1~ SURFACE - ACOUSTI C - WAVE RESONATOR FI LTER

BACKGROUND OF THE | NVENTI ON 1. Field of the Invention \voh vom
The present invention relates to a | ongitudinal-couple-type
surface-acoustic-wave (SAW resonator filter in which reflectors are

provi ded at both sides of a region where interdigital electrodes are
| ocated. More particularly, the I nvention relates to the
above-descri bed type of |ongitudinal-couple-type SAW 5 resonat or
filter having an inproved el ectrode strlcture in which unwanted spurious
responses are suppressed. 2. Description of the Related Art
SAWTfilters are being used as band-pass filters for various types of 10
comuni cation devices. It is critically inportant that band-pass filters
ensure requi r SYRFACE -BCOPRTICIANE REFOFATOR FELTER y. Accordingly,
it is also required that a SAWTfilter used in a high-frequency stage
reliably provide a required pass bandw dth with high selectivity. It
i s parti CBAGKGRODS QM THE\RNVENTEOMNge SAWfilters used in cordl ess
t el ephones having CT-1, CT-1+, and CT-2 standards obtain attenuations in 15

ranges of1.2@idia a¥d vhe Wrtetitd\onf rom the center frequency,

The present invention relates to a longitudinal-couple-type
surface-acoustic-wave (SAW) resonator filter in which reflectors are provided at both
sides of a region where interdigital electrodes are located. More particularly, the
invention relates to the above-described type of longitudinal-couple-type SAW

5 resonator filter having an improved electrode structure in which unwanted spurious

responses are suppressed.

2. Description of the Related Art
SAW filters are being used as;ba'nd-pass filters for various types of

10 communication devices. Itis critically important that band-pass filters ensure
required pass bandwidths with high selectivity. Accordingly, it is also required that a
SAW filter used in a high-frequency stage reliably provide a required pass bandwidth
with high selectivity. It is particularly important that RF-stage SAW filters used in
cordless telephones having CT-1, CT-1*, and CT-2 standards obtain attenuations in

15 ranges of +20 MHz and 140 MHz away from the center frequency,

though these ranges vary depending on the intermediate
frequency (IF) filters used in the telephones. Thus, the
RF-stage SAW filters are required to have even higher
selectivity characteristics. '

20 On the other hand, reEonator-type SAW filters are
advantageous compared to other types of SAW filters in terms
of decreased insertion losses and increased out-of-band
attenuations and also provide a more compact filter. For



thohgh t hese ranges vary depending on the internediate frequency

(IR) filters used in the tel ephones. Thus, the RF- stage SAWTfilters
are required to have even higher selectivity characteristics. 20

On the other hand, resonator-type SAWfilters are advant ageous
connpared to other types of SAWfilters in terns of decreased

I nsertion | osses and increased out-of - band attenuati ons and al so
provi de a nore conpact filter. For

2 exanpl e, certain types of Ion&ltudlnal coupl e-type SAW
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However, in the foregoing conventional

10 longitudinal-couple-type SAW resonator filter, unwanted
spurious responses are generated in a frequency range higher
than the pass band. Fig. 3 illustrates the
attenuation-vs.-frequency characteristics of a known
longitudinal-couple-type SAW resonator filter. The solid line

15 A indicates an enlarged essential portion of the
characteristics represented by the solid line B with a scale
on the right side of the vertical axis of Fig. 3. The
longitudinal-couple-type SAW resonator filter having the
characteristics shown in Fig. 3 has a pass band from 864 to

20 868 MHz. In the above-described characteristics, .large -
spurious responses indicated by the arrow C appear in a
frequency range higher than the pass band, i.e., in the
vicinity of 890 MHz, where a sufficiently large attenuation
cannot be obtained.

25 A method for suppressing the above-described spurious
responses C is disclosed in Japanese Unexamined Patent
Publication No. 8-191229 . This method includes a technique
for differentiating a distance between a center ID electrode
and one peripheral ID electrode from a distance between the

30 center ID electrode and the other peripheral ID electrode.
The 1ongitudina1-couple-type SAW resonator filter disclosed in
this publication is shown in Fig. 4.

