;e3e 14B68T@H 5 10 15 20 25 30 35 UNI DI RECTI ONAL TRANéBﬁgER ETCHED W TH
SURFACE ACOUSTI C WAVES The field of the invention i rface
acoustic wave transducers and filters including stmm ’ﬂmm ﬁm“ used 0Ch ZUUZ
numerous fields such as nobile radio comurication sys ens exa le fo
intermedi ate GRAFHREEEIONAL! fﬂWsB@cERV%TthiMP%%RPECEh hebusaeE havgance

transducers have cone out over the last ten years or so. Unidirectional
transducers (Singl e-Phase Unidirectional Transducers al so known as SPUDT)

have repl aced bidireghpongle1ld ansduger slﬂ\rbmmnaagl it 098 Ry rHdddle of
t he decrease in | osses which they make it Sgiﬂ:ﬁle to obtain, This type of

transducer, ¥eR¢ftbed ave hérﬁﬁﬁldlus‘%’?éds PQPQnt EFFEatJrrb?ﬂ-‘?jm S9N s made

by insetsi ng&rérﬁ‘é@ué‘e%éﬁnwr irsongaklredst r gneddet i sackelds apBise cal | ed
reflection ceIIs and osi tioning the ceIIs wi_.th respect to on nother

in such a wehAdHat tﬁé’ it ed EYETEYS n |ﬁ°5hase X3RS he

ref|eCtedlllﬁﬁétmﬁ@igtedff@@ﬁéﬁayaﬁdltb&un@hase opp03|t|on is obta|ned in
the other direction._This involves a ucer | ect rodes

ch
desi gned so as to achPEYRUFhe¥RE St aPe*- fr?sf&t?&fie %Fﬁﬁéfjlu(?ﬁrénd a

reflection fruxed i @dmereutli spersede [Ltasha$eal yeareermdaemwnstrated in the

publ i sh?g Pat ent Appdll Cétl%gt‘zsf‘%%"% 899 {__pg;{shk_‘cg@é be aggg%gggggs <O make
resonant “cavities inside , a résonant cavity ng-made Sy
changi ng t hdirsidiredtioral eflrastgidrcé umcEilae kopWﬂhea@usiFﬁm)y balst r at es,

the di stancer%ﬂ%& EE%EQHEE&:HQ10%%&%%{&&6“:1&%&99 SE?&E@aEi‘BnQe of

the form (2n+ an |1 nteger so that the phases are correct
However, th&wyuelrtyef gét dheQdaaraasy) B LRESES: |“6“(ﬁhttffféeléafﬁ%&?tame to

the CO_nduct PHbs 0h14 heof bh:tt«a&nandrr{wr egpat atd V&&isa&@ebﬁné%ékhbél&d
i nserti n |l oss of the filter is |ower for, uni de‘EC% m I8f||ters with their
1

speci fi t2ar cift tEE?urFE’sb]rlrﬁ}be%FéﬁeaFe ARRISRICE a Pds +HWBIER, t he
quality factwy Qiseteingg tatbhe ratamsdicdihe mlla@CEréﬁsﬂhetlon
conductance of. the filter aondc rf_ﬁrgsent a%'ivgtf% thecgﬂ WI dth_and jnsertion
loss of the 94 ®r 1T onet T TRt di rEet1oRar “Fi 1t &Fs % th ¢R8ir B¥ecific
- 10 CT 20sitRonihanthieatceoflsomidit | oaspPectyrmmet phe Bindithent | bnal

filters. TodJiGfeaseRer{pLimaeg, figls | enli@red) 4% | BGheASa NEnsOUP! I N

in a unidirectional ansducer 5 (wt out I ncreasi ng capaci ance) t he
i nvent i R pr“b‘-ﬁdbe§h8 t¥avRYuEet L pRitednni e h the |‘1‘\~??5‘d%|cé’dr§ﬁtét°@hlﬁ§dnetmork

super i nposed 1yt t hgheeBverdgpylt il WwoiL ks @fbteliandd odea oftnecousthér

transducersdiﬁgé%fg§0|s§hys thgngg %ect of tQﬁéd@ﬁ%ééPn &% a.gHrface
electrodes designed so as to achieve the existence of a
transduction function and a reflection function are

25 dispersed. It has also been demonstrated in the
published Patent Application 2 702 899 that it may be
advantageous to make resonant cavities inside the
SPUDT, a resonant cavity being made by changing the
sign of the reflection function.

30 For the customary substrates, the distance
between transduction centre and reflection centre can
be of the form (2n+l1)A/8 with n an integer so that the
phases are correct.

However, the quality factor Q relating to the

35 ratio of the capacitance to the conductance of the
filter and representative of the Dbandwidth and
insertion loss of the filter is lower for
unidirectional filters with their specific

architectures into which are introduced asymmetries

A
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10 wave transducer including a substrate on which are deposited two
networks of interdigital electrodes and connected to different polariti ?s
SO0 as to create acoustic transduction cells defined by at |east two 1 0C 1002
consecutive el ectrodes of different polarities, 15 characterized in that it
furthernore conprises at |east one netwogk_of etchings separated by nesas,
t he superposition of the networks of el ectrodes and of the etching network
making it posiEidte EB2bbt 8fn SOPYEBGLEB2d r e SYFER IGHE Dr Dkt BRL 12 he
acoustic wavesiledrdfccording to a first variant of the invention, the

net wor ks of el ectrode,g are symmetric wth respect tg an axis situated at
the centre of two consRcutteH ectFdES B G f f g6l aFPti 88Y the
networ k of etiolhergssdeithg asyopkingc Mith respéctetoivhelsai thi2bdaxes. | n
this configurati he, ' wor of. .el ectyrodes,_ rmke it _possible
to retai nlﬁa h g%&g%%%l ilngg%%%%l%&mﬁest ‘J%Jraéjttsgrbcg%)t' t h%%sylnr%r\é??t?lco%t chi ng
net wor k nakePieppessi b e transdater t Hnt3D fwhvicth edidi risctioduoéd an
propagati on co i ve ou , sytd s,

