COMPONENT W TH SURFACE ACOUSTI C WAVES ELI M NATI NG PYRCELECTRI C
I I\FI‘ERFACE The field of the-ihvention is that of surface 5

acoustic wave devices. The use of these devices 1is becom ng ever

greater, —espeghbbfentwITh SuRFAEE acopsdtel WAYESORLIMINATING

t el ecommuni cat 'ons -such I 0 tel ephony or base stations, on
account of thePKROELECgﬁﬁﬁaéNﬁ§§§ACFhe|r | ow cost and their ease of use.
10 - These filters are wused just as nuch for anal ogue as

for digital applicatiops_ a r ted into.lo vel el ect onlc
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tenperature. The 25 at 1 ons etween the tenperature variation and
the pol ari zat |36§$1\R9"4%1t asn fiowr |@1$ih@hr applicetions andr jaxeninsertede
form DP el 1WeY Srel ejb tfélﬁc clfé!ﬁ.?ﬁi-fc”' c tensor. In tensor

e

not ati on, theforrrula writ | In materials such as
l'ithium 30 niobate, t%%)yr 0§P§€§¢Pc ef‘\\'@tq i sféé(geﬁ'-'é»ngne neecbrologyof

the ni.obi um apdvierithdlBdPNhake! Ehé VAFrABAGK OB in La¥ehin StAEEs! he
Liand Nti.é On%ngvoa\ﬁ%e%m eslp)g.klens ,t h%f pyroelectr:.c origin, which are
inherent in the material and are related to the
temperature variations under the operéting conditions

of the filter, 'are generated inopportunely.
Thus, depending on the intended appl:.catlons it
20 wmay be advisable to use filters based on piezoelectric
material such as 1itﬁium niobate or alternatively
lithium tantalate. These piezoelectric materials are
also pyroelectric and exhibit spontaneous variation of
polarization as a function of the temperature. The
25 relationship between the temperature variation DT and
the polarization -variation DP is linear and can be
written in the form DP = pDT where p is the
pyroelectric tensor. In tensor notation, the formula
may be written Dpi = piDT. In materials such as lithium
- 30 niobate, the pyroelectric effect is due to the motion
of the niobium and lithium ions relative to the oxygen
layers. Since the Li and Nb ions move solely in the
direction parallel to the axis c¢ of the lithium niocbate
crystal, the pyroelectric tensor is of the form:
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direction parallel to the axis ¢ of the lithium niobate crystal, the
pyroelectric tensor is of the form 35 [err]

- 2- - The sane reasoni ng can b_eezﬁp_pl ied in respect of t he
lithiumtantal ate crystal, the Ta ion th t aki ng the place of the Nb
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rel axation of "The charge nmay occur Tn two ways: . - slowy:
the charges geatiuafl yhishuthet posisiive direction qf fhe & taist bt Ghterial

and the devi Cgmerges will be P¥BLRiVE@190cHakgeE. 20 - abruptly:
the charges are” renoved bX any ph%m ca% ghenorre on capabl e
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device and/or its extremities. In all cases, after the
application of a temperature variation and the

15 formation of surface charges, the relaxation of the

charge may occur in two ways:

- slowly: the charges gradually return to their
place within the ‘material and the device
exhibits no defect;

20 - abruptly: the charges are removed by any
physical phenomenon capable of transporting
energy (the striking of a plasma for example)
and the device exhibits malfunctions which
show up as.the appearance of unwanted spikes

25 in a frequency reéponse curve of the relevant

' transducer. _

This happens because the appearance of the
surface charges creates an electric £field which,
through the antenna effect, disturbs the electric field

30 at the interdigital output electrodes wvia which the

output signal is recovered.

Certain solutions have been envisaged for
promoting the flow of the pyroelectric charges. 1In
particular, the introduction of a choke into the

35 impedance matching circuit of an electroacoustic

transducer between the output of the transducer and the
earth has been envisaged.

However, this solution has proved to be
inefficient in so far as the pyroelectric charges do



transduycer.
surface charges creates an electric field which, t hrough the anten

ef f ect,

Certain solut?%ﬁs

Thi s happens because the appearance of the

di sturbs the electric field 30 -aj the interdigital output

Y peERNEAR™

el ectrodes via mhiﬁ@é}he outgyt signal is recovered.
25é

d for®  aqqouRYt i n§Et hetB$ ow Bk

na

e

pyroel ectri c thargdscetininto phet cdoicarit.t he i ntroducti on of a choke into

the 35 . i npedance natghig I LCUity, s Of el acoustic
transducer between th%EouF%ut cjfl(‘)’]‘rtheh:'t'gfr)anr'éei‘la[t}scoé'?‘ gt%é?he 1n 8§?‘Fﬁ' h&&

envi saged.
inefficie@:

-3-

not

alleviate Hohevepyragiiestmig utphenotemon prpredlemy lthe

[ as oelectd.] r . ,
??x?gn{:%n ﬁ%‘%ﬁg%% 2 CldCr L2 %@ot?%telcch\gﬁ\ere device

ow conti on account Intro

into the circgPrprising a pigzoelegl¥ie hisubataadie t Ifxom | whicder the

a

surface

al l'evi ate theppyHeLEELiEC FMEAGEBRN QWP Bl edembid Stol MMENH81N pbgp
acoustic _wave , devic zoel ectric subs

coO rsin a pl
from whi oh t HELTEUE of Heqions of,the SUREHEATE WHEEH ALE EEPORTES

virtue of regsofifiociehblysdosidiaitd vehi shdaage arsitiedted taufihei eatildy

conducti&% a

preci sel y,
devi ce conprising a shibserpreciselyadéhef spibgzu exff rilne ahnveptdehedsric

15

15

20

25

30

35

qgagﬁﬁ connected to the said 10 earth. - Mre
t he stbj ect of the invention is a surface acoustic wave

J sducer nked to” an . ]
made of piezoelectric and pyroelectric material with

material withy g,,8beet réf@isﬁ?@d% .eVici%[_{. rl:omﬁQEBFi.h%L{? 80b8Peatk

faces an el ectroacoustic tran

electrical conductivity o,, comprising on one of its
faces an electroacoustic transducer linked to an input,
an output and an earth, the said material exhibiting
electric polarization P, characterized in that the
faces of the planes perpendicular to the polarization P
have an electrical conductivity o© greater than the
electrical conductivity o,, and are linked to the earth
in such a way as to allow the flow of pyroelectric
charges which appear during the operation of the
electroacoustic transducer.

According to a variant of the invention, the
relevant faces are rendered wmore conductive by
depositing a conductive film,' when these faces are not
those on which the electroacoustic transducer is
placed.

According to a variant of the invention, when
the relevant face to be rendered more conductive is
that on which the electroacousti'c transducer is placed,
this face can undergo ion implantation so as to obtain
the required electrical conductivity or else a very
fine layer of semiconductor material can be interposed
between the said face and the electroacoustic
transducer.

Advantageously,. the piezoelectric material can
be of the lithium niobate or lithium tantalate type.
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an gutput and an earth, the said material exhibiting el ectric

pol ari zation P, characterized in that the faces of the pl anes

per pendi cular to the polarization P _ have an electrical conductivity
[err] greater than the 20 electrical conductivity [err], and are linked to
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conductive fiwithwbhe hhaseffahesappenfed figuidostnowmhidheh the
el ectroaccgustic transduger is 1 .ﬁlt a&ed. Accar di %ﬁg a .
variant of> the invent i oh*SWhEn 347 rakes, Aht ﬁ%’gplf% BE e HFFror e
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el ectroacoustic trapsdPsghrion along z) Advantageously, the
pi ezoel ectric material can be of _the lithiu niobatfe or lithium
tantalaté‘&ype. - Figure 2 illustrates the syrface acousticre

invention will be bettewausdedstinsl @fd the oékemphevail Rgesratéd eirerge on
readi ng the foll ow ng . descriptioncgiven, by way of, non:limting exanple
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and with the aid of Fi gure
1 illustrates an exanpl byoflepogitimgea conductive filmpustic wave device
according to the _ pijgyre 3 illustrates an example of a surface

15 ' acoustic wave device according to the

invention comprising a ~substrate of the
lithium tantalate type cut at 112° to the c

axis; _
- Figure 4 illustrates an example of a sufface
20 ' acoustic wave device according to the
invention, comprising a substrate of the
lithium niobate type, cut at 128°C [sic] to

the c axis.

According to a first variant of the invention,
25 the surface acoustic wave device comprises a substrate
of the Y¥-Z lithium niobate type which is especially
beneficial as a filter around 140 MHz. In this type of
substrate, the polarization of the material is parallel
to the Z axis as illustrated in Figure 1. Such a device
30 comprises 2 sets of interdigital electrodes, consisting
respectively of electrode combs 11, 12 and 21, 22. The
comb 11 is linked to a control input E, the comb 21
being 1linked to an earth plane PM. The comb 21 is
linked to an analysis output 21, the comb 22 being
35 1likewise 1linked to the earth plane PM. In a
configuration of this kind, the charges related to the
pyroelectric effects appear respectively on the faces
lying in the planes Pxy and P’xy perpendicular to the