A longitudinal-couple-type SAW resonator filter



| ongi t udi nal - coupl e-type SAWresonator filter. The solid line 15 A

Jd.ndicates an enl arged essential portion of the characteristics
represented by the solid line Bwith a scale on the right side of the
vertical axis of Fig. 3. The | ongi t udi nal - coupl e-type SAWresonat or
filter having the characteristics shown in Fig. 3 has a pass band
from864 to 20 868 MHz.: In the above-described characteristics, |arge
spurious responses indicated by the arrow C appear in a frequency
range higher than the pass band, i.e., 3n the vicinity of 890 Mz,
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Reefibsctoys i 18] ck8 aard\dilfpdmed mtstanetakde iof ithe LR ¢lectrode
12 and at one side of the ID electrode 13, respectively, in
the surface-wave propagating direction.

10 The second and third ID electrodes 12 and 13 are
connected to an input terminal 21, while the first ID
electrode 14 is connected to an output terminal 22. A voltage
is applied to the ID electrodes 12 and 13 to generate a
surface wave. The excited surface wave is then trapped in a

15 range between the reflectors 15, 15 to generate a standing
wave, and an output in accordance with the standing wave is
extracted from the first ID electrode 14.

In the SAW resonator filter 10, the distance between the
first ID electrode 14 and the second ID electrode 12, i.e.,

20 the center distance L, between the most adjacent electrode
fingers of the respective ID electrodes 14 and 12, is
differentiated from the distance between the first ID
electrode 14 and the second ID electrode 13, i.e., the center
distance L, between the most adjacent electrode fingers of the

25 respective ID electrodes 14 and 13.

However, when the SAW resonator filters 10 illustrated
in Fig. 4 are connected in two stages, the following problem
occurs. In this filter 10, the center distances L, and L, are
differentiated, which thereby generates an attenuation pole

30 designated by the arrow F in Fig. 5 in a range higher than the
pass band where a large attenuation can be obtained. On the
other hand, the foregoing iarge unwanted spurious responses C
can only be slightly suppressed and are not sufficiently



el ectrode 14 and second ID el ectrodes 12 and 13 are arranged si de by

side on a piezoelectric substrate 11 in the direction I n which a
surface wave propagates. Mre specifically, the 5 second and third ID
el ectrodes 12 and 13 are respectively di sposed at both sides of the
first ID el ectrode 14. Refl ectors 15, 15 are disposed at one side of
the I D el ectrode 12 and at one side of the ID el ectrode 13,
respectively, in t he surface-wave propagating direction. 10

The second and third ID el ectrodes 12 afld 13 are connected to an

I nput term nal % e the fir % | D el ectrode 14 is connected to an
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15 band of the filter.

According to a preferred embodiment of the present
invention, a longitudinal-couple-type SAW resonator filter
includes a first ID electrode having at least one electrode
finger, a second ID electréde and a third ID electrode which

20 are respectively disposed at both sides of the first ID
electrode in a direction in which a surface wave propagates.
The second and third ID electrodes each have at least one
electrode finger. The filter also has a reflector. A center
distance L, between the most adjacent finger electrodes of the

25 first ID electrode and the second ID electrode is different
than a center distance L, between the most adjacent finger
electrodes of the first ID electrode and the third ID
electrode. At least one of the first, second and third ID
electrodes is weighted.

30 In the foregoing resonator filter, since the first,
second and third ID electrodes are arranged as described
above with the different center distances L, and L,, an
attenuation pole is generated in a range higher than the pass



4 - prevented, as indicated by the attenuation-vs.-frequency

.characteristics illustrated in Fig. 5. In Fig. 5 the solid line D
represents an enl arged essential portion of the characteristics

i ndicated by the solid line Ewith a scale on 5 the right side of the
vertical axis of Fig. 5. Upon conparison of Fig. 5 with Fig. 3, it
Is seen that the unwanted:- spurious responses C are not significantly
reduced. SUMMARY OF THE | NVENTI ON 10 To overcomne the

probl ens descri bed above, the preferreé enbodi ments of the present

I nventio rovi.de a | tudi nal - coupl e-type SAWT i ter I n
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band of WiedddiRlly inhibic cheSHRRA B ng nbodi ment of the
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each havekttaimsstt dms, the resonator filter achieves a high level of
selectivity.
In the above type of SAW resonator filter, the weighted
10 ID electrode may be asymmetrical with respect to the center of
the ID electrode. Accordingly, large spurious responses in a
range higher than the pass band can be more effectively
reduced.
Further, the ID electrode may be weighted according to
15 an electrode-finger withdrawal method. This makes it possible
toincrease easy designing and patterning of the filter.