t ransducer rr%t%}g%p?i sg%g@g\ggesi?%ﬁp%@%?gfeas%{yt \A&%hgtcﬁgng ne%/\g%r ls whi ch
are asynmetriReEWEks t @ oBAPFHLPEGEr RF t RECIS LS obiF BBSHNEBEE orMVHe
propagati on girddesSL f aedewenasi e COEdi ik t @ndBathen vagi antswirdde
|nvent|03O t he networ ks of eIectrg@e def i ne sgti of 3 el ectrodes of

di f f er entVwi At pert EHAHIE i S ‘\fﬁ'\’i’@l efigt AURSFFASFonAPng" 2 6CR het kent r al
frequency of degeratted aWwo ndtworkd 2602AntekxditdictdY apddaetendes wndh
sets, a first e d a el ect . al e p t by i stance
3a/ 16, and arce&%gér:lén%%?ed@?o (g]ilfsfée:?en ppoqclad;| dc|eleegg, t i gge%oﬁtgo el €ctt'ode and
a third el ectdoaesbies ng regduamtdroy calsdi de bieed ~ 38, aitn teahta tway as to

define a favauesedif£64i OneE-ProRagat i gr of 4tihgacousti de@é’xeisbié&e
el ect rodgs bei ng positioned on the nesas of the etching network. The
advant age °of GLeBhfeGut At FBACr &8 4BE LRBTPRTEHETIRGIESSe ath 197t

reflection comidi chetwsrrf bife eltetiinedes.sdpartwent bgnamestarsyct wies, to
porease thesuQaliLeL e Sor! knkS HIRGRINA Yod % L0CLEAE, L UL MKTesS of

the el ectrodes” USTNHg a Structure of nesas séepara _ chings,” the
el ectrodes bedtghisg depoepriednakingeisuppasébde the olpdsds a Hevwoufdd ci ent

of reflectionypfedhtos! SELHPESSgASidNESEbYhE NEES@SEI- WL 8L, Mai ntaining a
smal | thi %kness of netall |%at| on. The invention wll be better understood

and ot hefladvant ages AFFPTBERDNEC afpdridftt off TERIF ngEt &S0 et iR on
whi ch fol | owstig veethyprikay of ebactiodés ngrexangine aike byivhr tnespafctt he
appended fig S_i.n ich .= FLgure laJll es .rst_ exenpl.ar
transducer aé{{:&;ralhnga%osctﬁét}l%gﬁt ?létnatvxl} hggsg?tgct?%d{égopé:ro f,rEpué:x ‘%/ebi ting
a favoured 23R eeeedon oPf prdpipitstn Folard KigFaceMavawstwort gwfe | b

illustrates a s&eoigs eXUIH A W styiesdycer waeaor depgete the itwentdpu with 4
el ectrodg}g’1 per. ~., exhibiting a favoured 30 direction of propagation of the
surface veXthich is opposite to that of the first exenplary transducer;
- Figure 2 illustratebnathhisr dcexeigpheatyi dm ansdec es yiane ot fic nhdtovddkes

| nvention witdy 4 SPeoleGiLodesaper e CRABLLBIR0 kACALY A LSt nygn
directivity of the surface waves in one sense and locally a sécond
directivity ofoumblngr (it amyediMsitchfprs oppdsiRarto the fasysmetric

etching network makes it possible to <create the
30 favoured direction of propagation of the acoustic
waves.,

Advantageously, the surface wave transducer may
comprise a succession of at least two etching networks
which are asymmetric so as to locally reverse the

35 favoured direction of propagation of the surface waves.

According to another variant of the invention,
the networks of electrodes define sets of 3 electrodes
of different width per characteristic wavelength

corresponding to the central frequency of operation of



- 10CT20025 10 15 20 25 30 35 - Figure 3 illusrtates a fourth

exenpl ary transducer according to the invention with 4 electrodes pery gt
whi ch the phase shift - 4 Figure 3 illustrates a fourth exenplary
transducer according to the invention with 4 electrodes per ~, in which the
phase shift w between transduction cegtre and reflection centre is equal
to 7/16; - Figure 4 illustrates fifth exenplary transducer ,according to
the inventi i (H#EFEREF 0dds HEICL, SPREahPort AHRF HELSSCARAC! RATIEhI ngs
do not possesecidnel sHmecttodd; are FEgpaeabadi blyust datseanae ransldceanav th 2
el ectrodes per _~, according to the.prior art; - Fi.gure 5b illustrates a
first exenpl zfrr)? trca%%%?gacg%rdgﬁgf?5epﬁe Pﬁ\‘}gﬁtli%&ﬁs\m t ﬁhf el Tt Mes per
~,, I n whichetlleetelcetst r edds ar ehpodi tdloemedradd r bdéngt depryrdtankdy of an

et ching ngt “‘&Hl%é:%fno(éerk?g, ~ i+ stichl %F@ﬁf%éngo@%éﬂzi'&%t Lats; @ Secend
exenpl ary transducer according to the invention wt el ectrodes per ~,,

i n whi ch t he ddiresttricaes o4r eppoBaghbhed odf ndd®s arcousthicngsavésan iehi ng

network of peniced rodes Hd O Spddi £1bNe4T 8heenaNme¥8EPA" Y HP WM& 1 ppal
transducer of the SPUDT type wth 3 electrodes per - Figure 7b i1llustrates

an exenpl ary "et#iedducer of the SPUDT type with 3 el ectrodes per ~,, in
whi ch the network of Techtodfsays BMPEELAROSLAcONfLBErateBhNOrdEtawy K, -

