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Cross-coupling filter elements in resonant structures with 

bulk waves having multiple harmonic resonances 

 

The invention relates to an elementary filter of th e HBAR 

type (HBAR/harmonic bulk acoustic resonator) which is 5 

intended to form more complex filters and a corresp onding 

production method. 

 

The principle for constructing a filter involving c oupling, 

by means of a narrow intermediate zone, two identic al 10 

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 

produced an overlap of the evanescent waves of the fields 15 

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  

structure of the filter in a spectral zone which be comes 20 

increasingly large when the modes are coupled, that  is to 

say that the intermediate separation zone between t he two 

resonators is narrow. 

 

This principle has been developed for frequency fil ters 25 

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 

material, in order to bring about such coupling. 30 

 

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 

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 involving coupling, 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 sufficiently narrow for there to be 15 produced an overlap of the evanescent waves of the
fields emitted by the two resonators, thereby producing coupling conditions between 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 coupled, that is to say that the intermediate separation zone between the two resonators is
narrow. 25 This principle has been developed for frequency filters 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 monocrystalline material, typically quartz, Or piezoelectric ceramic 30 material, in order
to bring about such coupling. However, the movement towards higher frequencies appears to be complex
because of the increasing thinness of the plates in that perspective, resulting in fragile structures which  2 
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have a thickness of a few tens of µm to a few µm and which 

are consequently poorly suited to industrial produc tion 

techniques. 

 

This principle has also been implemented for thin f ilm 5 

filters of aluminium nitride (AlN), but the thickne sses of 

layers themselves constitute a serious problem in t hat they 

allow only to a very small degree the existence of lateral 

modes allowing effective coupling of the energy bet ween two 

resonators.  The document entitled “Simulation, con ception 10 

et réalisation de filtre à ondes de volume dans des  couches 

piézoélectriques” (Simulation, design and productio n of a 

bulk wave filter in piezoelectric layers”, thesis f or the 

Université de Franche-Comté, Besançon, France, 2005  by A. 

Reinhart), showed that it was practically impossibl e to 15 

envisage producing such filters, except by promotin g forced 

coupling which returns the interdigital transducers  used for 

the surface waves. 

 

The technical problem is to increase the intensity of the 20 

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, 

respectively, and an element for coupling by means of 30 

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, 

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
(A1N), 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 allowing 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 for the Universite de Franche-Comte, Besancon, France, 2005 by A. 15 Reinhart), showed
that it was practically impossible to envisage producing such filters, except by promoting 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 HEAR type 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 HEAR
type which is intended to operate at a predetermined operating frequency and which comprises a first
resonator and a second resonator of the HEAR type, 30 respectively, and an element for coupling by
means of overlapping of evanescent waves, the first resonator and the second resonator each comprising
a first and a second electrical excitation electrode, respectively, which are discrete and separated by a
channel,  3 a same reference electrode and a same monobloc piezoelectric transducer,   the coupling
element comprising an intermediate zone of the transducer that is arranged between the first resonator
and 5 the second resonator, the piezoelectric transducer being 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), and which is 10 cut in accordance with a first cutting angle 01
defined by nomenclature (YX1)/ G of the IEEE standard Std-176 (1949 revision), such that the
electroacoustic coupling of the waves in accordance with a longitudinal mode or a transverse mode within
the material alone is greater than 5% and 15 characterised in that 
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a same reference electrode and a same monobloc piez oelectric 

transducer, 

the coupling element comprising an intermediate zon e of the 

transducer that is arranged between the first reson ator and 

the second resonator,  5 

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 φ defined by nomenclature (YXw)/ φ 

of the IEEE standard Std-176 (1949 revision), and w hich is 

cut in accordance with a first cutting angle θ1 defined by 10 

nomenclature (YXl)/  θ 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 

characterised in that 15 

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  

transverse vibration mode through the reference ele ctrode. 20 

 

According to specific embodiments, the elementary f ilter of 

the HBAR type comprises one or more of the followin g 

features: 

-  the acoustic substrate is constituted by a layer  of a 25 

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 12, and which is orientated in 

accordance with an angle φ defined by nomenclature (YXw)/ φ 

of the IEEE standard Std-176 (1949 revision) as bei ng equal 30 

to zero, cut in accordance with a second cutting an gle θ2 

defined by nomenclature (YXl)/ θ of the IEEE standard Std-176 

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

direction  1BP
r

 corresponding to a vibration mode and 

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 comprises 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 accordance with an angle T defined by nomenclature (YXw)/T 30 of the IEEE standard
Std-176 (1949 revision) as being equal to zero, cut in accordance with a second cutting angle G2 defined
by nomenclature (YX1)/G of the IEEE standard Std-176 (1949 revision) and which has at least one
polarisation direction FM corresponding to a vibration mode and  4 the relative arrangement of the
transducer and the substrate is such that the polarisation direction of the vibration mode of the transducer
and the polarisation direction of the at least one vibration mode of the substrate corresponding 
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the relative arrangement of the transducer and the substrate 

is such that the polarisation direction of the vibr ation 

mode of the transducer and the polarisation directi on of the 

at least one vibration mode of the substrate corres ponding 

to the second cutting angle θ 2 are aligned; 5 

- the ratio of the thickness of the acoustic substr ate to 

the thickness of the transducer is greater than or equal to 

one; 

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

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

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

standard Std-176 (1949 revision) is different from zero; 

- the same vibration mode of the waves is longitudi nal;  

- the same vibration mode of the waves is transvers e; 

- the material of the transducer is included in the  group of 15 

materials constituted by aluminium nitride (AlN), z inc oxide 

(ZnO), lithium niobate (LiNb0 3), lithium tantalate (LiTa0 3) 

and potassium niobate; 

- the material of the transducer is preferably incl uded in 

the group of materials constituted by lithium nioba te 20 

(LiNb0 3) and lithium tantalate (LiTa0 3); 

- the material of the acoustic substrate is include d in the 

group of materials constituted by quartz, potassium  niobate, 

gallium orthophosphate (GaP0 4), lithium tetraborate (LiB 407), 

langasite (La 3Ga5SO14), langatate and langanite; 25 

- the material of the acoustic substrate is quartz;  

- the common reference electrode is constituted by a 

thermocompressible metal; 

- the common reference electrode is constituted by gold or 

copper or indium; and 30 

- the common reference electrode is extended latera lly by 

way of two connection elements which extend round t he 

transducer and which each have an end at the same l evel as 

the electrical excitation electrodes. 

