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The field of the invention is that of surface-acoustic-wave fllte @

hi ghly frequency sel ective perfornmance characteristics, namely rel gth*e 92
smal | bandwi dths with high rejection q11la|ltl es. The term surface wave is
understood here to nmean not only Rayl eigh waves but al so any type of wave
that can interact with interdigitated el ectrodes on the surface of a

t al t ot | f
it eral o The wiibd ERNIRFCSOREARI AL CDETIC ADE SESCRATORS, .0 s know
as Surface Transvefbe fisdded tbe iSBBWONSISr f@é@fslurfatrefm:omtl&w&ee@yerﬁmy t hus
be consi dejad Hlé’n @?reﬁ'ﬁ"eﬁ%%e}@%‘(@é Béﬁgrrﬁgﬁcé Wﬁ@&feﬁggﬁﬂaﬁelggﬁég\?&yt o this

type of wave @%’t '
condi t i onssma”rbag@f«i\é@tas witho highht rgiastiparauaities c  heHaimact sfage wave ishi s

kind, filt @héer%'fcf‘odJﬁ@r% ) ﬁw@ah%% méylé@'ﬂ‘&%‘&és%lﬁ'élé’o BH%% BVWév@nsduier S

contained n a cavity eriodic arrays as s ure 1.
Nbr e speC|?haé&?Wntef%é’\é”h'rnéerﬁiﬂ'tﬁteﬁoqﬂécﬁ“'@‘quse@%tbﬂ)?%ﬁ@f@jmb@%/@éﬁiquﬁg sever al
r esonat ﬁr sthe | n@térm?eoy@tweelnr@@q@télcar@wm er H@ﬁ% %ﬁé %bn?qﬁ&i@rlap; Trltﬁ@sonat ors
since the nunber of res ot her, genera et er ni nes
the shape YVAYERKNGIVM 7% fﬁeluﬁ S'&WjﬁbE?alﬂh§%&gt"i’%‘/eﬁel“?é@’@v?ﬁémr%é‘j”e€§| on band
of the fil Serfaa@drehsvepass)/bamls oWI&SB\Nc(IS&m&eeI%imngLBdMeNV@\fes’)eﬁayﬁat ors
makes it pgssi il Eoﬁg § o éﬁﬁggg%vegcatn%rtpgfip\}entr;%fg X | eﬁ?%ﬁo’pgéd € are

known ways O ust cwave th two

pol es conpthisitype aoffwa\se &LSawelloaS e syatympes of evewihah raeetsntr@r aboeguency f1
a second pgjkdifbnd esonators IDT2 with a center frequency f2, the set of two
pairs being nmount ed in an electrical equivalent bridge structure as shown

in Figure 2. This Mgenespl teabiajupatipanance eraractepstics fﬁfthw&mg fi@rent 5 508

667. The vatdugsed V\Ilﬂh' ﬁas@héié)% %bﬁvéﬂt%ﬁalliﬂ férheed‘ @gtttrahaaucéra%oméqﬁy@ﬁn of t he
static capaC|ta irst

static capacFfdced mid e tBn BRHO0G) AITaYh e BAPHRLTh G | Megs! bi'e t o
ensure rej spédificallyy thesef idreemiltipolér ditteid sotsteinieer Hyr espusiliny. skoelaed, far

fromthis LLSARICY | KNG FRINBLEN & AL EhRELId L] orRoW YRRk el

static capacitance an al anci n es | 0SSl any
si gnal fr osinpadke mymberoigiesonatory cgualed to eza@bzoth%geuertaﬂwda‘termlme t he

per f or ”ﬁncﬁuecﬁ?é;?eﬁa%%rséﬂ the ﬂfert REmERSPBALAG bfe't\k/é@r'i the, Féjeétﬁarpbé‘r'iﬁ’%ﬂ to set

up a series Cﬂsca e of severa ‘el ectri cal equl v | e ge structures.

nt" br

Most fr equidietfilier angits Pasgbanc; B&W%ﬁ%@éﬁ@@u élftrﬁ%P% ‘P'ﬁ BAkeSnot her .
The d(rjawba@lpo@glbm ﬁ;ta%p}bg?@a@‘hatpblfacﬂ@r pel1]ies in tge fact ]Ehat thlis
cascade, in order e e i ent it on 0 enent ary
el ectrical el errentl‘fgﬁeﬁeﬁ'&u oF 36(? kggg/ﬁp‘ggﬁ 8?)"”&%&9 tahﬁllJ % gccf%geuse of
sever al caweudditeocostigerativhniitlybed pokesacoropssing leefirss peengrr@soﬁﬁersmuntl ng
i nsi de thejpac f ot S I filter

PRSI o Ol Hsﬁﬂ%néh'h 4 3ebbig [ gﬁvie%a%}agpqgo\?ﬁﬁ 2

structure that nmak es I't possi g nee e coupllng
i nduct anceC‘?'HeMre(gh'eaC)élfmgV@ éﬁhpflﬁ/rf‘érﬁa”@r ige @Pﬂﬁ@ﬁu'ﬂeafﬁr&ye@ﬁ Al se a

0 nunosfshsel ot sy ety glnosmnegyjongel G ygetet
i nvention &1 églgﬁtr"?'h Q%@Gb@g iR @gfﬁql}/b%w gﬁgﬁﬁﬁ pol es, N being a nunber
gL eat e{ than or efruﬁé viafue3ofitils @trupt;urémag nmtﬁ?tfamfthate?prﬁo@mt of the f
characteril ze I N r nat or r e | Ca O orma
our -ar m cFBle caparthiqas el e FREPAI g et AR ghe oo By tate

sub- assenbtapcitBbcandf B3 sé¢cawd paisonhisdraarcioh npaaheallt possidariecnedre - t wo
armns CO”prr‘ei:%é'tcon\rﬁlg pgeﬂfércl% fﬁﬁﬁlﬁséﬁg@ 'f%%u@ﬂc?”%ﬁée&’f b mspnat or s

each parall
frequency, the resonators are electrically equivalent to their static
capacitance and the balancing makes it possible to prevent any signal from

passing through.
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- the product of the total static capacitance of the sub-assenbly E~
multiplied by the total static capacitance of the sub-assenbly E3 brin
substantially equal to the product of the total static capacitance 8fU%Hm2
sub-assenbly E2 nultiplied by the totag static capacitance of the
sub-assenbly E4, so as to balance the electrical bridge. According to a
first variant of the invention, if Nis an even nunber =N =N1I 2.

A di t h d N~
ACoring 10, 2 SeoPRLALLATL8hol Bl B Bpce! el cﬁe@ﬁwg. Hrion -
proposed i resbhetdrriters, iiois, plamredpar sdtiupl a eem&camadeocbf severalstmctioal s
requires cony g%ﬂehP B’r‘to*\g%s &Fuch[rﬁ&ks I%Pt f?@quéh‘ﬂ ?j%n?fcédh%ngg%t %fe%]e to

nake the bri acl e,
i nvention eaﬁ@det@mmctedwwwtﬁkweg apphepar e eravebﬁfrte@t postrustuiehef Heésonat or s

physi cal | ylechersalhhﬁfe PJct th&t tt'ﬁseca!scredehern Grééeiehb é%’ﬂé‘l'énpfregbﬁeé)'th@ge of

surface wave devices beh aV|n? ke sevéral parall.el-connect resqnat ors.

