HBAR Resonator with a H gh Level of Integration The invention
concerns a resonator of the high bulk agoustic resonator (HBAR) type that
is tenperature stable and has a high I evel of integration, a corresponding
production nethod, an oscillator and a filter including at |east one such
resonator. 5Mechanical resonators, i.e. manufactured by nechani cal

machi ni ng of nmetal, wth a base of vacuum el ectromagnetic cavities defined

by netal walls, are co used for _ the, erajure stabilization of
electric oscillators, @%?"r‘*s‘&aﬁ%wt& fﬂﬁmﬁﬁﬂg@ Oéf"é?ﬁla Blocessi ng _
applications (hirghisehg&t c¥hdevnss 4 réBhABE of AR hRY RAR GeslRkie GbéddRtor PR NG,

etc.) wth a base of passive conponents in the frequency range from 2
to 20 GHztyp¢ thapisrternperhtare $table hed hasel kigh Gofkl shiategedtioaca parrespeding productiophese

devices are.optim zed for, their. particular, applications while seeking to
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drifts and at a | ower resonance quality. The conponents are nade b

| i t hogr apirpsivé coreperientsriadhe froquentye range fiom 2 (iidz ra2@ SHanth partedaryinghe dwlda
not BI e d reaaje n.20 di nensions. Neverthel ess, these objects continue to
havé'di meNsPait 28V 8&eral cent | neters, even if they tend to decrease as

the frequency rTE&S. ddvidestd8 ohtitized %r2%e@“ﬁraﬁifzﬂgﬂ%Bﬁ]Ycaﬁ@ﬂQthﬂ%h&%_ékﬁhfgeto
still larger than a centineter. he technical problemis to

i nprove tmeximaxectheipfuality eyecupliog coeffingnts, fongxarplame of hi gh frequency

el ectric resonatqrs in the 2 to GHz. fr.equency. range .havin iLgh 25.
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r esonat orpedvednhsirdligblefititd @mplas | Kigh QARG &deflidiBARInd thefinall Q4binEeraaldinng at
a predeterm ned working frequency, conprising: a piezoelectric
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(1949 revision) standard, such that the el ectroacoustic coupling of the

shear wavefsmgtarsiiof thenthernpd daifis and af 8 hewersregmangcequalifa f hsgpmpraentpare made
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wor ki ng frequency acoustic quality coefficient_ product at |east equal to
even if they tend to decrease as thé frequency rises. For the 2 GHz to 20 GHz frequency
range, they are still larger than a centimeter.
The technical problem is to improve the level of integration in mass and volume of
high frequency electric resonators in the 2 to 20 GHz frequency range having high
25 temperature stability.
To that end, the invention concerns a resonator of the high bulk acoustic resonator
(HBAR) type, for operating at a predetermined working frequency, comprising:
a piezoelectric transducer formed by a layer with a first thickness of a first material
oriented along an angle ¢ defined by the nomenclature (YXw)/¢ of the IEEE Std-176 (1949
30 revision) standard equal to zero, cut along a first cutting angle 01 defined by the

nomenclature (YX1)/0 of the IEEE Std-176 (1949 revision) standard, such that the

electroacoustic coupling of the shear waves within that material alone is greater than 5%, the



5 5.1012, oriented along an angle defined by the nomenclature (YXw)/g5 of
the I EEE Std-176 (1949 revision) standard equal to zero, cut along a second
cutting angle 02 defined by the nonenclature (YX1)/0 of the |IEEE Std-176
(1949 revision) standard, having at |east one polarization direction fim
corresponding to a first shearing node of vibration, the acoustic

substrate having a tenperature coefficient of the frequency of the first
order CTEB1 10corresponding to the.at .| east.one sh in de,.and.de di ng
on”t he s dEBRAREL PR Sihpdety: obfdtnr P rfdEndy EAF AR FORHELOR oI oy or
of netal @@igrdng®do a first face of the transducer and a face of the
acoustic substrate, and an el ectrode arranged on a second face
of the transducerachasicrsgbsivess formedby esebondlayaisiis e se¢ondhbickness 9 acseeordnd
the substrate, characterjzed.in that the relative.arrangement of the
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of the at |east one shearing node of the substrate corresponding to the
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i ncl udes one or several of the follow ng features: - the tenperature
coel®i ci envrresfonding tbrthejakleest ook shérringi mede andddapediiRg onfthe heconé suttimgangles
substantiglly equal to the tenperature coefficient of the frequency of the
first or CTFB1 for HBAR resonator nodes not corresponding to the

fundanmental or 4 Beurfeschl}@oae BRhES b9fa 1R IASABAN @8h&@ingt L at fiRN$LHLCES t1Rl One
when the ratio Re of the first thickness over the second thickness is |ess
t han 5% tragsducer and a face of the acoustic substrate, and
an electrode arranged on a second face of the transducer facing away from the first
15 face of the transducer and the substrate,
characterized in that

the relative arrangement of the transducer and the substrate is such that the direction
of polarization P, of the shearing mode of the transducer and the polarization direction Py,
of the at least one shearing mode of the substrate corresponding to the second cutting angle

20 02 are aligned, and

the second cutting angle 62 of the substrate is such that the temperature coefficient
of the frequency of the corresponding first order CTFBI1 is a local extremum with an absolute
value of less than 20 ppm.K™ and the variation of CTFB1 around that value of 02 is slight
with an absolute value of less than 2 ppm.K'1 /degree.

25 According to specific embodiments, the HBAR type resonator includes one or
several of the following features:

- the temperature coefficient of the frequency of the first order CTF1 of the
resonator is substantially equal to the temperature coefficient of the frequency of the first
order CTFB1 for HBAR resonator modes not corresponding to the fundamental or the odd

30 harmonics of the resonance of the transducer alone when the ratio Re of the first thickness

over the second thickness is less than 5%



- the value of the tenperature coefficient of the frequency of the first
order CTFl of the resonator is equal toghe tenperature coefficient of the
frequency of the first order CTFBl1 corrected by an additional corrective
terrn for HBAR resonator nodes not corresponding to the fundanental or to
the odd harnonics of the resonance of the transducer 5 alone when the
ratio Re of the first thickness over the second thickness is | ess than 5%
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lithiumtantal ate (Li Ta03); the nmaterial of the acoustic substrate is
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gal I'i um og t hophosphat A4 | ithiymtetraporat Li,.B407 | angasg t,e
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the counter-electrode is nmade up of gold or copper or indiun 20- the
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angl e 02 @AT4Mng asdipsthssaing nicbaRguUal to -32 degrees, and the pol arization
direction pmcorresponds to the slow shearing node of the quartz for 25a
val ue of 02 equdhe mgterigboiiibg trapsstucerig preferably included in the group of materials made

up of lithium niobate (LiNbQO3) and lithium tantalate (LiTaOs);
- the material of the acoustic substrate is included in the group of materials made up
15 of quartz, potassium niobate, gallium orthophosphate (GaPQOy), lithium tetraborate (LiB4O-),
langasite (La;GasSi014), langatate and langanite;
- the material of the acoustic substrate is quartz;
- the counter-electrode is a thermo-compressible metal;
- the counter-electrode is made up of gold or copper or indium;
20 - the geometric dimensions of the resonator are adapted for a resonance frequency of a
frequency band included in the frequency range from 50 MHz to 20 GHz;
- the material of the acoustic substrate is quartz,

the second cutting angle 62 of the substrate is equal to -32 degrees, and
the polarization direction P, corresponds to the slow shearing mode of the quartz for

25 a value of 62 equal to -32 degrees; and
- the material of the transducer of potassium niobate and the coefficient o is equal to
-3.107, -1,5. 107, -3, 75.10%, -1,875.10°%, respectively, for a respective ratio of the
thicknesses equal to 5%, 2%, 1%, 0.5%.

