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energy is scattered in the substrate (to substantially increase this interaction
20 would require electrodes of a fineness that cannot be achieved in practice).
Furthermore, if the coefficient of reflection of a single electrode is very high,
then substantial energy is dispersed in the form of bulk waves and therefore
lost for the entire resonator.
To increase the efficiency of the arrays and therefore the
25 performance characteristics of the resonators, it is particularly advantageous
to use an acoustic energy guide, namely to use a fine layer of piezoelectric
material in which the acoustic wave can be confined.
Surface acoustic wave transducers are increasingly making use of
internal reflections to carry out one-directional acoustic transmission.
30 Therefore, this type of transducer benefits in the same way from an increase
in reflection efficiency. Furthermore, if the acoustic energy is guided in a thin
layer of piezoelectric material, the piezoelectric coupling coefficient is more
efficient.
This is why the invention proposes a device using surface
35 acoustic waves, guided in a thin layer of piezoelectric material bonded to a



-carrier substrate so as to provide for the confinenment of the acoustic
waves in the piezoelectric material. Mre specifically, an object ofz 5tm 2003
Jdnvention is a surface acoustic wave device conprising means to create
surface acoustic waves and a thin s |ayer of piezoelectric material in

whi ch the acoustic waves are gui ded, characterized in that the device
conprises a carrier substrate and a Ia&er of nol ecul ar bonder by which the
thin |l ayer of piezoelectric material is bonded to the carrier substrate.
The carrier material nmay be of the glass, sapphire, silicon or io gallium
arseni de type. The piezoelectric material may be of the quartz, lithium
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i nvention c%%%?'i sing a transducer between two reflector arrays; Figures
2a-2e20| | ustrat e thehstdgpesiibnaia @yet ht madedhdarsbofderapufaiirstifaceugkd t o

obtain the ;ﬁ&%éétﬂcwgrigleédb%ﬁ'afg, the to invention;

- the joining of a carrier substrate and of the unit formed by the
layer of molecular bonder and the piezoelectric material substrate under a
wet atmosphere so as to carry out a hydrophilic bonding operation,

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

Advantageously, the method may comprise the following steps:

- the implantation of ions in the substrate of the piezoelectric

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

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

35 the thin layer of piezoelectric material;



.Figure 3 illustrates an alternative enbodi rent of the invention in which
the surface acoustic wave device conprises an additional netal |ayers fAPR 003
Jthe confinenment of the waves; Figures 4a-4c illustrate configurations o?
transducers without is conductive |ayer (4a) and with conductive |ayer (4b
and 4c); Figures 5a to 5c illustrate surface acoustic wave devi ces
according to the invention conprising hol | owed carrier substrate; Figure
6 illustrates a node of control of a one-directional 20 transducer
according to the invention; Figures 7a-7c illustrates an exenplary filter
using a surface acoustic wave device according to the invention) wth
surface el ectrodes -dhe palisténg ef ket thidayer ofpigaeelschic materdsth i1l ustrate
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with the speed of the Dulk acoustic waves becom ng greater in the carrier
subst2&te than in thdranggeeeoAcoordingde e inventielerial, this |ayer of
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¢ Figures 8a and 8b illustrate another exemplary filter using a

25 surface acoustic wave device according to the invention;

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

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

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

35 exemplary transducer inserted between two arrays of reflectors.



.20 structures have several major advantages over conventional non-gui ded
surface acoustic wave devices. These advantages are: - |ower |osses;Z3 APR 2003
hi gher coefficients of reflection; - higher resistance to power, especially

if the acoustic waves are 2s polarized in a horizontal plane. The acoustic
wave- devi ce of the invention conprises a fine |ayer of piezoelectric
material. The small thickness nay be oBt ai ned by mechani cal or chem cal
etching or, again) by plasma etching, froma thicker |ayer after joining by
nol ecul ar bonding to the supporting substrate. 30 However, for very thin
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are confin in netal layer may be deposited on the surface of the
pi ezoel ectric subst QW 108%eS% he carrier substrate, or on both of them A

| ayer of nol ecul ar . dgyHeprdefficirys bhesflebgosieposi ted on the surface of the
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The i nser t1 on of a- QPR B Sop8rialy T e eiste ol neBhen & ha
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4a gives a schematic view of ines in the piezoel ectric-layer
beneat h a w©of apiedaelectrithanaterel.e iThe small thickness may be obtained

mechanical or chemical etching or, again, by plasma etching, from a thicker
layer after joining by molecular bonding to the supporting substrate.
30 However, for very thin layers, these techniques remain costly. This is why
the invention proposes a method for making very thin layers. The main steps
of this method are shown in Figure 2.
The first step of the method consists of the implantation of ions,
for example hydrogen type ions, in a piezoelectric substrate 10. The power



