T of the IEEE standard Std-176 (1949 revision) is different from
zero. 32 6.Elementary filter according to any one of claims 1 to 5, characterised in that the same vibration
mode of the waves is longitudinal. 5 7.Elementary flté# &€cording to any one of claims 1 to 5,
characterised in that the same vibration mode of the waves is transverse. 8. Elementary filter according

to any one of claims 1 to 10 7, characterised | t the material of the transducer (8, 208) is included in
tho group of materiaE EDRRRE STE AN RS ENE JHE oxie (2n0). MR Eate (LiNDO3)
lithium tantalateoQeTd© 3R ptresttningdbarerading|drraHensyfiléadaccording to claimtBcharacterised
in that the matesiahpfite amsdHesind@o202), o zuptaiakisétehged in the group ofrg’giriigls constituted
by lithium niobate(Li 3).and. lithium tantalate (LiTa03). 20 1 I tary filter according to any one of
claims 1to 9, ci{g%(ac%%Ze%ﬁr{b%aﬁl?%%ﬁgpeﬁiﬁno fhe gi%mug |}: 2%%5?2%1(12, 212)is incldlf%'gd in the group
S,

of materials corfHOtEE By BleaRs, PRESAPRIHICE KL HRARARE wave

the first resonator (20, 220) and the second resona tor (22,
222) each comprising a first electrical excitation electrode
10 (4) and a second electrical excitation electrode (6 ),
respectively, which are discrete and separated by a channel
(18), a same reference electrode (10) and a same mo nobloc

piezoelectric transducer (8, 208),

the coupling element (28, 228) comprising an interm ediate
15 zone (26, 226) of the transducer (8, 208) that is a rranged
between the first resonator and the second resonato r (20,
22; 220, 222),
the piezoelectric transducer (8, 208) being constit uted by a
layer of a first thickness of a first material whic h is
20 orientated in accordance with an angle ¢ defined by
nomenclature (YXw)/ ¢ of the IEEE standard Std-176 (1949
revision), and which is cut in accordance with a fi rst
cutting angle 61 defined by nomenclature (YXI)/ 6 of the IEEE
standard  Std-176 (1949 revision), such that the
25  electroacoustic coupling of the waves in accordance with a
longitudinal mode or a transverse mode within the m aterial

alone is greater than 5%, and
characterised in that

the first resonator (20, 220), the second resonator (22,
30 222) and the coupling element (28, 228) comprise th e same

monobloc acoustic substrate (12, 212) which is arra nged

facing and coupled to the piezoelectric transducer (8, 208)

by waves having the same longitudinal or transverse
vibration mode through the reference electrode (10)



orthophosphate(GaP0O4),lithiumtetraborate(Li3407), 25 langasite (La3Ga5S014), langatate and langanite.
11. Elementary filter according to claim 10, characterised in that the material of the acoustic substrate (12,
212) is quartz. 30 12. Elementary filter according to any one of claims 1 to 11, characterised in that the
common reference electrode (10) is constituted by a ilermocompressible metal. 33 13. Elementary filter
according to any one of claims 1 to 12, characterised in that the common reference electrode (10) is
constituted by gold or copper or indium. 5 14. Elementary filter according to any one of claims 1 to 13,
characterised irtthatEmssriafyofiliefereerigiapdaoelail o). isbataeiged laterally by way'&fefivo connection

elements (14 andl tha} mbid@@@@@gmmgr@;t[mgjug%(&;iBOS) and Which eachypay®yag end at the
same level as tr|1 Sﬁe ]Irgz%lﬁjcg%q %m%_egrgdgg 8‘}? aH]%t% }al Production metl? F]%rsan elementary

filter comprising the steps of: providing a piezoelectric transducer (8, 208) which is 15 constituted by a

layer of a first tHicRfRA4Chf @RHigient of the operating frequency ac oustic

5 quality which is at least 5.10 12 “and which is orientated in
accordance with an angle ¢ defined by nomenclature (YXw)/ 0)
of the IEEE standard Std-176 (1949 revision) as bei ng equal
to zero, cut in accordance with a second cutting an gle 62
defined by nomenclature (YXI)/ 6 of the IEEE standard Std-176

