1 0 FILTER W TH SURFACE ACOUSTI C WAVE RESONATORS The field of the invention
Is that of .surface-acoustic-wave filters wth highly frequency sel ective
performance characteristics, nanely relatively snmall bandw dths with high
rejection qualities. The term" surface wave " is understood here to mnmean
not only Rayl ei gh waves but also any tybe of wave that can interact with
interdigitated el ectrodes on the surface of a crystal or at the interface
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second pair resonators IDI2 with a center frequency f2, the set of two
Pkl S bei ngC r%jL} 8 in an " electrical equi val ent " brlfgge structure as
s in Figure 2. |figesetalpe afftaincperformansei charactedstics ofdbis kind filtersis
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the shape factor of the filter, namely the ratio between the rejection band of
the filter and its passband. The increase in the number of resonators makes
it possible to approach a shape factor of 1.

At present, there are known ways of making a surface-acoustic-
wave filter configuration with two poles comprising a first pair of resonators
IDT¢ with a center frequency f;, a second pair of resonators IDT, with a

. center frequency f,, the set of two pairs being mounted in an « electrical
equivalent » bridge structure as shown in Figure 2. This type of
configuration is described in the US patent 5 508 667.

The value of this structure lies in the fact that the product of the
static capacitances of the first pair is the same as the product of the static
capacitances of the second pair. This balancing makes it possible to ensure
rejection by the filter far from its center frequency. Indeed, far from this
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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*AOO0O* 2 0 0 To further increase the performance characteristics of the
resonator filters, it is planned to set up a series cascade of several
"electrical equivalent” bridge structures. Mst frequently, identical

bri dges are cascade-connected with one another. The drawback of a
structure of this kind lies in the fa’ that this cascade, in order to be
efficient, requires the addition of a supplenmentary electrical element (an
i.nductor or a capacitor). Furthernore, the use of several :
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el ect rb @@ﬁbb“ dge. According to a first variant of the invention, if N

IS an even N, =N2 =N/ 2. According to a second variant of the
invention, if N is MN@reospecifically, an object of the invention is a surface-acoustic-

wave filter with N poles, N being a number greater than or equal to 3 and
comprising a set of resonators, characterized in that:
- the resonators are electrically coupled to form a four-arm
electrical bridge;
- two arms comprising two identical sub-assemblies E4 and Ej of
N4 resonators each parallel-connected;
- two arms comprising two identical sub-assemblies E; and E,4 of
N, resonators each parallel-connected;
- with Ny +Ny =N;
- the product of the total static capacitance of the sub-assembly
. E4 multiplied by the total static capacitance of the sub-assembly
E; bring substantially equal to the product of the total static
capacitance of the sub-assembly E, multiplied by the total static
capacitance of the sub-assembly E4, so as to balance the
electrical bridge.
According to a first variant of the invention, if N is an even
number, Ny =No =N/2.
According to a second variant of the invention, if N is an odd
number, Ny =(N-1)/2 et No =(N+1)/2.
According to the fiiter configuration proposed in the invention, the
parallel connection of the resonators requires connection wires or tracks on



nunber, N, = (N-1)/2 et N2 = (N+1)/2. According to the filter configuration
proposed in the invention, the parallel connection of the resonators
requires connection wires or tracks on 3 0 the substrate to make the
bridges. To overcone this obstacle, a preferred node of the invention
consists not in nmaking the parallel corhection of the resonators
physically but rather of the use, in the different arns of the bridge, of
surface wave devi ces behaving |i ke several parallel-connected resonators.
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According to one variant of the invention, the surface-acoustic-
wave filter may comprise, in at least one of the arms of the electrical bridge,
a structure equivalent to at least two parallel-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

. 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.



