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JOF THE | NVENTION.1. Fieu_ of the'lnvention The present invention relates to
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resonator filter in which the electrode structure is inproved so that the

selectivity is increased. 2. Description of the Related Art Recently,
surface acoustic wave (SAW filters have been

§  BACKGROUND OF THE INVENTION

1. Eield of the Invention
The present invention relates to longitudinzl coupling
type surface acoustic wave resonator filters and, more

10 particularly( to a lohgitudin#l coupling type surface
acoustic wave resonator filter in which the electrode
structure is improved so that.the seiectivity is increased.
2. Description of the Related Art

| Recently, surface acoustic wave {SAW) filters have been

15 used as bznd-pass filters for various communication devices. -
‘such band-pess filters require a suiteble pass band width and
high selectivity. In addition, SAW filters used in radio-
frequenc’ (RT) stages require that a pass band be within a
desired rznge and that high selectivity be a2chieved.

20 - In particular, in the case of SAW filters used for RF
stages in cordless telephone sets in accordance with the
CT-1, CT-1+ and CT-2 standards, it is impdrtant to achieve 2
sufficiently large attenuation at points + 20 MHz and * 40
MHz apart from 2 center frequency, although the desired

25 attenﬁation varies depending upon intermediate frequency (IZ)
filters used in the telephone sets. Thus, filters having

higher selectivity are required. Also with'respect to IF
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filters require a suitable pass band wi dth and high selectivity. In
“addition, SAWfilters used in radio- frequency (RF) stages require that a
pass band be within a desired range and that high selectivity be achieved. -
In particular, in the case of SAWfilters used for RF stages in cordless

t el ephone sets in accordance with the CT-1, CT-1+ and CT-2 standards, it is
i nportant to acfidters, schasnastentisyicarel %altee:rmxﬁtwbqum adjacemt VHz and
40 MHz apart from a center f,requenc al t hough the desired attenuation
varies dependlnﬁhﬁﬁﬁﬁ § A%R o 5F§n¥requency (1F)

On the other hand, it is known that, among SAW F;lters,
those using SAY resonators are particularly effective in
5 reducing the insertion loss, in increasing the out-of-band
attenuation and in reducing the size. For example, a filter
‘has been proposed which includes longitudinal coupling type
SAW resonator filters connected in a multi-stage arrangement.
Each SAW resonator filter is formed by arrznging three sets
10 of interdigital (ID) electrodes at equal intervals in a
surface wave propagation direction on a piezoelectric
moaocryStalline substrate fotmed of a2 36° Y-cut X-propagation
LiTa0s monocrystal or the like and by providing reflector
electrodes at the opposite sides of the ID electrode
15 -arrangement region which extend in the suriace wave
propagation direction. The filter thus arranged can operate
with a smalleriinsertion loss and can be smeller in size.
In the above-described conventional longitudinal
coﬁﬁling type SAW resonator filter, however, the attenuation
20 in a stop band which is higher than the pzss band cannot be
sufficiently increased.
Fig. 7 shows an example of an inserticn loss-freguency

characteristic ¢f a filter including the ahove-cdescribed
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are required. Also with respect to IF 2 filters, characteristics of
select|V|ty between adj acent channels are inportant. On the other hand, it
is knowmn that, anmong SAWTfilters, those using SAWresonators are
particularly effective I n reducing the insertion loss, in increasing the
out - of - band

conventional lergitudinal coupllng type SRV resocnatorxr filters
connected in a two-stage arrangement. In Fig. 7, an
essential porticn of the characteristic represented by_the
solid line A is replotted as represented by'the solid line B
5 by enlarging the scale of the insertion icss, that is, using
the scale on ths right-hand'side of the ordinate. |
The characteristic curve shown in'Fig. 7, representing
the characteristic of the structure formed of the
conventional lox aztudznal couplinq tvpe SAW rescanator filters
10 in a multi~-stags connection having 2 pass band set at 864 to
868 MHz, has an increase at a frequency higher than the pass
band due to a response of the ID electirodes (as indicated by
arrow C in Fig. 7), which shows that the attenuztion in the
range of about 286 to 906 Miz is not sufficiently large.