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 (1949 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 (Zn0), lithium niobate (LiNb03), lithium tantalate (LiTa03) and potassium niobate;    the material
of the transducer is preferably included in 20 the group of materials constituted by lithium niobate
(LiNb03) and lithium tantalate (LiTa03);  the material of the acoustic substrate is included in the group of
materials constituted by quartz, potassium niobate, gallium orthophosphate (GaPO4), lithium tetraborate
(Li3407), 25 langasite (La3Ga5S014), langatate and langanite;  the material of the acoustic substrate is
quartz;  the common reference electrode is constituted by a thermocompressible metal;      the common
reference electrode is constituted by gold or 30 copper or indium; and  the common reference electrode is
extended laterally by way of two connection elements which extend round the transducer and which each
have an end at the same level as the electrical excitation electrodes.  5 
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The invention also relates to a production method f or an 

elementary filter of the HBAR type comprising the s teps of: 

 

providing a piezoelectric transducer which is const ituted by 5 

a layer of a first thickness of a first material wh ich is 

orientated in accordance with an angle φ defined by 

nomenclature (YXw)/ φ 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 ang le θ1 10 

defined by nomenclature (YXl)/ θ 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%,  15 

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 

accordance with an angle φ defined by nomenclature (YXw)/ φ 20 

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 θ2 defined by nomenclature (YXl)/ θ of the IEEE 

standard Std-176 (1949 revision) and which has at l east one 

polarisation direction corresponding to a vibration  mode 25 

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 

arranging them in relation to each other so that th e 30 

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 θ2 are aligned, 

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 equal to 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 constituted by a layer of a second thickness of a second material which has a coefficient product
of the operating frequency acoustic quality which is at least 5.1012, and which is orientated in 20
accordance with an angle T 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 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 face of the transducer with a thermocompressible
metal, assembling the transducer and the acoustic substrate and 30 arranging them in relation to each
other so that the polarisation direction of the vibration mode of the transducer and the polarisation
direction of the at least one vibration mode of the substrate corresponding to the second cutting angle 02
are aligned,  6 bonding by compression the faces of the substrate and the transducer which are
metal-coated in the step, characterised in that it comprises a step of metal-coating a first and a second
electrical excitation 5 electrode which are separate from each other on a second face of the transducer so
as to form two HEAR resonators which are separated from each other by an intermediate coupling zone
of the assembly formed by the transducer, the common reference electrode and the acoustic substrate.
10 
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bonding by compression the faces of the substrate a nd the 

transducer which are metal-coated in the step,  

characterised in that it comprises a step of  

metal-coating a first and a second electrical excit ation 

electrode which are separate from each other on a s econd 5 

face of the transducer so as to form two HBAR reson ators 

which are separated from each other by an intermedi ate 

coupling zone of the assembly formed by the transdu cer, the 

common reference electrode and the acoustic substra te. 

 10 

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 

excitation electrode comprises a step for metal-coa ting an 15 

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 

each other. 20 

 

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: 

- Figure 1 is a perspective view of a first embodim ent of an 25 

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 II-II, 

- Figure 3 is a representation of the first cutting  angle θ1 30 

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 θ1, that group of 

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 of example and with reference to the drawings, in which: 25 - Figure 1 is a perspective view
of a first embodiment of an elementary filter of the HEAR type according to the invention,  Figure 2 is a
cross-section through the elementary filter of Figure 1 in accordance with line II-II, 30 - Figure 3 is a
representation of the first cutting angle el of the crystal forming the piezoelectric transducer,  Figure 4 is a
view of the development of the phase speed of the bulk waves of a crystal of lithium niobate in
accordance with the cutting angle el, that group of  7 crystalline orientations generally being referred to as
"cuts with a single rotation",    Figure 5 is a view of the development of the coupling coefficients of those
same waves for lithium niobate in 5 accordance with the angle el,  Figure 6 is a planar representation,
linked to the plate of the transducer, of the polarisation of the waves corresponding to the first
embodiment,      Figure 7 is a representation of the second cutting angle 10 02 of the crystal forming the
acoustic substrate,  Figure 8 is a planar representation, linked to the plate of the acoustic substrate, of the
polarisation of the waves corresponding to the first embodiment, 
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crystalline orientations generally being referred t o as 

“cuts with a single rotation”, 

- Figure 5 is a view of the development of the coup ling 

coefficients of those same waves for lithium niobat e in 

accordance with the angle θ1, 5 

- Figure 6 is a planar representation, linked to th e plate 

of the transducer, of the polarisation of the waves  

corresponding to the first embodiment,  

- Figure 7 is a representation of the second cuttin g angle 

θ2 of the crystal forming the acoustic substrate, 10 

- 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 

the filter according to the first embodiment, 15 

- 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 

invention corresponding to coupling of transverse w aves, 20 

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

corresponding to the second embodiment,  25 

- 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 

of the filter according to the second embodiment in  the 30 

region of 1.24 GHz,  

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

Figure 15, 

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-section of the elementary filter of Figure 11
according to line XII-XII,     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, linked to the plate of the acoustic substrate, of the polarisation of the waves
corresponding to the second embodiment,     Figure 15 is a graph of the broad band transfer function 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 graph of Figure 15,  8  Figure 17 is a flow chart of a method for carrying out production of
the elementary filter described in Figures 1, 2, 11 and 12. 5 Figures 1 and 2 illustrate a first embodiment
of an elementary filter 2 of the HEAR type according to the invention.     The elementary filter 2 comprises
a stack of successive 10 layers comprising:  a first upper electrode 4 and a second upper electrode 6 for
electrical excitation, which are arranged side by side and which are composed of aluminium having a
thickness el,  a monobloc piezoelectric transducer 8 which is constituted 15 by a first material, in this
instance lithium niobate (LiNb03), of monocrystalline form and having a first thickness tl, 
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- Figure 17 is a flow chart of a method for carryin g out 

production of the elementary filter described in Fi gures 1, 

2, 11 and 12. 

 

Figures 1 and 2 illustrate a first embodiment of an  5 

elementary filter 2 of the HBAR type according to t he 

invention. 

 

The elementary filter 2 comprises a stack of succes sive 

layers comprising: 10 

- 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 ess e 1,  

- a monobloc piezoelectric transducer 8 which is co nstituted 

by a first material, in this instance lithium nioba te 15 

(LiNb0 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 

instance is of parallelepipedal form, composed of g old, 20 

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 ( LiNb0 3), 

of monocrystalline form and having a second thickne ss t 2. 

 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 l  and a width W1, W2, W, W, W, the length l  being 

substantially greater than any one of the widths W1 , W2, W 

and the various layer thicknesses e 1, t 1, e 2 and t 2. 

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 a 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 In Figure 1, all the layers 4, 6, 8, 10, 12 have the same length 1 and a width Wl, W2, W,
W, W, the length 1 being substantially greater than any one of the widths Wl, W2, W and the various layer
thicknesses el, tl, e2 and t2.  9 In order to simplify Figure 1, the counter-electrode 10 is illustrated so as to
have a surface-area 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 second electrodes 4, 6 are separated, in the direction of the width W1 and W2 thereof,
respectively, 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 relation to the thickness t1 of the transducer 8. The surfaces
of the first upper electrode 4 and the second upper electrode 6, respectively, are arranged facing and 
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In order to simplify Figure 1, the counter-electrod e 10 is 

illustrated so as to have a surface-area equal to t hat of 

the piezoelectric transducer 6. 