BRIEF DESCRIPTION OF THE DR.AWINGS
Flg 1 is a plan view 111ustrat1ng the configuration of
20 a longitudinal-couple-type SAW resonator filter according to a
preferred embodiment of the present invention;

Fig. 2 illustrates the attenuation-vs.-frequency
characteristics of a longitudinal-couple-type SAW resonator
filter according to a preferred embodiment of the present

25 invention;

Fig. 3 illustrates the attenuation-vs.-frequency
characteristics of a known longitudinal-couple-type SAW
resonator filter;

Fig. 4 is a plan view illustrating the configuration of

30 a related longitudinal-couple-type SAW resonator filter; and

Fig. 5 illustrates the attenuation-vs.-frequency
characteristics of a known longitudinal-couple-type SAW
resonator filter used as a comparative'example.



el ectrode finger. The filter also has a reflector. A center di st ance

Ll err] between the nost adjacent finger electrodes of the 25 first ID
el ectrode and the second ID electrode is different than a center

di stance L2 between the nost adjacent finger el ectrodes of the first
I'D el ectrode and the third ID el ectrode. At |east one of the first,
second and third ID el ectrodes is weighted. 30 In the
foregoing resonator filter, since the first, second and third ID

el ectrodes are arranged as descrlbed 6 above with the different center

di stances_L|err] _and L err} attenuation pole is generated in a
range hi A C ON OF PREFERRED EMBODIM NT

5 band nheerplangeisnuwidlsnoespengtsenr ef sapprwssedon&tot her,
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with respﬁggzgglgggrgsngﬁﬁsggate 2 is preferably made from a
piezoelectric single-crystal, such as LiTaO,, LiNbO, or

10 quartz, or a piezoelectric ceramic, such as a lead titanate
zirconate ceramic.

A first ID electrode 3, a second ID electrode 4 and a
third ID electrode 5 are respectively disposed on both sides
of the first ID electrode 3 in the surface-wave-propagating

15 direction of the piezoelectric substrate 2. The ID electrodes
3, 4 and 5 each preferably include a pair of comb-like
electrodes, each electrode having at least one electrode
finger, the fingers being interdigitated with each other.

In the above-described structure of the SAW filter .1,

20 the second and third ID electrodes 4 and 5 define an input ID
transducer, with one comb-like electrode of each of the ID
electrodes 4 and 5 being electrically connected to an input
terminal 6. The first ID electrode 3 defines an output ID
transducer, with one comb-like electrode of the ID electrode 3

25 being electrically connected to an output terminal 7.

Reflectors 8 and 9 are provided at one side of each of
the second and third ID electrodes 4 and 5, respectively, in
the surface-wave-propagating direction. The reflectors 8 and
9 are configured in such a manner that a plurality of

30 short-circuited electrode fingers are positioned in a
direction that is substantially orthogonal to the
surface-wave-propagating direction. The ID electrodes 3, 4
and 5 and the reflectors 8 and 9 can be formed by patterning a



the I D el ectrode. Accordingly, large spurious responses in a range

‘hi gher than the pass band can be nore effectively r educed.

Further, the ID el ectrode nay be wei ghted according to 15 an

el ectrode-finger withdrawal method. This makes it possible

toi ncrease easy designing and patterning of the filter. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a plan viewillustrating
the configuration of 20 a | ongitudinal -coupl e-type SAWresonator filter
according to a preferred enbodinéht of the present invention;

Fig. 2 illustrates the att uatlon -fr uen \ characterlstlcs of a
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plan view ill u%@r‘alﬁ @Qﬁ'%ﬁﬁ#’g‘éﬁ%ﬁ@ﬁ XESFMEOT £ ke b, the
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exanpl e. differentiated from the center distance L, between the most
adjacent electrode fingers of the respective first and third
ID electrodes 3 and 5. Further, the first ID electrode 3 is
10 weighted.

That is, in the SAW resonator filter 1, the center
distances L, and L, are differentiated so as to prevent large
unwanted spurious responses for being generated in a range
higher than the pass band, in a manner similar to the known

15 SAW resonator filter 10 shown in Fig. 4. However, the above
types of large unwanted spurious responses can be more
sufficiently suppressed by modifying this arrangement.
Accordingly, the ID electrode 3 is weighted, as illustrated in
Fig. 1, asymmetrically in the surface-wave-propagating .