30 The invention also concerns a method for manufacturing a HBAR resonator

comprising the following steps:



the material of the transducer of potassium niobate and the coefficient a
is equal to -3.10-7, -1,5. 10-7, -3, 75410, -1,875.10-8, respectively, for
a respective ratio of the thicknesses equal to 5% 2% 1% 0.5% 4

provi ding a piezoelectric transducer nmade up of a layer of a first
thickness of a first material oriented along an angle 0O defined by the
nonmencl ature (YXw)/0 of the |EEE Std-176 (1949 revision) standard equal to

zero, cut along a.first .cutti angle 01 defined.by the nomencl at ur.e
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nonencl at ure (nge)eilo o({ the EEE Std-176 (1949 revision) standard, having a
pol ari zat§ E)ngcﬂnlg ct'r 8N fini corresponding to a first shearing node of

vibration, the peadmkiaa acousiieRabstake il Bg Lfilkerper with hee6aRf thickheRtofaf
the frequency of the first order CTFB1 15corresponding to the at |east one

shear i ng svecid materigh paviag rigworking érequensiicacoustic aeplisngpeffigient product at least

metalizin e e of the substrate fiyst face of trapsd
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substrate and the transducer nmetalized in the step, netalizing an el ectrode

on a secdidtheasemetclatiee {¥XhdHeEdhe IEREr Skk-Er6 1EH9i revisien) standard, having a
during the_assenbly step. the transducer is arranged in relation to the
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15 corresponding to the at least one shearing mode and depending on the second cutting angle
02,
metalizing one face of the substrate and a first face of the transducer using a thermo-
compressible metal, ’
assembling the transducer and the substrate,
20 adhering, by compression, the respective faces of the substrate and the transducer
metalized in the step,
metalizing an electrode on a second face of the transducer,
characterized in that
during the assembly step, the transducer is arranged in relation to the substrate such

25 that the relative arrangement of the transducer and the substrate is such that the polarization
direction P, of the shearing mode of the transducer and the polarization direction P,, of the
at least one shearing mode of the substrate corresponding to the second cutting angle 02 are
aligned, and

in that in the step for providing the substrate, the second cutting angle 62 of the
30 substrate is chosen such that the temperature coefficient of the frequency of the first

corresponding order CTFBI1 is a local extremum with an absolute value of less than 20



at | east one shearing node of the substrate corresponding to the second
cutting angle 02 are aligned, and 5 inthat in the step for

provi ding the substrate, the second cutting angle 02 of the 30substrate is
chosen such that the tenperature coefficient of the frequency of the first
correspondi ng order CTFB1 is a |l ocal extremumw th an absol ute val ue of

|l ess than 20 5 ppm 1Cl1 and the variation of CTFB1 from said value of 02 is

slight with gn a | ut e val Ss t.han, 2

ivent i orPoit-Bo Rdits vutn st Fafhd ARt sud el DTs S s Ehtiselite vl or
as defi ngdsahaveppm Kre/depgntion also relates to a high reject filter
conpri sing HBAR resonator-based cells as defined above. The

invention will TBee beettem asdelgeotd bpondyreasiciligtor rempokingwi HB AReswseigten on
of one enbo % ‘ﬂ EFOVIded solely as an exanple and done in reference to
the dr awi H§ENTHaLRY 10- figure 1 is a perspective view of a HBAR

resogator accorghgvb@idasd RIRE to%hlghfrbjgétrfﬁt& cbﬁlpﬁs{fngC“H“!§)(Rr1§§onator-based
cross-sectional view of the resonator figure 2 along line figure

3 is a viwlls ef de¢finediabdvest r at i on of the flrst cutti ng angl e 01 of the
crystal form ng he piezoelectric trans er 4 1is vi.ew of. t he
oot uti on of ¢ Bt BaEErRUEEE b aldaaioiaiion Tereine e Btk Gsditeryfot a
as a funcijeamifdihéift ﬁwdeag;omg he af %xarhﬂbsanhad@nh Yin Qéfefen¥s tRlHel d8wings, in
orientations generally being called "single rotation cuts, figure

Sis a viwhickf the evol ution of the coupling coefficients of these sane
g o e | AT SRR R HCHBAR, Loyl R E Sh Ri® ©
pol ari zation of. {jAge Mg artraWe@S cross-sectional view of the resonator of figure 2 along line
II-11,
- figure 3 is a view of the illustration of the first cutting angle 61 of the crystal
forming the piezoelectric transducer,

15 - figure 4 is a view of the evolution of the phase speed of the body waves of a
lithium niobate crystal as a fundion of the cutting angle 61, this family of crystalline
orientations generally being called “single rotation cuts,”

- figure 5 is a view of the evolution of the coupling coefficients of these same waves
for the lithium niobate as a function of the angle 01,

20 - figure 6 is a planar illustration related to the plate of the transducer of the
polarization of the shear waves,

- figure 7 is a view of the illustration of the second cutting angle 62 of the crystal
forming the acoustic substrate,
- figure 8 is a planar illustration related to the plate of the acoustic substrate of the

25 polarization of the shear waves of the acoustic substrate,

- figure 9 is a variation graph of the temperature coefficients of the frequency for
the shearing modes of the quartz as a function of the cutting angle 62.

- figure 10 is a graph of typical temperature stability performance in the bandpass of
the resonator of figure 1 according to the invention,

30 - figure 11 is a flowchart of an embodiment of the manufacturing method of the
resonator described in figure 2.