The above-mzentioned response of the ID electrodes is

-
(11

caused by interrnzl reflection in the ID electrodss

Therefore, the lsvel of the response depends upen the film

thickness and line width of each of the ID electrodes, For

this reason, the method of increa31ng the film thickness of
20 electrode fingers or reducing the line width in a

manufacturing prccess to set the desired attenvatiion in the

above~-mentioned range has been used as a method for reducing

the level of unsesirable response of the IC electrodes.
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proposed whi ch includes |ongitudinal coupling type SAWresonator filters
tonnected in a nulti-stage arrangenent. Each SAWresonator filter is forned
by arranging three sets of interdigital (ID) electrodes at equal intervals
in a surface wave propagation direction on a piezoelectric nonocrystalline

substrate formed of a 36 Y-cut X-propa ation‘LiTaCB ocr stal ,or_the |ike
and by providing ref | HaeFere| EEt‘F‘%ﬂé‘s thhekpptn g & écgoq%g%ers

oo Nl ) ML AR A e R 2
the ID electrodes is increased, resulting in an increase in
insertion loss. If the line width of the electrode fingers

5 is increased, the electrical resistance through each
electrode finger is increased, also resulting in an increase
in insertion loss.

As conventional design.methods for increasing the
selectivity of SAW filters, & new phase weighting method.

10 (Shingaku Giho US81-22) and a method of forming a split
stxucture in some of the ID electrodes to limit idternal
reflection in the ID electrodes are known.

Of these methods, however, the.former method requires &
troublesome operation for designing weighted ID electrodes
is and also requires that an increased number of electrode
fingers be thinned out. Therefore, this method inharently
experiences the.problem of an increase in impedancs or an
increase in the length of the ID electrodes.
The latter method usés 2 split electrode having

20 electrode fingers, the width of which is half the width of
the ordinary electrode fingers, i.é., so0lid electrodes.
Therefore, this method requites advanced processing

techniqués such as dry etching techniques if it is used for
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above-descri bed conventional |ongitudinal coupling type SAWresonat or

“filter, however, the attenuation in a stop band which is higher than the
pass band cannot be sufficiently increased. Fig. 7 shows an exanple of an
insertion | oss-frequency characteristic of a filter including the
above- descri bed conventional |ongitudinal coupling type SAWresonator
filters - filters of 800 Midz or higher bands. It also experiences the

problem of a reduction in yield mainly because it is _
difficult to contrel the width of electrode fingers of each
ID electrcde in the mixed arrangement of the solid electrodes

5 and the split electrodes.

Y Or T N
The preferred embodiments of the present invention
overcome the prcblems describéd above by providing a '

10 1;ngitudinal coupling type SAW resonator filter which
achieves high selectivity without increasing the insertion
loss and which is capable of being mass-produced much more
easily tha» conventional devices. |

According to one preferred embodiment of the present

15  invention, there is provided a longitudinal coupiing type SA%
resdnator filte:lcomprising a substrate made of =2 _
piezoelectric materizl or a.substrate having a piszoelectric
thin film formed therson, and first, second and third sets of
ID electrodes disposed on the piezoelectric substrate or in

20 contact with the piezoelectric thin f£ilm, The second and
third sets of ID electrodes'are preferably located on the
opposite sides of the first set of ID electrodes and extend

in a direction of propagation of surface waves excited and
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the characteristic represented by the solid I|ne Ais replotted as
irepresented by the solid Iine B by enlarging the scale of the insertion

| oss, that

is,

using the scale on the right-hand side of the ordinate.

characteristic curve showmn in Fig. 7, representing the characteristic of

the structure fggggdveoc{ m'}f‘%h‘éoﬂfﬁ 2o Qng%ggé%esCO%é g0 ?é f.?é%!"

resonator filters

to 868 MHz,

a response of th

10

15

€ connectl.on having a pass ban
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20

D el ectrodes (as iIndicated by
sides in the surface wave propagation direction cf the area

in whieh the first to third sets of ID electrodes are
provided. Each of the first to third sets of ID electrodes
preferably includes a éair of comd electrodes each having at
least one elactrode finger, A center distance lu batwean
centers of the e1ectrode flnger of the first set of ID
electrodes and the electrode flnger of the second set of ID
electrodes located adjacent to each other and a2 center
distance L, between centers of the electrode fingsr of the
first set of ID electrodes and the electrode finger of the
third set of ID electrodes located adjacent to each other are
preferably s2t to different values.