I nyention conprising a substrate which can be of the Y-Z

lithium ni obate type (Y cut, propagation along 2); 10

- Figure 2 illustrates the surface _aq__pust iC wave device
of the exanple IIustlg}gte in gure 1, the faces being
render ed conduBJIL? z on which b§h6ep%%??¢¥©a%°‘é%ﬁﬁﬁctt|r\?é‘sﬁqcﬁr is

- Figure 3 il |l mateafeemanhexawpl seefiead & tagbslb acoustic wave
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substrate of the Accbi8ing 50 (i PERR T R e FPfe P g%t“ %[@?@] to
the c P'xy axei ssendered more cohdgotivd chhnstthet estlmy efaces e of
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wave device con ri ses a substrate - the Y-ZTithiumniobate type whi ch
i s especi al | y MOTehGRAGGHIVe s, ‘F?Cﬂ‘t‘%ﬁ‘l%‘? od®d aghigred |ip t khs tEasee of

substrate, thecmdsaanﬁaklcorsmfhtﬂﬁaﬂah‘._er i3 rén@@féd| Bmaller! @Hahe thaxi s
Moterdi gl 68 e arobis il creneRant” o Zhe.i POEFSIST drbobRiEE Mbs 11,
12 and 21, 22.Pmlecttmqbeﬁiectslbo@ed to a cpntrol i_nput E the conb 21
out pat 21, the comb 27 LBrraTSE: | Hhiow SACSF nisy ks iaieas pharg S!S
PM In a  corfuceivat |Qiﬁ @PPPﬁﬂ-frlBBnda tqmmlge% S Lo eECto'ﬂhles
pyroel ectric %w&&étwae&rlmﬁsmcewela)&v%ttéé%d‘@%ﬁ be al Ydihddt {he
pl anes Pxxsand rgugl_clil gy ar t]?ve:p filled epoxy resin.
In practice, the conductive film can cover the
plane Pzy locally, the whole of the planes Pxy and P’xy
and the earth plane PM locally so as to ensure good
coverage and thus good flow of the charges to the earth
20 plane as illustrated by Figure 2.
According to a second variant of the invention,
the surface acoustic wave device is a device comprising
-a substrate whose polarization possesses a component
along the Y axis and a component along the Z axis. It
25 may in particular be a lithium tantalate substrate
sectioned at 112 [sic] to the ¢ axis of the crystal,
especially beneficial for making filters in digital
filtering applications.
The planes Pxy and P'xy perpendicular to the
30 component along the 2 axis are rendered conductive, as
are the planes Pxz and P’'xy perpendicular to the
component along the Y axis, of the polarization ?, as
illustrated by Figure 3.
The same type of conductive film, e.g.
35 conductive adhesive, as that used in the first variant
of the invention can thus be deposited on the whole of
the edges of the 1lithium tantalate piezoelectric
crystal.



pl ane Pyz on which the el ectroacoustic transducer is made fromthe two

series of comnbs. According to the invention, the planes Pxy and
P'xy are rendered nore conductive than t other faces 5 of the
pi ezoel ectric substrate so as to allow the flow of the surface
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o the conponent al ong the axis, of the polarization P, as |

i | lustratl® bgompgomésg. can in particular be achieved by carrying
out ion implantation on the relevant surface. For
example, this may involve ion implantation of boron or
of arsine. Typically, the resistivity may vary from a
value of 10*¥Q.cm to a value of 10*° Q.cm.

20 In addition to this surface treatment, in the
plane Pyz, a conductive film is deposited on the other
faces perpendicular to components of the polarization
of the piezoelectric substrate.

The partial coverage of the plane Pyz by the

25 conductive film, as illustrated in Figure 2, in this
case allows efficient flow of the surface charges which
have appeared in the same plane Pyz, towards the earth
plane.

Another alternative to ion implantation is the

30 deposition of a wvery fine layer of semiconductor
material, having an electrical conduc{:ivity sufficient
to allow the flow of charges and the weakest possible
disturbance to the proéagation of the surface acoustic
waves. Silicon fulfils these various functions. Indeed,

35 current techniques make it possible to control the
deposition of layers of silicon of atomic thickness
(less than 10 A) in.such a  way as to modify the
electrical conductivity of the face Pyz without
excessively modifying its electroacoustic properties,