Figures 1 and 2 illustrate an embodiment of a high bulk acoustic resonator 2

according to the invention.



figure 7 is a view of the illustration of the second cutting angle 02 of
the crystal formng the acoustic substrate, figure 8 is a
planar illustration related to the plate of the acoustic substrate of the
25pol ari zation of the shear waves of the acoustic substrate, -
figure 9 is a variation graph of the tenperature coefficients of the
frequency for the shearing nodes of the quartz as a function of the cutting
angl e 02. figure 10 is. a graph of typical tenperature stability
performance in LA AOMYises, “?@%Wﬁﬁfﬁ%gﬁ?ﬂWFGdg@u&nﬁccording to the

I nvention, 30- f} Lethiied hh@VGAhindi fih §Mediceat of the

manuf act uri ng nefﬂ%gﬁg§’%heeresonator dggcribed In figﬂ?e 2. Fi gures
1 and 2 ill ustratepiervekobradiramsdticarf6 andiiegip bfilakfist oum¢riat, hers dithtuor nbate

according,._t e.invention,. The resopator .2 conprises a stack of
successi J@lﬁ'éégegl?lﬁﬁ‘m}ﬁqtagﬁé P%Wq@ﬁﬁ’@ra tgrlsbtg‘f‘%k&ﬁsé 'y nade of aluminumwith a
thi ckness el, &élﬁ%h@ﬁédrgt&-éléﬁ%ﬁgg,cﬁﬁd@o e i Ohhidknbly st material,
here lithium niobate (LiNbO3), in nonocrystalline formhaving a first

t hi ckness tt, 5- aanaeous8ddedsttaent®rmaleeapr ofle Segcamddenatdriajoheke wiarte, ain
t hi ckness e2, a

.aq&us iC'SUbSH%Qbﬁ' 0 made up of a second material, here
quartz, iRoMsRGLaling Brm; EOEGRT N Wé"eésgecond t hi ckness t 2. A
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W the length being clearly larger than the w W and e different |ayer

t hi cknesslesgtkbeingkleag® langdr thdh Zhe width W Tnd diendiffefent fayeutheekfiessesha, &) ecandodes
4, ?Oare shown with surfaces equal to those of the piezoelectric transducer
6. f. In practice, the electrodes 4, 8 have snaller surfaces than

those of the pigg @Eﬁﬁﬁ% THofrd AVRE cfoctr8d 4 RErbRRAGK SlifCHIRAES dubPR Bostisf ace
smal | er than or equal to that of the enbedded 15counter-el ectrode 8.

| n t he nethabpreoaedtngtramsidheat 6. ncl udi ng an enbedded | ayer serving as adhesi on
| ayer, e count et Slechtode, B nal yal Ly Al o Loty S agh. hen Lbgl, o
deposi ti ogydres; BAd féSipper electrode 4 has a surface smaller than or equal to that of the embedded

15 counter-electrode 8.

In the manufacturing method including an embedded layer serving as adhesion
layer, the counter-electrode 8 naturally has a larger surface than that of the upper electrode 4
manufactured by a lithography and metal layer deposition technique.

The surfaces of the electrodes 4, 8 are positioned facing each other, parallel to each

20 other, the respective zones facing the surfaces being maximal, with the edges as parallel as
possible. Ideally, the surfaces of the electrodes 4, 8 are perfectly superimposed.

Thus, the excitation of the waves is assumed to correspond to a so-called plane-
plane configuration of the resonator, for which the waves are excited by the very thin
electrodes 4, 8 deposited on the surfaces opposite the piezoelectric transducer 6, in the

25 direction illustrated by arrow 12 according to figure 2 of propagation of the shear waves in
the transducer 6.

The piezoelectric transducer 6 has an excited shearing mode according to a
polarization oriented along the length 1 of the resonator illustrated by the vector PA .

The acoustic substrate 10 has two shearing modes, a first so-called slow mode and a

30 second so-called fast mode.



The surfaces of the electrodes 4, 8 are positioned facing each other,
parallel to each 20other, the respective zones facing the surfaces being
maxi mal, with the edges as parallel as possible. Ideally, the surfaces of
the el ectrodes 4, 8 are perfectly superinposed. Thus, the excitation
of the waves is assunmed to correspond to a so-called pl ane-pl ane )
configuration of the resonator, for which the waves are excited by the very

thin el ectrodes._4, 8 osited on the surfaces, opposite the piezqelectric
{ransducer 6. Fid FECD B RCTFE RS duiat SircBlF P oG Sews it AGER &
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pi ezoel ectri nsducer 6 has an excited shearing nod ng to a
pol ari zatthantheso-enli@islal erages. he | ength 1 of the resonator illustrated by
t he vector 13,. The acoustic substrate 10 has two shearin

nmodes, a first kofigalel bdthsl pelengatienayestan 8P selc thedexitation |cetresmadingoigethe 7
The so-called fast shear waves and the so-call ed sl ow shear waves are_

def i hed abemmghogdealf thelteansdwer Onisslepred wenle s, polhezasion calctardrefagtcedaligs
havi ng a hi gher phase velocity than the so-called slow waves. In figure 1

t he pol arqopgsnosAngde therslen skearing aasde of thetdconsticspb¥Eondi ng to the S5shearing
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an extensguBgrdpd gme of the substrate 10. 10The counter-electrode 8 inserted

bet ween the transducer 6 and the substrate 10 is )
The counter-electrode 8 inserted between the transducer 6 and the substrate 10 is

also used for adhesion to the structure of the resonator 2.

The‘ layer of lithium niobate (LiNbO3) making up the transducer 6 is a plate cut out
along a first cutting angle 01 in a raw monocrystalline material forming a wafer.

The layer of quartz making up the acoustic substrate 10 is a plate cut out along a

15 .second cutting angle 62 in a raw monocrystalline quartz wafer.

According to figure 3, the lithium niobate plate 6 is cut out along a first cutting
angle 61 from the material of the wafer not illustrated but referenced by its crystallographic
axes X1, Y1, Z1, axis Z; being the longitudinal axis of the wafer and the crystallographic axes
X1, Y1 being predetermined during manufacture of the monocrystal.

20 ‘ The angle 61 here is defined in the IEEE Std-176 (1949 revision) standard as the
angle 01 of a single rotation cutting around the crystallographic axis X1, the cut being noted
(Y1 Xi1) / 01 in the IEEE standard, Xj; being the axis aligned on the straight lower edge with
thickness t; with length 11 according to the illustration of figure 3.
The reference frame related to the cut out plate 6 is shown by the three axes X'y,
25 Y’1, Z’1, the axis X’; being combined with the axis X;. The two axes Y’;, Z’;, are obtained
by rotating the axes X, Y1, respectively, around the axis X; by an angle of rotation 61.

Figure 4 shows the evolution of the phase velocity of the longitudinal and shear
waves for single rotation cuts around the crystallographic axis Xj; of the transducer 6.

Curve 14 shows the phase velocity of the shear waves spreading in the transducer 6

30 along the normal axis at the planes of the electrodes 4 and 8, as a function of the first cutting

angle 01 expressed in degrees.



al so used for adhesion to the structure of the resonator 2. The |ayer of

l'i thiumniobate (LiNo03) meking up the tgransducer 6 is a plate cut out
along a first cutting angle 01 in a raw nonocrystalline nmaterial formng a
waf er. The | ayer of quartz making up the acoustic substrate 10 is a plate
cut out along a 15second cutting angle 02 in a raw nonocrystalline quartz
waf er . According to figure 3, the lithiumniobate plate 6 is cut out
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Y1 bei ng predetermned during nanufacture of the nmonocrystal . 20The angl e
01 here imghtefli evgutedsed irhdegtdeEE St d- 176 (1949 revision) standard as the
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Figure 5 shows that curves 18 and 20 have an angular zone 22 in which the
longitudinal wave is practically not coupled by piezoelectricity and consequently not
electrically excited. The excitation of the shear wave is particularly effective, with an
15 electromechanical coupling shown by K*r between 50 and 60%.
The angular zone 22 is centered around the angle 61 equal to 163° and with an
amplitude equal to 10°.
The cutting angle 01 of the transducer described in figure 1 is chosen in zone 22 of
figure 6 equal to 163°.
20 For simple rotation cuts of lithium niobate, only the mode corresponding to the fast
shear wave has electromechanical coupling by piezoelectricity. Considering the planar
illustration provided in figure 6 of the plate of the transducer 6 along the planar axes X’;, Y’,
it is shown that the shearing mode excited by piezoelectricity has a scalar polarization along
the axis Z’; shown from the end in figure 6, i.e. normal to the plane (X’;, Y’; ), but whereof

25 the spatial dependence is described by a function of the spatial coordinates according to the
excitation plane. The polarization vector I3A is collinear to the axis Z’;.

