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“The field of t i ! is that of Surface acoustic wave transd C@ETS
operating at v| wmmmmmnjmmr equencies, typically at frequencies of "th oMb r
~of several gigahertz. nventional |y, -t dansducers are typically fabricated

by using structures of two, four or eight electrodes per wavel ength ~.,
where ~, correspontMAIY. -3z HURFAUER alconsaia WaAyH mepRsDycER t he
transducer, depending on the intended applications (transducer with or
without reflection). In all these types of transducers, the ratio of the
area of the netalli zmtk sfitéhdes foftlichei substian e itso tHeer avéa safrfuhe free 15
surfaces general ly. used_is typicall twe 25 and 0.75. _A new ¢l ass of
transducers éf‘l%%u?”l% cofid’f ntérsgisrcliﬁgepf eseo%%rr%ttlﬁ soa-”gal V%éysmalllg%gap
transducér, frequemtidde fypicgliface iSrequgnsimd | ofo @ tordbtraiod 20 t he

smal | est pos;é\p%:[eapi itqghce%]gnze_t ween two consecutive el ectrodes as

illustrated 1nh Figur e advantages of this type of transducer lie in
the fact that it is Gosslionallabt ai ntedredieries w dehs whiteopiged las | arge

as possi bl e s per; perd pdpyt herefprecwhthustsond ye o, deehgasing efighkection
phenonena between el ectrodes. e dr avxgack of t?ese struct gr es lifes in the
t echnol ogi catl % $%9 ?ﬁtf?ee’%.was‘{/eﬁﬁﬂ‘/g%}? xafipFES 4 oF°RLIEPRABHGCEP GPErati ng

at 16 CHg, el@cirades ofendudindy ~, /fZedqueticyl. Sofn) haee t arhesseparated by a
di stance of about a 30 few hundre ROSL L OF which requires an _exacting

t echnol ogy. ?Ibc&fan e%rhn%\ﬁl%gf éeﬂ%%% %é@g%%ﬁ%g%d (%ﬁgnsgﬁgglgalwll§%t hat
proposed by qk H. whkithestanddX G cthdrocha, IhEER IMTT- Sheseer naypenal o cr onave

Synposi um Di séé%%fs; PRe 94 Og% th@ 199 a)of Q9ﬂ¥¢ﬁet%§l§98dUSA’

June 8-13, 1993). According to this concept, the conventional production of
el ectrodes i1ET9%®dodut LABcOT WP RErateR t Heo b8l | ¥R ol f rtdee sdrfbce ratio

of abouts50/Rsrfased | husérated iRek qwetggiczm@ywb@lteqe@fntdﬂiﬁsfiahat series
of electrodes js covered with a -1 0CT 2002 - 2 layer of dielectric
mat eri al (Fng'u7r%' 2b). A second series of electrodes is then produced as
illustrated in Figurke Rew Idlass tdis tpassidocertso odd anpwel aote odeso

_Sseparated b very | _di_st e .Co nad i e I gs of the
| ayer of di }eﬁe:ic (fl cTﬁagtE%r iag:e, o(\%ve\?gr E%lﬁgggegéo%lsggraltg;stg?hg}dggtgrgoﬁes is
not in direct difcidetihie TO aTHrifth t1hevprezopi bt $Pca2gubst PREELNt hus

generat ppg aHOUPhdNDe&f bOVBLILEES dGis€BBYe between two consecutive
electrodes as illustrated in Figure 1. The advantages

of this type of transducer lie in the fact that it is
possible to obtain electrode widths which are as large

as possible, per period, therefore with strongly

25 decreasing reflection phenomena between electrodes. The
drawback of these structures lies in the technological
difficulties. By way of example, for a transducer
operating at 16 GHz, -electrodes of width A/2, i.e.

1.5 pm, have to be separated by a distance of about a

30 few hundred angstréms, which requires an exacting
technology. Various technologies have been proposed and
especially that proposed by J.H. Hines and
D.C. Malocha, IEEE MTT-S International Microwave
Symposium Digest (Cat. No. 97CH3607), (1997), Denver,