In the longitudinal coupling type SAW resonator filter
of the prefexred embodiments of the presen: invention having
the first to third sets of ID electrodes disposed on the
substrate made of a piezoelectric material or the substrate
having a plezoelectric film formed thereon and the first and
second reflectors provided on the opposite side oi the aree
in which the first to third ID electrode seis are provided,
the center distahces Ly and L, axe preferably set tc

different values. A high-selectivity characieristic can be
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886 to 906 MHz is not.sufficiently |arge. The above-nentioned response of
4he ID electrodes is caused by internal reflection in the ID el ectrodes.
Therefore, the |l evel of the response depends upon the-filmthickness and
line width of each of the ID el ectrodes. For this reason, the nethod of
I ncreasing the fi ness, of .el ectrode fingers

' t hi HUC] i
width in a manuf ﬁﬁ'ﬁhggﬁrm LS EEfonsnt eggg?%‘-g’rﬂﬁ :%%n‘i:?ﬁ Flﬁlg&r
above-menti oned 4;aRgQ . Qfﬁggpafi@ g?ed'rﬁﬁ Pl ¥ ChikegME D wt:.'i? LE¥6the Of

undesirabl e response 0 ‘ectrodes. | _ _
' apparent from the following detailed description of preferxed

embodiments of the present inventiorn,

[} © According to the preferréd erbodiments of the present
invention, a pisz2oslectric monocrystal of LiTaOs;, LiNRQ;,
quartz or the like or a lead titanate-zirconate piezoelectric
ceramic may be used as the material for forming the above-
mentioned piezoelectric substéate. On the other hand, as the

10 above-mentioned substrate having & piezoelectric thin £ilm
formed thereon, a substrate may be provided by forming a
piezoelectric thin film of Z2n0, Ta.05 or the like on a
surface of an insulating member made of arn insulating ceramic

| such as 2lumina or any othéi insulating material or on the

15 upper svriface of the above-described piezoslectric substrate.

The first to third sets of ID electrcdes may be formed
on the piezoeleciric substrate or in contzci with the
plezoelectric thin film. The method of forming the ID
electrodes in contact with the piezoelectric thin film

20 preferably comprises a method of forming the first to third
sets bf ID electrodes on the piezoelectric thin film or a
method of forming the first to third sets'of ID electrodes

- between the substrate and the piezoelectric thin film,
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attenuation of surface waves propagating in the ID electrodes is increased,
fesulting in an increase in insertion loss. If the line width of the

el ectrode fingers is increased, the electrical resistance through each

el ectrode finger is increased, also resulting in an increase in insertion
| oss. As conventional design nmethods for increasing the

The first to third sets of ID eléctrodes may be formed
of a suitable electroconductive material, e.g., Al or an Al
alloy. Each of the first to third sets of ID electrodss
includes & p2ir of comb electrodes each having at least one

5 electrode finger. The electrode fingers of the comkt
electrodes are arranged in an interloékinq manner.

The first and second reflectors are provided to confins
surface agoustic waves in the region between the first and
second reflectors. Ordinaril§, each of the first and éecond

10 reflectors has a plurality of electrode fingers arranged
substantially perpendicularly to the surface wave propagaticn
direction. The first and second reflectors may also be
formed of a suitable electroconductive material. Preferably,
they are formed of the same material as the first to third

15 sets of ID eléctrodes, e.g., Al or an Al alloy.. _

The longitudinal coupling type SAW reéonator filter of
the preferred embodiments of the present invention is
characterized by setting the center distances L; and L, to
different values in the thre;—electiodé-set type SAW

20 rescnator filter having first to third sets of ID electrodes
and first and second reflectors arranged as described above.