According to figure 7, the quartz plate 10 is cut out according to a second cutting
angle 62 from the raw monocrystal of the wafer not illustrated but referenced by the
crystallographic axes of the quartz X, Y,, Z,, the axis Z, being the optical axis C revealed

30 during the growth of a crystal gem.
The angle 62 here is also that defined in the IEEE Std-176 (1949 revision) standard

as the angle 62 of a single rotation cut around the crystallographic axis X,, the cut being



The curve 16 represents the phase velocity of the |ongitudinal waves,
expressed in knl's, spreading in the tragsducer 6 along the axis of the
length 1 as a function of the first angle 01, expressed in degrees.

Figure 5 shows the coupling of the |ongitudinal and shear waves for sinple
rotation 5cuts around the crystallographic axis Xi of the transducer 6.
Curve 18 shows the evolution of the coupling coefficient K2r expressed as a
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osen. These polarizations must be taken into account during assembly of the materials of
the transducer and the acoustic substrate to allow coupling of the acoustic waves one wishes
20 to excite in the acoustic propagation substrate 10, here the quartz.
Here, this acoustic coupling effect is obtained by aligning the axis Z’; of the
transducer 6 on the axis X’, of the acoustic substrate 10, or equivalently by aligning the axis

X’ of the transducer 6 on the axis Z’; of the acoustic substrate 10, such that the polarization

P, is identical to those of shearing modes in the acoustic substrate 10 illustrated by P,

25 making it possible to offset the thermal drift of the phase velocity of the corresponding
waves.

Figure 9 illustrates the sensitivity of the shearing modes of the quartz to the static

thermal effects in the form of two temperature coefficients of the frequency of the first order

CTFB1 and CTFB2 for a plane-plane acoustic substrate 10 similar to that of figure 1

30 expressed in ppm.K™" (parts per million of the frequency per Kelvin), as a function of the

second cutting angle 02 expressed in degrees.



noted (Y2, X12) / 02 in the IEEE Std-176 standard, X12 being the axis
aligned on the straight [ower edge withyghickness t2 with Iength L2
according to the illustration of figure 4. The reference related to
the cut out quartz plate 10 is illustrated by the three axes X9, Y 2, Z 2,
the axis X 2 being conbined with the axis X2. The two axes Y' 2, Z'2 are 5
obtained by rotating the axes Y2, Z2, respectively, around the axis X2 by

the angle of rotation 02. : .Cansidering the planar illustration along
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t he correspondi ng waves. ) Figure 9 illustrates the sensitivity of the
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so-called s ear waves cou by piezoel ectricity as a on of the
sec20id cudbrupily iatigd wcidity of B2equapal -@didegieean corresponding to the vector
.13B1 oriented along the axis X 2 when the val ue of the second 5cutting
angl e 02 i s bet highas e songequsnce gt thesillugiration i diguee) 1 Aogwsponde toy g cyttpgy

when 02 is between -24 d, +90 degr.ees. . A.seeond curv 2 i.n dotted
i es i1 1l 02 Gees By 30 oot 208 10 EstosRglarighist By oaens [ct S FFeT e
frequency of .lb& first order CTFB2 for the so-called fast shear waves not
coupl ed by plezoélectricity as a function of the second cutting angle 02,

t hei r pol ari zat Inothe case where the cutting angle 02 is greater than -24 degrees, the polarization

25 vectors P, and P,, of figure 1 are swapped and the plate of the transducer, i.e. the
polarization vector PA of the excitation wave of the transducer, should be rotated 90 degrees,

so as to align the vector P, on the slow shear polarization vector P, , if one wishes to work

at a constant shearing mode.
The curve 30 shows the existence of an angular zone 34 in which the first
30 temperature coefficient of the frequency of the first order CTFB1 for the slow shear waves is

close to zero and approaches it slightly. The angular zone 34 is centered around -35 degrees



10corresponding to the vector /3112 oriented along the axis Z'2 when the
val ue of the second cutting angle 02 is Petmeen -90 and -24 degrees, and
oriented along the axis X 2 when 02 is %etmeen -24 and +90 degrees.

The so-called fast or fast npbde shear waves and the so-called slow or slow
node shear waves are defined as shear waves with orthogonal polarization
the so-called fast waves 15having a greater phase velocity than the

so-cal |l ed slow wave n the case of quart in the vicinity of the
cutting &gl @Se@a@aﬁ%‘ﬂep&ﬂ degrersdherehy BRHRSTERA Fid t?%gqra%%?fﬁq &fthe
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P52 of fifigure 1 arﬁ wapged and@‘j< ﬁ pl at.e. of the t fansducer, i.e
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pol ari zat| on-vector P111, if one wishes to work at a constant shearing

node. Thhedditiond d6ctsbawshatrdveerstics ienfoer efangiie a]nglspeutrak Gemardbni n
the first 30te erature c ficient of t efrequenc the firs

ordiB CTRISE$r O0h Geohaieeshadss &Téj d gssthgy wg%trfﬂozozler%om Ié?pfﬁs?)%?@ﬁ‘één‘?

slightl y'l&l&?ﬁ%%ﬂ%i" lh8onz R #¢ Jifici & &l &é&ﬂéﬂ%cheﬁr?caqi%gﬁ 0@‘&16%%0%8 an

anplitude o 2 degrees tHereby guaranteeing a rst terrp

coef f i ci emsonafcd iedd, rtqumnm]ermtlc tilvpedancs bf ﬂledesonédeéBﬂhevquahtyaaDeﬂimmt at the

val ue of less tha p The first cutting angle 01 of the
t r ansduc S BRLES té ﬁle?'galé%élgﬁofﬂwtrﬁ%’n%‘ﬁ’én‘%‘% and the second angle 02 of

the acoustic subgl gRbfall SpsARsitRakd if fRsBYW ddfine the total thickness of the stack of

15 layers of the HBAR resonator since the spectral separation corresponds to the frequency of
the fundamental mode of the assembly formed by the transducer and the acoustic substrate
including the embedded electrode.

The thicknesses of each layer of the HBAR resonator formed by different materials
are adjusted so as to obtain a mode at the desired resonance or tuning frequency.

20 The thickness of the piezoelectric transducer is also determined taking into account
the desired electromechanical coupling. The coupling is maximum when the selected mode is
close to the fundamental mode of the resonance in the piezoelectric transducer alone.