 5 

The whole of the first electrode and second electro de 4, 6 

has a surface-area less than that of the embedded c ounter-

electrode 10. 

 

The first and second electrodes 4, 6 are separated,  in the 10 

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. 

 

The width WC of the channel 18 is also small in rel ation to 15 

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 

parallel with the counter-electrode 10, the facing zones of 20 

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 

correspond to a configuration of a first resonator 20 and a 25 

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 

of the piezoelectric transducer 8, in the direction  30 

indicated by the arrow 24 in Figure 2, for propagat ing the 

waves in the transducer 8. 

 

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 waves 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 same section which are located perpendicularly below, including the corresponding layer of
acoustic substrate 12 in this instance. S The second resonator 22 comprises the second electrode 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
resonators 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 transducer 8 located in the intermediate zone 26 immediately below the 20 channel 18 and
the portions of the same section 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 coupling zone between the two resonators 20, 22 through the coupling element 28 is
increased by the addition of the acoustic substrate 12. 
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The first resonator 20 comprises the first electrod e 4 and 

the zones of the layers 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 

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

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 

channel 18 and the portions of the same section of the other 20 

layers located in the intermediate zone 26 perpendi cularly 

below the channel 18, including the corresponding l ayer of 

acoustic substrate 12.   

 

In this manner, the extent of the coupling zone bet ween the 25 

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 

longitudinal vibration mode which is excited in acc ordance 30 

with polarisation directed along the thicknesses e 1, t 1, e 2 

and t 2 of the two resonators 16, 18, represented by the 

vector AlongP
r

. 

 

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 substrate12in thisinstance has a _ longitudinal
vibration mode In Figure 1, the polarisation vector PA,ng 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 as a bond for the structure of the filter comprising the two resonators 20, 22. The layer of
lithium niobate (LiNbOA constituting the 
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The acoustic substrate 12 in this instance has a 

longitudinal vibration mode  BlongP
r

. 

 

In Figure 1, the polarisation vector AlongP
r

 of the excitation 

corresponding to the longitudinal mode of the trans ducer 8 5 

is aligned with the longitudinal polarisation vecto r denoted  

BlongP
r

 of the acoustic substrate 12. 

 

The counter-electrode 10 interposed between the tra nsducer 8 

and the substrate 12 further acts as a bond for the  10 

structure of the filter comprising the two resonato rs 20, 

22. 

 

The layer of lithium niobate (LiNb0 3) constituting the 

transducer 8 is a plate which is cut in accordance with a 15 

first cutting angle θ1 from a coarse monocrystalline 

material forming a wafer. 

 

The layer of lithium niobate which constitutes the acoustic 

substrate 12 is a plate which is cut in accordance with a 20 

second cutting angle θ2 from a wafer of the coarse 

monocrystalline material. 

 

In this instance, the first connection element 14 i s a 

continuation of the counter-electrode 10 which exte nds at 25 

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 

lower edge 34 of the transducer 8 and which is pres sed 30 

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 

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 first 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 first portion 32 which extends round a first 30 lower edge 34 of the transducer 8 and which is
pressed against the side 36 of the transducer 8 located at the side of the electrode 4, a second portion 38
extending round a first upper edge 40 of the transducer 8 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. 
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partially against an exposed surface 42 of the tran sducer 8, 

opposite the substrate 12 and recessed from the ele ctrode 4.  

The first connection element 14 thus has an end whi ch is 

located at the same level as the first upper electr ode 4. 

 5 

In this instance, the second connection element 16 is a 

continuation of the counter-electrode 10 which exte nds 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 

counter-electrode 10 and having the same thickness,  10 

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 

second upper edge 54 of the transducer 8 and which is 15 

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 

electrode 6 and the second connection element 16, t he 25 

connection elements 14 and 16 being at the same pot ential. 

 

It may also be considered to be a second electric q uadripole 

having, as the inputs 6, 16 and outputs 4, 14, the function 

of inverse transfer with respect to that of the fir st 30 

quadripole. 

 

According to Figure 3, the plate of the transducer 8 is cut 

in accordance with a first cutting angle θ1 from the 

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 transducer 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 which is recessed from the electrode 6. The second connection element 16 thus has an end
located at the same level as the second upper electrode 6. 20 The elementary filter 2 is capable of being
inserted into an electric circuit as a first electric quadripole, of which two inputs are formed by the
electrode 4 and the first connection element 14 and two outputs are formed by the 25 electrode 6 and the
second connection element 16, the connection elements 14 and 16 being at the same 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 inverse transfer with respect to that of the first quadripole.  13 material of the wafer which is
not illustrated but is indicated by its crystallographic axes X1, Y1, Zl, the axis Zl being the longitudinal axis
of the wafer and the crystallographic axes X1, Y1 being predetermined when the 5 monocrystal is
produced. The angle el is in this instance the one defined in the IEEE 
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material of the wafer which is not illustrated but is 

indicated by its crystallographic axes X 1, Y 1, Z 1, the axis Z 1 

being the longitudinal axis of the wafer and the 

crystallographic axes X 1, Y 1 being predetermined when the 

monocrystal is produced. 5 

 

The angle θ1 is in this instance the one defined in the IEEE 

standard Std-176 (1949 revision) as being the angle  θ1 of a 

cut with a single rotation about the crystallograph ic axis 

X1, the cut being designated (Y 1 X l1 )/ θ1 in the IEEE 10 

standard, X l1  being the axis which is aligned with the lower 

straight edge having thickness t 1 and length l1 in accordance 

with the illustration of Figure 3.  

 

The reference connected with the cut plate 8 is ill ustrated 15 

by the three axes X’ 1, Y’ 1, Z’ 1, 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 θ1 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 l1  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 

angle θ1 expressed in degrees. 30 

 

The line 64 represents the phase speed of the longi tudinal 

waves, expressed in km/s, which propagate in the tr ansducer 

standard Std-176 (1949 revision) as being the angle el of a cut with a single rotation about the
crystallographic axis 10 Xl, 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 Xl. The two axes Y'1, 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 speed of the longitudinal waves and transverse waves for cuts with a single rotation about the
crystallographic axis Xil of the transducer 8 when it is constituted by lithium niobate. 25 The line 62
represents the phase speed of the transverse waves which propagate in the transducer 8 in accordance
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 el expressed in degrees.  14 8 in accordance with the axis having the length 1 in
accordance with the first angle el, expressed 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 represents the development of
the coupling 
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8 in accordance with the axis having the length l i n 

accordance with the first angle θ1, expressed in degrees. 

 

Figure 5 represents the coupling of the longitudina l and 

transverse waves for the cuts with a single rotatio n about 5 

the crystallographic axis X 1 of the transducer 8 when it is 

constituted by lithium niobate. 