This is vxh@rdd’I'hn & 3 sdRplegifs %ﬁy Q'ﬁ@r'aaln%'ement Kan dPegter epp %‘ﬁ%@r t he

sur f ace- acpyshénavay end uké f s@”ﬁé’raC@ﬁwdd%eco'hrfe'cf@i BrRigekageamneisifyi ce

havi ng an admtta e CEE“J al ent, ta}the%l{)afrg f connection of a subassenbly

of resonat 3t 99" S%& Nige inside e pRcK O'408dMBI'ng to the invention may be

char aclt eri zed | n t Tlaits netwttyetmt inoastiar mcxpmepmasfelseraetatdtmtthee nexkeisvial ent to

several para 0 S ture r.ising, two

net wor ks o? t§> g&%’Y@gwétI% t@@%@eiﬂgo gt? I%ﬁ MFH@%%E%HE&'M@?FO% part of

t he resonaslogle eauwalwﬁ\/mrdge tstemtgrecmaryemreplnw) a tmge)umbem ohpdiekf er ent

pol ari ti esy i I Wo
M rﬁ’l %tﬂe@ SBrRAERHSA & &ﬁ?ﬂ{gﬁ r}%sbﬂét% é‘?ﬁ' ég%@s FR bhehd

buses, the i possessing a pi of electr on a Iength of
el ectrodesbwg%md 1 < ism According to one variant of the invention, the

ith acoustic channmbré@tzseémeﬂw 2f dbﬂ‘ébtrcﬂfth6¢rﬁvéfﬂloﬂr|§%V§ur@ébee§@dhs$lbde of the
transducti on A&& |ng hg ane variant of i nventi o[; b

sur f ace- acwag h/é(‘() i PY'& DEIRG FoppEber |9ﬁe%{‘fa' Pr §quab10 P ns of

t he F: e?:t rtmbruhhgdﬂ@etcﬁr&kmwbw _ehmuterabdrirh that: at | east two " .
paral | el -connect ed rgso s riSi t igitate
el ectrode arrays, sat?% E%O%ZmSelgheg ei%ﬁﬂé%'&egoﬁgfég #C?r]dsa?mb\éﬁs)féLnaaer(E;{I second
bus with different pelatrical eddgsy as to define a transducer having a central

axis Z parallel to tfg Qr‘rﬁ§b6|%ﬂ§mgSt@bddétﬁtfc%}“éuﬁ-%@@éﬂn%hé@E L, ef their
el ectrodes positioned symetri cal respect to the central axis, the

transducer al so cor‘rp’?‘n §‘P$@3é¢fé(ﬁat°gd’@§alt%§9tm%ﬁ€€ symretrically with respect
to the central axis tam.daﬁﬁ@a@m ﬁ@hn@waU@@@tldéﬂ bbb diské@baed EpRImrEf bes so as

to excite -symretri c on | éj{ggeaﬁhf%%%w%%ntl symetrical |ongitudinal

nodes. The arrays o e i nserted between
reflector arrays. -AthtlhdhnthQGl\é,not her varlant of the invention, the

f tic fil f
o o et e BB PRR o e Sy BB B 4 BB eB 1S, o
bet ween refl ection clej nwltlmwahwagé@tabstptlcpﬁea@metqmee seb@saemblyray

compri se resonant cawl 14 supstadtialyequad82ng WBCt Be tHY BRI ol es s
an even nunber, the drsta ce etvvee e transducti on cente

transduction cel | anPRasidapes pEthe Bib- %%ﬁﬁ"éb'ygfz myiplied by ths Mg'cséﬂc adj acent

to said transducti oncgeiditaRBy dtrmfeeéé‘@-'afés&@lbgn&h%or 280R Bhldnte the 7~ | 8 +
k7/2, with 7~ being the vvavelﬁ th corresponding to the center frequency of

the filter, d being @g&lirical b 1 and k being an integer.
According to a first variant of the invention, if N is an even

number, Ny =Ny =N/2.,

According to a second variant of the invention, if N is an odd
number, Ny =(N—-1)/2 et Np = (N+1)/2.

According to the filter configuration proposed in the invention, the
parallel connection of the resonators requires connection wires or tracks on



Finally, according to another variant, the surface-acoustic-wave filter
conprises a series connection of several sets of resonators, of “h'Ch7QWLﬂMZ
| east one set of resonators corresponds to those of the invention.

invention will be understood nore clearBy and ot her advant ages shaII appear
fromthe follow ng description, given as a nonrestrictive exanple with
reference to the appended draw ngs, of which: - Figure 1 gives a schenmatic

view of a r ° Fat&"'t&ﬂpékért %%58% 'WS{?ér%E!n%efh‘fffﬁps{a%éeac[sieg&rré‘(ﬁrays? -

Figure 2 il es co |ono rior art
bridge str uatqgiﬁeof theFﬁngaﬁeorB cgnsgigts aotsl@hreﬁﬁmgctheu rarate! eongestenlof the

confi gur at | Py RaRy BEOHSHECoMAY Ll e ARGERALAG borNRdgayent i on:

- Figure 4 1|llustrates an 1nstallation of prior art
sur f aceacouSt $¥13R8/ waye dewices behaweélkeéegpwé@aéal@&ﬁe%@qt@d VES0aRISan

instal lation of a sypikaseasoUsh Féa‘é@éiﬁe bf iHeeérrﬁéDBpreSélBQtrﬁcépbndge the
paral | el -connected resonat ors Iustrat es_a first exe{:r% ary
rs

ur
resonat or i A$Tatg a?@%'ce‘ﬁﬁY%éllt@ﬁtm?g @%prﬁaeraﬁ sE19e EEEeWaVeseRd

shown in Fi paviagSan adiiitaie Gduildieitr & emea paptiendcamrenbir of iansugh | ati on
of a resonator e@w \%al ent .to two parallel-connected resonators, using three

acoustic chanwdl'ey f%??ﬁﬁt@ S7 illustrates a third exenpl ary installation of
a resonat or equi val entparoculan e afilke -amnrwmng etb rtesornatamtionusnang bew

acoustic Ch@ﬁé}%lc{%rlzeﬂtl Otfhﬁ%tt lg¥staorpé ta?rt?xa? prlsezé gu{tﬁm?ur’el Ey&‘&é%&?%

fourth exenplary 1n a reson
paral | el - coﬁﬁwabdpar@ﬂeh@@wtedjsreﬁmams ealg ﬁthLUFQO@pn@f@kQQtMQ on of

symet ri cal hgRefiRs %'f'%téf&lglﬁéf%’%‘lédt%%s%%ﬁtu'n Rg%é %In@.ab&ﬂbn paftid@yhée 9
illustrates the adm ttance an exenp type transd ucer i n which
the center [SORaiqrg cﬂefmr&l@emg %@'ﬁﬁomdtw fen byt Wil Jffergnt

adj acent r?bdt)lﬁﬂtle@ih @@rbnghg&sla?baﬂﬁﬁc%neds ﬁserte&bgwg@nl@]el thJtsllisre%t ?ﬁt he
rogress o & conau ance o etransaucer e
P o Caien i SR iRERetha WERATE, ST el AR BREH of Bichbads

adj acent r ef Weend dre telnh. by ad| stance varying from(3- 0,4) 7~/ 8
to(3+0,4)al8; - Fi QUA&%&'H Uéﬁé%ﬁ%ﬁt'%ﬁnﬂéq %no‘iheg Y8 2845& ér?éh%%no“is

thesame DART typetrans ransduc i on cell
separ at ed f may aomeprEEnver racﬁech\re attpmentaaehlseiﬁ plohedensdpoticipatance

varying from (3- 0, Alcgralr( % to%3¢£’r1éi')t o“f’ ’(h% P’veﬁh&r\”ﬁelgur'féééiﬁéélﬁtl%s the

transfer function for an exenp fourp er 'according t
i nvention, WavAditenrey CQmPi'%ﬁur'@ ai:l_;eqqt I%”@t‘?ﬁh@@rmﬁé)féaﬂleﬂ‘?‘ﬁﬂﬁ Rstdogn

el ectri cal brstdmtun@ @qgw@mntsmngt aeésmWﬁogeraDéEHommd Ne Sdh RSB Had Y
filter accord| g EII’IV i l.lustrates

Lhe. samt s oRutgee Zabitisiil 506, Qrdbhdeb PRGBS Btaysspith gl being
non- wei ght edomweTed o amfuesk@mplamyafselcbed lascwitblidiffereot pblaritiey ot éaoto wi t h

three pol eSyefing 4 transducer having a central axis Z parallel to the electrodes, said
arrays comprising a part of their electrodes positioned symmetrically with
respect to the central axis, the transducer also comprising electrodes
positioned symmetrically with respect to the central axis and connected to
buses with different polarities so as to excite symmetrical longitudinal modes
and antisymmetrical longitudinal modes. The arrays of electrodes may or
may not be inserted between reflector arrays.