The ratio of the transducer/acoustic substrate thicknesses is adjusted as a function of
the desired thermal stability and the quality coefficient of the targeted resonance, knowing

25 that to reliably achieve the performance of the quality parameter at the resonance, it is
necessary to know well the viscoelastic constants of the materials used or other physical
coefficients with complex values representative of physical properties such as, for example,
the dielectric constants. The imaginary parts of these constants are often determined
heuristically or by adjusting parameters of predictive models.

30 ‘ The impedance at the resonance depends on the electromechanical coupling of the
selected mode and the value of the electrode surfaces facing it. For a given impedance, for
example 50 ohms, the weaker the electromagnetic coupling of the selected mode, the bigger

the facing surfaces of the electrodes.



5Thus, a HBAR resonator structure can be formed in which the geonetric

di rensi ons of the transducer are defi ne?zsuch that the resonator resonates
at a desired tuning frequency with additronal electrical characteristics
resulting fromoperating requirenments of an application. The additional

el ectrical characteristics are for exanple the spectral separation 10

bet ween two resonance nodes defined as the spectral zone around the
resonance node Jgackl n ther resonanceﬁe{[ t he

n
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uncertamty of the physical constants used to calculate the dimensions of the HBAR

25 resonator.

More precisely, the lowest attainable apf)roximate value of the temperature
coefficient of the frequency of the first order of the HBAR resonator must be corrected by an
additional corrective term that represents the contribution of the transduction zone and
depends on the order of the resonance mode and the ratio of the transducer/acoustic substrate

30 thicknesses. This corrective term is written cen with n the whole number designating the
order of the resonance mode and a coefficient « depending on the ratio of the thicknesses Re

equal to -3.107,-1,5. 107, -3, 75.10°%, -1,875.10°%, respectively, for a ratio of the thicknesses



The tenperature stability of the resonance nodes of the transducer 6 thus
slaved is that corresponding to the val yp¢ of the tenperature coefficient of
the frequency CTFB1 sel ected through the second cutting angle 02 and the
alignment of the polarization vectors 15/521, P correspondi ng respectively
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resonat or cancel s |tsel f gty for a tenperature Tiny equal to -50 C. In

practice, the tEﬁvaaTrat'u fwherent of the frequency of the first order
of the HBAR resonator wt ase of lithiumniobate on quartz is equal to
-2 ppmK-1 for an ddiantss Me ihRAR6H Rinetatie, 20about -50 C. The
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or nul a.

10,
CTF1 designates the temperature coefficient of the frequency of the first order of
the resonator,
CTF2 designates the temperature coefficient of the frequency of the second order of
30 the HBAR resonator.



CTF1 Tny where 'f 2* CTF2 designates the inversion tenperature, 25I.the
reference tenperature, here equal to +5¢4C according to figure 10,
CTF1 designates the tenperature coefficient of the frequency of the first

order of the resonator, CTF2 designates the tenperature
coefficient of the frequency of the second order of 30the HBAR resonator.
14 The value of the CTF2 of the HBAR resonator obtained is | ow

conpared to the.effects_.qf B%s n er uspal Ly .measured on quart

o one. Tor & cut TRogEn A CaF 2 RS AR et BH B o aiERe Ry bF g Piflo e
gener al | yefgcRademet 8ondl 6rdePRistallyZmeasured on quartz HiéheNIF Nkt ORBHdkAtEd by
tenperature of the HBAR resonator can be adgJ usted wi fhout 5difficulty in

t he t enpehemal effecinglthe figvhordsngenerallp zaw@ter than 16 Rbdtire 11 illustrates a

flowchart of a pethod. 100 faor nuf act ur j sonator 2 of fiqgure.
hcoording Lo ¢hor gk gperting ERBRARL bl PE A ERRRBAAF o8 B adihtel Fiheot
tran§ducezﬁff§uh?irpql@\(&gp@atﬁfgﬁaﬁ Pymasbayer-29fcca first thickness of a first
material oriented along an angle 0 defined by the nonmenclature 10 (YXw)/0

of the | EEE St dFigee (119ngratesd Bowehartstfzamdethod &0 &ir manufastwingrroresenata|2orfy a

first cutftii nglgg‘g)l[r@?g#}&lg%ne by the nonmenclature (YX1)/0 of the |EEE

Std-176 ( & 48P, such that the el ectroacoustic coupl ing of

the shear wavesii $ figt @pero2t b zé%ctﬁberahém_éﬂs@Fro@idw%ﬂﬁe@by SRR JF Wr €
coefficient of the frequency FA as a function of the first cutting angle

01. 15Thelingathégkngss of atfiret matenigh gnented ajongi anc hugled definadebyythapomenclature

nobhte (ConpasyR B PR CiosetTisiotholned Fond sl Ah bulored s He
Pref er abl guttiry 4101 abfiRaBgthel dohdablafir® Peke/d bf ROPERSM-176t D49 vasisd! at e

(Li Ta03) will be chosen due to an easier masterﬁ of the method for
manuf act uitandgrda spdnthab theyadecitoaggustic gouplmgi ¢fi the whearhwavien és greater than 5%, the

transducer 6 having a temperature coefficient of the frequency CTFA as a function of the first
cutting angle 01.

15 The material of the transducer 6 is included in the group of materials made up of
aluminum nitride (AIN), zinc oxide (ZnO), lithium niobate (LiNbOs), lithium tantalate
(LiTaO3) and potassium niobate.

Preferably, a material among lithium niobate (LiNbO3) and lithium tantalate
(LiTaOs3) will be chosen due to an easier mastery of the method for manufacturing a

20 monocrystal with a significant thickness.

Lithium niobate and tantalate can be manufactured by wafer with 4” diameter
according to thickness standards of 500 um and 350 pm.

In a second step 104, an acoustic substrate 10 is provided made up of a layer of a
second thickness of a second material having a working frequency acoustic quality

25 coefficient product at least equal to 5.10", oriented along an angle ¢ defined by the
nomenclature (YXw)/¢ of the IEEE Std-176 (1949 revision) standard equal to zero, cut along
a second cutting angle 02 defined by the nomenclature (YX1)/0 of the IEEE Std-176 (1949

revision) standard, having a polarization direction PBI corresponding to a first shearing mode

of vibration, the acoustic substrate 10 having a temperature coefficient of the frequency of
30 the first order CTFB1 corresponding to the at least one shearing mode and depending on the

second cutting angle 02.