10 (1949 revision) and which has at least one polarisa tion
direction P,, corresponding to a vibration mode and
in that the relative arrangement of the transducer (8, 208)
and the substrate (12, 212) is such that the polari sation
direction of the vibration mode of the transducer ( 8, 208)

15 and the polarisation direction of the at least one vibration
mode of the substrate (12, 212) corresponding to th e second
cutting angle 62 are aligned.
3. Elementary filter according to claim 2, characte rised

20 in that the ratio of the thickness of the acoustic substrate
(12) to the thickness of the transducer (8) is grea ter than

or equal to one.

4. Elementary filter according to any one of claims 1lto
25 3, characterised in that the angle ¢ defined by nomenclature

(YXw)/ ¢ of the IEEE standard Std-176 (1949 revision) is

equal to zero.

5. Elementary filter according to any one of claims 1lto
30 3, characterised in that the angle ¢ defined by nomenclature

(YXw)/ ¢ of the IEEE standard Std-176 (1949 revision) is

different from zero.



material which is orientated in accordance with an angle T defined by nomenclature (YXw)/T of the IEEE
standard Std-176 (1949 revision) as being equal to or different from zero, and which is cut in accordance
with a first cutting angle el 20 defined by nhomenclature (YX1 )/e of the IEEE standard Std-176 (1949
revision) such that the electroacoustic coupling of the®¥vaves transverse mode 5%, 25 providing an
constituted by longitudinal mode Or within that material alone is greater than
acousticsubstrate(12,212)whichis a layer of a second thickness of a second material which has a
coefficient prod@ct olRE'BpEALIHIERrEGaeHENhEd Bt QURIAY URIIBR is at least equal to 510012,

5, characterised in that the same vibration mode of the
waves is longitudinal.

5 7. Elementary filter according to any one of claims 1lto
5, characterised in that the same vibration mode of the
waves is transverse.

8. Elementary filter according to any one of claims 1to

10 7, characterised in that the material of the transd ucer (8,
208) is included in the group of materials constitu ted by
aluminium nitride (AIN), zinc oxide (ZnO), lithium niobate
(LINbO 3), lithium tantalate (LiTaO 3) and potassium niobate.

15 9. Elementary filter according to claim 8, characte rised
in that the material of the transducer (8, 208) is
preferably included in the group of materials const ituted by
lithium niobate (LINbO 3) and lithium tantalate (LiTa0 3).

20 10. Elementary filter according to any one of claim s1lto
9, characterised in that the material of the acoust ic
substrate (12, 212) is included in the group of mat erials

constituted by quartz, potassium  niobate, gallium
orthophosphate  (GaPO 4), lithium tetraborate  (LiB 407),
25 langasite (La 3Ga&SQOy4), langatate and langanite.

11. Elementary filter according to claim 10, charac terised
in that the material of the acoustic substrate (12, 212) is
quartz.

30
12. Elementary filter according to any one of claim slto
11, characterised in that the common reference elec trode

(10) is constituted by a thermocompressible metal.



and which is orientated in accordance with an angle T 30 defined by nomenclature (YXw)/T of the IEEE
standard Std-176 (1949 revision) as being equal to zero and which is cut in accordance with a second
cutting angle 02 defined by nomenclature (yx1)/e of the IEEE standard Std-176 (1949 revision) and which
has at least one polarisation direction 34 correspondiB®y to a vibration mode from the longitudinal mode
and the transverse mode, metal-coating a face of the substrate and a first face of the transducer with a
thermocompressible metal, 5 assembling the transducer(8,208)and the acoustic substrate (12, 212) and
arranging them 13 reigstefiasn dhtetrrRecosdingt i & pylansadoal@ifection of the vibratfod rifode of the

transducer (8, 208) angrtiecpetarisatienndiraetidamhibe atleasicenedbration mode of thgdkd substrate
(12, 212) corre fslz q[ﬂ § i n k) aligned, bonding by compression the faces of
the substrate (15@851 }%@%I lf'%%?ﬁ}gg lIJ&cé? ?gp §8g erw%c@l@re metal-coated in the step, 15 characterised
in that it comprises a step of metal-coating a first electrical excitation electrode (4) and a second electrical
excitation ekectrogle @pmbichraréiee paradedirgmeacly ahergdrerisecond face of the teams@ucer (8, 208)