According to another variant of the invention, the surface acoustic
filter comprises, in at least one of the arms of the electrical bridge, a DART
type resonator with transduction cells interposed between reflection cells.

Advantageously, the DART type resonator may comprise resonant
cavities.



- Figure 15 illustrates the transfer function of the sanme exenplary filter
according to the invention with three poles, conprising a one-node
resonator in one armand a two-node resonator in the other arm - 2fi flrig0716
illustrates the conductance values of fwo resonators used in an exenplary
87 Mz filter according to the inventiOn using resonators of the type shown
in Figure 6; - Figure 17 illustrates the susceptance val ues of two
resonators used in an exenplary 87 Mz filter according to the invention
usi ng resonators ofVhenetheypeindteswafl ipoles duran even numbgr,Uhe 2Gtan® - Figure

18 illust rﬁéﬁv'?‘eetnhﬁ%é g%u@d{\?@eﬁtfeﬁt&ea t'r%rgs‘?fuc}’?@ﬁ’sc%llcgﬁt‘]at Lehstd are

gi ven in Figures g ustrates e tTans
function ofchtreoBihavieflection sell pgiceat ivpaid riganssiuchen icRy &Ry @fﬁferﬁlﬁ’é’ general

conf i gur at beninoftha sandenosf- aeaws)tm 1c8 wake/2f i Wtﬂer xabem@dlth@ vavéleagtmvent i on
i s shown scherratlcall%/ln Figure 3. It con@ a}structurelntheformof
® Hteér

an equi val eATeANGHY Qe ge g}:—zrffgﬁﬁueg,cmo Reingronedlie thar gt of

par al | el - cam&dicsh gﬂweg.tg,ors connfect ﬁd to an |nput (E+ E—) and an out put
S+, S). The cent |es of the resonators

f:orrespondl ng to t'ﬁ@ {%I%% INghio” ARPYNEF Vé‘éa\%g tI% gurlfz[ﬁ&@ a%%{%'ﬁv}‘ﬁj’? of the
differ elnt filerqontmisesa eem?smndouonbﬁagemeﬁa}hgewwl reedndtotd, ef wingcH imcu on.
For a cle rati.on t n ry to take a

cl oser | oglk agfgﬁééé%&ﬁlgg%&%t g&;%%(;%@%ot&thq%e %ﬂéﬁgr”g\fe%??)ﬁ‘ ?/ray be consi dered
that, near the resﬁhﬁnweﬁﬁ@quwﬁbybethede@mcml eore dckegrigmaot! thesonat or
I's given bé(d\?arﬁé&%é %h%ﬂpé’@(fta?“f?&n' waep rl'{)eﬁdr d@s&ﬂpt?oé V&S éseﬁoﬂéﬁ‘t circuit

at the frequency ttance o esonat or | theretore the
f ol | owi ng '(qsit”%e@\?‘é‘m%%W'tf‘H@fW@B‘F%EOaW@eaH@f‘d\ﬁﬁ&*@ngﬁsOft\H@Cf‘r equency and

c~ is the pul satian Kigare= Rrdives YA Jchemated vied Ufl@*‘@%onalcﬁswnh% + jLsw -

~ LsCsw z -1 Cs~ Y(f =) ~Cp- | 22Csf s2f 4~
LsCs(f - fs ) 2an(ft)r':‘"J"%gC%ﬁBr |(1§L)|2tez$§2§quqn %’%H{é‘? 8f8Y% possible to express
the adm ttance of -a Figesen2ilustratestdunfioratioofoftehgricruan fiteramoapiadiibiave term
related to the paral ﬁ{% Rjac?u ance Cp and a resonant term proportional to
the coefficient a: f% j(f2-f82) a =1=2~Csfs2 2~Ls

- Flgure 3 glves a schematic view of a general configuration of a

surface-acoustic-wave filter according to the invention;

- Figure 4 illustrates an installation of a prior art two-pole surface-
acoustic-wave filter;

- Figure 5a gives a schematic view of an installation of a surface-
acoustic-wave  filter comprising two  parallel-connected
resonators;

- Figure 5b illustrates a first exemplary resonator installation
equivalent to two parallel-connected resonators shown in
Figure 5a;

- Figure 6 illustrates a second exemplary installation of a
resonator equivalent to two parallel-connected resonators,
using three acoustic channels;

- Figure 7 illustrates a third exemplary installation of a resonator
equivalent to two parallel-connected resonators using two
acoustic channels, but offset by a pitch p;;

- Figure 8 illustrates a fourth exemplary installation of a resonator
equivalent to two parallel-connected resonators, using the



2 9J Ul 2002 7 The coefficient a (proportional to the series capacitance
of the resonator) determ nes the "coupling" of the resonance node 7 L7007
considered at the electrical access. It shall hereinafter be called ?hw
coupling of the node. An ideal resonatgr will therefore be characterized by
the resonant part of its admttance which has the form f a' ~f2-f 2 s and
whi ch therefore has a pole at the frequency fs. In practice, owng to the

non-zero losses [ tBeakABANGE QudnbiC) RReSPRIE Ry Al A vakeRt Lo a

series resistance on the resona e resonant termof the admttance
is witten as fol | owongtsdralRBCSwW+j LSCs~c~2 -c~s2~ The pole at the

frequency f =S (wh = i Tolalelolg r hL oIS
danpened. In other V\gl[gngré?'Qt nﬂ‘é&@é%_é@e %gm}@rt tﬁgaégﬁgnﬁé?gﬁ\gﬁgag%ncy f =
fSinto a pole with Hapewesxin eahichathe ctasser 1@ S teaigdaatiomaesinddy part

that 1o all e or catepaded onl 856 88nACDEFAlgedhrh SRADAIRY cbib byher of or e

characterized by an g_dmttance conprising a resonance whi r may not
be danpened and t her RN s’ & pol e on a frequency close to the real axis.