 

The line 66 represents the development of the coupl ing 

coefficient K 2
T expressed as a percentage of electrical 10 

energy converted into acoustic energy for transvers e waves 

in accordance with the first cutting angle θ1 expressed in 

degrees. 

 

The line 68 represents the development of the coupl ing 15 

coefficient K 2
T expressed as a percentage of electrical 

energy converted into acoustic energy for longitudi nal waves 

in accordance with the first cutting angle θ1 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 

wave is particularly effective, with electromechani cal 25 

coupling represented by K 2
T of between 20 and 30%. 

 

The angular zone 70 is centred about the angle θ1 which is 

36° and has an extent of 10°. 

 30 

The cutting angle θ1 of the transducer described in Figure 1 

is selected from the zone 70 of Figure 5 centred ab out 36°. 

 

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 longitudinal waves 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 excited. The excitation of the longitudinal 25 wave is particularly effective, with
electromechanical coupling represented by K21 of between 20 and 30%. The angular 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 vibration mode excited by piezoelectricity has a scalar polarisation 5 in accordance with
the axis Y'l which is illustrated in the vertical in Figure 8, that is to say, normal relative to the plane (X1,
Z'1), but the spatial dependency of which is described by a function of the spatial co-ordinates in
accordance with the excitation plane. The polarisation M vector P9/o is colinear with the axis According to
Figure 7, the acoustic substrate plate 12 is 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 quartz X2, Y2, Z2, the axis Z2 being the optical axis C which appears during the growth of a
crystal gem. 
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When the planar representation provided in Figure 6  of the 

plate of the transducer 8 in accordance with the pl anar axes 

X’ 1, Y’ 1 is considered, it is apparent that the vibration 

mode excited by piezoelectricity has a scalar polar isation 

in accordance with the axis Y’ 1 which is illustrated in the 5 

vertical in Figure 8, that is to say, normal relati ve to the 

plane (X 1, Z’ 1), but the spatial dependency of which is 

described by a function of the spatial co-ordinates  in 

accordance with the excitation plane.  The polarisa tion 

vector AlongP
r

 is colinear with the axis Y’ 1. 10 

 

According to Figure 7, the acoustic substrate plate  12 is 

cut in accordance with a second cutting angle θ2 from the 

coarse monocrystal of the wafer which is not illust rated but 

which is indicated by the crystallographic axes of the 15 

quartz X 2, Y 2, Z 2, the axis Z 2 being the optical axis C which 

appears during the growth of a crystal gem. 

 

The angle θ2 is also in this instance the one defined in the 

IEEE standard Std-176 (1949 revision) as being the angle θ2 20 

of a cut with a single rotation about the crystallo graphic 

axis X 2, the cut being designated (Y 2, X l2 )/ θ2 in the IEEE 

standard Std-176, X l2  being the axis which is aligned with 

the lower straight edge of thickness t 2 and length l 2 in 

accordance with the illustration of Figure 3. 25 

 

The reference connected with the cut acoustic subst rate 

plate 12 is represented by the three axes X’ 2, Y’ 2, Z’ 2, the 

axis X’ 2 being in alignment with the axis X 2.  The two axes 

Y’ 2, Z’ 2 are obtained by the axes Y 2, Z 2 being rotated through 30 

the angle θ2 about the axis X 2, respectively. 

 

When the planar representation in accordance with t he axes 

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

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 accordance 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 rotated through the angle 02 about the axis X2f respectively.  16 12 is considered, being
similar to the planar illustration provided for the transducer 8 in Figure 6, it is possible to describe the
polarisation of the longitudinal vibration mode which it is desirable to exploit in the acoustic substrate 5 12
which has cuts for which the coefficient product of the operating frequency acoustic quality is at least
5.1012. The longitudinal vibration mode of the acoustic substrate 12, which is constituted by lithium
niobate, also has scalar 10 polarisation and is established in accordance with the axis Y'2 and depends
on the local co-ordinates which are linked to the plate in accordance with the excitation plane. For the
transducer plates 8 composed of lithium niobate with a single rotation designated (YX1/0) in accordance
with 15 standard notation IEEE, 1949 revision (IEEE standard on piezoelectricity Std 176-1949, Proc. of
the IRE, volume 37, pages 1378-1395, 1949), the longitudinal waves selected only become coupled if the
alignments of the crystallographic axes of the transducer 8 and the acoustic substrate 12 are 20 selected
advantageously. It is necessary to take those 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 substrate 
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12 is considered, being similar to the planar illus tration 

provided for the transducer 8 in Figure 6, it is po ssible to 

describe the polarisation of the longitudinal vibra tion mode 

which it is desirable to exploit in the acoustic su bstrate 

12 which has cuts for which the coefficient product  of the 5 

operating frequency acoustic quality is at least 5. 1012. 

 

The longitudinal vibration mode of the acoustic sub strate 

12, which is constituted by lithium niobate, also h as scalar 

polarisation and is established in accordance with the axis 10 

Y’ 2 and depends on the local co-ordinates which are li nked to 

the plate in accordance with the excitation plane.  For the 

transducer plates 8 composed of lithium niobate wit h a 

single rotation designated (YXl/ θ) in accordance with 

standard notation IEEE, 1949 revision (IEEE standar d on 15 

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 

selected advantageously.  It is necessary to take t hose 20 

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 

12, in this instance lithium niobate. 25 

 

In this instance, the acoustic coupling effect is a chieved 

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

Z’ 2 of the acoustic substrate 12 in such a manner that  the 

polarisation AlongP
r

 is identical to those of transverse modes 30 

in the acoustic substrate 12 represented by BlongP
r

. 

 

The response of the filter 2 constructed in accorda nce with 

the first embodiment described in Figure 1 has been  

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 terms of 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 mode, which is in this instance 100MHz, of the transducer, that is to say, in the region of
500MHz. A plurality of filtering functions 102 forming a comb. 104 are visible and 10 are separated from
each other by approximately 10MHz. The out-of-band rejection for an elementary filter 2 which is also
referred to as a filtering cell is 25dB in this instance. 15 The insertion losses of the elementary filter
measured are 10dB in this instance but may be reduced, taking into consideration that the tested filter is
not matched with impedance at 50Q. 20 Figure 10 illustrates, in the form of a modulus line as a solid line
and a phase line as a broken line, an increase in the filtering transfer function 102 which is centred at the
frequency of 501.1MHz and which is illustrated in Figure 9. 25 The increase very clearly shows two
separate poles which form the spectral response of the filter, which proves that the filter operates by
coupling vibration modes, a symmetrical mode in which the acoustic vibrations are in phase in the two
resonators 20, 22 and an anti-symmetrical 30 mode in which the acoustic vibrations are in
phase-opposition in the two resonators 20, 22.  18 Figures 11 and 12 illustrate a second embodiment of
an elementary filter 202 of the HEAR type according to the invention. 5 The external geometric structure
of the filter is identical to that of the filter of the first embodiment. Elements which are identical in Figures
1, 2 and 10, 11 have the same reference numerals. 
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characterised by measurements in terms of transfer function 

for different bands of frequencies corresponding to  the 

spectral zones of strong coupling of the longitudin al mode. 