35 CO, USA, June 8-13, 1993). According to this concept,
the conventional production of electrodes is carried

out according to the metallization/free surface ratio

of about 50/50, as illustrated in Figure 2a. The whole

of this first series of electrodes is covered with a
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Furthernore, this technology inherently |leads 10 to structures w thout
"possible refiection and therefore, necessarily, to bidirectional _ 0CT 2007
transducers. In this context, the invention proposes a novel type o1f
.transducer of the small-gap transducer pype, obtainable by a sinple

technol ogy and | eading to 15 transducers which do not have a coupling

probl em According to the invention, the gap between consecutive el ectrodes
is obtained jn a dir cwé%r]ﬁper endi cul ar, ;o tge gl ane_of the substrate and
by virtue off3¥®F prse S %t PREGTGRAL | hGIIZEMoFR) speli FIT1Y, the
subj ect of theriswenfi ebetsradssrfacehaaopsbibaceayea d rianschoert aperqt i ng at
frequencies of the arder_pof a f i gahert.z. and co i.Sing substrate on
which at | east?{Wo i%ﬁ:t'er%?gijtsat E(Yavu% g%??solobel%r %gysggﬁglaep%%?%rcp(%ﬁ?d 25
connected tcapdferemtbpobaretryesmadd asstenceeatosr mcgustdindg ransduct i on
cells, whichpre felingd byealy]eastot va; conseeytl ¥e. &l agr odes, Afe,
different polarities, characterized 1n hat Tt conprises: - a grating of

et ched groovidse sejr@en@d $9r 8Os nesfas, elertindsubst s ateot - B | dfradte mesas
and of the efghed grooves,eldlg eatir el ie CQYRL £tk Mot by ac ML Al dd zatd on |ayer

maki ng up the electrodes; - the depth of the etched grooves being greater
35 than the T kIR he? netabtinatebntPwsere§biasereyereate a gap, of

t he org_er ?)f a feWthI@Qrﬂ?Q§LYMS t&cAnb18g3002nheBent Dya 1Hd@ct i on
perpendi cul ar to the plane of the substrate, .between t caonsecuti v

el ect roltljés. i's ?%/’f)%g{?#r??ansﬁﬁgg?uﬁas Pﬁésﬂigﬁgﬂ t rc?fﬂ%éﬁtrfgonabl e be
produced di recdtgfoddi sneécebezaube, Hodfidrrdeviogali tséhydoadesan et ched
grating with the desjted, periQdigity. +ht & quent proceed
to the netallization ofgtﬁgé %ﬁg‘f%k%? Fh% gﬁyggggggf tp%ﬁ l&’te%tse%hédr}lgAr\%;l/etll ng.
Note that, itwRRdef toraeinree e Seasismadiln@gary tsapReupesduttieon, it

nmay be benefdwialnd1drakeyt hg mesagiwi deechhanobhe athched HANES -to
Advant ageously, the snmall-gap transducer according to the inverntion my

I ‘
have a favor'dtPRIVIETT WAVESDr difagdtton "fi%ectd orf OURs st e RUSRISTH t he
known art itadesradieady beenipreposed,t ohpr gdpc & ettvarsdusers eafutiiitesct ur es

using, resas. Ak elghied, gr agven (OO 821010200 bubo 2L G L LheT

application F ransducers operatin frequencres, with
much | arger Yaps mane t9f 20 et aduybisAargtens ansht Rif e Wisttwontdhudds bet ween
nmesas and etohed. HO0YeSan ThiShe ACHAAY, to a first variant of the

inventign, the di stance between. t consecutive electrodes is equal to
~, 14, a28 is also ed\ﬁ%\rlet%p?(ﬁéglz%g\ﬁ}%t ant® BRPWEER é?fnﬁg‘zf and <& ecutive
et ched grooviess TEhessirdewal | scolisthe evehed tgraooyvduce eatapardfdient i @ats whi ch

meke it possiblg,doridde bxansplttsdaupvesstogbe gt uied i haggqui th the
reflected waves® in a favored directron and in the phase “opposition in
comprising a substrate on which at east two
interdigitated electrode arrays are deposited and
25 connected to different polarities, so as to create
acoustic transduction cells, which are defined by at
least two consecutive electrodes of different
polarities, characterized in that it comprises:
- a grating of etched grooves separated by
30 mesas, in the substrate;

-~ all of the mesas and of the etched grooves
being entirely covered with a metallization
layer making up the electrodes;

- the depth of the etched grooves being greater

35 than the thickness of the metallization layer so as to

create a gap, of the order of a few hundred angstréms



30 the opposite direction so as to obtain a unidirectional transducer, also
“called a SPUDT (Single-Phase Unidirectional Transducer). In this type. _of
transducer, it has noreover been denponstrated that it could be beﬁéfq i 392
-to produce resonant cavities inside saig 35 transducer, this is described
in particular in the published patent application 2,702,899. In order to
Ccreate a resonant cavity, it is necessary to locally -10CT 2002 - 4
modi fy the directivity of the surface acoustic waves. To do this, the phase
i s conventi éRal Py ¢driesd s smerPeRgione 2l eder oddel oBaRPE, 9énefhfng whi ch

i's not straisghtforwar d Jdtameh techrene@iceali woidite Afrodeaw. 5 According to
the invention, it beconmes very sinple to change the directivity, b¥ | ocal |y
maki ng an et ched gr GoVe oftYIP&r g8f wrRBSAEGHY cdtdsy tWisce RS eIfaitge®

Accordi ng tgeangecste vald apé @frothectnventéoniy 10Thhe si@l begapskr ansducer
s a biqgrectional trans nerally, . this type

of transtucér tfds %a‘ﬁje?9d&glg{ftg?¥\ljlpﬂﬁl?q#g g‘g(ra:‘%rj%k?%%t glﬁﬁﬁig%’ch%q%thai nmensi on

in 7~/ 2 techesliagy, aredidrreftor,e iist id OefUgR00Ro- SubS5ediehbl20 25 30

35 proceed to the metallization of the whole of the
surface of the etched grating.