filter conprises, in at |east one of the arns of the electrical bridge, a
DART type.resonator with transduction cells interposed between reflection
cell s. Advant ageously, the DART type resonator nay conprise resonant
cavities. 4 0 Wien the nunber of poles is an even nunber, the distance

bet ween the transduction center of a tréansduction cell and the reflection
center of the reflection cell adjacent to said transduction cell may
preferably be in the range of (3 d) %/ 8 + kX,/2, with ? being the
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appended dr?1 lpgém WEBL%]? - Figure 1 gives a schenmatic view of a
resonator W Brhs er inserted between reflective arrays; - Figure 2
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two parall el -connect using ree acoustic channels; - Figure
7 illustrates a thi rﬁa@séumranyeﬁerébatw%&n wilegtive arraysinat or

- Figure 2 illustrates configuration of a prior art filter mounted in a
bridge structure;

- Figure 3 gives a schematic view of a general configuration of a
surface-acoustic-wave filter according to the invention;

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

- Figure 5a glves a schematic view of an installation of a surface-
acoustic-wave fiter 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



equi valent to two parallel-connected resonators using two acoustic
channel s, but offset by a pitch pi; - Figure 8 illustrates a fourth
exenplary installation of a resonator equivalent to two parallel-connected
resonators, using the 5 0 excitation of symetrical nodes and

antisymretrical nodes longitudinally; Bigure 9 illustrates the adm ttance
of an exenplary DART type transducer in which the center of a transduction
cell is separated fromthe center of an adjacent reflection cell by a

di stance 3X/8; Figur ' tyRlREtricBE SR &P ahtidyiemenndichaase of the
sanme DART type trans éé@arﬂ%n'n%\fmslr@\ tﬁe center of a tlrﬁsducti on cell is
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Figure 12 illustrates,. I fer function for an exenplary four- pole
filter according to ?ﬁégﬁ%%/éﬁylgc)n, using DARTs; Figure 13 illustrates the

admi ttance of an ekeigureal O GHustiptesrthe progredsschgha canslustanseDpRtheised in
an exenplary filter r @i t he. i ik t € Sqaf FAgure 14
illustrates the adm tsgg%gegégq—t h@?éegrgrqgagﬁ%eﬂc?ﬁi \(?Garfl(lsh bﬁ%qceé}g%% c(D:for’ri)ri si ng
a non-wei ghted DART trengduetienmsehriy separated fsmothgi aentes afran idNAS on wi t h
three pol es; Figure &flédtionsicelit bg &ahdistaraes fvaryihgnfronmon(3ef 0,8 hk/8aite
exenplary filter ac&grc{j[}%}rﬁ. the invention with three poles, conprising a
one- node resonator i n-gne 'and a two-node resonator in the other arm
E‘Ufe 16 illustrateFigure ¢onthustiatos eheaprogsessf of ibe ramoeptance ofidkel in an

nplary 87 Miz fil tsgheacﬁﬂmj nl%’/pgotllarﬁgdhgé/re%i Which the center of a

transduction cell is separated from the center of an adjacent
reflection cell by a distance varying from (3-04)A/8 to

(3+04)A1/8;

- 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;



usi ng resonators of the type shown in Figure 6; Figure 17 illustrates the
susceptance val ues of two resonators used in an exenplary 87 WMHz filter
according to the invention wusing resonators of the type shown in Figure 6;
6 0 - Figure 18 illustrates the installation of the filter whose
characteristics are given in Figures 15% 16 and 17; - Figure 19 illustrates
the transfer function of the 87 WMHz filter nade according to the
i.nvention. The general configuration of a surface-acoustic-wave filter
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coefficient
that near the resonance frequency, the equivalent diagram of a resonator is

given by a static capacitance in parallel with a series resonant circuit at the
frequency fs.

The admittance of the resonator is therefore the following (if we
overlook the resistance Rs) where f is the frequency and o is the pulsation

(m = 2nf)
: 1 . __ JCso
Y(f) = joCp+ ' 3 = joCp ToCso? -1
Rs+ jLsw ———
Cso
: 2
. j2nCsf . . f , . 2nCsfs“f
Y(f) = joCp- = joCp-j = joCp-j—F——>—
o (= jalp 42 sCs(f? - fs?) 2nls(f2 - fs?) (F2 —fs2)

It is therefore possible to express the admittance of a resonator in
the form of the sum of a capacitive term related to the parallel capacitance
Cp and a resonant term proportional to the coefficient a:

. af
Y(f) = joCp~j—F———
(F2 —fs?)

a= = 2nCsfs?