 

Figure 9 illustrates typical broad band spectral re sponse in 5 

the region of the harmonics of order 5 of the funda mental 

mode, which is in this instance 100MHz, of the tran sducer, 

that is to say, in the region of 500MHz.  A plurali ty of 

filtering functions 102 forming a comb 104 are visi ble and 

are separated from each other by approximately 10MH z.  The 10 

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. 

 

The insertion losses of the elementary filter measu red are 15 

10dB in this instance but may be reduced, taking in to 

consideration that the tested filter is not matched  with 

impedance at 50 Ω. 

 

Figure 10 illustrates, in the form of a modulus lin e as a 20 

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. 

 

The increase very clearly shows two separate poles which 25 

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 

mode in which the acoustic vibrations are in phase-30 

opposition in the two resonators 20, 22. 

 

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 (LiNb03) in monocrystalline form. The monobloc acoustic substrate
212 is constituted by quartz in monocrystalline form. 20 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 electrodes 6, 10, 25 respectively, which are deposited on the facing surfaces of the piezoelectric
transducer 208 in the direction indicated by the arrow 24 in accordance with Figure 11 for propagation of
the waves in the transducer 208. 30 The first resonator 220 comprises the first electrode 4 and the zones
of the layers of the same section which are located perpendicularly below, including in this instance the
corresponding layer of acoustic substrate 212.  19 The second resonator 222 comprises the second
electrode 6, and the zones of the same section of the layers located perpendicularly below, including in
this instance the corresponding layer of acoustic substrate 212. S In 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 2 separating the two resonators 220, 222 and forming a coupling element 228 M between
the two resonators. The coupling element 228 comprises the transducer portion 208 that is located in the
intermediate zone 226 immediately below the channel 18 and the portions of the same section of 15 the
other layers located in the intermediate zone 226 perpendicularly below the channel 18, including the
corresponding layer of acoustic substrate 12. 
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Figures 11 and 12 illustrate a second embodiment of  an 

elementary filter 202 of the HBAR type according to  the 

invention. 

 

The external geometric structure of the filter is i dentical 5 

to that of the filter of the first embodiment.  Ele ments 

which are identical in Figures 1, 2 and 10, 11 have  the same 

reference numerals. 

 

Only the transducer 208 and the acoustic substrate 212 of 10 

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 consti tuted 

from lithium niobate (LiNb0 3) in monocrystalline form. 15 

 

The monobloc acoustic substrate 212 is constituted by quartz 

in monocrystalline form. 

 

In this instance, the excitation of the waves is al so 20 

supposed to correspond to a configuration of a firs t 

resonator 220 and a second resonator 222, respectiv ely, 

referred to as plane/plane, for which the waves are  excited 

by the very thin electrodes 4, 10 and the electrode s 6, 10, 

respectively, which are deposited on the facing sur faces of 25 

the piezoelectric transducer 208 in the direction i ndicated 

by the arrow 24 in accordance with Figure 11 for pr opagation 

of the waves in the transducer 208. 

 

The first resonator 220 comprises the first electro de 4 and 30 

the zones of the layers of the same section which a re 

located perpendicularly below, including in this in stance 

the corresponding layer of acoustic substrate 212. 

 

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 represented 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 waves. In Figure 11, the polarisation vector F!" of the excitation 5 corresponding to the
transverse mode of the transducer 208 is aligned with a polarisation vector which is designated &is,
corresponding to the slow transverse mode of the acoustic substrate. M A polarisation vector
corresponding to the 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-electrode 10 interposed between the transducer 208 and the substrate 212 further serves to bond
the structure of the resonator 2. The layer of lithium niobate (LiNb03) which constitutes the 20 transducer
208 is a plate which is cut in accordance with a first cutting angle el from a coarse monocrystalline
material forming a wafer. The cutting angle el is defined in the same reference as that described in Figure
3. 
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The second resonator 222 comprises the second elect rode 6, 

and the zones of the same section of the layers loc ated 

perpendicularly below, including in this instance t he 

corresponding layer of acoustic substrate 212. 

 5 

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 

between the two resonators. 10 

 

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 

the other layers located in the intermediate zone 2 26 15 

perpendicularly below the channel 18, including the  

corresponding layer of acoustic substrate 12. 

 

In this manner, the extent of the coupling zone bet ween the 

two resonators 220, 222 through the coupling elemen t 228 is 20 

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 

in accordance with the length l of the resonator re presented 25 

by the vector AcisP
r

. 

 

The acoustic substrate 212 has two transverse modes , a first 

referred to as being slow and a second referred to as being 

rapid. 30 

 

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

transverse waves are defined as being transverse wa ves of 

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 niobate, 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
electromechanical coupling represented by K21 of between 50 5and 60%. The angular zone 272 is
centred about the angle el which is 163 and has a magnitude of 10. M The cutting angle el of the
transducer 208 described in Figure 10 is selected in the zone 272 of Figure 5 so as to be 163. For the
cuts of lithium niobate with a single rotation, only 15 the mode corresponding to the rapid transverse wave
has electromechanical coupling by means of piezoelectricity. When the planar representation provided in
Figure 13 of the plate of the transducer 208 is considered in accordance with 



 20 

orthogonal polarisation, the so-called rapid waves having a 

phase speed greater than the so-called slow waves. 

 

In Figure 11, the polarisation vector AcisP
r

 of the excitation 

corresponding to the transverse mode of the transdu cer 208 5 

is aligned with a polarisation vector which is desi gnated 

1BcisP
r

 corresponding to the slow transverse mode of the 

acoustic substrate. 

 

A polarisation vector corresponding to the excitati on of the 10 

rapid transverse mode is represented in Figure 1 by  cisBP 2

r
 

which is orthogonal relative to cisBP 1

r
 and which is contained 

in an extension plane of the substrate 212. 

 

The counter-electrode 10 interposed between the tra nsducer 15 

208 and the substrate 212 further serves to bond th e 

structure of the resonator 2. 

 

The layer of lithium niobate (LiNb0 3) which constitutes the 

transducer 208 is a plate which is cut in accordanc e with a 20 

first cutting angle θ1 from a coarse monocrystalline 

material forming a wafer.  The cutting angle θ1 is defined 

in the same reference as that described in Figure 3 . 

 

The layer of quartz which constitutes the acoustic substrate 25 

212 is a plate which is cut in accordance with a se cond 

cutting angle θ2 from a coarse monocrystalline quartz wafer.  