In this configuratioRigwacty afustrBsatiE prayreEs SEStHeWomAIn@ ot anaect ed
resonators. W shall now jﬁs\g’rl lge t he |r<11vent| on 'H’ geﬁall in the case of a
four pole surface-acSt&€i AR e ¥R tEINSIKCED, B nNICE he BPTEF 8Ft2 when it

i s sought to |ay outtranfduolioar telelses¢paratdd bonddee sentectafr an azhadenar m

conprising a resonat pifiectibn i SelP S iR BsthAcslepArgmca f Lpagh /gt ryicture
needed for the bal ancing of the bridge, and hencé for the rejection
qualities of the fil &+ UAMM/B an installation of the type shown

schematically in Fig 4 4THj, Strahst i e@ég% e ~0fihbei ng
symetrical to the bgrc(%r%fﬁt ﬂ%’ggg{cél% mglvg&dﬂna?%aorcfettglaéra to't @pgfg‘?ti C
capaci tances. The 9amej RART 2t grangdugee By eMBICBf thereCerRiEr et 0? arrays

R are the same for {BRsdyWioR0EdISis S&sEbied RBMT tR@entdd it &n dojdemer mor e,
the ground is not CO[L%%%&SH {; | tt{]ye f'diétgfu?e S\'{ﬂ'gﬁgt BERr E?¥6,4g&‘?sa'té
connected to one of € I nput/ out’put ports, s®maki ng*it "possible to
overcone any i nbal an€2s0d4) A/Be el ectrical source and load circuits nore
efficiently. - Figure 12 illustrates the transfer function for an exemplary four-

pole filter according to the invention, using DARTS;

- Figure 13 illustrates the admittance of an electrical bridge arm
comprising a two-mode DART used in an exemplary filter
according to the invention with three poles;

- Figure 14 illustrates the admittance of the second electrical
bridge arm comprising a non-weighted DART in an exemplary
filter according to the invention with three poles;

- Figure 15 illustrates the transfer function of the same exemplary
filter according to the invention with three poles, comprising a
one-mode resonator in one arm and a two-mode resonator in
the other arm;

- Figure 16 illustrates the conductance values of two resonators
used in an exemplary 87 MHz filter according to the invention
using resonators of the type shown in Figure 6;

- Figure 17 illustrates the susceptance values of two resonators
used in an exemplary 87 MHz filter according to the invention

using resonators of the type shown in Figure 6;



However, the symmetry that can be obtained with the installation deqfribed
here above is nore difficult to obtain when the nunber of poles isZ7JUL 2002
increased. This is why, the invention proposes to replace the parallel
connection of several resonators by nakigng resonators that are equival ent
to this parallel connection and that use only two connection buses and no

| onger four in the case of a parallel connection of two resonators (two

i nputs, two outputs). -ln parti cuyl jt,ls . i éﬁ ke..a .resaonat or
equi valent to two par gl'quég-é nﬂ@@éﬂ&e% e@@ndﬁgﬁ%@éﬁ séga tiff@rtﬁv %Cousti c
aperture into tw chachetztensalics mtegennecigurgs tibe 18lamcttdes of two
channel s so as to have; g he. .t n u er
correspondi ng to one g%gﬁﬁe@amsﬁrggéﬁs@&cﬁ?g%izuﬁé%%gxé%e:gglﬁg&fe”t%a shows
a possible installati oredeoacepidiagdets inventiemo paral | el - connected
resonators. Figure gl é!%rél?t&%figﬂraﬁﬁw vl %Ptsw%ée@é&&}cﬁti%ﬂ/v%\!b Witgth the
first upper acoustic chdannel 'is nade by nmeans of electrodes that are

i nterdi gi t aBSAOEHNG Heths iN¥ANPN istshevetdieanatisrly mEisse e 1ERamMPEFeDai ng

made by nmearguefurgligehd astas of Bateqivaldmitfiddiedohmbe hyafout RemBi E5éh BAn The
two channels are, el ectricall

y connect ed gé/ rre%al lizations n~ ,show&:_

synbol i cal | FOMPrisHY #isgtiPER2 aRICHINECHPd, EFS0081q3S CRRACHEC]B\ASY RPEREE
resolnianlce f IEG)}E?GC(?ine@Jtpﬁt %SME; 8—¢._Srghatq3htea'0f_tﬂqz@|nem dfdhag'escbrvaf[s_ fy, o W

paral |l el -connected resonators. e di,jyensions w-, an ., condi ti.0 e

ol i ng of W ELESPRETRRE R EE of (FEIREr AR WE BRdrEo et Pide: Sl ohbr e

f} | t ﬁr t o belifferenf @sbnakas afe ghoss eolraith the delsoed dittesing hmdtioansducelr I part
of the resonators. rdi i r e r.es0 r r y
conprise two refl ec?%?%a(g!ragglsjﬁé;enrg%ﬁd ﬁ{edr %Ehgeépo‘efrgggq’r'g%sﬁucegrs ﬁrﬁ_ﬁogt% K gf | ect or
arrays are @ntloserdopk af Hee ogking obatreaenatps Hugerereh ilemel bsf cansderrennel s.

The arrays ghate@elr fe tdi@naRGENBLSeABY tRE c6ONBRGE ShRENTO a MGG S
toget her. Preferably, he refl ector arrﬁ%;_%‘ﬂ,@%he di fferent channel s,
i

y, for the . i
the peri ods SMRIsBY 2astatic copaFitanssan Rajalg v dgesonantacircuy 3t theoz s
t he transdum@qs;enbynfsot her words, if p; and p~ are the periods of the two

transducers and PR -and PrR~ are _ the periods.of, the arrays, the follow ng
will be chosen: Pi _ © gim aﬁge§fntF‘Fd'EF9/'?aqu '%f”}ﬁ{a%le té?efop%\%mgi(éf?\é{ﬁces

bet ween t he oveflbekthe resistapse &dw) whwretfrianbe desusncy leadf olis doé pglastibh be
chosen pr e]l‘:g&apgﬂaﬁ) _0i Pi In this way, the two channels are honot heti cal

wi th each = . other. Finally, for the filters having nore than four
poles, it becones necessary to place nore than two resonators in parallel.
It is even possible, I[YR t he same way hs here_ above, ti@sase several acoustic
channel s and connect Qﬁé?’é?f"i zat|ons of thé& ol Tfgrept _ghannel s toget her
to set up the parallel connect i g+ HRev L inthis type of configuration,
when the two acoustic channels with sizeS"w~ and w2 are too close to each
ot her, phenonena of parasitic acoustic crosstal k appear between the
channel's. This is why, to plhigggnate this type off crosstal k, thecim@ention
al so propose\é(f)aadmﬁer-sf?uefmze—sigommﬁpﬂ?ﬁre—ﬁ.—%er: jiip- pusposs; the
central channel, whi cHAnfdsésiesisan excit atdams(thats%)s synmet@cdb hith t he
horizontal axis and is therefore coupled only to waves having transversely
symmetrical forms, is inserted between two upper and | ower channel s
correspondi ng on t hé isfoereiars rassible ta expreesd g pemiltredfs BAFONAIATANFi gur e
5b. The uppéie &6¢h bPes sBEPUBhIdapablineatsn heeed etHapBranbpeasdctanssi cs of
el ectrode dld;henSI on W- = 3/3 and ecl}fcu?dﬂaeﬁl t%@ EP‘ - p3. These two channel s
generate an heid GHREPRFULP T PEFRAIPNA IQIGCOYEPERt 81 0 t he hori zontal axis
since the facing electrodes for the two channels are connected to opposite
potentials. These two channels arg therefore coupled only to waves having
transversely antisynftetzie@p-forms—gnd there can therefore be no crosstalk
bet ween the central channel antf“th%&“gxternal channels. In other words,

ow ng to the connection of the electrodes facing the end channels to the
opposite bus, the crosstalk between the central channel and the top channel
gets added up in phase_aoppespicas?and therefore gets cancelled out with the
crosstal k between the @shsral channel and the |ower channel. To obtain Z
9 J Ul 2002