2nLs



of (f2 -fs2) a =1 = 2TtCsfs2 27rLs 7 0 The coefficient a (proportional to
the series capacitance of the resonator) determ nes the "coupling" of the
resonance node considered at the electrical access. It shall hereinafter
be called the coupling of the node. An ideal resonator will therefore be
characterized by the resonant part of Tts admttance which has the form f
-a.jf2 -f 2 s and which therefore has a pole at the frequency fs. In
practice, owing to the non-zero |osses in the resonators which are
approximately equivalent to a series resistance on the resonant part, the
resonant term of e admttance Lt fql : S +
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a pole on frequency close to the real axig. In this configuration, each
of the arns conprises two parallel- connggted-resonators. W shall now
describe the invention in detail in the cafge_pfza four- pole

surface-acoustic-wave filter. According to thé prior art, when it is sought
to lay out a four-aia whlctctherefere has dgsolstat ube firegueaag it far imawaptidesi ng a

resonator, it is pgssible to ,design S telcal r for the
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‘ the admittance is written as follows:

Cgo
RsCgo +jLSCS[w2—mS2}

The pole at the frequency f = f; (where ® = wg4) is no longer a true
pole since it is dampened. In other words, the losses convert the pole at the
frequency f = fg into a pole with a complex real part close to fs and an
imaginary part that is all the greater as the losses are great. A resonator is
therefore characterized by an admittance comprising a resonance which may
or may not be dampened and therefore has a pole on a frequency close to
the real axis.

. In this configuration, each of the arms comprises two parallel-
connected resonators.

We shall now describe the invention in detail in the case of a four-
pole surface-acoustic-wave filter.

According to the prior art, when it is sought to lay out a four-arm
electrical bridge structure, each arm comprising a resonator, it is possible to
design a symmetrical structure needed for the balancing of the bridge, and
hence for the rejection qualities of the filter, with an installation of the type
shown schematically in Figure 4.

This installation has the advantage of being symmetrical to the
back of the pack, even with regard to the parasitic capacitances. The



shown schematically in Figure 4. This installation has the advantage of
being symmetrical to the back of the pack, even with regard to the
parasitic capacitances. The 8 is surface areas of the reflector arrays R
are the sane for the two ports, nanely the + and - ports. Furthernore, the
ground is not connected to the filter® since the arrays are all connected
to one of the input/output ports, thus mnmaking it possible to overcone any
i.mbal ances of the electrical source and load circuits nore efficiently.
However , tisarfagenareay ohttie ceftedier abviays nfidd ave tthe t smme nfor ahieatwamortgescr i bed
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i nput s, t WRADEIFHitssyore gffisigntlycul ar, it is possible to make a resonator
equi valent to two W@Jdreihecwmﬁ@&@dhéesaﬁai@bbtamecsW}ii&rt&talmgtallh’eoracoust|c

Channel & sgeagites et a65ys <Cbr B CAER! Rt nealie® FiboeLHadesid”