2 5 APR 2003 6 no conductive layer. Figure 4b for its part gives a
schematic view of the same phenomenon in the presence of a conducti \erl éPR 2003
layer. It nust be noted that there is a deeper penetration of the f

| i nes throughout the |ayer, in the second exanple. This results in an
increase in the electroacoustic s coupl%g coefficient of the transducer.
Dependi ng on each case, the transducer y conprise unbal anced connecti ons,
nanely the first connection is at a given potential and the second
connection is still at a zero potential (i.e. connected to ground) or else
bal anced connections, nanmely two connections at the sanme potential but with
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2 5 APR 2003 8 It nust be noted that the hollowing of a carrier substrate
can be useful even when the resistivity of the carrier material is 25 APR 2003
sufficient. For exanple, depending on the piezoelectric nmaterial and the
‘carrier material, the support can be hollowed out, |eaving only a specified
t hi ckness a of s material beneath the surface acoustic wave device, as
illustrated in Figure 5c. Indeed, facifig the electrodes 26 laid out on the
surface of the thin | ayer of piezoelectric material 16, bonded by a |ayer
36 of bonder to the support substrate 46, this substrate 46 is holl owed out
up to a thickness a of support material. This kind of architecture can be
used to compeosrdiectivoriater.t diguerathufer itaphst gives amsdhemadicgvieat by theduce
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i nproved coupl I ng e used make smal[er-size ters,
necessary to prevent conductive losses in the carrier substrate. Hence,
25 structures equivalent to those described in Figures 4a to 4c can be made by

burying the electrodes as shall be illustrated here below. The advantages of
these implantations are stronger piezoelectric coupling, because the
electrodes are buried, and the shielding of the filter from external electrical
fields.

30 It is also possible to obtain comparable effects by burying the
electrodes of the transducer in the piezoelectric layer. This configuration
makes it possible, in the same way as a buried conductive layer, to increase
the depth of penetration of the electrical field lines inside the piezoelectric
material. In a prior art structure of surface acoustic wave devices, it is very

35 difficult to obtain constant and reproducible performance characteristics with
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25 inasmuch as the piezoelectric substrate is transparent to the insolation
wavelengths used in the lithographic methods for making electrodes.

To obtain acoustic energy radiation in a single direction, the

transducer is supplied with two inputs with a phase difference of 90°. A

power supply of this kind can easily be obtained by means of a quadrature

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

electrodes on the upper surface are powered with the output 1 and the

electrodes on the lower surface are powered with the output 2. A one-way

transducer made in this way is a wideband transducer, and it is highly
efficient.



-CLAIM5 5 1. Surface acoustic wave device conprising neans to create surface
acoustic waves and a thin layer of piezoelectric material in which tZeAPR 2003
.acoustic waves are guided, characterized in that the device conprises a
carrier substrate and a | ayer of nolecul ar bonder by which the thin |ayer
of piezoelectric material is bonded to _the carrier substrate and in that
the carrier material may be of the gl a@s, sapphire, silicon or gallium
arseni de type and characterized in that it conprises a netal |ayer between
the | ayer of nol ecul ar bonder and the | ayer of piezoelectric material. 2.
Surface acoustic wave device according to claim1, ~5 characterized in that
t he mol ecul ar bondéf must Selinatad tBat Her hellawing i icarieivaubsdiate £aacker di ng
to clai m 2)ysehar e rRdtid réé]é‘t‘ivi%/hgf e eSS nittedideis! auficiet. Mpbecul ar
bonder is in th rang&l‘gf SO hun rer of Angstrorg. 20 4. Surface
acoust i c wf/@NHEGi €8 B9 A& BlegRelestna matenali ard 1he Fafrier matateler i zed
:.” L hat theh@iﬁmheﬁéﬂiit;é Iﬁigtl@ﬂé@:codt,sldﬁvirt@@n%@r :;;ze%iﬁécy hhickhasokate or
ithiumtan ite type. : rface acoustic wave device,according to one
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pi ezoel ect rRiguneedir indieed sfacimgt the alegitpslesf2tlaid avbos the sudaed efthienthod  about
L pm Lo 30 141dR ofpiedBElREf ARALRMIT fo VERIGLPLYCE 1BGS0BE! GbbRAONE, Be t N
claime 1 30 to 6, characterized in that 1t conprises el ectrodes |Integrated
into the tHURPPHyRIbSHAteF@ i Tlistiate Aftiehrlpwed oubyprtace thielness @ ohave
devi ce accafbBe matdRe ahid RdCoRaRitdctlfe EanBERI86Habi dfRfipéRsdtBabr t he