20 direction.

More specifically, if the ID electrode 3 is a typical
normalized ID electrode, electrode fingers 3a, 3¢, 3e, 3g, 3i,
3k, 3m and 30 are connected to a ground potential, while
electrode fingers 3b, 3d, 3£, 3h, 3j, 31 and 3n are connected

25 to the output terminal 7. In contrast, in the ID electrode 3
illustrated in Fig. 1, the electrode fingers 3h and 31, which
are conventionally connected to the output terminal, are
connected to a ground terminal.

Changes in the connection of predetermined electrode

30 fingers from a signal terminal (an input or output terminal)
to a ground terminal, and vice versa, are generally referred
to as "electrode-finger withdrawal". A plurality of electrode
fingers are withdrawn in the above manner to change the



6 DETAI LED DESCRI PTI ON OF PREFERRED ENMBODI MENTS An

.expl anation will now be given of a SAWresonat or filter constructed
in accordance with a preferred enbodi nent of the present invention
with reference to the drawings. 5 Referring to the plan view shown
in Fig. 1, a | ongi t udi nal - coupl e-type SAWresonator filter generally
designated by 1 includes a piezoelectric substrate 2. The

pi ezoel ectric substrate 2 is preferably nade froma pi ezoel ectric
single-crystal, such as LiTaG3, LiNoG3 %r 10 quartz, or a piezoelectric
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direction that i's substant] y aorthogonal ' to t
above. In view of this background, the preferred embodiments

15 of the present invention was completed through an intense

study and analysis performed by the present inventor.
Previously, an attempt has been made to adjust the

frequency characteristics of a SAW filter by weighting the ID

electrodes. This weighting method is, however, only used for

20 mainly inhibiting the side-lobe spurious responses and
transverse-mode spurious responses of the ID electrodes. In
other words, it is impossible to suppress spurious responses
in the main lobe of the ID electrodes by conventional
weighting methods.

25 In contrast, the preferred embodiments of the present
invention has been completed by the present inventor through
the following discovery. In the foregoing type of
longitudinal-couple-type SAW resonator filter constructed in
which the center distances L, and L, are differentiated, the

30 spurious responses in the main lobe is effectively suppressed
by weighting at least one ID electrode.

Thus, the ID-electrode weighting method used in the
preferred embodiments of the present invention cannot be



surface-wave-propagating direction. The ID electrodes 3, 4 and 5 and
the reflectors 8 and 9 can be fornmed by patterning a

7 conductive material. The type of conductive material is not
particularly restricted, and a suitable netal material, such as
atum num or an alum num all oy, may be used. In the
above-descri bed SAWresonator filter 1, the 5 center distance L[err]
bet ween the nost adjacent el ectrode fingers of the respective first
and second ID electrodes 3 and 4 is differentiated fromthe center
di stance L2 between_ the nost adj acent el ectrode flngers of the

respect i WR¥iGiRated fyam Fhe com{@fér%r&lr otriahting method (4% | the first
| D el ect rsutspﬁessslrﬂg) the Vﬂdﬁumbe spurlous rddipdndés dmdthe SAWresonat or
filter 1, Je center nc Jenr% and L[err] are differentiated
so as to revenet 7% r“b urious responses for being

generat ed in dn mlcularhlmmeﬁmtm peuppheseiing rspuwkeR®r simil ar
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utilizing a zero-order or second-order mode in which the

de sp&& ous

10 center distances L, and L, are not differentiated, the
symmetry of the filter characteristics is disturbed, thereby
generating the first-order mode in the pass band as large
spurious responses. _

According to the longitudinal-couple-type SAW resonator

15 filter of the preferred embodiments of the present invention,
the weighting method, which has been considered to be
ineffective for suppressing the main-lobe spurious responses
in a known SAW resonator filter, is deliberately utilized
while the center distances L, and L, are differentiated. .As a

20 consequence, unwanted spurious responses generated in ‘a range
higher than the pass band are effectively prevented, thereby
improving the selectivity characteristics of the SAW resonator

filter.
Although in the foregoing preferred embodiment, only the
25 ID electrode 3 is weighted, either or both of ID electrodes 4

and 5 may be weighted in addition to the ID electrode 3.
Alternatively, at least one of the ID electrodes 4 and 5
rather than the ID electrode 3 may be weighted. Moreover, the
ID electrode may be weighted symmetrically rather than

30 _asymmetrically in the surface-wave-propagating direction. The
ID electrode may preferably be asymmetrically weighted because
the spurious responses generated in a range higher than the
pass band are reduced more effectively.