correspondimgease®ne of the two transducers. As an exanple, Figure 5a

shovs a possi bl e i fataliLabon 0" iRianyd5s BRlaLal 4 Wachatalhe! pepnpect ed

resonators. 'Fi gure Fatés an equi I NS ch the
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made by neans a are |nterd gltated at the pitch P2. The
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wbol i cal ko dutpditep figures. The pitch values pi and P2 govern the
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t he .
paral | el - connect ed ' SEGHEHFy & ISHESS! e Wsogﬁ rv?ﬁ%%#‘%’iﬂt foolQ he
coupl i ng ofpardiEg-eonascedt mssnatoradyt separbting rthe recotistic apesturgtintostwd  t he
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conpri se twn eadH etther tvey chyrnals, thietrguesicdeopresgonding to one of the two
transducers. As an example, Figure 5a shows a possible installation for an
assembly of two parallel-connected resonators.
Figure 5b illustrates an equivalent installation in which the first
upper acoustic channel is made by means of electrodes that are
interdigitated at the pitch p4, the second lower acoustic channel being made
by means of electrodes that are interdigitated at the pitch p,. The two
channels are electrically connected by metallizations m4 shown symbolically
. in the figures.
The pitch values p4 and p, govern the resonance frequencies of
the resonator equivalent to the two parallel-connected resonators. The
dimensions w4 and w, condition the coupling of these resonators so as to
obtain the characteristics of the filter to be manufactured. Figures 5a and 5b
show only the transducer part of the resonators. According to the prior art,
the resonators generally comprise two reflector arrays on either side of a
transducer. The reflector arrays are omitted in the figure but may be added
on each of the channels. The arrays of each of the channels may be
connected or not connected together. Preferably, for the reflector arrays of
the different channels, the periods chosen are proportional to the periods of



transducer. The reflector arrays are omtted in the figure but nmay be added
on each of the channels. The arrays of each of the channels may be
connected or not connected together. Preferably, for the reflector arrays
of the different channels, the periods chosen are proportional to the
periods of 9 the transducers. |In other Swor ds, if p; and pj are the periods
of the two transducers and PR, and PrRj are the periods of the arrays, the
following will be chosen: Pi_ PR 0 O Pi PRI Simlarly, if o and A are the
di st ances Wbevieansducers.eflneother wondsy&f ppaddt peater dies peciods, oft e fWP1 owi ng
will be ch By PN . 5 j i i
honot het i cgfﬁ\[/%\ﬁdte %8%:%:'?1@ F%f Sﬁaofrﬁéra.ré E}%]g?mq@?gtrﬂe{qﬁgéWItﬁ g?@%@?ﬁgﬁmr e
than four p¥ eRQSEY becomes necessary to place more than two resonators in

parallel. It is even possible, in the sairre F@y as here above, to use
several acoustic channels and connect tFe= |1'i zati ons of the different
channel s together to set up the paralleljconfjection. However, in this type

of configuration, en the_two oustjc ..channels w th,sizes wl and w2 are
too close to each g}ﬁﬂﬁfly'dﬁ@@d}@‘ﬁa&’%ftheSéﬁ(i%%?eﬁ %eté{vcec%‘stpf‘a’creﬁ?g?étagﬁxsappear
bet ween t haarchthiertedrssduterss the following wilebé ochosereptdfesatiype of crosstal k, the
invention also progoses another structure shown in Figure 6. For this
purpose, the central- =charindhis way, dhe jeashaneelsarediametaetioal witheark
symmetrical with thd hédi zontal axis and is therefore coupled only to
waves havi ngnéy ansversely symetrical fornms, is inserted between two upper
coustic

channel s shown 1 FGeibe B heEterp MMM PolEn GeguBeles” SnBRRERES have
IB same Shtim@ssanyi totplase ofiorel teah twdeesatiaterssinoparailel= 1%\ aveh ebesiblepde

Weh rospedt 1§ PATELUED, SROMIE, SpoR 0 858, Sl SHIRRE haRhel ahi ™, | C"
two channelnaeet thmmeetalidationsppdise wifferpot ehanaels togaies tovsetcuadRel s are
t herefore %Qlllél%oﬂﬂle)fti&? waves havi ng

However, in this type of configuration, when the two acoustic
channels with sizes wy 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 wq; = w; 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. [n 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



transversely antisymmetrical forns and there can therefore be no crosstalk
bet ween the central channel and the external channels. In other words,
owi ng to the connection of the electrodes facing the end channels to the
opposite bus, the crosstal k between the central channel and the top channel
gets added up in phase opposition and 1®erefore gets cancelled out with the
crosstal k between the central channel and the | ower channel. To obtain 10

0 conpensation for the coupling phenonena, the el ectrodes connected to the
bus E+ arecphmeedation dor the deudiiagiphenoheere, éhe redeletrodesnoeuented 6o the bus E-
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the array and that of th
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obtain the nqgl?e' rgdsﬁ‘ff(%'ré ngaui%lteht e two parallel-connected resonators by
parameterizing the number of longitudinal modes created in the resonator.