The selectivity of the filter is improved by utilizing two

resonant modes determined by the two center distances, as
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sel e BICFVER $2/38 1B\ AT B oo pBiagetinarght | ng Wet hod ( SHRRGIRESE oMt
US81-22) and a nethod of formng a split structure in sone of the ID
electrodes to limt internal reflection in the ID el ectrodes are known. O
t hese net hods, however, the former nmethod requires a troubl esonme operation
for designing weighted ID el ectrodes and al so requires that an increased

rurter of ELeCtLag L psindie ebha el Mo TiRchater Il BB BRd.

i nherently expe problém of an 1'ncréa ance

norease 10 nepkeRaPed!esdhRihBhh 05t e prebifit! Shvaiedg.nod uses a split.

el ectrode havin
Preferably, according to the preferred embodiments of

the present invention, if each of the first and second
5 reflectors has 2 plurality of electrode fingers arrangsd
substantizlly parpendicularly to the surface wave propigation
direction, and if the wavelength of surface waves deterﬁined
by the electrods pitch of the reflectors is 1, the center
distances L; and L, are set to such values that the center
10 distance L; satisfies an inequality (1): ' |
04+ nh <L £1/20 + n)A ves (1)
(n; aﬁ integer),
the centef distaznce L, satisfies an inequality (2):
 M/2A+mh S, € (m+ 1)A L@
15 (m: an integer), and
the center distance I, and the center distance L, satisfy en
inequality (3): |
I # L, - 1/2h + KA - ee- (3)
| (k: an integer).
20 Thus, as will be apparent from the following description
of the preferzed embodinments, a longitudinal coupling type
SAW resonator filter reliably achieving a desired band width

and having improved selectivity is provided.
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electrode fingers, i.e., solid electrodes. Therefore, this method requires
sadvanced processing techni ques such as dry etching techniques if it is used
for filters of 800 MHz or higher bands. It al so experiences the problem

of a reduction in yield mainly because it is difficult to control the wdth

of el ectrode finders,gof cach R GheChEO(Srd il HhiEls A RICERR pilsddie

solid el ectrodes
invention, there is provided a multiple-electrode-set

longitudinal coupling type surface acoustic wave resonator
fiiter comprising a piezoelectric substratz made of a.

5  piezoelectric material or a substrate having 2 piezoelectric
thin f£ilm disposed thereon, and first to Xth (X: zn integer
equal to or larger than 4) sets of interdigital electrodes
disposed on the plezoelectric substrate or in contact with
the piezoelectric thin.film. .The second to Xth sets of

10 interdigital electrodes are arranged to extend aiong a
direction of propagation of surface waves sxcited and
.received by the first set of interdigital eiectrodes. The
filter also comprises first and second reflectors located on
the opposite sides in the surface wave propagation direction

15 of the area in which the first to Xth sets of interdigital
electrodes zre provided. Each of the sets ¢f intardigital
electrodes preferably includes a pair of coxb electrodes each
having at least one electrode finger. If the center
distances between adjacent-end electrode fingers of adjacent

20 pairs of the intérdigital electrodes are 1., Lz, ... Ly;, the
center distances satisfy equations {4) anc (5):
L_,-L-_=L,-=L5---' e (4)
Ly = Ly = L; = Lg... cee (9)

EXDATAVUSERVIRKISHARECYMURATAVAPPOOL,_,JRIK
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enbodi nents of the present |nvent|on overcone the probl ens descri bed above
by providing a |ongitudinal coupling type SAWresonator filter which
achi eves high selectivity without increasing the insertion |oss and which
I s capabl e of being mass-produced nmuch nore easily than conventi onal '
devi ces. Accordiffgthe waeelhsmitdy o€dserbock VRviesOtet BEmiricRs @yt thaventi on,
there is provided a |ongitudinal coupling type SAWresonator filter
conprising a suledechredenfiitngsr pitch of the reflectors is A, the center

distances Ls and L, satisfy inequalities (6) and (7}:

0 + nA € Ls € 1727 + nA . (6)
s " {n: integer)
1724 + A S In £ (m + 1)A cee {7)

(m: integer)

or inequalities (8) and (9):

1/20 + nA € Lg £ (n + 1)A ... (8)
10 ~ {n: integer)
0 +mh <L €1/2\ + mA ' cee (9)

(m: integex), and
the center distances ILs and L, satisfy an inaqualify (10} :
 Ls# L - 1/2% + kA e (10)
15 (k: integer}.

Thus, a lozgitudinai coupling type SAW #esonator filter
capable of relizbly achieving the desired rznd width end
having improved selectivity is provided.