20° di rection. More specifically, if the ID electrode 3 is a

typi cal normalized I D el ectrode, electrode fingers 3a, 3c, 3e, 3g,

3i, 3k, 3mand 30 are connected to a ground potential, while
electrode fingers 3b, 3d, 3f, 3h, 3j, 31 and 3n are connected 25 to the
output termnal 7. In contrast, in the ID electrode 3 illustrated in
Fig. 1, the electrode fingers 3h and 31, which are conventionally
connected to the output termnal, are connected to a ground term nal.
Changes in the connection of predetern1ﬁed electrode 30 fingers froma

si gnal tern1na| (an | nput or output, term nal a ground term nal,

)
and vi ce ver salhgreeighking | yerhedigpot res?%#%%edeV%c??%d@°¥?$@&ﬂg

Wi t hdr aveélecfrddes Alhdyr ofi ehégiwallemethod, fhigetisy b€ dthedrmathods | he
above manner, to
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This is referrbdddiviomalivie imtbliaceabt wehepiegoehectvic substra@mezy t he
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spuri ous uesfpnirswhtorrehed, i tha IBngkectrodes 3, 4 and 5 and the
reflectors 8 and 9 may be disposed on either of the upper or
lower surface of the piezoelectric thin £ilm.

10 The effect of the longitudinal-couple-type SAW resonator
filter of the present invention will now be clarified through
illustration of a preferred embodiment.

The SAW resonator filter 1 illustrated in Fig. 1 was
formed under the following conditions: a 36°-Y-cut X-

15 direction-propagating LiTaO, piezoelectric substrate 2 was
used, the number of electrode fingers of the first ID
electrode 3 was 71, the number of electrode fingers of each of
the second and third ID electrodes 4 and 5 was 41, the center
distances 1, and L, were about 0.35A and about 0.71A,

20 respectively, the number of electrode fingers of each of .the
reflectors 8 and 9 was 170, the thickness of the electrodes of
the reflectors 8 and 9 was 3.6% of the wavelength A, and the
ID electrode 3 was weighted asymmetrically in the
surface-wave-propagating direction according to the

25 electrode-finger withdrawal method. More specifically, the ID
electrode 3 was weighted in the following manner. The
electrode fingers of a typical normalized ID electrode are
withdrawn by connecting the 30th, 32nd, 34th, 36th, 38th,
54th, 58th, 62nd, 66th, and 68th electrode fingers from the

30 left side of Fig. 1 to a ground terminal. A indicates the
wavelength of the surface wave which is determined by the
electrode pitch of the reflectors 8 and 9. Aluminum was used
for the material for the ID electrodes 3, 4 and 5 and the



hi gher than the pass band are effectively suppressed. This is because
‘the center distances L[err] and L[err] of the ID electrodes of 10 t he '
filter 1 are differentiated so as to generate an attenuation pole in
a range higher than the pass band where the attenuation is increased.
In this configuration of the filter 1, the ID electrode 3 is further
wei ght ed as descri bed - above. In view of this background, the
preferred enbodi nents 15 of the present invention was conpl eted through
an intense study and anal ysis penorned by the present inventor.
Previously, an attenpt has been nmade to adjust the frequency
characterreflectafs a8 S f®lter by weighting the 1D el ectrodes. This

wei ght i ng et hpgle i for glox‘?%i&’u&'ﬁ?gl 1 9w Sglpe tygr% w FobbRitbpg the

si de- Iobe spurious respons transver se- e spurlous responses
of the | FE}&R¥F obigdere nconnected hiR Gife qitages i and npelei #F et OT 3tppress
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type of  shown! oRgkiudipal -goupls: typeciilisenanpigr &1 Lisrcgoastancted in

whi ch the center ances err are entiate 0
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For comparison, the longitudinal-couple-type SAW
resonator filters 10 shown in Fig. 4 used as a comparative
example constructed in a manner similar to the filter 1 except
that the ID electrode 3 was not weighted were connected in two

15 stages and used as a CT-2 standard cordless telephone RF
filter. The attenuation-vs. -frequency characteristics of the
filter 10 were measured. The results are indicated by the
solid lines D and E of Fig. 5.