The cutting angle θ2 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 

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 plane.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 in Figure 13, it is possible to describe the polarisation of the transverse mode which it is
desirable to exploit in quartz, for example, which has cuts for which the sensitivities in terms of
temperature of  



 21 

wave is practically not coupled by piezoelectricity  and 

consequently is not electrically excited.  The exci tation of 

the transverse wave is particularly effective, with  

electromechanical coupling represented by K 2
T of between 50 

and 60%. 5 

 

The angular zone 272 is centred about the angle θ1 which is 

163º and has a magnitude of 10º. 

 

The cutting angle θ1 of the transducer 208 described in 10 

Figure 10 is selected in the zone 272 of Figure 5 s o as to 

be 163º. 

 

For the cuts of lithium niobate with a single rotat ion, only 

the mode corresponding to the rapid transverse wave  has 15 

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 

mode excited by piezoelectricity has scalar polaris ation in 20 

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 

excitation plane.  The polarisation vector AcisP
r

 is colinear 25 

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 

considered, being similar to the planar representat ion 30 

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 

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 alignments of the crystallographic axes of the transducer 208 and the acoustic substrate 212
are selected advantageously. It is necessary to take those polarisations 15 into consideration when
assembling the materials of the transducer 208 and the acoustic substrate 212 in order to allow coupling
of the acoustic waves which it is desirable to excite in the acoustic substrate 212 for propagation, in this
instance quartz. 20 In this instance, that acoustic coupling effect is achieved by aligning the axis Z'i of the
transducer 208 with the 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 the thermal shift of the phase speed of the corresponding waves. 30 In the case of
quartz, in the region of the cutting angle ey 
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the first order are close to zero without changing sign.  

The shearing of the quartz is also scalar but is pr oduced in 

accordance with the axis X’ 2 and is dependent on the local 

co-ordinates connected with the plate in accordance  with the 

excitation plane.  For the plates of lithium niobat e or 5 

lithium tantalate with a single rotation designated  (YXl/ θ) 

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 

waves selected therefore have orthogonal polarisati ons 10 

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 

into consideration when assembling the materials of  the 15 

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’ 2 of the acoustic substrate 212, or in an equivalent  manner 

by aligning the axis X’ 1 of the transducer 208 with the axis 

Z’ 2 of the acoustic substrate 212 so that the polarisa tion 25 

AcisP
r

 is identical to those of shearing modes in the acou stic 

substrate 212 represented by cisBP 1

r
 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 θ2 

of -24º, the two transverse modes, slow and rapid, change 

their polarisation.  The modes remain orthogonal bu t the 

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," corresponding 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 wave of the transducer, so as to align the vector /6" with the polarisation vector .41cis 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 
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rapid shearing mode replaces the slow shearing mode  for the 

cuts of angle θ2 of between -24 and -90º. 

 

This results in the illustration of Figure 11 corre sponding 

to a cutting angle θ2 of less than -24º and the polarisation 5 

of the vector cisBP 1

r
 corresponding to slow shearing of axis X 2. 

 

If the cutting angle θ2 is greater than -24º, the 

polarisation vectors   cisBP 1

r
 and cisBP 2

r
  of Figure 11 are 

permutated and it is advantageous to rotate the pla te of the 10 

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

vector AcisP
r

 of the excitation wave of the transducer, so as 

to align the vector AcisP
r

 with the polarisation vector cisBP 1

r
 for 

slow shearing if it is desirable to operate with a constant 

shearing mode. 15 

 

In practice, when it is desirable to stabilise the transfer 

function of the filter 202 in terms of temperature,  the 

cutting angle θ2 is selected within an angular zone, in 

which the first temperature coefficient of the freq uency of 20 

the first order for the slow shearing waves is clos e to zero 

and gradually approaches zero.  That angular zone i s centred 

about +35º and has a range of 22º, thereby ensuring  a first 

temperature coefficient of the frequency of the fir st order 

CTFB1 which is less than 20ppm.K -1  in terms of absolute 25 

value. 

 

In this manner, the first cutting angle, the angle θ1, of 

the transducer 208 of Figure 11 is selected in the zone 272 

of Figure 5 and the second angle θ2 of the acoustic 30 

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

 

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 this manner, 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 spectral response in the region of the harmonic of order 5 of the fundamental mode of the
transducer, that is to say, in the region of 1.24GHz. A plurality 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 filter measured are 10dB but may be reduced taking into consideration that the filter tested
is not matched with impedance at 50Q. 15 Figure 16 illustrates, in the form of a 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 1.2337GHz 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 that the filter operates by coupling
vibration modes, a symmetrical mode in which the acoustic vibrations are in phase in the 25 two
resonators 220, 222 and an anti-symmetrical mode in which the acoustic vibrations are in phase
opposition in the two resonators 220, 222.     Figure 17 is a flow chart of a production method 300 for a 30
resonator 202 described in Figure 11. 
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Figure 15 illustrates the typical broadband spectra l 

response in the region of the harmonic of order 5 o f the 

fundamental mode of the transducer, that is to say,  in the 

region of 1.24GHz.  A plurality of filtering functi ons which 

form a comb are visible and are separated from each  other by 5 

approximately 3MHz.  The out-of-band rejection for an 

elementary filter which is also referred to as a fi ltering 

cell is 16dB. 

 

In this instance, the insertion losses of the eleme ntary 10 

filter measured are 10dB but may be reduced taking into 

consideration that the filter tested is not matched  with 

impedance at 50 Ω. 

 

Figure 16 illustrates, in the form of a modulus lin e as a 15 

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 

two resonators 220, 222 and an anti-symmetrical mod e in 25 

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 

resonator 202 described in Figure 11. 30 

 

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 n 

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 nomenclature (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 oxide (Zn0), lithium niobate (LiNb03), lithium tantalate (LiTa03) and potassium niobate.
Preferably, a material from lithium niobate (LiNb03) and lithium tantalate (LiTa03) will be selected
because it is 15 easier to control the production process of a monocrystal of significant thickness.
Lithium niobate and lithium tantalate can be produced as a wafer having a diameter of 4" in accordance
with the 20 standards having a thickness of 500pm and 350pm. In a second step 304, there is provided
an acoustic substrate 212 which is constituted by a layer of a second 
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accordance with an angle φ defined by nomenclature (YXw)/ φ 

of the IEEE standard Std-176 (1949 revision) as bei ng zero, 

and which is cut in accordance with a first cutting  angle θ1 

defined by nomenclature (YXl)/ θ of the IEEE standard Std-176 

(1949 revision) so that the electroacoustic couplin g of the 5 

transverse waves is greater than 5%. 

 

The material of the transducer 208 is selected from  the 

group of materials constituted by aluminium nitride  (AlN), 

zinc oxide (ZnO), lithium niobate (LiNb0 3), lithium tantalate 10 

(LiTa0 3) and potassium niobate. 

 

Preferably, a material from lithium niobate (LiNb0 3) and 

lithium tantalate (LiTa0 3) will be selected because it is 

easier to control the production process of a monoc rystal of 15 

significant thickness. 