Indeed, in general, a resonator is a transducer placed between
two reflector arrays. Depending on the period of the array and that of the
transducer and depending on the distance between the arrays and the
transducer, we are in the presence of several longitudinal modes. The
coupling of a mode depends on the integral of overlapping of the weighting

. of the transducer on the amplitude of the mode in the cavity. In general, we
are in the presence of symmetrical and antisymmetrical modes. It is possible
to weight the transducer so as to obtain the desired couplings with the
symmetrical and antisymmetrical modes.

Figure 8 shows an exemplary resonator in which it is possible to
excite both the symmetrical longitudinal modes and the antisymmetrical
longitudinal modes.

P, represents the pitch of the constituent elements of the arrays 1
and 2. P, represents the pitch of the electrodes of the transducer. A
represents the spacing between the transducer and an array. The



symmetrical and anti symmetrical nodes. Figure 8 shows an exenpl ary
resonator in which it is possible to excite both the symmetri cal

| ongi tudi nal nodes and the antisynmmetrical |ongitudinal nodes. Pr
represents the pitch of the constituent elenents of the arrays 1 and 2. Pt
represents the pitch of the el ectrodes1®df the transducer. A represents the
spaci ng between the transducer and an array. The 11 9 41 transducer has a
di ssymmetry with respect to the axis Z centered on the transducer.
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known as t hansmtiedly amtieghinsetaioal & enables theoswtitation edfl leathi symoetrical
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



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 nust be 3k/8 so that the phasesi2are correct. Mre 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
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transduction center and the reflection center varies from 3./8-005A to
3./8+005% . It 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



such-that-their coupling is in a ratio of about 2. For exanple, the filter

according to the invention may conprise, in one of its arnms, a DART using a
shift of -0.025 X and, in the other arm a DART using a shift of +0.025 %

So as to have four distinct resonance frequencies, the transducer using a

~0.025 k shift has been given a downvwh3d frequency shift of about 250

kHz.. Figure 12 shows the transfer function obtained for the electrically

tuned filter. Accordi ng to anot her exanpl e using DARTs, a three-pole filter
may be obt dirgd The DARD hasoademgtteofr 480 weavelengtheneThé thicknessrof dnel a
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filter is ure 15. Exenplary quartz filter at 87 Mz This is a
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t he packgieig esonators used do not have reflector arrays and are
therefore red

uced to si ran ucer ith two el ectrodes per
wavel ength. The i n&Xamal %ﬂ‘i%‘-’o‘? h%tg-{ shown in Figure 18. The
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To achleve 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)=]j + +jCw
® [fz -f2 212
s a2f a4f .
Ya(f)—J{fz_f12 f2—f‘f +jCw
by choosing:

f2 —f1 =250 kHz
f3—f2~60kHZ and ap, =a¢, ag =38y =a1/2
f, —f4 ~ 60 kHz



13 Ya(f)'=j f22f2+f24f2+ jCwv 1 4 by choosing: f2 - f1 = 250 kHz
f3 - f2 - 60 kHz and a2=al, a3 =ad4=al/2 f1 - f4 - 60 kHz 14 0 O 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 admttance valueS*desired for the resonators, it is
chosen to have an aperture and a netallization thickness that provide for a
di fference of 310 kHz between the resonance frequencies of the first
sygmst rical transv&healchatateristidgst bé ¢ondictamad syaines r andl suscapianrgssal
node, gi vi Lz i I @39 HEGRY] erture
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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 ym
w'5 =90 uym
2nd resonator (equivalent to two parallel-connected resonators):
w'y =232,5 um
W'y = 67,5 um

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 ym

for the second resonator, a period of 17.94 pm

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.