10 conpensation for the coupling phenonena, the el ectrodes connected to the
bus E+ are placed so as to be facing the el ectrodes connected to the bus
Eon the end channels. The two resonance frequencies sought in or ded % dUL 2002
reconstitute two parallel-connected regsonators nay al so be obtained by
means of the difference in speed between the symetrical and
anti symetrical transversal nodes. In this case, it is also possible to
make a structure in which the pitch values p~ and p2 are equal. In this
particul ar case, it even becones possible to nmake a structure with two
acoustic channel s ddieshoefficient B (upportionBy tofthe exerieagcapasitaneetafoties of the
two channel " 0 ihle to
rés@ﬁ/atér dde?%ﬁ’ﬂﬁr%s%ep ouﬁlﬁ%%ﬁ%e%?@nandg} Ht%%%er g@gsvcﬁ)é’r%a &

obtain a conpe ai ne Intf~e

parasitic éb@ﬁlﬁ%@c%ﬁéﬁ%nﬁSbﬁ'ﬂtb@fﬁlmafk%é@n@éleﬁdbg|C@Ulellﬂ930b1lh§d7éo Gie
el ectrodes CO””eCt % foeal F%ol%ﬁ)r'*:ﬂ‘)‘lﬁﬁ’er‘ehﬁe bteh&“)’aréét‘e%z@d‘?ﬁftﬂh@%%oﬁé’rﬂ”ea ed

to the bus E- his configuration, the central channel” becones aligned
with one ofpaﬁh%f 'W'BW@HH@IV@’C’AB@%FW Wémt o anot her variant of the
invention, it is possible to make a structurfe equivalent to t~~~o

paral |l el - connected resonators by parane? 19 zI_.ng the nunber of | ongitudinal
nodes created in the resonator. |ndeed, | égeral a resonator is a
transducer placed between, two reflector Dependi ng on t he erlod of

the array and t hat %0f WHE" tP%rﬁé?fﬁdears %r‘?& @%ﬁdf%‘bp%wymg dinsPZAHEE bet ween
t he arrays cavidgttbether anadiecerlpsses ar ehé nmesdreatprse sinte a0é smwexiabately

| ongi tudi nal, & ggﬁ‘ J | _cof

over | appi ngquwﬁﬁ to-ghg @%PAS'%!%% Oﬁrtgggga%gér}ﬁ ﬁ@%ﬁgﬁ‘%@ghﬁfoﬂ he node
in the cavﬂh@adnnﬂ@mnemamnﬁdmeeﬁﬂOMn the presence of symetrical and
antisymretrical nodes. It is possible to weight the transducer so as to

obtain the desired couplings with the sy trical and antisymretrical
nodes. Figure 8 shows an exenp|aL¥_LBSDﬂg§EE_LD_MhL§h it is possible to
excite both the symetrical |ongi I E 2an Qe anti symmetrica

| ongi t udi nal nodes. P~ representss?%ﬁgajtggs th'gS nstituent elenments of
the arrays 1 and 2. Pt represents the pitch of the el ectrodes of the
transducer. D represents the spacing between the transducer and an array.
The 2 9 ,1U 2002!1331pctleat1§"cmtrequ¢rw fee ti bwlyarast Fyoaliit horlesperca true the
axis Z Cempg:%gm% it 1A AARAI Ol otn BERBRAY % RASELCORFEH A5 pBle AnleP

di st ance he nu erro transducer, the resonance
cavity wil If"erw@é‘ckéefverfal'n'iOeé‘oPi%tﬁc‘é'”‘F r%@@@?ﬁ’&)eée%oﬁ?fe%ﬁﬂ@tds taddBPf er ent

I ongi t udi Naiagingty partthenks Af tren e@Yer'ébiHéﬂo@;é’é’d bbe %etarmréwrrafrérqby

choosi ng the ex cit equence of. el ec rod

t ransducer, erte S Cg@é%‘?qﬁt%eﬁy éQcﬁd‘t%aﬁ rﬂ%e g%ﬂ@?’PQ@areSPBﬁﬁ?? Wd"%marrodes and
the anti symmttay cal beatagnperichahd toeregore Thes avpolghon regfrefuéehey tloaadducer nay
be subd|V|dﬁg éﬂ%ﬁt?“o parts. The symetrical part (with reference to the z
axi s) of the melg g will excite the s¥nnetr|cal | ongi tudi nal nodes while
t he anti symmetri calin ghist configuratiast, e@adic et e tafensz capgsesitvo prisllee t he

anti symet idogabcle@ngbébmstbnal nodes. The integral of overlapping of the
symmetrical (or antjsy tric art of the wei htln on the_anplitude of
The Symmetri cal (AU STRY Revideseribe tbeiierfen ToRStR A fusICets Oha Bopl | ng.of
t he synnetmouaguﬁ@mgasgmmiﬂwawgmﬂamndes The transducer shown in Figure 8
is neither entirely s tri nt reI tric nabl es
the excitation of ﬁrgéwe ?I?(? 85? ﬁﬁ i eand'S gz‘ymEW ngﬁ fﬁﬁdg so as to
reconstit uteeecttimlrbttd@remjdﬂ:tweuplactmgrrarmonnmg haesonatop|ibiscrosdible towo
parallel-c el

Fovent | on. SeRETLa r EERORERE o (e RECUQRY foring Wloind B biPbe 880, o
Phase Uni diheaeeifanifie Teiagliaiugealjtiosyqfether fillesdwiteran mstadlatinsval the tvne

literat uresﬂgwﬁPéélﬁ'gn{a'ﬂC@We, ngﬁge‘; Uni di rectional Transducers). This type of
transducer, which escr

n the publ.ishe at ent plicatiq
702 899, is obtain ‘Soy‘sttq’tl@t'PHtréﬁ'spH"sq RYvantage Qc} Qllﬁyé?’%egfca? tQ%I |'s
known as t hggdofthedpaer! leveandith egarl t6 tkeopdrassicr edpsitbhess.ceThe and by
positioning the cells with respect to one another so that the waves sent
are reset in phase with the reflected waves in the useful direction and are
pl aced i n phase opposition in the other direction. For the usual
substrates, the distance between the transduction center and the reflection
center must be 3~,/8 so that the phases are correct. Mire generally, a DART
may be considered to be a transducer in which electrodes are distributed.
These el ectrodes are designed so that, within the transducer, there is a
transduction function and a reflection function and so that the transducer
has a preferred d|rect|on It was shown in the patent application published

AN\ LN AN



No, 2 702 899 that it was advantageous to nake resonant cavities wthin the
DART, a resonant cavity being nade by changing the sign of the reflec j?on
function. It is known that, in the case of a non-wei ghted DART, namali/ ohld 2002
conprising functions of reflection and gransduction that are constant and

| ong enough for its overall reflection coefficient to be close to 1, there
are two nodes existing at the starting and endi ng frequencies of the
rejection f.l.ec SdRt S fferenc

reflection %’ﬁ%ég aw%ucl?ltbﬁ Fg@%?tgg%}@ i Qﬁ? Qggt %?'ﬂs {Oﬁ ﬁ%a@%&g}P\P@he waves
sent and refdmetyedhe h ande pDeds. uIFUdﬁhleéfﬁOtGoﬁhe PG i nobmm%ﬂte@mmw t he
distance DefipeRifdanErARAUSE ANAFRRERL te%etmhé%b&% BBt 6L @hy &

3~,/8, the t es are cited 1denticall t he conductance
transducer m@ Wmtr@pﬁﬁ@!ﬂ tq ﬁvw@q@eway'mwaw @f t%e@ﬁﬁlﬁ@ﬂ éoumeg@nrcia 9
shows the adabtdOre nidre eyt ransducer with a length 200 ~, at 109.3

MHz. The thickness qf the t al I|z n_chosen nd one reflector
W th a i dtn of 3. MeweuStdhe Syeeta B gorbe ehiziedmbiube insElstcal
nanely the gésdrivecendretairee it horerdifiiediues bt eMeer thanslihber sEpblests on
center is 3 18. Figures 10 and 11 show t he changes undergone by the

conduct ance ﬁ'fﬁf §Sscept ance val ues when the distance between the

transducti on centerTlaiedig hehy, efHeedbvemtione preposear itesrdplace 3he paBlleD. 05a to
3~, /| 8 + 0 t ' j of the
sanme two rm CUP h cﬂ%@%%&r &%%It&?ao\ty 'ng'ﬂé?? %‘B’téetb(/gaﬁﬁég?%gé g%ﬁg‘% t he

di st ance. n@ra tweraftsl econpigetion andsthat wge pﬁé’ quonr@camr@e&@s ehe ranme
conduct ancenohgepmﬁwwe Eade b8 pAPAIRS cofisioh dralodeSyRaBH twol Aplide case
of a four poI ggr It is generally useful) in an armof the eI ectrical
bri dge, t o MEROWHYES- such that their coupling is in a ratio of about 2. For

exanpl e, the fl I ter|na|@amca|tangt ﬁs)pbmuertmemak@@ rrmbn@wrmqm@alemntoom) of its
arms, a DART u ngo 025 ~ t her a DART usi ng
§§I5 nnec