As discussed above, according to the characteristics of

20 the known filter 10 shown in Fig. 5, the center distances I,
and L, are differentiated, thereby forming an attenuation pole
where the attenuation indicated by the arrow F can be
increased. However, the unwanted spurious responses C are
only slightly reduced and are not sufficiently suppressed, and

25 the attenuation of the region indicated by the arrow C is as
low as about 30 dB.

In contrast, the characteristics of the SAW resonator
filter 1 of the preferred embodiments shown in Fig. 2 reveal
that large spurious responses C emerging in a range higher

30 than the pass band are more effectively suppressed, and the
attenuation is as high as 40 dB or more. Moreover, the
characteristics of the filter 1, such as the out-of-band
insertion losses and the pass bandwidth, are not effected



ant’i ci pated fromthe conventional weighting nethod for suppr essi ng
the side-lobe spurious responses and transver se- nbde spuri ous
responses. In particular, the method for suppressing spurious 5
responses by asymmetrically weighting the ID electrode is effective
orily when the center distances L[err] and L[err] are differenti ated.
Even if the above nethod is applied to a t hree-el ectrode

| ongi t udi nal - coupl e-type SAWresonator filter utilizing a zero-order
or second-order node in which the 10 l2center distances L[err] and L[err]

are not differentiated..th S try of the filter_characteristics is
di stur beg‘?yt‘ﬁ%i‘é% ng thegﬁ%e‘?]&???\ﬁ (?%gb?'i?g‘?-% R T8t 1¥9¢he pass band
as | arge withdrapalimesho@sponses. According to the

| ong! tudi nal - Pl & HO 1 AKE LSMALS bden paftilgiaply! Do ehfar ed

enbodi nents of the present I nvention, t he wer ght

. ! _ | ng nmet hod, _whi ch has
been const@eFElbed Wwhth referense ok preferred pprcdingntnectiareef obt

s P_uis i ouz wespomfvh et_ﬁlixder?]totbd! ?y kﬂlg@@? SéMiIEéL@niiﬁ Othé idafLer that €kei berately
utilize ile the cen i Stapce err n err e

i 11 er ont faresetia Sl 5e RER Shabodh M8 Farn Stnd S80I by b8 et

gener at edtherainawiehout depayhiéngt imomt hke pegirbanandrecepéceti Voey
prevent ed; nt-O8€ 8 . inproving the selectivity characteristics of the
SAW r esonat or filter. Al t hough in the foregoing preferred
enbodi nent, only the 25 ID electrode 3 is weighted, either or both of ID
el ectrodes 4 and 5 may be weighted in addition to the ID el ectrode 3.
Alternatively, at |least one of the ID electrodes 4 and 5 rat her than
the ID el ectrode 3 nay be wei ghted. Moreover, the I D el ectrode may be
wei ghted symmetrically rather than



30° asymmetrically in the surface-wave-propagating direction. The

I D electrode may preferably be asymetrically wei ghted because t he
spurious responses generated in a range higher than the pass band are
reduced nore effectively.

10 The weighting nethod is not restricted to the foregoing

el ectrode-finger wthdrawal nethod, but may be other nethods, such as
t he apodi zati on nmethod or the slant weighting nethod.

Additionally, in place of the piezoeleﬁgric substrate 2, 5 a

quasi - pi ezoel ectric _substrate obtained by coating an I nsul ati ng
substrat@“ﬂ%ﬂﬂ&ﬁ%ﬂ%@gﬁ?é§%ric thin filmmy be used, in which case,
the ID electrodes 3, 4 and 5 and the reflectors 8 and 9 may be

di sposed on either of the upper or | ower surface of the piezoelectric
thin film 101, A longitadiahleouplestype arfacngioustit-wave cesophter tfillee SAW
resonat or .. filter of the present invention will now be clarified

t hr ough COMPISIAGY stration of a preferred enbodi nent. The SAW

resonator fil s ' js ) r .under the
%%s@uﬁér%?fg?ﬁc}é‘hf\hﬂg g.(t_lleﬁsone eéectroﬁ@_ﬂ&‘ér,

foll ow ng conditions: Y- cut I rection-propagating Li TaG3
pi ezoel ect ri c assebmtd aterdipitabelectrode; used, the nunber of el ectrode fingers