For reasons of space requirenment, the two inputs E+ are parallel- connected
by a wire and not a track. The filter is designed to work with an i npedance
value of 4,000 S2 wth a parallel-connected inductor. Its transfer
function is illustrated in Figure 19. 15 0 0 CLAIMS 1.
Surface-acoustic-wave filter with N poﬂés, N bei ng a nunber greater than or
equal to 3 and conprising a set of resonators, characterized in that : -
the resonators are electrically coupled to forma four-arm electrical
bridge; - two arns conprising two identi ChAIMSb- assenblies El and E3 of N

paral | el -connect ed {e r f ir]é;s
sub- assenblies E2 and%ﬁgg asq%sgé%\/?eﬂ& onfrqigcl\%? éson %Iﬁgr}’t 'nEFHberh N1
+N2 =N, grbatemrtbaimor eqliat te3 tapidatormpasing acsgiaefi reanpatass. eharasiehzedsentl y

rrultlpllﬁ Ly the total static capacitance of the sub-assembly E3 bring
substantlal y equal to the product of the total static _capacitance of the

sub- assermbl y E2 nul-t ithei easopptarneareoigctagallyi Couplgehdet ek pfoplarm
sub-assenbly E4, so agedtfchdrgee the electrical bridge. 2.

Sur face-acoustic-wave filter accor, t. | ai m char, that N
is an even nunber dn Qarmwmpwmgé\goﬁe@m 38% Sﬁﬁé%ﬁ&iﬁﬁlq
a%:o/r dlzngtt&zd ai(m 1N1 b?rraﬂelt-wnrmtbd fesonbtdrsN i s an odd nunber and N, = (N
- e = + 2. 4. - ' ' rdjgng to
one of the claims It %rmscﬂodpg'%é&%&gdg‘%@é{%&ﬁb%\égg@'&%ﬁe rrﬁgi(grrgrl ses
a single surface vvaveN2 ﬂanajllelecdrmdct@ egsoadtarst ance equival ent to the
paral |l el ‘connection l\ﬁ 201a%;enbl y of resonators. 5.

ter

Sur f ace-acousti c- vvave ccordltr;?nto one of the clains 1 to 4,
S@r acterized in thatthatprbémttofdhe tatahstatiepeapasitaacetafibe yub-asaanmblyent to

eral parall el - connectgfidied ®yahetstal S@ki€ cabhRANIELoCPBRULSASEMYY
E; bring substantially equal to the product of the total static
capacitance of the sub-assembly E, multiplied by the total static
capacitance of the sub-assembly E,, 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 =Ny =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 Np =(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 connection 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 connected to two buses with different
polarities in comprising m acoustic channels inserted between the two buses,
the i™ channel possessing a pitch p; of electrodes on a length of electrodes
wjand 1 <i<m.



networks of interdigitated el ectrodes constituting the transduction part of
the resonators, said networks being connected to two buses with different
polarities in conprising macoustic channels inserted between the two
buses, the ith channel possessing a p'&ch p; of electrodes on a | ength of
electrodes w, and 1 <- i <m 16 0 O g. Sur f ace-acoustic-wave filter
according to claim5, characterized in that the ith acoustic channel
conprises two reflective arrays on each side of the transduction part. 7.
Sur f ace- acoust i c- wlveSyrfacesaceustisrwavryfiter ancerdingitaslaimsd ehasagerized

char act er i ze¢hdinhEhBtaddiRtit \WhaRRESESHDIYEs Aeovetddivelararl sn aehcgdeect ed
to each other {rﬁmﬁ allizations m, connecting the el ectrodes separated by

a pitch pofthe rABSQUAIONRAEs separated by a pitch pi+,. 8.
Sur f ace- acoust i c- wavesfiff4de2BcagstiRiwavigfilter asuordihgttbend of thie daihes 5 or