Note that, in order to minimize the sensitivity

10 to the production, it may be beneficial to make the
mesas wider than the etched grooves.

Advantageously, the small-gap transducer
according to the invention may have a favored acoustic
wave propagation direction.

15 Note that in the known art it has already been
proposed to produce transducer architectures using
mesas and etched grooves (WO 82/01629) but aiming for
other application fields/transducers operating at
megahertz frequencies, with much larger gaps and with

20 metallizations that are not continuous between mesas
and etched grooves.

Thus, according to a first wvariant of the
invention, the distance between two consecutive
electrcdes 1is equal to A/4, and is also equal to the

25 distance between a mesa and a consecutive etched
groove. The sidewalls of the etched groove create
reflections which make it possible for the transmitted
waves to be returned in phase with the reflected waves
in a favored direction and in the phase opposition in

30 the opposite direction so as to obtain a unidirectional
transducer, also called a SPUDT (Single-Phase
Unidirectional Transducer). In this type of transducer,
it has moreover been demonstrated that it could be
beneficial to produce resonant cavities inside said

35 transducer, this 1is described in particular in the
published patent application 2,702,899. In order to

create a resonant cavity, 1t 1is necessary to locally



easier to produce than the transducers having a configuration of four

"el ectrodes per ?~. According to a third variant of the invention,_jfﬁ 200
smal | -gap transducers conprises etched grooves and nesas of 7~/3 pe Bh.
.This type of transducer has the advantadge of strongly mnimzing the marked
reflections fromel ectrodes, the objective sought after in certain

appli cat | onsgnodhiey [ RYEN!d:anild; die bet Lol UNdSEsoodcaRd: OENel Adyant ages
wi || appear on reading the followng description given by way of

nonl i m ting Bxarfft e$difd withig r BReFeNncES t ¢ Thee Ripperiely | iguriead amihg
which: - Figgerdidd | ystratiescaoamahlb=gan i, r anssuoein ACER 8hng st g ddhe known
art; - Figures 2a to 2c illustrate the various stages of a process of the
known art i rs orafed! P ke af K9fld -%’Q%a%’tﬁﬁ%r?omt}:i%r‘él%- illustrates
a first gxanple of aassmtdigap tHo ansducenvaneobdi Ngit o ddwwmdwenid:gn havi ng
a favored acoustjc yave rogagﬁtio directhpn - Figure ﬁb illustrates a
second exanpidure a- &l PRgEp S FatediSEr addor dihg P53t hé PAFEREI &P havi ng
a favored wateclprdpagatdwn diff eclargreroppasitthe t o yhataldfy t hevieeanpse of

Fi gure 3a:-1g%#%ne 3c illustrates a third exanple of a small-gap
transducer accotrding to the invention having a |ocal change of favored
direction of the acoisterdimweto -a Ferrd4vpkliastr afesha flowment isxanpl e of

a snal | ;gap t_t}{éan§ﬂy9fr?gsm&ia%eqce&f fier et p\WHdt-RS + 96 BB S 3S M e £t Ched
grooves; - Figure 5 i

ustrates fif h exanpl e if a spal |l -gap transducer
according t &3H9 nvant PRI viﬂg a 6%rioﬂe8 rgl Z'anﬂhbéingyﬁﬁdifgbtional
- Figure 6 idddisddedes RABI la- gagr it r gesdueenpd isigxt do exmigl en of agdaccor di ng

to the -1 0.C.T. 2002 - 6 . invention, i j.directi.qnal d whose
reflectivi tfq;lls%lacaajzlus(flemaerbsyl(%rﬂeﬁpel i o&e%%r{%eobdef’cha}d} gt%a%ﬁen%rkg = gure 7
illustrates a seventh exanple of a 5 small-gap transducer according to the
i nvention, being bidirectional and of the type having 3 el ectrodes per 7-~;

- Figure 8 illustrates an eighth exanple of a snall-gap transducer
according to the 10 invention, being unidirectional and of the



type having 3 el ectrodes per ~,. Cenerally, the surface wave transducers
according to‘the sinvention conprise a substrate which may be of the ﬂH@HUﬁZ
type, etched first then 15 subsequently netallized by a netal of the