2 shift of BRY? restingSrusy paterolin ¢hA ACHislh e B MR e

t he transducteanneds agdante@c@)ﬁ&cﬂﬁg $tne ktectradeb et twgichannalsdawasdo dhafveequency
hift of ab F 1 i ned f

The el oct r 1RGN ol tyo [ @HhEls, i Qe ercR el IRREhEG G BRI re T o

t hr ee- pol e Fangaicenny Ascaniskamptad figurgs awgh@wwepwerlestéﬂamm fqrrﬁrbne of

t he arns anéiS@rﬁM?-dMQ praeéa@n@bﬁ,ﬁedtgd}é@,ng(&gr arm The two-node resonator
used in the exa e.is thatransductlr(‘)(%re | ection

i e ante of 5™ SFighie hoBuSEAEA & complans BUSiGT Ra it
wavel engt hsupgdre ddoustioeshamfelt e metel lbyzaheans chioseectredds Bﬁaprramd a

refl ector 1 [ V.

frequency | #8@ tg\‘%%—ét ﬁl\‘—e S’ﬁ:rheghéﬁ%%%ggncfﬁwe c%hgg%tggagagﬁ]éﬁﬁ@k%d ith its
two nodes aby trheaﬁmpljtda@modﬁ& that af interdigitatast iabriheapitth Por tThe Wicher arm
of the elec t he
sanme | engt héqé&?lﬂgiﬁ:g%tr('edag%@ﬁgtggtgp %@%géglilztagﬁgé% nd ressgﬂgéoclag gt t he
center fredﬂéhé 'QUFure 14 shows the adm ttance of the non-wei ghted DART
included in the ot hEke itoh Q/faldésep@laﬁ@tpr lgfza«lerrbrtm@lg@sonmcé fregudireds ebt ai ned

by inserting a change in si ef on function at .the nt er of
Che transabr resthane eGuRaBint do, s RbBleRRanpi Fhtiattrins:
functi on obdimensibrisow,tdrel whrendimnethiei taupling sofghesea resomktgue eo E5. to

Exenpl ary %ﬁ% [rthle 'éﬁ:ﬁ%ct@hsﬁg We?ﬁbétdmﬁ ?ngrfulfé&ﬂre\ef tﬁpﬁr%@éé?ﬁa% of about

300 kHz in a very equal
to 4. To ac$hQW@nﬂ)hﬂ'§ trémﬁ@m&@aﬁe@fuﬁﬂﬁéﬁﬁfma’f@fs tﬁécwmg tqthéa PEQIOAAL or s

used do ”Otth'éabé%ornﬁfdrgcééﬂeré’l Ve BY¥hpAss t@bereﬂe@tbefa@afaeysrml&m@rts%e?bml e he

transducers with t ["ectro er wave ta | a S
type shown t.ra‘nsﬂt@@.re reﬂﬁ6t0|r@Hp ﬁ@r%pmlmogmm?s{bw@ tdpay 48#@#. ods
(11 : ita | eng lfeazj‘h 6f Rﬁe NEAMPRISOX I THRY alrgys dft eah @vethboa’rfaﬁrre@s |r?§ B &, 2t hef ,
adm ance val ue alr ns  ar, a +
S A, aohytesTed or HOf cBhBetEq Todhiel) PEtdMn, W G fenaciaend® oh°. 11 2

250 kHz f 3 thefd@ifferes chlEnnalsditelperiads, ctaden aré proportion2l fo-the pdriods66f kHz



2 9J Ul 2002 14 The characteristics of conductance val ues and susceptance
val ues obtai ned, as a function of the frequency, are illustrated
respectively in Figures 16 and 17. To obtain the adm ttance val ues ngshUllJ&UZ
for the resonators, it is chosen to hav® an aperture and a netallization

t hi ckness that provide for a difference of 310 kHz between the resonance
frequencies of the first symmetrical transversal node and the first

anti symmet rtkf@'tra%é[]c%é’r%rs% d’(ﬁ@rewo%é”ﬁ'ga aaﬁaebalaké 2Ré | ¥ ddal ékﬂ?e%ftwef 0.8
pm and a transd élcer aperture ofi_about 300 he structure of gure 7

has been chigBRONGRTS(ERE rE|s%?be8|D~Jsare‘I*h@|§e”P6$ of Héeﬁwaw é@@ﬁat%wg Wl have
the foll ow gg glageacteristics: 1 st resonator (equivalent to two

paral | el -connected resonators): w~ = 21 Py 2= 90pm 2nd resonat or
(equivalent to two parallel-connected resonatoirs):"w ~ = 232,5 pmw 2 =
67,5 pm The periods of these two resonatdts Ia}Re determned so as to
accurately link the frequencies to each other.! That is to say, they are
approxi matel y: for SGhmildiy,$tA aes ahateothe disfaecestedfedvin@srelaciopartalye second

¢ opr ssent | g ﬁﬁﬁézr%gg{w grsl bRl o TR TR, Sconat or i two
arms and the second 4est haw id wagh&eqmeé dtRILEPOMBInGtiBASANR edbn SPace

requirenment, the twaji npit s + paral | connect ed by a wre an

track. The fllter is designed to work with an inpedance val ue of 4,000 S2
with a paraPT"Lﬂr connected inductor. Its transfer function is illustrated in
Fi gure 19. 2 9 JUFm*a{DIQ fA5tHeL AltdfS RaviSyrace tkarodstn polayet betéreeswi th N

P o SRR Y IBSSa RR el O RSk 1 B SPERED BoABe o2t 0
to forma fururth@rsame way as here above, to use several acoustic channels and

connect the metallizations of the different channels together to set up the

parallel connection.

However, in this type of configuration, when the two acoustic
channels with sizes w4 and w, are too close to each other, phenomena of
parasitic acoustic crosstalk appear between the channels.

This is why, to eliminate this type of crosstalk, the invention also
proposes another structure shown in Figure 6. For this purpose, the central
channel, which generates an excitation that is symmetrical with the horizontal
axis and is therefore coupled only to waves having transversely symmetrical
forms, is inserted between two upper and lower channels corresponding on
the whole to one of the acoustic channels shown in Figure 5b. The upper
and lower acoustic channels have the same characteristics of electrode
dimension w4y = wy and electrode pitch p; = p3. These two channels
generate an antisymmetrical excitation with respect to the horizontal axis
since the facing electrodes for the two channels are connected to opposite
potentials. These two channels are therefore coupled only to waves having
transversely antisymmetrical forms and there can therefore be no crosstalk
between the central channel and the external channels. In other words,
owing to the connection of the electrodes facing the end channels to the
opposite bus, the crosstalk between the central channel and the top channel
gets added up in phase opposition and therefore gets cancelled out with the
crosstalk between the central channel and the lower channel. To obtain



el ectrical bridge; - two arns conprising two identical sub-assenblies,
first subassenbly E1 and a third sub-assenbly E3 of Nt parall el cannsz?sngJL 200

résonators; - two arns conprising two identical sub-assenblies, a se
sub-assenbly E2 and a fourth sub-assemfly E4 of N2 parallel connected
resonators; - with N+ N2 = N; - the product of the total static

capaci tance of the first subassenbly El nultiplied by the total static

capaci tancéor%beh%tlc?rﬁ“fdrdthé% 8 rﬂﬁwoﬁ@naetr{&eﬁe%%a@@fcbﬁhé&ee ngaheto the

product of static capacitance of the second sub-asse

mul ti pl i edPBy Bhare plesed $pAS © kafpedid ch@eetfm(é@fecwmtﬁ %Bﬁ?ﬁ%l‘y E4, so
as to bal apgens kpdelreehelscal bridge. 2. Surface-acoustic-wave filter
according to cI ai mr% g characterlfzed inthat Nis a ven nup&?r and Nt =
N~ _. N/ 2. £ AWR rEEYIRANGETRRIRI CIES RS NE LB %r%’r@ o

characteri psféluenc@méctébl &s@nacmlsi nmgrbersoarm@ deota?néaxk By MmednetoNZhe (N + 1)
[ 2 . ~4. f ace- acoust c-wave filter 83 n%;rgto one of the clains 1 to
&%*r