 

Lithium niobate and lithium tantalate can be produc ed as a 

wafer having a diameter of 4“ in accordance with th e 

standards having a thickness of 500 µm and 350 µm. 20 

 

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 

of operating frequency acoustic quality which is at  least 25 

5.10 12, and which is orientated in accordance with an ang le φ 

defined by nomenclature (YXw)/ φ of the IEEE standard Std-176 

(1949 revision) as being zero, and which is cut in 

accordance with a second cutting angle θ2 defined by 

nomenclature (YXl)/ θ of the IEEE standard Std-176 (1949 30 

revision), and which has at least one polarisation direction 

1BP
r

 corresponding to a vibration mode. 

 

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 nomenclature (YX1 )/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 substitutes, for example, Ge02 and Te02, gallium orthophosphate (GaPO4) which is also of
isomorphic structure, 5 potassium niobate, lithium tetraborate (Li3407), langasite (La3Ga5Si014),
langatate, langanite and the various variants thereof. The material of the acoustic substrate is preferably
quartz M because it has remarkable properties of stability in 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-coated over a thickness of between 100 and 200nm by a
thermocompressible or cold-compressible metal, for example, gold, copper or indium, in order to bond the
two faces and thereby to form a counter-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 total thickness of the layer forming the counter-electrode. 25 Gold is a material which is
particularly advantageous for this type of bonding, taking into consideration its plastic properties and its
mechanical robustness which is sufficient to ensure an acoustic connection between the transducer 208
and the acoustic substrate 212. 30 In the assembly step 308, the transducer 208 and the 
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The material of the acoustic substrate is included in the 

group of materials constituted by quartz and typica l 

isomorphic substitutes, for example, Ge0 2 and Te0 2, gallium 

orthophosphate (GaP0 4) which is also of isomorphic structure, 

potassium niobate, lithium tetraborate (LiB 407), langasite 5 

(La 3Ga5Si0 14), langatate, langanite and the various variants 

thereof. 

 

The material of the acoustic substrate is preferabl y quartz 

because it has remarkable properties of stability i n terms 10 

of temperature and is known very well in the field of 

crystallography. 

 

In a following step 306, one face of the transducer  208 and 

one face of the acoustic substrate 212 are metal-co ated over 15 

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 

conventionally, an engagement layer typically of ch romium or 20 

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. 

 

Gold is a material which is particularly advantageo us for 25 

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 AP
r

 of the shearing mode of the 

transducer 208 and the polarisation direction 1BP
r

 of the at 

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 metal used. 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
qualities of the facing surfaces and the ductility of the metal material in order to ensure bonding. Thus,a
plurality ofcompositepanelsoflithium niobate/quartz were able to be produced in this manner without any
faults, with it being necessary to maintain a temperature of 30C for the sixteen hours of application of a
pressure of 3000 Newton for wafers which are three inches in diameter. 20 In a step 312, the panel of the
resonator is subsequently ground and polished. In a step 314, a first electrical excitation electrode 4 and
25 a second electrical excitation electrode 6 which are separate from each other are subsequently
metal-coated on one face of the transducer 208 opposite the substrate 212 so as to form two HEAR
resonators 220, 222 which are separated from each other by an intermediate zone 226 for coupling the
30 assembly formed by the transducer 208, the common reference electrode 10 and the acoustic
substrate 212.  
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least one shearing mode of the substrate 212 corres ponding 

to the second cutting angle θ2 are aligned. 

 

In a following step 310, the bonding is carried out  by 

compression with or without an increase in temperat ure in 5 

accordance with the metal used. 

 

When gold is used, the heating phase is dispensed w ith and a 

pressing operation lasting for a long time is carri ed out, 

taking advantage of the qualities of the facing sur faces and 10 

the ductility of the metal material in order to ens ure 

bonding. 

 

Thus, a plurality of composite panels of lithium 

niobate/quartz were able to be produced in this man ner 15 

without any faults, with it being necessary to main tain a 

temperature of 30ºC 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 

a second electrical excitation electrode 6 which ar e 25 

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 

assembly formed by the transducer 208, the common r eference 30 

electrode 10 and the acoustic substrate 212. 

 

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 obtained 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 filter. Naturally, other applications may be envisaged. 20 In a variant, the steps 302, 304
and 308 are replaced by similar steps, in which the cutting angles 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) is constituted by a layer of a first thickness of a first material 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 different from zero, and which is cut in accordance with the first cutting angle el defined
by nomenclature (YX1 )/e of the IEEE standard Std-176 (1949 revision), so that the electroacoustic
coupling of the waves 
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The two separate electrodes 4 and 6 can be metal-co ated 

separately or can be obtained by engraving a primar y metal-

coated electrode beforehand. 

 

The method is simple to carry out, particularly owi ng to a 5 

wide range of values of the second cutting angle θ2 which 

allows good effectiveness to be obtained in terms o f 

temperature stability. 

 

The resonators obtained using this method can furth er 10 

operate up to frequencies of 20GHz.  The resonators  are 

light and take up little space, providing a high le vel of 

integration. 

 

Such a resonator may, for example, be integrated in  a 15 

homodyne oscillator or in cells for a high-rejectio n filter. 

 

Naturally, other applications may be envisaged. 

 

In a variant, the steps 302, 304 and 308 are replac ed by 20 

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 

is selected. 25 

 

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 φ 

defined by nomenclature (YXw)/ φ of the IEEE standard Std-176 30 

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

cut in accordance with the first cutting angle θ1 defined by 

nomenclature (YXl)/ θ of the IEEE standard Std-176 (1949 

revision), so that the electroacoustic coupling of the waves 

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 other possible 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 type and an element (28, 228) for coupling by means of overlapping of evanescent waves,
the first resonator (20, 220) and the second resonator (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 monobloc
piezoelectric transducer (8, 208), the coupling element (28, 228) comprising an intermediate 15 zone (26,
226) of the transducer (8, 208) that is arranged between the first resonator and the second resonator (20,
22; 220, 222), 
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in accordance with a longitudinal mode or a transve rse mode 

within the material alone is greater than 5%. 

 

In that cutting variant referred to as involving do uble 

rotation, the excitation level of a mode of the tra nsducer 5 

is privileged in relation to the other two possible  modes, 

in the sense that the ratio of the amplitude betwee n the 

privileged mode and the other possible modes is gre ater than 

or equal to 10. 