Figure 7c¢.ill,ustrates_a _variant of.the enpl.ary unidirectional _trgnsducer
il ustraggd R Arr &5 SRS g]érheglé?, rte%éers%*f)é%/ec%% LETERsTuCEr Wt or di ng
to the inventilesteomss sesint hegupertposial orstofuatatner ks wf elrectazostes and
of ‘at 1 o3S! @neoRl chbag sekubik, OpRVeNd | onAldoba nersubel:aLes, UL can be

in particular quartz, | ectrodes may be obtair met a ation for
exanpl e usi nFhalckmesisunPi THOSuBseFhredessed aysapdi i advancagseusty be of

the LiNbO3, keka@3 qertlserdd 2B99~ E¥BRinkHt h@hBDI @1 eR%GRIFAG beihd C 7
1002 - 515 deposited on the surface of the mesas, the coefficient
of reflection of the electrodes is thereby increased
whilst maintaining a small thickness of metallization.
The invention will be better understood and
other advantages will become apparent on reading the
20 description which follows given by way of non-limiting
example and by virtue of the appended figures in which:
- Figure la illustrates a first exemplary
transducer according to the invention with 4
electrodes per A, exhibiting a favoured
25 direction of ©propagation of the surface
waves;
- Figure 1lb illustrates a second exemplary
transducer according to the invention with 4
electrodes per A, exhibiting a favoured
30 direction of propagation of the surface waves
which 1is opposite to that of the first
exemplary transducer;
- Figure 2 illustrates a third exemplary
transducer according to the invention with 4
35 electrodes per A comprising locally a first
directivity of the surface waves in one sense

and locally a second directivity of the

surface waves which is opposite to the first;



techni ques are highly devel oped on such quartz type substrates and in
particular the so-called ICP (Inductive Coupled Plasna) technique “Sh”@tfﬁmn
hi ghenergy plasnma and all owi ng | owcost nass fabrication of 5 etched
devices. It should be noted that the wdth of the etchings can be different
fromthe width of the nesas and in partigular smaller, according to certain
variants, the etching wwdth b , ﬂual to the electrode width. 10
Accordlng to a first vari%fe thi PEFEAERSN, fo MW a PXEE®LEENDI i ng

coefficient conferred lty:aswmﬁierﬂ Caded ¥OL kg @b elhectlrrnﬁkeﬁu@fayew ad
direction of propagatio surface waves VI rt f the

{ e
presence of the etchi n§ ectt\ﬁoc% S \WB*® §ha:f”l 15 Hesc |b€h%e\;D 34i© p(§ i
exenplary | ayouts for iogdwaeent |trxgartstdt3:ttl)qae afencarf | gundat metfleExamml es of
transducegs with 4 el eg S l'e elengtN gz 20 In this type of
transducegr, t he el ect rofesq%r el%gl s%,@a\ﬁbut e% symretrically over the substrate
with a period 7~/4. Sudhgurst rduct drld ustitiaiiess a agoodiddbpl i megeopdffriyci ent
but remains bidirectioRgly, RN xflg@ééydlgé the trheef | Rt d NS ST gatgd 4by the

el ectrodes cancel one another out and po favoured direction of propagation
of the acoustic waves i°dS§eF@RePH t A ddchBl ednEhgumasash. a‘T% &heturb

this bidirectionality, dthiinyeenid HbPENEES (thSURRMd MRS An et chi ng
netvvorkv\fé) 30 as to gi e rise to 3&1 itional reflections in an as tr|c
h

manner respect to d-g&’érﬁ rA LS hed bECRBSIUERS el

connected to different e;i@lca:mdda reed s yaryod riddendy itro tthe dnragnanazb:/ a + si gn
and a - sign, in Figur By I scenjre the hrodes
coincide with the cent ?e of t%he nquggggfggg theéetc |n s Fﬁ@&t% ns from
centre of etching posi thirensduger- §8ce¥dRrg gtonitie rJeS‘{tﬁeUtleo vhehceéntre of

an el ectrode, are obtaignettdodde ghstgncen betty\elenthe eleBtEodesl@@2 - 6
consecutL%e mesa and etchi n%eﬂl s ~, /4. These etchl n f'nks generate the

reflectibns required f&CHHANhg a5k r R T tlg IEJ]FSproﬁagata‘l"‘on of
the surface acoustic watehing guetevddk idf ystrniaddesh/2;configuration 5 in

whi ch the favoured dir t|on of . pro at i of , ustlc waves i s
opposite to that of Fi SRl aD %I%g flrgfs;t vlafrillgsn the d star?f::gngetween
consecutive el ectrodes etmyrxpdw“am agmnm@umr equ@¢CQDdtrtr@ di spancéhleet ween

a nmesa and a consecuti Vg windhidig. wifh A2 hase bedusd a eel , eVirQ“%'hXch't may
be beneficial to create resonant cavities. To npke t t

pe
configurdfion, in which¥hef&¢5EPEE5di AERL |Q)‘?tsb"fl?)‘?%%a i Bt?sﬁ‘fs t RE
acoustic waves is | ocalelt3chrlemgesr sefd ,ant ket dhriangs cedevo rde edr giengl ddb X ;he

i nvention can 15 corrprlgls:Leg LSuccessi %ﬁ%f Hayaut accg;ldl ng %9 F‘hggrﬁsl | a and
S

of | ayout according to FiQgure , ustrated in ure type
of layout at the |evel C@fn"teWélamasl MraQﬁ%tC@ﬁ s of bltéak BRUDAe p&peodicity

of the etching networkwsuth 3a% e tfisfe £ @Pdd NYously from an 20 etching
net wor k g first type RI as réges nted in Figure la to an etching network
e

of secontPtype R, +1, medH I T HGUrED | BreBRcHTE ESAPFGUFEL on has
the benefit of nuch eagfertttee(ﬂﬁww)gwpétawntmaB ebaventdemabkby dsednin this