3, charact ef%’&cqu?ft %*EtWPéaéPeé}‘.@ bsgrrgngtlnﬁal PNSYEfSele wave i

devi ce haviglesn admi ttance eqw valent to the parallel connection of a
subassenbly of res ust | g to one
of the clains 1 toFH41{j‘Ji'8 rsgb té?:.ggéog%sgﬂ%a h}%kpagagg%on% rmcgkﬁrpb‘lgses a
structure pigh valuestpt endeveats epaalal In thispagisuled caseoitae\@ns besamnes
structure ES@QBI‘eSt'o”r%ak% Qﬁ‘u&ﬂFé‘%tHftwb“é&h@h&'chéﬁﬁ&s%se d\:%’?r?F@%'ﬂé“ tuting

the transduct]on part resonators, sald networks bein ected to

two buses Wi tBY efff;@@F’@ﬁPep%@(ameﬁéﬁ the twerbenspisPnP atisianes @f OndioR| s

inserted bghweemhdha ﬁefmmgss@ssnslbeoIodrelﬁfm@mbeﬁ@étﬁﬁﬁsm fige @aﬁiet\ﬁb pi of
el ectrodes on a | enqgt ectro ES W, an

Sur f ace- acﬁﬁs‘?’f@a'\/\/ﬁaeEPWt Véc ddr ?nﬁértaég'{?l 51?‘1’19’559 @H&P&@P@?I 3868 ’i t hat
the ith acbasdhmespussind tcqigud theselevioded tewteoted do rthy HUSNE eaohthat de of

the t d i t f
Lhe &1 ansshgy, P Udeyoles JUTRERAROWRL iR L ME e FROAR A, O °
channel s acentc@mhasnetbecorsas hlignetbwith pnawf e epaichenselsy , connecting the
el ectrodes separ at gecbiry I%té}tbﬂﬁ’?r K/Qr;émeoﬁﬁtnﬁ\%}ﬁ%nswfs’ ?b%&':bl@ét@ pi tcg

p; +~. 8. Surface acoust | c-wave ter accor to one o

7, char act Bl3k€ed i Hirugtulee LAVt BRpPerels! ‘éo'g‘tercéﬁﬁ UTeSORAF Y aP¥nt to

two paral |l ﬁérarﬁa@ﬁzmgdhéeﬁmﬁwérww@ddmn ethoslles e é bitied m@ﬁ@rematcﬁn upper
acoustic c

annel | ower__ac t hannel _ wi.th,an e itch p~
and an el ectrode | @W&eﬁ WA 9EREE ’n% rglsc’ﬁ%@ﬁé? iacwghaﬁ%%elr ;‘l),{‘ai?%d ﬁ?\%‘?%r&t rode
pi tch p2 atwb aefledtecerrage |Repgrding pntthe pEriect obthesanay tand thet af thd
el ectrodes e Ogd f u chgn bei n
al i gned vm rﬁﬂgﬁ%%l gg‘?r%dﬁt@do*d E}ﬁeﬂggrrogsfﬂ/a't'#? qmtg%r(‘)aigg %h’% Sect ed%'?%) t he ]
second bustransgyrer| sve@radouiiei prasgannelf. seversuignaiivdin@busedes wale fil ter
accordi ng &@u‘iﬂeg? @ﬁatrh@déld@paﬁdéoh%z mt@??a’lQﬁtcﬁfeﬂéééln'grbftthétwélbﬁt: g tch

ray

val ues p~ a ua! r.u WO~ acoustic
channel 5, SRS Bapituge Bhienpdpdt the ERutr: BubS Tl e of  set
by a di st aaeeinpthelpesence dheyrhmetreabasd Botisymametical niddles. 1t is possible

Sur f ace- acpust i G o) o} I 0

characteri {Z?peyé@ht"‘ﬁnaf t'falnspgé%'?ggnéesdlt Q%qt%gn e Bfesfr&?lcgaggh St r'ﬁ‘ctﬂﬁere

equi val ent syromatrical gd aniisypumnelricall medemect ed resonators, said structure
conprising two interdirgig shsps %h%ﬂﬂﬂ§ e%8M§tor$ﬁ'\A911éH 'it%?o@@!b‘@t&onnec" ed

to a first bus and second busvm eren pol arjties as o define a
t ransducer €x@ta Mgt thensymmednGa PZQ'*%’F@I Ui eﬁoaf‘@\ethél aptisyppretricahi 4
transducer|o(,}@npapng| Rbdekect r odes p05| t| oned symmetrically with respect to
the central axis apd connect ﬁﬁ g ft i rst us and co[%p fltg gﬂq el ef:trodes
posi tioned symet r i cERTGSHREANE Q4FRL r{eoc‘?rf‘?é' Seneais ¢ @finected to
t he secondahdis2wi Ph represents thpelmtcht of, theo ebecttodesxof thee dsamsducercalA

| ongi tudi nf""elprgggr% Wéj %di@'%We'eﬁakhé Qtpﬂstdﬂ%'epaénémgﬁsarray. The



11. Surface-acoustic-wave filter according to claim 10, characterized in
that the transducer is inserted between two reflector arrays. z 97 20[]2
zoo2 17 12. Surface-acoustic-wave filter according to one of the clains

to 4, characterized in that at | east gae of the arns conprises a DART type
resonat or with transduction cells interposed between reflection cells. 13.
Sur face-acoustic-wave filter according to claim 12, characterized in that
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nor entirely antisymmetrical and enables the excitation of both symmetrical
modes and antisymmetrical modes so as to reconstitute the intermode
coupling and thus the equivalence with two parallel-connected resonators.

According to another variant of the invention, the surface-
acoustic-wave filter comprises DART (Distributed Phase Unidirectional
Transducer) type transducers also known in the literature as SPUDT (Single
Phase Unidirectional Transducers).