-al um num type. The substrates used may advant ageously be of the Li Nb0O3,

Li TaO3 or even Li2B90~ type. Currently, there are well-controlled

techni ques fdysietchipg oprsybstratesnof dfe auasitZatyPesandiAngarti cul ar
there is the 20 so-called I CP (Inductivel %%C(g)éj‘f%ég Pl asma) techni que using

a hi gh- ener GPTH e GiP enabidtHy $1RFTo 's production of etched
devices. According tm-@ofdied ¥arhamhiafd the ismensf obnhet heweililongap
transducer has a fayvored surface acoustic 25 wave propagation direction
conferred byR§ c%’ﬁ?¥8093?i Gﬁaeﬁﬁﬁﬂe&sngcoi“perllé@tsr oedtg%h%gr IRAPERENGER 7~

with refbectiean<ceaferns 3 goatiend at Thidi stygeceocdf tFa@duiddr respecthet o
transduction genters, o ' o] o € I e ihed i n,30 Figure 3a,
the el ect ro&éjgva etp‘_’l elté% %%g(lt”g(gl%u?%gggggggghgh%egéékgﬁd roe&lteﬁé:lg?%hed
grooves have ronwi et éicbfodes 4. tlTap osljectiriode suadis dhtver panr seaftaginect r odes
referenced e s A8k - signs in Figure 3a, so as to create acoustic
transduction"centers and reflection 35 centers such that the transmtted
waves are returned iThhdseentien: heiddf | Bet & hkies. undemptoathe and

configui@ti Jihed LH9ahBYEBEI Q11 tapSegBSent irdadihd the mRtjaldjization
thickness ne be -1 0 CT 200 7 Iesthin t he "etching depth ng as
i |1 ustrat ed 45F Fi iR BaI L RERorW nY2Fo FhofREF1BREAPFe F3FMEE? n?Eft i on

il lustratedwithigafferadige ito ithgpagpdri@ed of fwassandrey Sviacaust i ¢ wave
propagation direction hbjy Jreeveésiirigl%é}%rg@g%s aangn%lihe_qeatrpczh%(%a%ns%o%eé\§ wth
ed 1n a. a

respect to the confi gura‘% on descri i gure the™s way as in
the known art and espexdedidirgs tdesdrd bewvim atfe patent application 10

publ i shed under the Nopj 2,7/}, 829, {4 edcbyiihgsappticanhe i ,2¢quk@ be
beneficial to locally turn back the directi |;t:¥_?of the surface waves so as
n

to create resonant cavit3®s &Ff i3 IRERTEERAC gbR@"Bcalfnifr @&FFo do
this, it is enough to s esdie an @iLlledyay omemskhideayi Nng a wi dth twi ce that

of ~./2 locally with the aid of the etchi sk..used during_the. operation
of etching the subst ra%ljequﬁf‘i glg}?e ll}e‘w tu%{r]%t rerg gfl\%ﬁ a%gagf)g‘tehiosf t g‘pe of
uni di rectional transduwerll-gapnhi chramhedpe?s od atceh@iR® netas oichef the

etched ggooves is equalpddhridi? HAPM@ techngbosigal apeistief whow it may
be beneficial to make the nesas of a greater width than that of the etched

grooves, while maint aiffi R %ot TediSF Petiodi city. According to the
exanple illustrated - rFigure 3b illustrates a second example of a

small-gap transducer according to the
invention having a favored wave propagation

25 direction opposite to that of the example of
Figure 3a;

- Figure 3c 1illustrates a third example of a
small-gap transducer according to the
invention having a local change of favored

30 direction of the acoustic wave;

- Figure 4 illustrates a fourth example of a
small-gap transducer comprising different
widths of mesas and of etched grooves;

- Figure 5 illustrates a fifth example of a

35 small-gap transducer according to the
invention having a period of A/2 and being
bidirectional;

- Figure 6 1illustrates a sixth example of a

small-gap transducer according to the



25 Figure 4, the wdth of a nesa may typically be about 0.35a, while the

wi dth of an etched groove is typically about 0.15a. The unidirectio__nfiloC
transducers that have just been described have very good coupling 12002
-performance. 30 Generally, this is becalse the unidirectional transducers
must have in their el ectrode sequence an asynmetry responsi ble for the

unidirectionality (at {ReegXpgRse @feibifdi rechi phadidyaensuhed hRe
perfectly symretric structure). However, this favored direction 35 is