25 type of transducer fgr; "M["Chtl‘xé 'SnreHv Ky toclfocaléyegé égge th(g

position between a transduction centre an a reflection ce re so as to
obtain the desired reverpdrigiafiaedn ihe eiah it netaresducer

configurations described g3 abave Mt{jsﬁrg\:ggtrcgjesvggga%vel@ftgt Rhas, » @
transducfjon centre situated at the centre, of an el ectrode (for exanple

referencdd +) is separ &%EPFAIH an et c‘h’i‘h‘&l’FT%hko%%lrresponEIirﬁEj‘sfiécércentre
of reflection by a distianestratkd cz.@f reispading to the 35 i deal case. In
certain applications and in_vi \rAL/ V\H? ubst ates enp

f't Eh

beneficial to create & phdSBe&R di ¥ ef%efr(?’l%VES (gSFPEQBS%aI ng to
~,/8y. To doadviordimg aozotdendnventhen maendiiosss t tize esuhengosetwonk can

advant ageousl q‘?ea«mrflzsedow tellectrodes and of at least one etching

35 network. Conventionally, the substrates used can be in
particular quartz, the electrodes may be obtained by
metallization for example using aluminium. The
substrates used may again advantageously be of the
LiNbO3, LiTaO3 or else Li;B40; type. Furthermore, etching



- 10CT 100Z respect to the network of electrodes. Figure 3 |Ilustrate a
configuration in which a transduction centre is a distance of h/ 16 aw yOL 2002
froman etching flank, i.e. a phase shift of 22.5. In this 5 configuration,
the el ectrodes are ali gned with the flanks of etchings, this possibly
representing a technological facility. Fuythernore, in the af oresai d

exanpl es, the_nesas and etchi gs xhi alt he sane_ w dt however the 10
latter may al &€ H%QHFﬁge%’iF‘slgl CHFFHPEFENt O TS Tﬂfac%l 3y tYPRe

et chi ngs can p@lssesatasvm dirfd equal tparti8udkicl sttiide neEsasaplssesgca W dth
equal to 3~ 2? 1\95 Jge et g l(_ﬂsto be con‘gletel fiIIed b

netal lizati on 5@ ¥f"ra '3 g : TﬁSCkfglE Sdut'titol sgnsptl? ity may
t hus be enhaneeelrgy/bpéasma awdt hlﬂbmdgatlontat inabecbabsivetyoni ol e to

change the w ti h | o y t apsducer,
so as to I’estdl gwlt"ga c%ase %’In ORJ]H%I %8 t%hie tfcﬁzlinll'e(t::thl%on‘bfg:oée fi gl ent.
20 Exanpl es othera:tgdum% @hnh btev\odéiféétrﬁ@@esfmm Wdiee| wigth The ekanpl es

descri bed abo 1 sdyger f p in
whi ch t he favﬁéﬁ?gé &n?eg%I?VF%g%MQE sur f a%eepwaéggbﬁgtl@%gﬁ?o g%fgfhgd.

According to YRELIPRESr arthie t REGREMSdudEAshni thein® erE¥erlodeC pefhe,

il lustrated ig8)&bgHb8e5Ridenhi bit very high coupling coefficients which are
30 greater than in the tragsducers e% el ectrodes per. ~, .but are not
nevert hel’dss bi di rect PERFI1ERePeA Jt?%hsVBEtl\%‘En et ? odBYCBELRY -

i n-phase and bei ngbtsnisy el srgal lgougheng upsiqfifSidient ofcaarfeatr@dd nhy
network in this type.aof trans ucele sl kes 3 |bIe to
al l eviate thi Eylamégﬁackneﬁ)ﬂf)ggver %Ygggéggggf t%r angril Yﬁ%lé?dhgég

t echnol ogi cal c&dvprepggasiore aft rlees sur femssi blagretso figbr icesiags edet pr ks of

el ectrodes wi Wﬂré‘uépéﬁ‘f' Rt }Sﬂr‘égeiﬁh'?:%I @,rfgq:@ é%ﬁ?%é‘@w&fﬁesﬁér ¥hhi

transducers with 4 el ectrodés per Convent i onal f‘y t he
t ransducer™ V\ﬁi?ﬁcgléﬁecﬁ%‘éﬁ'sa]per possnclq)lrﬁ)“ SEeEPd @Yo ded 3PUkiSdt hEex/ 9

separated by amppeséfging/ 2hi@st{ybeUsEr abadignrbtdehe 5a. The waves emitted
at the level of an electrode Ei 5 are in phase with the waves refl ected by
the consecutive el ectrode Ei +i and vice versa for the waves emtted at Ei +i
and t hose ref Ezamnplieby tdf elta@nasdwedis Toviditst udb t Rlecdywdetsry med t he
placing in ph@é@e?én&@ﬁ jeflections at the electrodes, the invention 10
proposes to position“the el ectrodes on the etching flanks as illustrated in
Fi gure 520 To conprehend the manner of operation of such a structure and
how it is possible toxﬁpttmbzeyrpka of ypeankdlhiageut thee shadt re@asi gdeg t he

reflection 15,co cpents ti spectlvel toa tching f. to an
el ectrode anddéiag B‘a{ hes%%'h% (‘g"f‘ f Ye ®l%etr tk?st% ear% hgd|?e0t| on
et chi ng -~ nepariefie M/d@f.| ébtdiona c sefrivictiverst ¢Jshxleite$ eﬁcegbcrty CQ@plnnghe

downward di re@&é?f‘lg‘féﬁt &t Chidighitbe 59&1@@&&9&&96]‘fsgéeahbéuy,
referenced -r upward directiqn substrate ~ el ec

reflecti P cog\“?l c’ieéc'r?teci%lqr‘e?f eFEFRERT. (R¥ . TP T RorPRRT d SRTIGSt | Bne

el ectrode 25 anbsheat eutt hadr abl eatzbmre@bef:fnemtanin isf retepagsedoniect | f the
centre of thetﬁl ectr(g% %s di ] l.aced by dis ance .4 d th r spect quo t he
et ching fl ank, The 7&7rectfon coeeﬁlm ent rg RS entFé1 f the
el ectrode gi vennbyguhetﬁohl oWag dietmrka this bldlrectlonallty, the

invention proposes to superimpose an etching network so

30 as to give rise to additional reflections in an
asymmetric manner with respect to a central axis C
defined between two electrodes connected to different
polarities and symbolized in the diagram by a + sign
and a - sign, in Figure la.