According to still another preferred embodiment of the

20 present inventioﬁ, there is provided a longitudinal coupling
type SAW resonator filter device comprising a2 substrate, and
.2 plurality of longitudinal coupling type SEH resonator

filters in accordance with the preferred embodiments of the
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formed thereon, and first, second and third sets of ID el ectrodes disposed
:on the plezoelectric substrate or in contact with the piezoelectric thin
film The second and third sets of ID electrodes are preferably |ocated on
the opposite sides of the first set of ID electrodes and extend in a

direction of. proRagat QRvehtSer f aPRe VBV EFa G b2d18MFitudihal coupling

type SAW resonator filters are disposed on the substrate and.
‘connected in series to each other. That is, on one substrate,
a plurality of longitudinal coupling type 3AW resonator

5 filters of the preferrxed embodiments of the present invention
may be formed and may be connected in series. In this manner,
a filter nzving further improved selectivi:y can be provided.

According to a further preferred embodiment of the

present invention, there is pfovided a SAW resonatoxr filter

10 device éomprising a longitudinal coupling %ype SA¥ resonator
filter in accbrdance with a first preferred embodiment of the
present invsntion described above, and at least one of |
another loxgitudinal coupling type SAW resonator filter, a
lateral coupling type SAW resonator filter and a trap filter

15 using a S58%W resonator formed on the substrazte of the
longitudinzl coupling type SAW resonator filter of the first
preferred sxbodiment of the present invention and
electrically connected to the longitudinal couplihg type SAW
resonator filter of the first preferred em odiment of the

29 present invention.

As described above, the SAW resonator filter device of

the preferred embodimenté of the present invention may be

electrically connected to any other SAW resonator filter, a

LYDATAVUSERYIRKWSHARTEVMURATAYAPPO0L JRK
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and second reflectors |ocated at the opposite sides in the surface wave
:propagation direction of the area in which the first to third sets of ID

el ectrodes are provided. Each of the first to third sets of ID el ectrodes
preferably includes a pair of conb el ectrodes each having at |east one

el ectrode fingergragh GAREEr afk ERNQAQ el eTPde RAMRAGN CONGWAS 0lcakle other

el ectrode finger of the first set of ID electrodes and the el ectrode finger
of the second seatewvifcdsDaekecossitinxtiedc anethadpieaelectréacsustrateand a

center distance L[err] between centers of the electrode finger of the
constituting the SAW resonator filter device. In this manner,

a smaller integrated SAW resonator filter device can be

W

provided.

Trhese and other elements, reétures, and advantages of
the preferred embodiments of the present invention will be
apparent from the followiﬁg detailed description of the
preferred embodiments of the ﬁresent invention, as

10 illustrated in the accompanying drawings.

F D= igN N
Fig. 1 is = plan.view of the structure of a SAW .
resonator filter according to a first preferred embodiment of
15 the present invention; |
Fig. 2 is = diagram showing a frequency characteristic
of a conventiornzl SAW rxesonator filter having the structure
shown in Fig. 1 but having equal center distances I, and L;
and having the number of electrode fingers of the reflectors
20 set to zero; |
Fig, 3 is 2 diagram showing a center distance L = I, = |
L, and relative resonance frequencies in the SAW resonator

filter having the structure shown in Fig. 1}
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el ectrodes | ocated adjacent to each other are preferably set to different

values. In the longitudinal coupling type SAWresonator filter of the

preferred enbodi nents of the present invertion having the first to third

sets of 1D electrodes disposed on the substrate made of a pi ezoel ectric

material or the substrate,havin Qlez electrl flln¥forned t.her egn and
L 5

the first and secondyrigfl Lt vER 6‘668 }P% %ﬁid}?ig € R& area
In which the i3y EI?Q‘EFQI 6? 4 3 26 %Bﬁﬂg?fefﬁ@:eh%%bdaﬁe 1kt 8BReEr

di stances L[err] err| are preferably set
- structure shown in Fig. 1 and arranged in accordance with the
first preierred embodiment of the present invention;

5 Fig. 5 is a diagram showing an insertion loss-freguency
characteristic of a SAW resonator filter device shown in Fig.
11A as 2 seconé preferred embodiment of ﬁhe present |
invention;