This type of transducer, which is described in the published patent
application No. 2 702 899, is obtained by the interposing, in a transducer, of
the cells known as transduction cells and the cells known as reflection cells
and by positioning the cells with respect to one another so that the waves
sent are reset in phase with the reflected waves in the useful direction and
are placed in phase opposition in the other direction. For the usual
substrates, the distance between the transduction center and the reflection
center must be 31/8 so that the phases are correct. More generally, a DART
may be considered to be a transducer in which electrodes are distributed.
These electrodes are designed so that, within the transducer, there is a
transduction function and a reflection function and so that the transducer has
a preferred direction. It was shown in the patent application published under
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modes existing at the starting and ending frequencies of the rejection band
of the reflectors. Should the phase difference between reflection and
transduction correspond to a resetting in phase of the waves sent and
reflected in the useful direction, namely in general should the distance
between the transduction center and the reflection center be 3A/8, the two
modes are excited identically and the conductance of the transducer is
symmetrical in frequency. By way of an example, Figure 9 shows the
admittance of a DART transducer with a length 200 A at 109.3 MHz. The
thickness of the metallization chosen is 0.7 pm and one reflector with a width
of 3A/8 is used per wavelength, The transducer is "ideal", namely the
distance between the transduction center and the reflection center is 3A/8.
Figures 10 and 11 show the changes undergone by the
conductance and susceptance values when the distance between the
transduction center and the reflection center varies from 31/8-0052 to
3A/8+0.051. [t can be seen that we are still in the presence of the same
two modes but that their relative importance varies according to the distance.
Furthermore, when the sign of the shift is changed, the same conductance is
obtained for the modes, except for a symmetry. In the case of a four-pole
filter, it is generally useful, in an arm of the electrical bridge, to use modes
such that their coupling is in a ratio of about 2. For example, the filter
according to the invention may comprise, in one of its arms, a DART using a
shift of -0.025 A and, in the other arm, a DART using a shift of +0.025 A. So
as to have four distinct resonance frequencies, the transducer using a -0.025
A shift has been given a downward frequency shift of about 250 kHz.. Figure
12 shows the transfer function obtained for the electrically tuned filter.
According to another example using DARTSs, a three-pole filter
may be obtained by using a one-mode resonator in one of the arms and a
two-mode resonator in the other arm. The two-mode resonator used in the
example is a non-weighted DART with a transduction/reflection distance of
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per wavelength. The center frequency is 109.8 MHz. Figure 13 shows the
admittance of the DART with its two modes at the input and output of the
rejection band. For the other arm of the electrical bridge, it has been chosen
to use a DART that has the same length (and hence the same static
capacitance) and resonates at the center frequency. Figure 14 shows the
admittance of the non-weighted DART included in the other arm of the
electrical bridge. This has been obtained by inserting a change in sign of the
reflection function at the center of the transducer. There is then a single
resonance mode.

The transfer function obtained for the three-pole filter is given in
Figure 15.

Exemplary quartz filter at 87 MHz

This is a filter with a passband of about 300 kHz in a very small
pack (7 mm x 5 mm) with a number of poles N equal to 4.

To achieve this low space requirement of the pack, the resonators
used do not have reflector arrays and are therefore reduced to simple
transducers with two electrodes per wavelength. The installation is of the
type shown in Figure 18. The lengths of the transducers are 264 periods
(i.e. a length of 4.75 mm approximately). It we overlook the losses, the
admittance values of the arms are given roughly by:

. a1f a3f ,
Ys(f)= + +jCw
[fz -2 {2 -fg}

by choosing:

f2 —-f1 = 250 kHz
fg —fy ~60 kHz and a; =a4q, ag=a4=a1/2
fy —f4 ~ 60 kHz
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The characteristics of conductance values and susceptance
values obtained, as a function of the frequency, are illustrated respectively in
Figures 16 and 17.
To obtain the admittance values desired for the resonators, it is
chosen to have an aperture and a metallization thickness that provide for a
difference of 310 kHz between the resonance frequencies of the first
symmetrical transversal mode and the first antisymmetrical transversal
mode, giving a metallization thickness of 0.8 um and a transducer aperture
of about 300 pm.
The structure of Figure 7 has been chosen for the resonators.
Thus, for the two resonators, we have the following
characteristics:
1st resonator (equivalent to two parallel-connected resonators):

w'y =210 pm
w'p =90 um
2nd resonator (equivalent to two parallel-connected resonators):
w'y =232,5 um
W'y = 67,5 ym

The periods of these two resonators are determined so as to
accurately link the frequencies to each other. That is to say, they are
approximately:

for the first resonator, a period of 17.95 pm

for the second resonator, a period of 17.94 um

Figure 18 shows the installation representing the electrical bridge
made with the first resonator in two arms and the second resonator in the
other two arms.

For reasons of space requirement, the two inputs E+ are parallel-
connected by a wire and not a track.

The filter is designed to work with an impedance value of 4,000 Q
with a parallel-connected inductor. Its transfer function is illustrated in Figure
19.
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- two arms comprising two identical sub-assembilies, a first sub-
assembly E1 and a third sub-assembly E3 of Ny parallel-
connected resonators;

- two arms comprising two identical sub-assemblies, a second
sub-assembly E2 and a fourth sub-assembly E4 of N2 parallel-
connected resonators;

- with Ny +Np =N,

- the product of the total static capacitance of the first sub-
assembly Eq4 multiplied by the total static capacitance of the
third sub-assembly E3 being substantially equal to the product
of the total static capacitance of the second sub-assembly Ex
multiplied by the total stalic capacitance of the fourth sub-
assembly E4, so as to balance the electrical bridge.

2. Surface-acoustic-wave filter according to claim 1, characterized

in that N is an even number and Ny =N, =N/ 2.

3. Surface-acoustic-wave filter according to claim 1, characterized
in that N is an odd number and Ny = (N-1)/2 et N, = (N+1)/2,

4. Surface-acoustic-wave filter according to one of the claims 1 to
3, characterized in that at least one arm comprises a single surface wave
device having an admittance equivalent to the parallel connectior ‘of a sub-
assembly of resonators,

5. Surface-acoustic-wave filter according to one of the claims 1 to
4, characterized in that at least one arm comprises a structure equivalent to
several parallel-connected resonators, said structure comprising two
networks of interdigitated electrodes constituting the transduction part of the
resonators, said networks being connecied to two buses with different
polarities in comprising m acoustic channels inserted between the two buses,
the ith channel possessing a pitch p; of electrodes on a length of elsctrodes
wjand1<i<m.
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6, characterized in that the two consecutive acoustic channels are connected
to each other by metallizations m,, connecting the electrodes separated by a
pitch p; to the electrodes separated by a pitch py .

8. Surface-acoustic-wave filter according to one of the claims 5 to
7, characterized in at least one arm comprises a structure equivalent to two
parallel-connected resonators and said structure comprises an upper
acoustic channel and a lower acoustic channel with an electrode pitch p4 and
an electrode length wy, a central acoustic channel with an electrode pitch p,
and an electrode length w,, the electrodes of the array of electrodes
connected to the first bus of the upper acoustic channel being aligned with
the electrodes of the array of electrodes connected to the second bus of the
lower acoustic channel.

9. Surface-acoustic-wave filter according to one of the claims 5 to
7, characterized in that the pitch values p4 and p, are equal and in that the
structure comprises two acoustic channels, the electrodes of each of the
arrays of electrodes being offset by a distance p4 between the two acoustic
channels.

10. Surface-acoustic-wave filter according to one of the claims 1
to 3, characterized in that at least one of the arms comprises a structure
equivalent to at least two parallei-connected resonators, said structure
comprising two interdigitated electrode arrays, said arrays being connected
to a first bus and a second bus with different polarities so as to define a
transducer having a central axis (Z) parallel to the electrodes, said
transducer comprising electrodes positioned symmetrically with respect to
the central axis and connected to the first bus and comprising electrodes
positioned symmetrically with respect to the central axis and connected to
the second bus with opposite polarity, so as to excite symmetrical
longitudinal modes and antisymmetrical longitudinal modes.

11. Surface-acoustic-wave filter according to claim 10,
characterized in that the transducer is inserted between two reflector arrays.
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or 13, characterized in that the number of poles is an even number and in
that the distance between the transduction center of a transduction cell and

the reflection center of the reflection cell adjacent to said transduction cell is
in the range of (3£ d)A/8+ ki/2, with A being the wavelength corresponding

ng 63]c"

to the center frequency of the filter, d being smaller than 1 and k being an
integer.

15. Surface-acoustic-wave filter characterized in that it comprises
the series connection of several sets of resonators, of which at least one set
of resonators corresponds o one of the claims 1 to 14.