35 By making the centres of the electrodes
coincide with the centres of the mesas or of the
etchings, reflections from centre of etching positioned
at A/8 or 3\A/8, with respect to the centre of an
electrode, are obtained 1f the distance between



30 2.j.k.(4-dl - -2. .k.d 2j.k.f - -2.j.k.f r=rg.e | J-rg.e ~ +re.e g
-j . 4.~c.d - -(rg+rg~ a~ +j .(re+re) -j . 4.~.~--2. R
~a+j . 2. Re-re - 10CT?20025 g _ To obtain unidirectional

transducti on,

first exenpl &y

-re.

g

we require the reflection coefficient r to be a pure real,
thus inmplying: -2.Re~rg~e J~4~~.~+].2. Regre~=0 where Re real part Re re d

-. asin4,~Rerg 10 (1) t = -2, Re(rg ~.cos~4.~., hence Re(re) 15 .

3 Ro-r g, CONTRE TR T ARe DT §OSREET5, R AT T TREYD) REERS )

Equations (1)f1amks( Yendpose the cefdicddtarprnRerédeltes! Rer(raprainthich can

al ways be obtai%ed for a %0 gu%Lcious£y chosen_val ue gi tﬂg di stance d. The
Geef i i ctt'h

frahsa Ehi5Mel 3kt rBERRAFRFLRD,

as Y Ui Seen

descri bed newrrduseliesswaeqsi r &5 gurteechinolidgynstrratteschat e rd ieptraddies nmust
at the intersecti Q . e ' [ I S not
w%}c EE? AL J 5ﬁg$c€?gﬁ %Edéﬁgﬁéégﬁég%oﬁg %me

be deposiged

very easy: Thi's
of transducerosiusttiZ evavesodes pppositebuto ofthatr eofli Fdgurteechael dgy.

10

15

20

25

30

35

he i nventlon a

Y, SO Proposes

this first wvariant, the distance between consecutive
electrodes may advantageously be equal to the distance
between a mesa and a consecutive etching.

As has been stated previously, it may be
beneficial to create resonant cavities, To make this
type of configuration, in which the favoured direction
of propagation of the acoustic waves is locally
reversed, the transducer according to the invention can
comprise a succession of layout according to Figure 1la
and of layout according to Figure 1lb, as illustrated in
Figure 2. In this type of layout at the level of the
axis AA’, there is a break in the periodicity of the
etching network such as to pass continuocusly from an
etching network of first type Ry as represented in
Figure la to an etching network of second type Rj;1, as
represented in Figure 1b.

Such a configuration has the benefit of much
easier technology than that conventionally used in this
type of transducer for which it is tricky to locally
displace the position between a transduction centre and
a reflection centre so as to obtain the desired
reversal of directivity.

In the transducer —configurations described
above with 4 electrodes per wavelength A, a
transduction centre situated at the <centre of an
electrode (for example referenced +) is separated from
an etching flank corresponding to a centre of
reflection by a distance A/8, corresponding to the
ideal case. In certain applications and in view of the
substrates employed, it may be beneficial to create a
phase shift which differs from 45° (corresponding to
A/8). To do this and according to the invention, the

etching network can advantageously be shifted with

I guration

e
2002



This involves a unidirectional transducer in 30 which the network of 2

el ectrodes per ~, is superinposed on a network of etchings of spacingl 9] 2002
as illustrated in Figure 6a or 6b. - 10CT 2002 - to This type of
transducer operates at the second harnonics. It has the advantage of
offering a wider geonetry than the geonetries described above and is
especi al | y advant ageous for applications at very high 5 frequencies._By
consi deri ng theseRe®E piPantdilte s PEtvPEKand®ir, %&%%ﬁﬁ%ﬁﬁsfor i i&ent ¥ a
reflect:og Cofiiﬁ§t§9Ee§3 é*'boﬁ%ﬂ %%&tﬁhﬂ'inZaWhKch'+Q gtiaﬁsguc@ibnk-~
r=rg.e -rg.e tre.e -re. Lo, A - -~ '\rgrg~-~aa + ~
'‘\re + re -j ¢© ég?.dji pa _dpﬁgpacg, ak'JWﬁﬁ ?W%YQ ﬁrﬁ@~rgn15e58hb%gore,
to obtain a favewkped direecti an ofhggopagatiiten, o sk % obtTai n ehpsire
real reflection foefficient, ' ' g.d 2.Inri9

20 Re~re @ =-SRFHhIA 2t +At g #5? \I/\?Jf%c?lﬁéc.iel megi nary b frl?dzgd'%tfﬁ% "Ent e
h' =2. | m~r g~. cbsadkst . of Retare)ndmncethis =p@ssibhwrg¥rersesagiting(ra) g
technological facility.
Furthermore, in the aforesaid examples, the
mesas and etchings exhibit the same widths, however the
10 latter may also advantageously be of a different width.
Typically, the etchings can possess a width
equal to A/8 whilst the mesas possess a width equal to
3A/8. This allows the etchings to be completely filled
with metallization as illustrated by Figure 4. The
15 production sensitivity may thus be enhanced. Moreover,
with this lattitude, it becomes very simple to change
the width or the position of the etchings locally in
the transducer, so as to modify the phase and the
amplitude of the reflection coefficient.
20
Examples of transducers with two electrodes per
wavelength A

The examples described above all relate to

25 transducers of 4 electrodes per A, in which the

favoured directivity of the surface waves 1is easily

obtained. According to the prior art, the transducers

with two electrodes per A, illustrated in Figure 5a,

exhibit very high coupling coefficients which are

30 greater than in the transducers with 4 electrodes per A

but are not nevertheless bidirectional, the reflections

between electrodes lbeing in-phase and Dbeing SO

symmetrically. The superposition of an etching network

in this type of transducer advantageously makes it

35 possible to alleviate this drawback. Moreover, this

type of transducer has a technological advantage since

it makes it possible to fabricate networks of

electrodes with a spacing twice as large as the spacing
necessary in transducers with 4 electrodes per A.