The sanme type of conductive film e.g. 35 conductive adhesive, as
that used in the first variant of the invention can thus be deposited
on t he whol e of the edges of the |ithibumtantal ate piezoelectric
crystal . d . - 6- According to a
third variant B9t R iFRefli o Such 1a waw delertcsbst i disabargevitind s a
devi ce conpri sionptant ehectmds dles s\l KHEArdHat 1HY | 61 RIBE SRSt aMd L h
respect to the plane Pyz. The polarization Pthen conprises a 5
non-zero conponent along the X axis and one or two | i kewi se non-zero
conmponents along the Y and/or Z axes as illustrated by Figure 4. This
may for exanple i nvol ve substrates of lithiumniobate cut at 128 to -
the ¢ axis or alternatively of lithiumtantalate cut at 10 36[err] to the
c axis of the crystal. According to the invention, the face in
t he pl ane Pyz is rendered nore conductive. Nevertheless, it - s

i nportant that the propagation of the surface - acoustic waves be
disturbed as little as possible. This 15 conprom se can in particular be
achi eved by carrying out ion inplantation on the relevant surface. For
exanple, this may involve ion inplantation of boron or of arsine.
Typically, the resistivity may vary froma value of 10[err].cmto a
val ue of 10[err].cm 20 In addition to this surface treatnent, in
t he pl ane Pyz, a conductive filmis deposited on the other faces
per pendi cul ar to conponents of the polarization of the piezoelectric
substrate. The partial coverage of the plane Pyz by the



25 conductive film as illustrated in Figure 2, in this caseat T ows

effici'ent flow of the surface charges which have a
pl ane Pyz, towards the earth pl ane. mmmﬂl"ml Bj‘mn
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sem conduct or material, having an@2aMS i cal conduct Ivity sufficient
to allow the fl ow of charges and the weakest possible di sturbance to
t he propagation of the surface acoustic waves. Silicon fulfils these
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conducti vPty WﬁtQJTPealf a‘ﬁéth'yElﬁFFﬁbﬁ?'l C°“Q¥€E§§'F§¥I §f'°n08F’F‘§Ff‘l§lpﬁs on
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8 said material exhibiting eQleditv8c polarization P,
characterized in that the faces of the planes
10 perpendicular to the polarization P have an electrical
conductivity 6 greater than the electrical conductivity
c,, and are linked to the earth (PM) in such a way as to
allow the flow of pyroelectric charges which appear
during the operation of the electroacoustic transducer.
i5 2. Surface acoustic wave device according to Claim
1, characterized in that the polarization P possesses a
vector component in a plane parallel to the plane Pyz
of the face on which the electroacoustic transducer
lies, the faces Pxy and/or Pxz perpendicular to the
20 plane Pyz being covered with a conductive film.

3. Surface acoustic wave device according to Claim
2, characterized in that the substrate is deposited on
an earth plane (PM), the conductive film partially

covering the said earth plane and the plane Pyz of the

25 face on which the electroacoustic transducer lies.

4. Surface acoustic wave device according to one
of Claims 1, 2 and 3, characterized in that the
piezoelectric and pyroelectric material is lithium
niobate.

30 5. Surface acoustic wave device according to
either of Claims 2 and 3, characterized in that the
piezoelectric and pyroelectric material is 1lithium
tantalate.

6. Surface acoustic wave device according to one

35 of Claims 1 to 3, characterized in that the
polarization P possesses a vector component in a plane
perpendicular to the plane Pyz, the face on which the
electroacoustic transducer lies being -rendered more

conductive by ion implantation.
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1. Surface acoustic wave device conprising a substraﬂﬂ“ﬂﬂﬁﬂ 'I
plezoelectrlc and pyroelectric material wth electrical I””"l"ﬂurr]
conprising on one of its faces and electrogcoustlc transducér Finked to an
input (E), an output (S) and an earth (PM7 the said material exhibiting
el ectric pol arf7zati on [Semmfladen adeuptine wa‘vet hdevigee,acterdingr t2edne
that the faces gf t@f phanes, peggendi cul ai, 4,0, g%_.pg @rizafiogpherricfiave
an electrical Sconduict tvity Jerr| greater than the electrical conductivity
[err] , and apeoleinilzadticm tlhepéaseﬁsesma iVPGten eoMRgnEstt dTal g¥anr
fllow of pyroel ?%‘rp RRN1G8S )i Eﬁeaga dbbdy NO thige RS abhOWhakht hehe

a

electroacoustl ns ucer . i acoustlc wave device ac ordlng
i
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conponent in ajphere o¥fdigdinitiorddudteyr maAriRY of tihe siTicon wppeh the

el ectroacoustic transducer lies, the faces Pxy and/or Pxz perpendicular to
the plane Pyz being covered with a conductive film- 3. Sur f ace
acousti c wave device according to Caim2, characterized in that the
substrate is deposited on an earth plane (PM, the conductive film
partially covering the said earth plane and the plane Pyz of the face on

whi ch the el ectroacoustic transducer |ies. 4, Surface acoustic wave
device according to one of Clains 1, 2 and 3, characterized in that the
pi ezoel ectric and pyroelectric material is |ithium niobate. 5. Surface

acoustic wave device according-to either of Cainms 2 and 3, characterized
in that the piezoelectric and pyroelectric material is lithiumtantal ate.
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