obtai ned at the cost oFhlPeEsVihyi §FadfdiyteBuBYi h§ec HEIHIOS &t .thaccor di ng
to the configuration pgppes€dgkating;invention, the surface wave transducer
preserves perfect electrode s nnetr the as nnetry needed to -10C
T 2002 - create the Tafb?eae véﬂﬁ%ﬁﬁiﬁﬁ?%n m%%&ﬂﬁQ%t?sa%P%%t8§ By vrrtue
of the pmeesence of an shghedggpati aganfbecerr kedceekkeeyi onsd r oranehe
el ectrodes are symretric_w h respect to ea h_ot her d do,not. cr ate 5 a
favored direction, whift® the*@tehe sn%emat r%%ﬁsonagfrﬂgtrdﬁ% 5 appear,
whi ch do not of f set eathret hevinbgt heeheatgbden perektion and the opposite
direction. The inventi S ghek i ble
uni di recti onal transdugg Epgmhg?e§§J% é§§%§ Phgap%f% t%%ﬁs ucers OF t he
prior art are solely bﬁﬂ@lecgﬁbnaltrﬁpﬁﬁu§?FongaﬁﬁPKéén9efIé@troﬁ@efrontthe
el ectrodegs. According ithé‘n@E&Qnd b/@lrd nturafdltﬂéetllevterttl QRd the snrll-gap
surface wave transducer co ion of, two el ectrodes per
wavel ength ~, . Such 15 YP%nEﬁﬁ%E?s a?g g SEEtP%ﬁar and have excel | ent
coupl i ng CoefflCIentSehQIEDDparlS@hewﬁthuQEbQ@ typeseof Hﬁﬁﬂﬁﬁﬂﬁﬁh& and
especially mnth upi dir ct| naI trans ducers of .4 electr )
i npl ant ati on” of° Eﬁecgro qt r 1EHFE %yperﬁmgf trucFuB Y §€|II sf?hted in
Fi gure 5.Irm@hlsbﬂrtmfurehﬂfmﬂwﬂnﬁed siypewal e aliedl nofikatr odbe®, as
previ ously, S l g t atesu r ty but
§'s ér?l{) ?§7E%§E‘£¥eate&g]he 249 %J) & [Re€hgalSr uniyll %Clﬂtn%%'rrt

are pr esent so gap bet ween two consecutl ve ectrodes.
The magni t udeYRS- of heh& UBEEERtGde USsid draY ordkaRI?FRPeRY nR§ &dvaRtageous! y

be adj ust ed aswpojurmltmm of tekrenettargsrtg, d:@_/ﬁﬂeh Oftirle® tatyi,| It hkeepiar@ a smal |
netal lization ig ness Q§ a% ¥ ghe structyres 8R trg ggugers ith 30
two el ect rod8l per Rt At Lhbseh t 3P ?e£86aFoF appl PEati’6is THECEuSE of the
strong refletmeonguereatedyby t leacel eiot r odest ik kdr al tbereheisur fthee waves
to resopgte §Jzié:§ifé‘&' yxcéoeqerraectt%etl@anéehbtea andh 410 )| ealeqayes are

put in phase (distance of 7~/ bet ween two consecutive el ectraode
centers). |nisbhe app¥+%%ﬁ?%%§$yrPl@§nﬁos§Pﬁl@nﬁgla&ﬂusth?héowe§8ﬁ§nt
charact er ofmé§$Spiy@@ctﬁoﬁtéﬂCéUéRe&hdéelea$ntarnrng the very good

coupling coef fi cient, gonf el fed. By the 3ty uGtH &5 W1 h.Zeeligetiodes, per

the small-gap transducer has a favored surface acoustic

25 wave propagation direction conferred by a configuration
comprising 4 electrodes per wavelength A, with
reflection centers located at a distance of A/8 with
respect to transduction centers.

According to the example described in

30 Figure 3a, the electrodes deposited on the surface of
the mesas and of the etched grooves have a width of
A/4. Two electrode arrays have pairs of electrodes
referenced by the + and - signs in Figure 3a, so as to
create acoustic transduction centers and reflection

35 centers such that the transmitted waves are returned in
phase with the reflected waves.

In all the configurations of the invention, it
is essential that the metallization thickness me be



-1 0 CT 2002 According to the invention and by virtue of the superposition
"of the electrode arrays and of an etched grating, this is possible b}{
positioning sone el ectrodes astride a nesa and an etched groove as 5 0CT 2002
sillustrated in Figure 6. The electrodes’still have a width of ~, /2, but
sonme el ectrodes have a nodified reflection coefficient, in which a
contributiomdsomugeh! esti aRcafihgt BRpehes,r ade 1and & rGRL |1RUtE QR Hr om
reflection off the etched sidewall are included. These 10 contri'butions
tend to oppo%‘%- each other so as to reduce the overall reflection