Re(a) zr=2.1lmr ~11Imr g30 - 10CTt002 - m As in the previous
exanple, it is possible to determ ne a value d such that it permts 41RETE002
re) | <I Im(rg) |l . And as in the case of transducers with 4 5

el ectrodes per ~,, it may be very advantageous to meke transducers in which
the nesas and the etchings do not have-tde sanme w dth. Exanpl es of
transducers with 3 el ectrodes p rl 10 wayvel ength 15 20 25 30 35 ﬁ COI’dI ng to
anot her variant of tRETVRREAS Yirt i s*Rossi BIFEEGIUTEESa colbERti off

surface waveellkeatsddeear pferSPkJDT typerissi ngl ant asyesretas ¢ wisttior IQ»/df

el ectrodes and _in o L,f or pan ed_b rtue of

t he |rrprovem§ﬁtp i ﬁ%ﬁe%%flec%?%#@%e?’?zél en sgg h?ﬁgggléggt?%d?s Used for a
transducer wawel engt hwategueaitaed latst tla¢ eéearetlranf'sdamelel\ﬂddrozieelﬁact rodes
per -~,, el ectrodes rLe ~/ ar 0 ca | ha reflections
of the sa%’,\g 3Irectrodesp% peC| f‘ﬁ%:gilpl tth% aﬁa\tyé’s r}%glethg%r?sa%gt & isin
phase opposi tcp@ﬁewulthweesaﬂe&ntmﬁq hIén\zva@édréfflIO@ct\eﬁﬂfﬂﬂ/ f%é ébﬁsé’@ﬂ’ﬁs\/e

el ectrode Se%ﬂﬁ%&%é @t tmhd&sﬁaaeﬁsse,Iéflzbgeahbryd t@leeWrRde tepagat ed by

a di stance of fromthe consecutive el ectrod Ias the rol e of
reflector. OI@ v@‘yf'td%rki’ néPédsi WYV ¥ efPEctiifh RLBF P@l BRaggcKRta
| ayout consi ghe | ndflESesdny t he t kiheknesse ofrédes sai t-jhel edinvedes.on n

I d t ai I f t I I t th id
oot r okl | oSEORREE Sy Ser PPELEARA ¢« FAS: Cohnel 501 be et | 5T IRR s i s
why the i nyerfﬂlamnkspatsposdmsa:nammeﬁlgme at.in whl ch the coefficients
of reflection of the % r?cfethﬂémrﬁéjﬁ’r%jr bgfl gg%thgigg ;DI%e SI;JIIah Igness of

el ectrodes w thout increasi'ng I ckness of net I zatl on as ustr at ed
in Figure 7bstuchuget mom@‘gylﬁoﬁéom%ﬁ:&é@ te pptinbre tHigsdvy®ssingle

mask flczr nakig¥g ”l%y%ttﬁ;h' ng et wogkaand tBengkaetr odenset alddraaldtadn
net wor

erfecI such_a stru
benefi ci &P n(?toetf(fl&l@ﬁ‘tt%ereslu?ol%’[rf%t’é RTG o W 3Y akOi Pf‘ugfgf:gll&g |fbraﬁ|%<gure 7c.
Speci fical | y,toby amot edtesdtirmpient ama |eie¢dofad tthasdoenkor cedtrehdt is
possible to |ri%rq:at%% the 5 reflectivity spread so as selectively to nake
certain el ectrodes into the reflection centre and thus lead to a decrease
in transduction | engt® FRepatRYREA afirBFtAon eBERMHRT at>t HRSF2velthSY a

transducti on ,GaNtdR iont W<k hatapen analadiade ref erenced + and an 10
el ectrodgﬂref erenced _- sur,f ace ve at the | evel of th S transg__ ction

centre c be pl aced |“n %SSOIXPI’H ef1"ecte %aby tf CEFEEH 5 maki ng
up a refl ect iret leention Iaxc(ﬁihd:mntsis/ &:eferenced ~rg*.

In the upward direction substrate — electrode,
the reflection coefficient is referenced ~re~*,
In the downward direction electrode —
25 substrate, the reflection coefficient is referenced re.
If the centre of the electrode is displaced by
distance d with respect to the etching flank, the
reflection coefficient I' sited at the centre of the
electrode given by the following formula
30

N
Lt
=
—
NS

2.j.k.% . 2.5.xk

_d]
—23 k. d+r 8

= —(rg + ;;-) e_j . 4'”7 +3 .(re + g)

-ﬂ.4.mg

=—2.Re(rg)e A+j-2-Re(re)



-10CT?2U02 - 13 CI~AIM5 1. Surface wave transducer including a _ CT 2002
substrate on which are deposited two networks of interdigital el ectr(;cpes]
and connected to different polarities so as 5 to create acoustic
transduction cells defined by at | east two consecutive el ectrodes of
different polarities, characterized in tyat it furthernore conprises at
| east one network of etchings, separated by nesas, the superposition of the
net wor ks of el ectrodé® 10°%T?|618f t%%‘t‘iﬁﬁ‘?@%@%mrﬁ?%&?ﬂo i possi®l e to
obtain a faveenedrdi et Xt lefciicmpagadificidnt e asobst acpuaeeseald.,
Surface wave ﬁ_‘r ansduger. according to daim1l characterized in that the
net wor ks of &N&St FBHeY A% 15 symmetric with respect to an axis situated at
the centre of two consecutive electrodes of different polarities, the
network of etching being asymmetric Surface wave transducer according to
Claim1, Tharacterized in hat the networks of el ectrodes are symetric
Wth respect to a xi-§ .8ttuat ed at, the centre of two consecutive