Li t hi um ni obate and tantal ate can be manufactured by wafer with 4" di aneter
according to thickness standards of 500q{Rm and 350 Rm In a second
step 104, an acoustic substrate 10 is provided nade up of a |ayer of a
second thickness of a second material having a working frequency acoustic
quality 25 coefficient product at |east equal to 5.1012, oriented along an
angle O defined by the nonenclature (YXw)/4) of the |EEE Std-176 (1949

revi sion) standard e a se apgl e

ot | ned byt he. Hotteniaton pi 05 sount L ool SEL R iminel 68 O d5 Sufnye
st andar d, 1 ("R\thB&naubPHRF tieabhPeraflcd 864 OBntRFkhE REHRIEP Bflt}ﬁgzoh@s@nﬁinrgsﬁrst
sheari ng node of vibration, the acoustic substrate 10 having

t enper at LméerCGTEFBil G erlocabfextrhmufnr wil @n(f)bSQiilteSV}ﬂ‘hﬁEOf less tthemr?dbpprtrFFBﬂnd the

cutting aggons C1ER erouihis WEeRTSTi £ iR Gy LS eR b e B

secoRd cuhhh DGpAN! RlddAc0f the substrate 10 is chosen such that the
t enperature coeffl cient of the frequency of the corresponding first order
CTFBl i s a | ocalhematesialiof the taboustic abisstriatetie inchided inthd grewp Dﬁmntezelswﬂelupl

dth CTFEB1 th | t
o e Y o lsqRomons SERWED 5 STt e s o TE0; bl kil

of the acgufphésph h‘t@%Ga?@%'a?so' wﬁh%eqisohﬁqsms %@@@r@fpdm%ﬁm alchaferdRhivm Of
quartz and isonorphous substitutes for exanP e of the Ge02 and Te02 type,
an

gal | i um otetrhizsysitos (:IhBﬂ@ﬂg Gargsite a(lswGewSiGushnlangyater Jhngasite t andc theie different
pot §5| um ni bat e, lithiumtetraborate (LiB407), langasite (La3GasSi 014),
Iang t at eV ﬂ anlte and their different 10vari ations. Pref erably,

the material of pidi@aBI§OuRt mbtefiblDo iRt zﬁbohﬁuﬂ&tﬁfsﬁ&te%‘%luhﬁz idug th af¥BrickRblaBle
tenperature stability properties and its conplete know edge in the

cryst al | oigmaptature stebidity properties andaits eompeiic kgowtedge Mo contallpgephoficldhe

transducer 6 an face e acousti bstrate 10, ar e, net

according to a i eRelEE 5B, 08noREBHE ST IEHRRULH S FHePic T bl diFRugio
or cold cempifs0bire nieiiesl akccortii gt@@ﬂﬂé@e&omwe@rpmo@rto Q00 inAdibya thefingr der
to adhere the two faces and there forma counter-el ectrode. ol dis

a pafti cwmpryssgﬂ@dr eald epigressible mﬁﬁ@alt ﬁp@xmﬂp@cg@écbm@ppergirv@hum & prdgsta c
propertie chani bust nes ient to ensure an acoustic
connecti o%dh%re??[\hA/ee ﬁﬁgﬂ% ﬁ%ﬁl@ég %trﬁ ég‘gustl C substrate 10. 20In
assenbl 3(; step 1@81d ihe ﬁaﬁm&mycgcso&nﬁf&lat e aePuFlel 6f sdRSohAbEed Qtsaplastic
arrange
J properties and its mechanical robustness sufficient to ensure an acoustic connection between
the transducer 6 and the acoustic substrate 10.

20 In assembly step 108, the transducer 6 and the acoustic substrate 10 are arranged

such that the polarization direction P, of the shearing mode of the transducer 6 and the

polarization direction Pm of the at least one shearing mode of the substrate 10 corresponding
to the second cutting angle 02 are aligned.

In a following step 110, the adhesion is done by compression with or without

25 temperature elevation depending on the metal used.

In the case where gold is used, the heating phase is eliminated and a long-lasting
pressing is implemented to the benefit of the facing surface qualities and the ductility of the
metal material to ensure the adhesion.

Thus, several lithium niobate / quartz composite slices were able to be produced in

30 this way without flaws by simply keeping a temperature of 30° C during the 16 hours of
application of a pressure of 3000 Newtons.

Next in step 112, the slice of the resonator is burned in and polished.



such that the polarization direction :/31 of the shearing node of the
transducer 6 and the polarization directgon i3BL of the at | east one
shearing node of the substrate 10 corresponding to the second cutting angle
02 are aligned. In a followng step 110, the adhesion is done
by conpression with or w thout 25tenperature el evation depending on the
nmet al used. In the case where gold is used, the heating phase is

oL ot ed, 00 Sl AU ARRSRSEA R Ry I FREC e Al BEPEPRGheRl e

t he adhesdubgtrate. Thus, several I|th|un1n|obate / quartz conposite
slices were able to bhe produced in 30this way without flaws by sinp
keepi ng a t enpef B¢ Bicthogfis sasycodupigment.HB PREidHEN 03ViRg toap pidc e Al wlues of

Burned | rgnitont rony Bngb o iRk 32 phidtie’ B Bl ol FfiDehERE AR D
facesof theformanseducer 6 opposite the substrate. The nmethod is

easy to inplenent, in partlcular owng to a w de_ range of values of the
second cutti ng Migeaven zhereaepragors b iusing this Bpthad say eperaicampierimrayercies

stablllty i s nmethod
can opera e up 'ﬂﬁﬂéﬁﬁéﬁggﬁng tﬂ@ngié&&gﬁg%%@’gha?gkgggﬁgﬁ %Hand not
bul ky, of f eri ngSactha gésohaiéekcaroffor eXag@labe Gitegrated mtochtlbm@dymsosfoaMawr erin for
exanple be_integrated into a honodyne oscillator or in cells of a high

rej ect fisdlleefanmhyreieslifilics. ot her applications can be considered. 17
10 Of course, other applications can be considered.



CLAI M5 1. A resonator of the high bulk acoustic resonator type for
operating at a predeterm ned working freguency, conprising: 5a

pi ezoel ectric transducer (6) formed by a layer with a first thickness of a
first material oriented along an angle defined by the nonmenclature (YXw)/0
of the IEEE Std-176 (1949 revision) standard equal to zero, cut along a
first cutting angle 01 defined by the nonenclature (YX1)/0 of the | EEE
Std-176 (1949 revision) standard, suc g& t he el ectroacoustic coupling of
t he shear waves within that materi al is greater than 5% the

10t ransducer (6) having a tenperature coefficient of the frequency CTFA as
a function of the first cutting angle 01, an acoustic substrate (10)
formed by a seclonél rexgmatomiof htha Bigbobalkt héavkine sssahiton ypeofod oneramigaht a

havi ng a e ncy acoustic quality coefficient product at | east
equal gt o B¢ Cieé‘f‘ﬂfg W&#ﬁ"&%%u%@' ﬁﬂnﬁﬁﬂ’i’% o)lé defined by tﬁe nomencl at ure
(YXw§/0 of the ] gf%%oel&%@‘tr%ﬁ@u@éig@ foRKES 'b9na 1SeARER § RGURIckhEssZEf Q. fir§ut

al ong a second cutting angle 02 i ned by the nonenclature (YX1)/0 of the
| EEE St d-mhaeriglle#atedealong ampnge gndiefingd biyathe mgmanclhtwes (Y ¥wy opaf] the IZEE iStd

acoust i o e P88 FETRER S iateisital louerail HobedERY rufiun g 8 kEned B eey
of the figshenlafift CTEHD ©PrthesSHHEKi $ia-1t76 t1f9a9a§evh§&§t staR@r8Neadt NeatMage

and dependi ng on the sécond cutting 20angl e 02, a counter-el ectrode
(8) f or medledispacoustiy epupding iz shaatheavesgvithon ahat matstriaf slore tsf gredier tﬂlalaﬁ%d&mer