means for c¢reati the,surface acousti ves 35 are located in .a central
Dact 8t °t hdemperareaatons g s SRR TSoLRRING RENSIVFY af e feYirate | s
hol | owed ouémiperdtumnt of said central part. 2 5 APR 2003 12 8. Surface
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20 context, Figure 7 illustrates the making of a low loss filter that is highly
efficient especially because of the high reflection coefficients. This is a filter
constituted by two transducers T, and T, separated by an array R, obtained
by different etchings of the piezoelectric guide. Figure 7a illustrates a top
view of the SAW device and Figure 7b a sectional view of it. The thin
25 piezoelectric waveguide 17 is etched up to the layer 37 of molecular bonder
or up to the carrier substrate 47 by chemical or plasma etching for example.
Then, a pattern of electrodes 27 is defined so as to obtain a series of
resonant cavities in lines, for which each resonance frequency is a function
of the cavity wavelength | (in the example 1 < n < 5).
30 The impedance of each of the cavities can be modified by
changing the width of the acoustic waveguide in each section Wn.
The coupling between each of the cavities is controlled by the
aperture of the guide Cn and the length of the slots Sn. According to this
method, an acoustic filter may be made in exactly the same way as a
35 standard guided electromagnetic wave filter. The length of each internal



.device is integrated, characterized in that the encapsul ati on package
conprises a second carrier substrate bonded by a second | ayer of nn&ggwl?ms
.bonder on at |east one part of the |layer of piezoelectric material. E
Modul e according to clains 8 and 11, characterized in that the second
carrier substrate is bonded by a second nol ecular layer to the entire |ayer
of piezoelectric material. 12. Mdule &cording to claim 11, characterized
in that the carrier 25 substrate is hollowed out at its center and bonded
at its periphery to the periphery of the |ayer of piezoelectric material.
13. Method for the manufacture of a device according to one of the clains 1

to 13, COWRfavﬁyrEJohlly%bfle ME\MN@Itéﬁ@fﬂﬁls iaﬁdmé;hmetiIQMélb@mamtaahau@r of
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15 production of the component In Iarge-scale production, it is important to

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

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

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

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

30 component.

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

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

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

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

15 photolithography step is carried out and finally the piezoelectric substrate is
bonded to the ceramic carrier (for example) with via holes and metallizations
781. The last step consists in separating the components mechanically with
a saw.
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piezoelectric material is bonded to the carrier substrate and in that the carrier
10 material may be of the glass, sapphire, silicon or gallium arsenide type and
characterized in that it comprises a metal layer between the layer of
molecular bonder and the layer of piezoelectric material.

2. Surface acoustic wave device according to claim 1,
15 characterized in that the molecular bonder is silica.

3. Surface acoustic wave device according to claim 2,
characterized in that the thickness of the layer of molecular bonder is in the
range of some hundreds of Angstroms.

20

4. Surface acoustic wave device according to one of the claims 1
to 4, characterized in that the piezoelectric material is of the quartz, lithium
niobate or lithium tantalite type.

25 5. Surface acoustic wave device according to one of the claims 1
to 5, characterized in that the thickness of the layer of piezoelectric material
is in the range of one acoustic wavelength of about 1 um to 30 pm.

6. Surface acoustic wave device according to one of the claims 1
30 to 6, characterized in that it comprises electrodes integrated into the thin
layer of piezoelectric material.

7. Surface acoustic wave device according to one of the claims 1

to 7, characterized in that the means for creating the surface acoustic waves

35 are located in a central part of the piezoelectric material and in that the
carrier substrate is hollowed out in front of said central part.
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1111 r"K 5} [ Slehotiad othOﬂrﬁs‘t gade of the layer of piezoelectric materlal and a second

series of electrodes on the face opposite to the first face of the layer of

piezoelectric material.

9. Surface acoustic wave filter according to one of the claims 1 to

10 9, characterized in that it comprises two transducers separated by an array of

reflectors etched in the thin layer of piezoelectric material, so as to define a
series of resonant cavities in lines with a length of In.

10. Module comprising a surface acoustic wave device according

15 to one of the claims 1 to 10, and an encapsulation package into which the

device is integrated, characterized in that the encapsulation package

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

20 11. Module according to claims 8 and 11, characterized in that the
second carrier substrate is bonded by a second molecular layer to the entire
layer of piezoelectric material.

12. Module according to claim 11, characterized in that the carrier
25 substrate is hollowed out at its center and bonded at its periphery to the
periphery of the layer of piezoelectric material.

13. Method for the manufacture of a device according to one of
the claims 1 to 13, comprising the following steps:
30 - the deposition of a layer of molecular bonder to a first face of a
substrate of piezoelectric material,
- the joining of a carrier substrate and of the unit formed by the
layer of molecular bonder and the piezoelectric material substrate under a
wet atmosphere so as to carry out a hydrophilic bonding operation,
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- the implantation of ions in the substrate of the piezoelectric
material at a depth d with respect to a first face of a substrate of piezoelectric
material;

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

- the polishing of the thin layer of piezoelectric material.
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