8; gghf IO][ St IaDthird inter(ﬁ!gi%aﬁterlgc %dg, %Ssegolrid fn’?e?dirglﬂgbe rcct%cdeet|>e61"1(1:gt io%g%dfai.tnger S
one side of said first interdigital electrode and the third interdigital electrode being
located at another side of said first interdigital electrode in a direction in which a
surface wave propagates, said second and third interdigital electrodes each having at
least one electrode finger; and '
10 a reflector;
wherein a center distance L, between adjacent finger electrodes of said first
interdigital electrode and said second interdigital electrode is different compared to a
center distance L, between adjacent finger electrodes of said first interdigital electrode
and said third interdigital electrode, and wherein at least one of said first, second and

15 third interdigital electrodes is weighted.

2. A longitudinal-couple-type surface-acoustic-wave resonator filter
according to claim 1, wherein the at least one of said first, second and third
interdigital electrodes which is weighted is asymmetrical with respect to a center of

said at least one weighted interdigital electrode.
3. A longitudinal-couple-type surface-acoustic-wave resonator filter

according to claim 1, wherein the weighted interdigital electrode is weighted
according to an electrode-finger withdrawal method.

* [4 L M s *



thé second and third ID electrodes 4 and 5 was 41, the center

_distances L[err] and L[err] were about 0.35[err] and about 0.71[err], 20
respectively, the nunber of electrode fingers of each of the

reflectors 8 and 9 was 170, the thickness of the el ectrodes of t he
reflectors 8 and 9 was 3.6% of the wavelength [err], and the | D

el ectrode 3 was wei ghted asymmetrically in the

sur face-wave- propagati ng direction according to the 25 el ectrode-fi nger
wi t hdrawal nethod. Mre specifically, 1#he ID el ectrode 3 was

wei ghted in the follqw ng pmapnner. The el egtrode fingers_of a typical
normal i zed |1 D %l ect~d8R8! -couple-fypen sicfagera HBWEt’F?ﬂj‘%ﬁ’ieﬁl%t h, 32nd,

34th, 36t ofﬁ%"xé] g? g[:laisnll C},e%f(g)%rbin 5@&201{ S84 g5 @Egmdaﬂﬂ_ tﬁﬁla hnﬁ:rcggi?i{l()de fingers

fromthe Fi g. 0 a gréund termnal. | i ndi cat es
t he electrodes iy whighfedt he surface wave which is determined by the

et or 1t the”) ch Pl BAEESRTe Drl s o T b s e (7 1
ref bect or gefrdis! ftc?lclaim 1, further co&?ﬁsﬂ‘n £ piabdMectid) Sibstdie \BonCRkh @hd Yipgt, SAW

resonat or Ilters 1 were conneCted Iin two stages and used as a CT-2
st andar d secontl and third intdrdigitaReleétrodes rard disposgda center 5 frequency of 866
Miz. The attenuation-vs.-frequency

6. A longitudinal-couple-type surface-acoustic-wave resonator filter according to
claim 1, further comprising an insulating substrate having a piezoelectric thin film
disposed thereon, wherein the first, second and third interdigital electrodes are

5 disposed on the piezoelectric thin film.

7. A longitudinal-couple-type surface-acoustic-wave
resonator filter according to claim 1, wherein said first
interdigital electrodes is weighted.

10 '

8. A longitudinal-couple-type surface-acoustic-wave
resonator filter according to claim 7, wherein neither said
second nor said third interdigital electrode is weighted.

L]



characteristics of the filter were neasured. The results are shown in
Fig. 2. In Fig. 2, the solid line Gindicates an enl ar ged essenti al
portion of the characteristics represented by the solid line Hwth
respect to the insertion | osses with 10 a scale on the right side of the
vertical axis of Fig. 2. For conparison, the

| ongi t udi nal - coupl e-type SAW resonator filters 10 shown in Fig. 4
used as a conparative exanpl e constructed in a manner simlar to the
filter 1 except that the ID el ecttfode 3 was not weighted were
connected in two 15 stages and used as a CT-2 standard cordl ess

t elephonABSTRACT OR (THE, DISCLOSURRnyuat i on- vs. - frequency characteristics of

the  SURFAEE-ACOUSTEC!WAVE RESONATOR WILIER' € i ndicated by the
solid lines D and E of Fig As di scussed above, according to