P{e?rga@nt pol arijt-ﬁe%e(re)ﬁ/\ﬁ)r‘khéfeeﬁéhrﬁgé Bérfg asymetric
with respect to the said axis.3. Surface wave transducer according to
Cl ai n2, 20characterized in that it conprises a succession ofatleast two
et chi ng networks which are asymretric soasto locally reverse the favoured
di rectionof propagati on of ,the surface waves. 4. Surface wave transducer
accordi ng to oneof ZSQIQLL&_,%S% SAT racterized in that the etchingnetwork
conprises an alternation4af etchRelgg)andof mesas, the width of the etchings
being different fronthe width of the nesas.5. Surface wave transducer
accordinj0to oneof30C ains 2 to 4, characterized in that the
di st ancebet ween two consecutive el ectrodes is equal tothedistance between a
consecutive nesa and etching. 6. Burface wave transducer according to
oneofClains 2 to 5, dharale éﬁ@.ﬁ.@ hat the di stance35between consecutive
el ectrodes is equal to a quarterbft characteristic wavel ength
correspondi ng tot hecgptyal frequency of operation of the
transducer, t henet wor ks of el ectrodes conprising pairs of
interdigital el ectrodes. -1 0CT 2002 - 14 _7. Surface wave transducer
according to one of dains to 6/ charpréerinzaed in that the distance
bet ween asconsecuti va He8aR fgi)eds hiamgnj s—edtgll to a quarter of the
characteristic wavel ength. 5 8. Sirfacel Wat%®'t/jansducer according to O ains
5 6 and 7, characterized in th -dth of the electrodes is equal to
an eighth of the characterigtic|wa¥%®f(%&Adth. 9. Surface wave trapsducer
according to one of 10=cfak lt'oRg(ranr acterized in that the'<entral
axi s coincidence [sic] with an etchind flank of the etching network. 10.
Surface wave transducer according to one of Clainms 2 to 8, characterized in
that the central axis 15 is situated a nonzero di stance from an etching
flank of the etchingB#taides 111)supnsee (Wdve {HPRFSIuEER aCOBAAEAE™ o one
of daims 2 t|BerefkdRacteili zedhioht ran t hé wdiyst ahee detaredt ior a
consecutive electrodes is equal tq half_ the 20 characteristic wavel ength.
12. Surféle WeAfE GoNTeldl Y0 Sat oFdiYfy Yo t it BN hdtacteri zed in t hat
the width of the el eathendestiisstof tdeempleryof argnadteerof wheh 2
characteristi vel t 5 13. f.ace,wave sd accardi 0 one
of Cainms 11 egre\%?ooﬁeh%gr z:k():?%ri %éd ?ﬁqcﬁat ht e d:fl‘ré%gncgg%ét V\gg%cgl%%dt
consecut i ve etechinidgedmbaesaefisisgsal a o teqhapiegyof inhe whidlact &hiestic
wavel ength, the &l.etidLdessdebag i diitReda 8Sthiede: e ald Jies@g and 30
etchings. 14. Surface wave transducer according to one of Clainms 11 or 12,
char act efPzed§57 3¢t athe tdilitthe ietveleh P oHRIBER3S¥ et chi ng and nesa
is equal to the charagiisisisc wayel engleh. Sbvdbtisnir f atsovwayeopbarsducer
according to Claim1l, characterized in that the netwarks_of _el ectrodes
define sets GMOFMATcEPBELEUpRFIERa et BFFREALCHAV A th, SR Sset s a
first el ectrqoe dndaitsechmebred etitreade tavchrsepayyat ed by a di stance equal to
a quarter of the -

el ectrodes of- 4k A

f%(:iEQQQQ%s a unidirectional transducer in
30 which the network of 2 electrodes per A is superimposed
on a network of etchings of spacing A, as illustrated

in Figure 6a or 6b.



- 15 characteristic wavel ength, and are connected to different polarities,
the second and a third being separated by a distance equal to 3-ei gh_tlpmpfmz
a characteristic wavel ength in such a way as to define a 5 favoured

di rection of propagation of the acoustic waves, the el ectrodes being
positioned on the nesas of the etching wor k. 16. Surface wave transducer
according to Claim 15, characterized in at the first and second

el ectrodes 10 of a séfthb? Bypeefr ddafssercafveReryt$s apb posi tsomerdon one

and the same y®S@onics. It has the advantage of offering a wider
. A AL. A&hf . A&U. A. AL. A, . A9, . A9 ).AAQU. A f.AR4la~ 2 L Mb {

. A .y.A%hy. A" .
}xsni d_2Z] ca] U] Ry cdreay cé%a}%%ﬁ{%%‘]’é%ﬁ%a] Ees| capeaecaprd] chi caj caj
ca] ca] ca] ca] cagad £al £l eakveakagabus!  AS8<akRilicaPions at very high
E () k{vql gb] ca&carl‘ca cal] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] caJca] ca] ca] ca]
ca] ca] ca] ga] é]é‘iec 1S hiTa) ca] ca) ca] ca] cal k% MNS\ hz{< =
}xsni d_Z] ] ca] ca] ca] caBgalkeakddkecahgalttal caina] pajraajfetareal £q] calcaded] cal ca
ca] ca] ca] calca c I = ; A )
}#4$]7$: 1$$$!’/@/6 ](I?’B]("g!b\%gﬂ}/%&%@%Z%%ﬁ?hﬁ%fc} 1(::%;1 c& %5 '(l:gli'gralfcg]'ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca]ca]ca]calF
4GA4a5b57+717<<<>=M= =3>>5>; ,
>[ >} >>>>7AI\{ALAdAA§]::{/L\J}r:QHE§fﬂj]_ a4 d&]'@{%}“'@%L aj (?H]Jcé]%cﬁa']-ca']zc-é]-@% ca] ca] ca
] ca] ca] ca] ca] cé]r@éfca] ca] ca] ca]'@aJ ca] ca]ca] ca]cfééﬁ cal ca! ABBEB
C. C. C CCgpDD! D: DYDDDDDDDEFF* F- FOF3F6F9FI | ~xsni d_ZU] ca] ca] ca] ca] ca] ca] cal] ca
] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calyca] caV] ca] ca] caV] ca] caV]ca] ca]cajc
a] ca! I KKKKKKKxLyL) M MiVo MVIVI{NNN FWPEPQ@J&Q\% wr mhc”Y] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] caf ?gl;%a] ca] ca*] ﬁec*é ] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca! QQQQAQORR,
Rl RMRXRRVWV} Y~Y] M PQR?AMQQ wr mhe”Y] ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal ¢ -
a] ] ca] ca] ca] ca] ca] ca] ca] ca] c? th]4® ca{caﬂlg%aﬁi 03] cal] ca] ca] ca] caf H*. 10% &
()-"10% & ()- 10% & ()-10%&‘2‘%% 0% & ()t1@10%&/()- | 10%@e® () - R7
> 10% ! @10%t& ()-* @Ll0% & ()-*! @10%t& ()-*' @
10%t& ()-*yl0% & ()-5 10% & ()- 4M ' .
15 As before, to obtain a favoured direction of