coﬁfi ci ent ﬁf sone Ed:@@icﬂﬁ:d@s t@ndaﬁdsmel lioekaﬁ@Q!é t@?e_ ﬁﬁékeiﬁn\ﬁérﬁﬁtornOde f
refl ection phenonena, ich_are genperally.very significant in this type o
transducer . Jilsf%t’é\it??‘ymnbﬂv Ev‘e%f:gbggwﬁ% ﬁﬁp@?sc?fl%g'reaﬁsodlfceé’resrs(% ti“leectrodes
‘per ~, and 2xebestiodesmveer prppaghotent hatregenet aldy, réhers tvgntdhen i s
applicable to any t f, tran cer, calling o technol.,ogy. whi.ch al | ows
a great dealm%?agatalyr?cﬁd%%theg(grg%(r?d q§oooe\+ée%t rvgl e}?w’% seJZtO (tt%ey}:%éean j ust
as wel |l be ofomfdgdrat i), dewctebedi bt aFhdwget Be.smal |l -gap character still
to govern the depth pf the, etched gropve s Mg speei f]ir&gH Yia e Wild

descri be transducers according to the invention, wth small gap a;néj havi ng
25 an el ect rowepbrlbd ad®l adRESaiperi odnbotheeqipRtand 7-9epliWatiarhi s type
9}‘ | Co?f lltguragslh@msmle na}gtag%_ ref{ﬂx@ct Nf@ntszanezms@@m fﬁﬁlé:d gurag_ g_the i onal
illustrates an exanple o [ pe .of transducer; is.is _a bidirectiona

t ransducer, %thblr?g;ii)%'g fs\DCQFZ& )r(jfdeb%‘t?fa‘r‘? E%nﬁ@&f‘li&lyr ESFBctBFS y to a
first and a slesoddrpeotarity dehotrd byurflaeet wades Siognss r espeatdatel y. Over
a length equal Lo the: Youel sooLh 11y, LbeafLLSEnAkGaY, COTRT 565 LT St

el ectrode, the Secon array CconpriSes a secon and®a third eleftrode. 35 A
vari ant of ttesdoypdhiiof, t tansiducenohgha ta apsdater amst pFEhedlt lgrdogleect r odes

per ~,,1but m@adenynhdiyieeh anglcdychstngs oL tvsr£lBEthoele Bheaysy but

three electrode arrays. Figure 8 illustrates such a transducer in which the
three pol ari®f estl® tHehhi®e mask e NI 151 %l SRSGIE A r &fs are
denoted by tdwecsyRdotise ChibsEpL@nd cp 3 . - 11 - -1 0 CT 2002 C7~Al M5

1. A surface acousti g wave transducer operatijng at. frequencies_of the order
“of a few gigahertz amf"%co r?§§H§%5a§8§star é‘ztaelgloann%?%hggi’sl ¥8F Ao 5

i nt erdi gi t ateui @l eet oo ar tagssdreedepdsi telll ahd tbenresstieat t of dithier ent

polarithes, sOsAs L Greahe Gl GrhdArsducd | eguge! £§, AWML Clrrane adef i ned
by at | east two consecutjve el ectrodes of different polarities,

charact eri zetPFPPeIREL 3! cBRPPEseRt view, 1t may be beneficial to
make the mesas of a greater width than that of the

etched grooves, while maintaining the desired

periodicity. According to the example illustrated in

25 Figure 4, the width of a mesa may typically be about

0.35A, while the width of an etched groove is typically
about 0.15A.

The unidirectional transducers that have Jjust

been described have very good coupling performance.

30 Generally, this is because the unidirectional

transducers must have in their electrode sequence an

asymmetry responsible for the unidirectionality (at the

expense of bidirectionality ensured by a perfectly

symmetric structure). However, this favored direction

35 is obtained at the cost of a less satisfactory coupling
coefficient.

According to the configuration proposed in the

invention, the surface wave transducer preserves

perfect electrode symmetry, the asymmetry needed to



10 - a grating of etched grooves separated by nesas, in the substrate; -
‘all of the nesas -and of the etched grooves being entirely covered with a
netal | i zation | ayer nmaking up the electrodes; 15 - the depth of the b0Ehl?
-grooves being greater than the thickness of the metal |ization | ayer so as
to create a gap, of the order of a few hundred angstrons in a direction

per pendi cul agrtgrthe ganer oot e substr anQop%%aQ@Jo\f\!eer!jifﬂ&tClQﬂuseCﬁ' ve
el ectrodes. 2. The surface acousti ¢ wave transducer as clainmed in claim1,

char act er | zeBLPALERaPYt e Tid€aO tarkd e RF SHIRRI Y Ve FRRR 33 8hent

wi dths. 3. Trﬂsesurrﬁ@@reeacowﬁlc‘ed@awstraﬂsdmcertra& Cleaie@ od2si N £id her of
claine 1 to 2, characterized in that it corrprlﬁges nmesas. and et ched ?grooves

havi ng wi dt hSY&ReR It fat e TGTRACTW R h°3F a°fBa 4G & £ Lorseial
etched grioove ifawequal torachabh; wanellengthe (erft2pd, dikipwsdvel engide bei ng

characteri st] cfgf tchgn ratr n}g gp f&g%gnc 011‘10{ hgftfr %nsduc grper

i nt erdi gi t at éd-af&ctrode arr mpf1Srng &l t ef nati ng &l s Fod? pairs, so
as to createbatvavored dwect |d0rre@fclprlop%tgét Eba @fpptdﬁe-t@co@rsm@tmes 4.