 10 

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 (1949 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 the coupling element (28, 228) comprise the same monobloc acoustic substrate (12, 212)
which is arranged facing and coupled to the piezoelectric 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 thickness of a second material which has a product coefficient of the operating frequency acoustic
5 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 equal to zero, cut in
accordance with a second cutting angle 02 defined by nomenclature (YX1 )/e of the IEEE standard
Std-176 10(1949 revision) and which has at least one polarisation direction FM 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 polarisation 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 the
second cutting angle 02 are aligned.  3. Elementary filter according to claim 2, characterised 
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CLAIMS 

 

1. Elementary filter of the HBAR type which is inte nded to 

operate at a predetermined operating frequency and which 

comprises a first resonator (20, 220) and a second resonator 5 

(22, 222) of the HBAR type and an element (28, 228)  for 

coupling by means of overlapping of evanescent wave s,  

the first resonator (20, 220) and the second resona tor (22, 

222) each comprising a first electrical excitation electrode 

(4) and a second electrical excitation electrode (6 ), 10 

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 

zone (26, 226) of the transducer (8, 208) that is a rranged 15 

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 

orientated in accordance with an angle φ defined by 20 

nomenclature (YXw)/ φ of the IEEE standard Std-176 (1949 

revision), and which is cut in accordance with a fi rst 

cutting angle θ1 defined by nomenclature (YXl)/ θ of the IEEE 

standard Std-176 (1949 revision), such that the 

electroacoustic coupling of the waves in accordance  with a 25 

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, 

222) and the coupling element (28, 228) comprise th e same 30 

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) . 

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 nomenclature (YXw)/T of the IEEE standard Std-176 (1949 revision) is
equal to zero.  5. Elementary filter according to any one 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 filter according 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 in that the material of the transducer (8, 208) is included in
the group of materials constituted by aluminium nitride (A1N), zinc oxide (Zn0), lithium niobate (LiNb03),
lithium tantalate (LiTa03) and potassium niobate.  9. Elementary filter according to claim 8, characterised
in that the material of the transducer (8, 208) is preferably included in the group of materials constituted
by lithium niobate (LiNb03) and lithium tantalate (LiTa03). 20 10. Elementary filter according to any one of
claims 1 to 9, characterised in that the material of the acoustic substrate (12, 212) is included in the group
of materials constituted by quartz, potassium niobate, gallium 



 31 

2. Elementary filter according to claim 1, characte rised 

in that the acoustic substrate (12, 212) is constit uted by a 

layer of a second thickness of a second material wh ich has  

a product coefficient of the operating frequency ac oustic 

quality which is at least 5.10 12, and which is orientated in 5 

accordance with an angle φ defined by nomenclature (YXw)/ φ 

of the IEEE standard Std-176 (1949 revision) as bei ng equal 

to zero, cut in accordance with a second cutting an gle θ2 

defined by nomenclature (YXl)/ θ of the IEEE standard Std-176 

(1949 revision) and which has at least one polarisa tion 10 

direction 1BP
r

 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) 

and the polarisation direction of the at least one vibration 15 

mode of the substrate (12, 212) corresponding to th e second 

cutting angle θ2 are aligned. 

 

3. Elementary filter according to claim 2, characte rised 

in that the ratio of the thickness of the acoustic substrate 20 

(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  1 to 

3, characterised in that the angle φ defined by nomenclature 25 

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

equal to zero. 

 

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

3, characterised in that the angle φ defined by nomenclature 30 

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

different from zero. 

 

orthophosphate(GaPO4),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 thermocompressible 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 in that the common reference electrode (10) is extended laterally by way of two connection
elements (14 and 16) which extend round the transducer (8, 208) and which each have an end at the
same level as the electrical 10excitation electrodes (4) and (6).  15. Production method for an elementary
filter comprising the steps of: providing a piezoelectric transducer (8, 208) which is 15 constituted by a
layer of a first thickness of a first 
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6. Elementary filter according to any one of claims  1 to 

5, characterised in that the same vibration mode of  the 

waves is longitudinal. 

 

7. Elementary filter according to any one of claims  1 to 5 

5, characterised in that the same vibration mode of  the 

waves is transverse. 

 

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

7, characterised in that the material of the transd ucer (8, 10 

208) is included in the group of materials constitu ted by 

aluminium nitride (AlN), zinc oxide (ZnO), lithium niobate 

(LiNb0 3), lithium tantalate (LiTa0 3) and potassium niobate. 

 

9. Elementary filter according to claim 8, characte rised 15 

in that the material of the transducer (8, 208) is 

preferably included in the group of materials const ituted by 

lithium niobate (LiNb0 3) and lithium tantalate (LiTa0 3). 

 

10. Elementary filter according to any one of claim s 1 to 20 

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 (GaP0 4), lithium tetraborate (LiB 407), 

langasite (La 3Ga5SO14), langatate and langanite. 25 

 

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 s 1 to 

11, characterised in that the common reference elec trode 

(10) is constituted by a thermocompressible metal. 

 

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 nomenclature (YX1 )/e of the IEEE standard Std-176 (1949
revision) such that the electroacoustic coupling of  the waves 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 product of the operating frequency acoustic quality which is at least equal to 5.1012, 
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13. Elementary filter according to any one of claim s 1 to 

12, characterised in that the common reference elec trode 

(10) is constituted by gold or copper or indium. 

 

14. Elementary filter according to any one of claim s 1 to 5 

13, characterised in that the common 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 

excitation electrodes (4) and (6). 10 

 

15. Production method for an elementary filter comp rising 

the steps of: 

providing a piezoelectric transducer (8, 208) which  is 

constituted by a layer of a first thickness of a fi rst 15 

material which is orientated in accordance with an angle φ 

defined by nomenclature (YXw)/ φ 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 θ1 

defined by nomenclature (YXl)/ θ of the IEEE standard Std-176 20 

(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%,  

providing an acoustic substrate (12, 212) which is 25 

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 12, 

and which is orientated in accordance with an angle  φ 

defined by nomenclature (YXw)/ φ of the IEEE standard Std-176 30 

(1949 revision) as being equal to zero and which is  cut in 

accordance with a second cutting angle θ2 defined by 

nomenclature (YXl)/ θ of the IEEE standard Std-176 (1949 

revision) and which has at least one polarisation d irection 

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 corresponding 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 in relation to each other so that the polarisation direction of the vibration mode of the
transducer (8, 208) and the polarisation direction of the at least one vibration mode of the 10 substrate
(12, 212) corresponding to the second cutting angle 02 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 electrode (4) and a second electrical
excitation electrode (6) which are separate from each other on a second face of the transducer (8, 208)
so as to form two HEAR resonators (20, 220; 22, 
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corresponding to a vibration mode from the longitud 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, 

assembling the transducer (8, 208) and the acoustic  5 

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  

substrate (12, 212) corresponding to the second cut ting 10 

angle θ2 are aligned,  

bonding by compression the faces of the substrate ( 12, 212) 

and the transducer (8, 208) which are metal-coated in the 

step,  

characterised in that it comprises a step of  15 

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 ; 22, 

222) which are separated from each other by an inte rmediate 20 

coupling zone (26, 226) of the assembly formed by t he 

transducer (8, 208), the common reference electrode  (10) and 

the acoustic substrate (12, 212). 

 

16. Production method for an elementary filter acco rding to 25 

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 

on the second face of the transducer, followed by a  step of 30 

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 r. 

 

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 electrode 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 and the second electrode which are separated from each other. 