propagation, we seek to obtain a pure real reflection

coefficient, i.e.:

20

with Im : imaginary part

25 and TI'=2. Im(rg). cos(4.n‘.;—)

Re(r )
hence : I"=2.Im(rg).co asin =
Im(rg)

Re(re)2

1"=2.Im(rg) 1_Im(r T
g

30
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1097 & (9 - SUYLRIOAL (D P17 & 0n P 1088 §eb) 48 ddous to make
transducers in which the mesas and the etchings do not

have the same width.

Examples of transducers with 3 electrodes per
10 wavelength A

According to another variant of the invention,
it 1is possible to use a conventional surface wave
transducer of SPUDT type, using an asymmetric network

15 of electrodes and in which the coupling performance is
enhanced by virtue of the improvement in the reflection
coefficients of the electrodes used for a transducer
wavelength. Figure 7a illustrates a transducer with 3
electrodes per A, two electrodes are A/4 apart so as to

20 cancel the sharp reflections of the said electrodes;
specifically, a wave emitted by an electrode is in
phase opposition with respect to the wave reflected by
the consecutive electrode separated by the distance
A/4. The third electrode separated by a distance of

25 3A/8 from the consecutive electrode, plays the role of
reflector.

One way of increasing the reflection
coefficient of such a layout consists in increasing the
thickness of the said electrodes. In general, beyond a

30 certain value of electrode metallization, the said
electrode loses its ©properties and the technology
becomes tricky. This is why the invention proposes a
transducer variant in which the <coefficients of
reflection of the electrodes are improved by increasing

35 the thickness of electrodes without increasing the
thickness of metallization as illustrated in Figure 7b.
Such a technology moreover makes it possible to use a
single mask for making the etching network and the

electrode metallization network.

“110%
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10 a transduction centre, it is possible to 1ncrease the
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a decrease 1in transduction length. In particular, by
not etching at the level of a transduction centre
situated between an electrode referenced + and an

10 electrode referenced -, a surface wave at the level of
this transduction centre can be placed in phase with a
wave reflected by the electrode making up a reflection
centre located at 3A/8.
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mesas, the superposition of the networks of electrodes
10 and of the etching network making it possible to obtain
a favoured direction of propagation of the acoustic
waves.
2. Surface wave transducer according to Claim 1,
characterized in that the networks of electrodes are
15 symmetric with respect to an axis situated at the
centre of two consecutive electrodes of different
polarities, the network of etchings being asymmetric
with respect to the said axis.
3. Surface wave transducer according to Claim 2,
20 characterized in that it comprises a succession of at
least two etching networks which are asymmetric so as
to locally reverse the favoured direction of
propagation of the surface waves.
4. Surface wave transducer according to one of
25 Claims 2 or 3, characterized in that the etching
network comprises an alternation of etchings and of
mesas, the width of the etchings being different from
the width of the mesas.
5. Surface wave transducer according to one of
30 Claims 2 to 4, characterized in that the distance
between two consecutive electrodes 1is equal to the
distance between a consecutive mesa and etching.
6. Surface wave transducer according to one of
Claims 2 to 5, <characterized in that the distance
35 Dbetween consecutive electrodes is equal to a quarter of
the characteristic wavelength corresponding to the
central frequency of operation of the transducer, the
networks of electrodes comprising pairs of interdigital

electrodes.
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of 1 109778& ()-Wﬁ%?’lo@@@????ﬁ?éb\’?15@5%:‘3%‘% EFehifGogt §) squal to a

quarter of the characteristic wavelength.

5 8. Surface wave transducer according to Claims 5,
6 and 7, characterized in that the width of the
electrodes is equal to an eighth of the characteristic
wavelength.

9. Surface wave transducer according to one of

10 Claims 1 to 8, characterized in that the central axis
coincidence [sic] with an etching flank of the etching
network.

10. Surface wave transducer according to one of
Claimg 2 to 8, characterized in that the central axis

15 is situated a nonzero distance from an etching flank of
the etching network.

11. Surface wave transducer according to one of
Claims 2 to 5, characterized in that the distance
between two consecutive electrodes ig equal to half the

20 characteristic wavelength.

12. Surface wave transducer according to Claim 11,
characterized in that the width of the electrodes is of
the order of a quarter of the characteristic
wavelength.

25 13, Surface wave transducer according to one of
Claims 11 or 12, characterized in that the distance
between a consecutive etching and mesa is equal to a
quarter of the characteristic wavelength, the
electrodes being positioned astride the said mesas and

30 etchings.

14. Surface wave transducer according to one of
Claimg 11 or 12, characterized in that the distance
between a consecutive etching and mesa is equal to the
characteristic wavelength.

35 15. Surface wave transducer according to Claim 1,
characterized in that the networks of electrodes define
sets of 3 electrodes per characteristic wavelength, in
which sets a first electrode and a second electrode are

separated by a distance equal to a quarter of the
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