The surface aggu ?L W?¥ §dHS§Esa§JF|ﬁ6§§PE§§ kB A2 small-

characterized In er nore conprises at |east one nesa or at
| east one et @fBd tgrﬂdbvéecrrawrﬁgl atWRacHUEgHEl t'Hheredar dbcersBate-daRf -1

0 CT 2QQ2 -t+i2nswavekengih t{helrgrior éetasarteo é&@;i Yoigvesse dhgl favored
directi on of Ero pagati on of th usti.c wav THe surface acoustic wave

C
transducer a¥iEPafrEAREnMErkREr rSf‘-EEFEFHES f&ﬁﬂ‘ ’éhecﬁ&F&EFQF‘Ffed in that it
5 conpri ses nesas andcebehedgglt@owe?beh:aa\ﬂmgramﬂms sficthd hadvérei drot al

width of a a an on e ed Que ds e to
characteri S{T?I?: wavg\[El %ﬁ% %%%#teac\séur?'tgg% act%{rgi |°§va\7arveq? ?}lans Ucer As
clained in cF@Fﬁr‘-guréhaPactoérrtz‘éd ¢heehardes Part Werveseadtd donptides nesas

and etched orpoMg8,BaYLNg A-M dbhgeguakibRad quatd erh\é@\éel engtdy fentd 9), SO
as to make el ectrodes of width equal to a hal f-wavel ength and positjoned

astride bot hcﬁu%éagaﬁﬁegl“rléllé&trso&é‘ CRMERdeS Yo Widdu @ hste PEHI% & on
coefficient otafsatdcekectroges. lésgeciTablgurfadehacoustidi seeldrrainsducer

as cl ai ned |Qr§nggggegg ?Eahngléc@?gdgs gggr%cterlzed in that the period of

the etched grooves an ual to one third of the
characteristic wavel 8hgt hmat anhetdpar afi g efctagdencyf cof thies thyvamssdiucer. 20

8. The %Wfa§€r§89H§E' c V@vel&iaes_gaega aslrpl aFE’EQrb” odai M4, this

characterized Int it conprises a first second interdigitated
el ectrode arfFBYUCEHER- t At %Vél?e%l Féﬁ@’f’ﬁléﬁuaﬁlq o“?ﬁelé‘ﬁérogb‘f:@rl &S c
wavel engt h, phevibuslyar reyf oanprdérsesmakliingst iel qxdsrsddﬂecomeoimt% to a

first polarify, ?Rchéz‘?SRle@gr%)ﬁtc%@%” ﬁ%&sur%f’é‘ﬁ apgd %re@'t teH ectrode,

bot h connect ed e ace coust
transducer a%aR| dewEsm E‘I’@u I‘?—lo'ﬂse@hlélﬂd@t 219t e¢e s halhet Wﬁir'ql%tes a

first, 3@ a secondrnd actbitdohbt er dicktadehel eckpedeiaikgy, thene being

connected to a first econd gnd a third palarity re tively, such
that, over & ‘?%?r@??rg%‘dﬁﬁiyt Bet HBJBHE?QCPér Fstéu(f‘c\ﬁd'\?é‘l é’rfg t&‘ Méhsducer

conpri ses ardgbtler nawhaneof sanel lel elcdepiegfram tshall metalllzation
thickness.

Generally, the structures of transducers with

30 two electrodes per A are chosen for resonator

applications because of the strong reflections created

by the electrodes which allow the surface waves to

resonate efficiently, because the transmitted and

reflected waves are put 1in phase (distance of A/2

35 between two consecutive electrode centers). In some

applications, it is possible to adjust the resonant

character of this type of structure while maintaining

the very good coupling coefficient conferred by the
structures with 2 electrodes per A.