S0 as to form t%ﬁ%ﬁﬁi&ﬁﬂ@@ﬁoriﬁ (%Qatz%g)é 2gommon reference elec trode
(10) is extended laterally by way of two connection elements
(14 and 16) which extend round the transducer (8, 2 08) and
which each have an end at the same level as the ele ctrical

10 excitation electrodes (4) and (6).

15. Production method for an elementary filter comp rising
the steps of:

providing a piezoelectric transducer (8, 208) which is
15 constituted by a layer of a first thickness of a fi rst
material which is orientated in accordance with an angle o
defined by nomenclature (YXw)/ ¢ of the IEEE standard Std-176
(1949 revision) as being equal to or different from Zero,
and which is cut in accordance with a first cutting angle o1
20 defined by nomenclature (YXI)/ 6 of the IEEE standard Std-176
(1949 revision) such that the electroacoustic coupl ing of
the waves in accordance with a longitudinal mode or
transverse mode within that material alone is great er than
5%,
25 providing an acoustic substrate (12, 212) which is
constituted by a layer of a second thickness of a s econd
material which has a coefficient product of the ope rating
frequency acoustic quality which is at least equal to 5.10 *?,
and which is orientated in accordance with an angle ®
30 defined by nomenclature (YXw)/ ¢ of the IEEE standard Std-176
(1949 revision) as being equal to zero and which is cut in
accordance with a second cutting angle 02 defined by

nomenclature (YXI)/ 6 of the IEEE standard Std-176 (1949
revision) and which has at least one polarisation d irection



20 222) which are separated from each other by an intermediate coupling zone (26, 226) of the assembly
formed by the transducer (8, 208), the common reference electrode (10) and the acoustic substrate (12,
212). 25 16. Production method for an elementary filter according to claim 15, characterised in that the
step for metal-coating a first electrical excitation electBdde and a second electrical excitation electrode (4,
6) comprises a step for metal-coating an integral electrode 30 on the second face of the transducer,
followed by a step of cutting a channel in the integral electrode having a predetermined width in order to

form the first anePiFRSBEBENY éfeatrdiiativniotrdreiupabgtéentitvd each other. inal mode

and the transverse mode,
metal-coating a face of the substrate and a first f ace of
the transducer with a thermocompressible metal,

5 assembling the transducer (8, 208) and the acoustic
substrate (12, 212) and arranging them in relation to each
other so that the polarisation direction of the vib ration
mode of the transducer (8, 208) and the polarisatio n
direction of the at least one vibration mode of the

10 substrate (12, 212) corresponding to the second cut ting
angle 62 are aligned,
bonding by compression the faces of the substrate ( 12, 212)
and the transducer (8, 208) which are metal-coated in the
step,

15 characterised in that it comprises a step of
metal-coating a first electrical excitation electro de (4)
and a second electrical excitation electrode (6) wh ich are
separate from each other on a second face of the tr ansducer
(8, 208) so as to form two HBAR resonators (20, 220 1 22,

20 222) which are separated from each other by an inte rmediate
coupling zone (26, 226) of the assembly formed by t he
transducer (8, 208), the common reference electrode (20) and
the acoustic substrate (12, 212).

25 16. Production method for an elementary filter acco rding to
claim 15, characterised in that
the step for metal-coating a first electrical excit ation
electrode and a second electrical excitation electr ode (4,
6) comprises a step for metal-coating an integral e lectrode

30 on the second face of the transducer, followed by a step of
cutting a channel in the integral electrode having a
predetermined width in order to form the first and the

second electrode which are separated from each othe