6 f f .th t bst d
o figea Ra el lOmvideg Srfai el bl Uy MenrnGTEASS §RBRIPRET FIS &1
face of t#gt &t@nssistes1, (6) and the substrate (10), 25characterized in that

the relative arrangenment of the transducer (6) and the substrate (10)
such that the dinraoustensubstrggel(&0) foamidbyRAsesdnd fayes Ne&rmg:owddmbnesswéa

t ransducer e .pol ari zati directio
hoar i ng T6te! B PEuBE o aeBiha dRalmiTeaistni AiRs PREEh: st el fory
angl e 02 @fu8l @l 3. 01€GrieARd along an angle ¢ defined by the nomenclature (YXw)/¢ of the IEEE
15 Std-176 (1949 revision) standard equal to zero, cut along a second cutting angle 62 defined
by the nomenclature (YX1)/0 of the IEEE Std-176 (1949 revision) standard, having at least

one polarization direction PBI corresponding to a first shearing mode of vibration, the

acoustic substrate (10) having a temperature coefficient of the frequency of the first order
CTFBI1 corresponding to the at least one shearing mode and depending on the second cutting
20 angle 02,
a counter-electrode (8) formed by a layer of metal adhering to a first face of the
transducer (6) and a face of the acoustic substrate (10), and
an electrode (4) arranged on a second face of the transducer (6) facing away from
the first face of the transducer (6) and the substrate (10),
25 characterized in that

the relative arrangement of the transducer (6) and the substrate (10) is such that the

direction of polarization f’A of the shearing mode of the transducer (6) and the polarization

direction 1331 of the at least one shearing mode of the substrate (10) corresponding to the
second cutting angle 62 are aligned, and
30 the second cutting angle 02 of the substrate (10) is such that the temperature

coefficient of the frequency of the corresponding first order CTFBI1 is a local extremum with



30t he second cutting angle 02 of the substrate (10) is such that the
tenperature coefficient of the frequencyqof the corresponding first order
CTFBl1 is a local extremumwi th 18 an absolute value of |ess than 20
ppm K. - and the variation of CIFBlL around that value of 02 is slight with
an absolute value of less than 2 ppmIC 1 /degree. 2. The HBAR type
resonat or according to claim1, characterized in that the 5 tenperature

coefficient ,of, the frequency of the first order E f the sonat or,. .S

subst ant i &) abﬁoleafu@#uetqﬂ?ﬁ%éh%e%{)p@ra&‘r wddpeviiation Q])T]‘F%tlrf’éo‘f“}“t‘gﬁte‘@g‘if A% he

first or . lo) responding to the
qg@l1%[%eino%sﬁ%aﬁtﬁ§&q@§s?ﬂatnh%§l@ /tde%‘eéé. p g

f undanent al odd harnopnics o sonan of the transducer al one
when the ratio Re of the first thickness over the second thickness is | ess

than 5% 10 3. Th BAR type resonatqr according to one qf. clai 1
and 2, char act er % o6 H Pty Rh SO o tording 16 Gid b ghadeiet ini LAt

the §r eq"t@ﬂx‘f)&ag%? .tc!&%fffciiérﬁtofo'ilfée?:rreg{(gé:njc%o&f ttli?tf{gﬁsgxfar@é WTES FOHHR! rebShatdiCis

tenperature co icient of the ehcy o t order CIFBl1 corrected
by an addiubstemtédllycaueletot the eerhgar aufeocoeBAet rof s Gt quenop dé shenbist ooler €9[Fd@1di ng

to 15 th ndamental or_ to the odd harnopi¢s of the resonapce of t

t r ansducefr TRARAOT HRdGsgof BOYFS‘éP%‘?J}%@ the a@ﬁ?@ﬁ%@% 06@@?@%&8§2§%d
thi cknessiebhah &St iHaafnsdicet BRonE WileRGthé Y&id RE rBfQﬁé Bigst Whickh&S 0?8 Welddcdhdt he
whol e nunber designating the harnonic order of the resonance node of the

r esonat orthahdesa islesothfd 5%i. ent dependi ng on the ratio of the thicknesses Re

w th decreasi ng absolute values as a function of Re. 20 4. The HBAR
typéoresonator according to one of clainms 1 to 3, characterized in that the

material of the ty aNsAHELR t ﬂeMaEﬂ%ﬁggdr&P}g?ﬁ oflE BF'Bais TBAES ] AhSiIRgEd HP Of

al uminum nitride (AN), zinc oxide ium ni obate (Li'NbO3), lithium
t ant al at ethgt th ¥0Be ribe potpesaingmonffeiat ef tiRSfrequency &f theHestHBAer €YPE of the

t di | aj 4, h i i that t t i al t.h
esonator Seeprd g o Slein s, Sherag el zed 1o hat Lhe rRLeLAL it
i thi um nipRais tyldnNRRIoraNEorkdctiDé Whnt RPTES AR §edonhtba AR des ﬁ%cor@&lﬁﬁ};@%ot ype

resonat or according to one of clains 1 to 5, characterized in that the
mat épi al thé fpienmzotlist tcthsudidthaamenics of thel rastmdnéenoft the tgnsdnsendlonaivben dies

e U oLSYRT Ly SOLSESLD B ohat . gl um ot pophesabate, (CHPOHL
| angani t epeingl Written cen with n the whole number designating the harmonic order of the resonance
mode of the resonator and o« a coefficient depending on the ratio of the thicknesses Re with
decreasing absolute values as a function of Re.
20
4. The HBAR type resonator according to one of claims 1 to 3, characterized in that
the material of the transducer is included in the group of materials made up of aluminum
nitride (AIN), zinc oxide (ZnO), lithium niobate (LiNbO3), lithium tantalate (LiTaOs) and
potassium niobate.
25
5. The HBAR type resonator according to claim 4, characterized in that the material
of the transducer is preferably included in the group of materials made up of lithium niobate
(LiNbO3) and lithium tantalate (LiTaOs).

30 6. The HBAR type resonator according to one of claims 1 to 5, characterized in that
the material of the acoustic substrate is included in the group of materials made up of quartz,
potassium niobate, gallium orthophosphate (GaPQOy), lithium tetraborate (LiB4O5), langasite
(La3GasSiOy4), langatate and langanite.