35 first array, one electrode fromthe second array and one el ectrode from
a third array. .AYY.Aa.ASL. Aay).Ay. A A . A .Ah?. A 9. A9. Ay 6>? @5_

, zupkfa\ W ca] ca] ca] ca] ca] ca] ca] c<a] ca] ca; caV] ca] caV] caV] caV] ca] ca] ca]ic@(Tcah?
ta] ca] ca] ca] ca] caU] cal] caU] ca] cTa] caUta’ ~

, -12/ OCD2ESY[ *} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
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Jcal cal Al caF SHPCRPCAT eaTc o a] Gl Sy Cad CaF cAFFAYe. mag0s i crened ™l calea
IN2O2 @BA3" 4a44453K4899=cR?2 Q@< Cxsrs i | caly] capealeapaahga] C@.c];rﬁ:@.} Z%:C@%]@
ool ea caheskapkenbenl gl eslgelesloal paleel caloalealenl cplalenl o (o
a] cal ca] dg] caI]La‘.a]sc;a]ad:Ia]iicaJ]mal]Fda]Jca] éa] CHjealeda@lctalecizlscad th] talhaalecad ca
gfﬂwg (1 §) /%ig% (%5?'- 1@2/& ()@tloc?ﬁ'm(e) - ByRSTRRGS %o P88 (3T Faepe () -
1]110%cé& () reflectdomsseegificieant0o@ds’ vhich: @ 10upegipptign from
{\=l'o F109%VB LF1&L10YE (drr 1@nE0 il & (amld !4 0%bh&rlibulth Sn10#EBRE () -
a@ reflection off the etched sidewall are included. These
10 contributions tend to oppose each other so as to reduce
the overall reflection coefficient of some electrodes
and thus to lessen the marked electrode reflection
phenomena, which are generally very significant in this
type of transducer.
15 We will now describe some types of transducers
(4 electrodes per A and 2 electrodes per A); note that,
generally, the invention is applicable to any type of
traﬁsducer, calling on a technology which allows a
great deal of latitude with regard to electrode widths
20 (they can just as well be of width Ai/3), while
maintaining the small-gap character still to govern the
depth of the etched groove.

More specifically, we will describe transducers
according to the invention, with small gap and having

25 an electrode period and a mesa period both equal to
A/3. With this type of configuration, the marked
reflections are minimized. Figure 7 illustrates an
example of this +type of transducer; this is a
bidirectional transducer, comprising two electrode

30 arrays connected respectively to a first and a second
polarity denoted by the + and - signs respectively.
Over a length equal to the wavelength A, the first
array comprises a first electrode, the second array
comprises a second and a third electrode.

35 A wvariant of this type of transducer is a
transducer, still with 3 electrodes per A, but made
unidirectional by using, not two electrode arrays, but
three electrode arrays. Figure 8 illustrates such a

transducer in which the three polarities of the three
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mesas, in the substrate,

- all of the mesas and of the etched grooves
being entirely covered with a metallization
layer making up the electrodes;

15 - the depth of the etched grooves being greater
than the thickness of the metallization layer
so as to create a gap, of the order of a few
hundred angstréms in a direction
perpendicular to the plane of the substrate,

20 between two consecutive electrodes.

2. The surface acoustic wave transducer as claimed
in c¢laim 1, characterized in that the mesas and the
etched grooves have different widths.

3. The surface acoustic wave transducer as claimed

25 in either of claims 1 to 2, characterized in that it

comprises mesas and etched grooves having widths such
that the total width of a mesa and of a consecutive
etched groove is equal to a half-wavelength (A/2), the
wavelength being characteristic of the operating

30 frequency of the transducer, the interdigitated

electrode arrays comprising alternating electrode
pairs, so as to <create a favored direction of
propagation of the acoustic waves.

4. The surface acoustic wave transducer as claimed

35 in claim 2, characterized in that it furthermore

comprises at least one mesa or at least one etched
groove having a width equal to a characteristic half-
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6. The surface acoustic wave transducer as claimed

in claim 5, characterized 1in that it furthermore

10 comprises mesas and etched grooves having a width equal
to a quarter-wavelength (A/4), so as to make electrodes
of width equal to a half-wavelength and positioned
astride both a mesa and an electrode in order to reduce
the reflection coefficient of said electrodes.

15 7. The surface acoustic wave transducer as claimed
in either of claims 1 and 2, characterized in that the
period of the etched grooves and of the mesas is equal
to one third of the characteristic wavelength at the
operating frequency of the transducer.

20 8. The surface acoustic wave transducer as claimed
in claim 7, characterized in that it comprises a first
and a second interdigitated electrode array, such that,
over a length equal to the characteristic wavelength,
the first array comprises a first electrode connected

25 to a first polarity, the second array comprising a
second and a third electrode, both connected to a
second polarity.

9. The surface acoustic wave transducer as claimed
in claim 7, characterized in that it comprises a first,

30 a second and a third interdigitated electrode array,
there being connected to a first, a second and a third
polarity respectively, such that, over a length equal
to the characteristic wavelength, the transducer
comprises an alternation of one electrode from the

35 first array, one electrode from the second array and

one electrode from a third array.