. b.
t he char act er iAthree-elgetrode longithdingl-eonplertype SSAWOresonalpr filerrhas a5, t he

center di.stanc Ll.er, <18 re differentiate form ng an
ttenuat IERANSRevel Bt seigaiipty o Mierdyely Supmsrecfiec oo frbd B F oo
be  redjROhSRS %@nerkl@&ﬁﬂ%rnang@mgheﬂ\/ﬂﬁh@e DRSS’ bedidS A THEOID eRcfrody, @ .
only slightly reduced and are not sufficiently suppressed, and 25 t he

at t enuat iseepngk IR glecireds and pibird dDcaleqtpde rase dispesed®n 8 pigzoelectric subsirale about
30 ¢B. | ) i st f t
Poider 1 Reeptom areuProffiRl Brtne 08 of BRUCSE bl Al AT ek SR, OF

| ar ge spuyespedtivelfs pAnGater digtamedl NBetivierf theaingst ddjaest eldbtrode fihgurs bfichepass
band are nore _effectively su&gressed, and the, attenuatign is as high
as 40 dB repepdyefirsygnd soéand M glectrodes ig ditforentinted; fromy the contes distpncerLy  such

as the oyeplenb@anost adjackMSALtAB AffRReSt ARGelddbinAfist RAGdkg R are not

effected
electrodes. Further, the first ID electrode is weighted to more effectively suppress

10 undesired spurious responses.
Fig. 1



12° by weighting the ID electrode by the el ectrode-finger wthdrawal

_met hod. VWil e the invention has been particularly shown and descri bed
with reference to preferred enbodi ments thereof, it will be understood by
those skilled in the art that the foregoing and other changes in form and
details may be nade thereln wi t hout departing fron1the spirit and scope of
t he inventi on.

13 VWHAT | S CLAINED | S: 1 A

| ongi t udi nal - coupl €%yHe surface-acoustic-wave resonator filter .
conpri si ng: a first interdigital electrode having at |east
one el ectrode finger; a second interdigital electrode;
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5 - athird interdigital electrode, the second interdigita

“el ectrode being located at one side of said first interdigita

el ectrode and the third interdigital electrode being | ocat ed at

another side.of said first interdigitdl elLectrode.in.a direction in which a

surface wave prop&@? said second and third interdigital electrodes each
"edst

havi ng at one el ectrode finger; and 10 a
reflector; wherein a center distance L[err] between

adj acent flnger el ectrodes -of said first interdigital electrode
and sai d second |nterd1;%1&-e+ee++ederre—d+++p+eﬁ+—eqﬁpa+edtgo a

center distance L[erm] fbetween adj acent finger electrodes of qaid first.

i nterdigital electrode and sai interdigital ellectrode, and

wherein at | east onaecoflsfid first,
el ectrodes is wei hted
surface-acousti c- ss@nator filte
wherein the at Ieﬁst“o e of said fir

thirdji nterdigital
A | §ngi t udi ndl - coupl e-type
ding to ¢laiml1,

interdigital electrode ich is wei. wWith respect to a
center of sm ‘at | east on ekﬁctrode.
3. A Iongltudlnal pbe-type su esonatjor filter
according to clalnlho '‘erein the ode is
wei ght ed accofding to an nmet hod.
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4.- A | ongi t udi nal - coupl e-type surface-acoustic-wave resonator filter
*according to claim1l, wherein each of said first, second and third
“interdigital el ectrodes i s wei ghted. 5. A

. longi tudi ral -‘coupl e-type surface-acoustic-wave resonator filter 5
according to claim1, further conprisBng a piezoel ectric substrate upon
which the first, (FIG. 5)  second and third interdigital electrodes are

di sposed. 6. A | ongi t udi nal - coupl e-type surface-acoustic-wave
resonator filter according to claim1l1, further conprising an

i nsul ating substrate ; T o s A e A di sposed

t hereon, wherein the {irst, second and third‘tpterdibital elkctrodes are 5
disposed on the piezdelectric thin fi 7. A
| ongi t udi nal - coupl estjMpe® sur f ace- aco resonptor filter
according to cldrm 1) wherein said f F Kﬁterdrgitar el ectrodes is
wei ghted. 10 a 3. 0 8. Al - coupl e-type
surface-acousti & whdd™ reson *ac rding toglaim?7,
wherein neither said 5 0 second ird interdigifal el ectrode
i's wei ghted. - 30 -

40 |~ -
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