7. The HBAR type resonator according to claim®6, characterized in that the

mat erial of the acoustic substrate (10) l'bs quart z. 8. The HBAR
type resonator according to one of clains 1 to 7, characterized in that
5the counter-electrode is a thei no-conpressible netal. 9. The HBAR

type resonator according to one of clains 1 to 8, characterized in that the
counter-electrode is made of gold or copper or indium 1010. The HBAR type

resonator according to one of clains 1 to 9, characterized.in that the
geonetric di Bodix el PR IGSRRANAGPT M R A et teélZP@é%ﬂf&ﬁB@ PRigHEency
of afre YeoRahehag i id e frequency range from50 MHz to 20 GHz.
11. The ﬁ%ﬁ%tcfpgt résonat g@éc g%tgi ng to one of clains 1 to 10,
characterized in that 15the material of the acoustic substrate is quartz,

the second cutting angle 02 of the substrate (10) .is equal to -32 degrees,
and the pol ar i R ST AR s FesPnatprEICCRIgit O RIG RS Cﬁ%mts Hetos] shPerEErshig Wt
of the AU baurdileldbub@l i BbrdZesflRLsibR k], deorees. 2012 The HBAR type
resonat or according to claim1l an , Characterized in that the material
of the transducer of potassium niobate and the coefficient a is equal to
-3.10-7, -1,5. 10-7, -3, 75.10-8, -1,875.10-8, respectively, for a .
respective rat?-J%Sfﬂ%g PG ERARASACCRIIRE ool 11, 5, shimstenzakin that

met hod f o 28 4B ﬁdé%? ising the foll ow ng steps:
provi di ng ?102§éa %odlﬁrggoe ectri thcfglﬁé'sb@h%eorrql?dg? made up of a layer of a
first thickness of a first material oriented along an angle O defined by
the_nonenclature (Y of the |EEE Std-176 (1949 reyvisjon) standard, equal
to 38ro, cut alqooﬁée ﬁ%?wecrﬁm% agengtiagdq opept ALY 1 Y ABRERETGIn el
(X170 e diSmlcfricEaidiibi® drlid Sebtict 80)adab@AURE & rbfifhok Mlqubfiey 3P a

el ectroacoustic coupling of the shear waves W thin that material alone is
gr eat er tfhequesdy bandendludedsd tieefrequéhcyhaugafiom I0eviplerta0iGHzoef fi ci ent of the
frequency CTFA as a function of the first cutting angle 01, and 20
providing (104) an acoustic substrate formed by a first layer with a second
thi ckness of i 1SgROR AT felloniiBy hBrdind Y i cldiB0Y IO 7Y, AGAREC AURLI LY
coefficient product at |east equal to 5.71012, oriented along an angle O

def ilped by t hehaomenial of the ecuyixoyutBtratk it peartzEEE St d- 176 (1949 revi si on)
standard equal

Lot I d i 02 defined 5b h
nomencl at ure (@’%(%CIZ’S‘E E‘Fttlggt@néﬁﬁéggg %ﬁ%@{q@ﬁﬁskﬁ%@?%dgeﬂeﬁga&{dg? hav%/ntg S
i brati on, T haraBoauAlm el L e LoD A Gres O ae Aica b BRI B BT of
t he frequéncy epéaéﬁMefzi{%ﬁamtﬂf&%géBl corresponding to the at |east one

shearing node and depending on t second cutting angle 02,

20 12. The HBAR type resonator according to claim 11 and 3, characterized in that the
material of the transducer of potassium niobate and the coefficient «is equal to -3.107, -1,5.
10'7, -3, 75.10'8, -1,875.1078, respectively, for a respective ratio of the thicknesses equal to
5%, 2%, 1%, 0.5%.

25 13. A method for manufacturing a HBAR resonator comprising the following steps:
providing (102) a piezoelectric transducer (6) made up of a layer of a first thickness of
a first material oriented along an angle ¢ defined by the nomenclature (YXw)/¢ of the IEEE
Std-176 (1949 revision) standard equal to zero, cut along a first cutting angle 01 defined by
the nomenclature (YX1)/0 of the IEEE Std-176 (1949 revision) standard, such that the
30 electroacoustic coupling of the shear waves within that material alone is greater than 5%, the
transducer (6) having a temperature coefficient of the frequency CTFA as a function of the

first cutting angle 61, and



10netal i zing (106) one face of the substrate (10) and a first face of the
transducer (6) using a thernn-conpressi?be netal, assenbling (108) the
transducer (6) and the substrate (10), adhering, by conpression (110),
the respective faces of the substrate (10) and the transducer (6) netalized
in the step (106), 15netalizing (114) an electrode (4) on a second face of
the transducer (6), characterized in that during the assenbly step
(108), the transducer Séa is arranged in relation tq the substrate (10)
such that the rEPHEingd]ehaamganssissubitrainBrmed iy gdvdlayes)vidpisecprd Bigdessat e
(10) is t Lk ] j [ y! - [ de
o the t risisc o Rl B i £ QRIS B o uLGiRhL BRUITOcRRmHIAR AORRtF R0t
one sheardqugl ook Qforichied alungtanaingle(dl Mfimedbyehe andemdattie (YIew E¢ ob e IEEEL | ng

angle 02 are aligned,,and inthat in the step (104) for ﬁrovidin t he
subst r at e>tg1dP (1949ereyiseamm dtandardi cayaldagiee, ept alpng pecendsquitingeangle§?2 defiggdosen
suchgt hat f e G} f r?Q‘%?e : b reto:

cor rgs ponb i % ggﬁg@l%&#&gﬁlﬁgﬁa Ollfgt%:lg!rmg%t rS {edrlgmc \Xn t géé’¥sé o_%tl%[‘t?deafrd\liaﬁ%vén%fa _
l'ess than,2Qi486PMrddtioh #Ndc Hid o Q@irs@fshQFFn%]deié)Hf sdkdionatneeachstR2 1 s
slight with an absolute VAl ue of less than 2 ppm1(-1 /degr ee. 14. A
honmodyne $etidté @1 0)rha&QiEps itGhpgatard- BARI¢ieaasTathe rfrad@éndyest mecsdordegr OTFBNe of

clainms Ito 12. 30 15. A hi gh reject filter conprising HBAR .
r esonat orcopgspdig toghe gt gastione gheating mpdssamnd depending on the second cutting angle
02,
10 metalizing (106) one face of the substrate (10) and a first face of the transducer (6)

using a thermo-compressible metal,

assembling (108) the transducer (6) and the substrate (10),

adhering, by compression (110), the respective faces of the substrate (10) and the
transducer (6) metalized in the step (106),

15 metalizing (114) an electrode (4) on a second face of the transducer (6),
characterized in that
during the assembly step (108), the transducer (6) is arranged in relation to the

substrate (10) such that the relative arrangement of the transducer (6) and the substrate (10) is

such that the polarization direction 13A of the shearing mode of the transducer (6) and the

20 polarization direction Pm of the at least one shearing mode of the substrate (10)

corresponding to the second cutting angle 62 are aligned, and
in that in the step (104) for providing the substrate (10), the second cutting angle 62
of the substrate (10) is chosen such that the temperature coefficient of the frequency of the
first corresponding order CTFBI is a local extremum with an absolute value of less than 20
25 ppm.K! and the variation of CTFB1 from said value of 62 is slight with an absolute value of
less than 2 ppm. K™ /degree.

14. A homodyne oscillator comprising a HBAR resonator defined according to one of

claims 1 to 12.
30

15. A high reject filter comprising HBAR resonator-based cells as defined in claims 1
to 12.