par ol ¢l - comRBBRPTARdng) Gel CliReulva el oM ad oyl 11O
acgustic lcln@rearaeg ather by antaw Hizationsstni, connentirg the elecinodes sepacaiedgitah pi
an an electro engt t h | with | ectrod
ol o p2 é’htﬁ{‘é’m?%t;fgs Fgﬁ%i?%f%ﬁ"aﬁ% Egﬁféﬁe%ﬁwédi”ﬁf éﬁm alfr”aiﬁﬁfc o
el ectrodes connec tdacrachusterwaves filbér a¢cordingdo areookthiecclaimnsmbéd bei ng
al i gned wi th : 0 th
econd bus RS ERLITAE RSS! PhO Bl EdoRhee aRhIRERoeA0ARRL &5 0k Fer
accor di ng tparalied-connediedc rasomaters cand7, saiflaSHECRITG z 6@MRPAISERa@M MPASTt ch

val ues pi %ueﬁc BRENREIYHd ARslvdradonatic bh@nnéltvvitlﬁéﬁre%&ﬂmb’;bi&ﬁﬁp{ BAd
acousti c channel s, rodes

the el ectrodes of each of the arra
beging of f séN PCHOER dengilevpia s esorrie chgnerlouth ?Eyeﬁ%‘ﬁg?ﬂﬁ‘%g@h Po.
w Zﬁ?e?f?ﬂ :aﬁ }[éﬁéah?rd(gj[d }Iﬂfgt?cwg,r dlh?g?lﬁétr@d@s af the atay rof électrod8s

least ofie o e arng_conprises. a

equi val ent qopngetadetsthe: st BH?é?fltgF-%‘?ﬁ&qoé‘gﬁ? @Bgﬁggésg',ngs%fqrﬁ‘lég ‘F’[‘iﬁt ure
conpri si ng thalédidied ¢fi thaieehyedfeglbceodesicomyscted ad theuseeaysd hesng thennect ed
to a first Ibus and % S condI bus with different polarities so as to define a
transducer 'P¥ET AGPYS @eﬁﬁ“ Flaxis (2) parallel to the el ectrodes, said
transducer conpri sidgSetface-aodestiopuave fiberaceoyrdingt toi @ ofthei elaims8tect 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 p; 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 parallel-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.



the central axis and connected to the first bus and conprising el ectrodes
positioned symmetrically with respect to the central axis and connected to
the second bus with opposite polarity, so as to excite symretri cal

| ongi tudi nal nodes and anti symretri cal 7ongi tudi nal nodes. 11.

Sur face-acoustic-wave filter accordi ng claim 10, characterized in that
the transducer is inserted between two reflector arrays. 17 to 12.
Sur f ace-acoustic-wave filter according to one of the clains 1 to 4,
characterized i n t h&2. &urlasasacoustic-wavertesrapsordingrto ane af thardtaimgmd
rosonator ol b ERABERYEEN IR RIS alchBl SH@%qﬁe%m@ee&mbﬁééseetmwgbl s 13,

Sur f ace- acoust'i c- wave ter accor I ng aim1l , characteri ze
t he DART t yigsopatstioiranssiustips £8lls pdamosedatveeageflection cells.

Sur f ace- acoust i c- way® thH@&e@%@Qétﬁh-ﬂﬂvbo filksr obctbding altms diairer 13,
ven nu n that

h t d t hat .t
The. i st ance a5BRIRIEAd M Bat AR CARFEL P teoRpalor Gorip s Sea T R vileRr and
thleI reflection centts. Surfabe-acelistisiaos fitter beaskdiraptd ohe of thalclimsid@uct i ﬁn
IS 1n_t el engt
ggrrespondl% l?g Sﬁ?%gteg'&ﬁﬁép tﬁ teglf‘/enﬁmggf%{f OI |I‘Jt]8n e’@nbguﬁw%r% I(br tghan
1 and k belhhlgtﬂm distaregpebetwisen @ertrmmn@consaarttew\aﬁ/a tlransdectlwhae&@ndn zed

(nothat T HaTRAESR cé#ﬁt%r%? A RorfRABA ot A Qéerﬁ%‘é%ra?d ra3Rkduglon gegators.
?o 14| CO a mt e range of ?f /8 eﬁk/l}a fth, Belng wavelength corresponding alms

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 to one of the claims 1 to 14.