Fig. 6 is a diagram showing an insertion ioss-frequéncy

10 characteristic of the SAW resonator filter device shown in
Fig. 11A when 2 thinning-out and weighting method is used;

| Fig. 7 is 8 diagram showing an example of an insertion
loés-frequéncy characteristic of a conventional SAW resonatoi
filter; _ |

15 Figs. 8A and 8B are schematic plan views of 2 portion

~where ID electrcdes are foxmed, showing cases where the
¢center distance is apparently changed when an electrocgs
finger is added;
Figs. SA and 9B are schematlc plan views of a por;ion
20 where ID electrcdes are ‘formed, showing cases where the
center distance is apparently changed when one of the
electrode fingers is removed,

Fig. 10 is = schematic plan view of a case where the

IIDATAYUSERVJRKSHAREDYMURATATARPOO _JRK
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di £t BEEBIERIELE k’&s“ saana?m‘iw{'ﬁ'r- FMETASt eristi'® can be 27 Ren| eved’ by -
using two resonant nDdes determ ned by the center distances L[err] and
sL[err]. The reason for this effect will becone apparent fromthe foll ow ng
detai |l ed description of preferred enbodi nents of the present invention.
According to the preferred enbodi nents of the present invention, a

prezoel ectric OAQEEYEL Ay U1ddtaGkCEihgedd M¥E" bhisacent pair of Ip
_ electrode sets are conhected by the electrode material;
Figs. 11A are 11B are plan views of SAW resonator fiiter_
devices according to second and third preferred embodiments
5 of the present invention; and
| Fig. 12 is a plan view of a SAW resonator filter device
according to a fourth preferred embodiment of the present

invention.
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be used as the material for form ng the above- nentioned piezoelectric

-substrate. On.the other hand, as the above-nentioned substrate having a
pi ezoel ectric-thin filmforned thereon, a substrate may be provided by
form ng a piezoelectric th|n film of ZnO Ta[err](Jerr]. or the like on a
surface of an i : ‘ : S 1RO D FO brA PRk i eI MEQTEM C such as

. alumna or any otner itnsulatirng nmaterral the upper surface of the

above-described pi ezgaeeptésents Enention WEL fid deskeibbd riselei Inotekil

el ectrodes may be fornmed on the piezoelectric substrate or in contact with

t he with respect to preferred embodiments thereof.

Referring to Fig. 1, a SAW resonator filter 10 which

illustrates a preferred embodiment of the present invention

w

is constructed on a piezoelectric substrate 11 preferably
having a substantially rectangular planar shape. In this
preferred embodiment, the piezoelectric substrate 11 is
.preferably formed of 36° Y—cuﬁ X-propagation LiTaO;.

10 A pair of comb electrodes 14a and 14b forming a first
set of ID electrodes are disposed on a central portion of the
piezoelectric substrate 11, The comb elecirode l4a is
connected to ground while the comb electrode 14b is
connected to an inpdt/output terminal 22. The comb

25 electrodes 14a and 14b have electrode fingers arrangad in an

~interlocking manner. | _

Second and third sets of ID electrédes are located on
the opposite sides in the surface wave propagation direction
of the first ID electrode set formed of the comb electroqes

20 14a and 14b. The second ID eléctrode_set is formed of comb
electrodes 12a and 12b while the third ID electrode set is
formed of comb electrodes 13a and 13b.

Each of the pair of comb electrodes 12z and 12b and the

IWDATAYUSERVRIKISHAREOMMURATAYARFO0L _IRK
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contact with the piezoelectric thin filmpreferably conprises a nmethod of
sformng the first to third sets of ID electfodes on the piezoelectric thin
filmor a metthod of forming the first to third sets of 1D electrodes
bet ween the substrate and the piezoelectric thin film 8 The first to

third sets of 1D, electrades ABYPSad® 180 and 13b have electrode fingers
arranged in an interlocking manner, as do the comb electrodes
14a and 14b. However, the comb electrodes 12b and 13b having
a smaller number of electrode fingers are disposad on the
s same side as the comb electrode 14a of the first ID electroda
set having a larger number of electrode fingers.

The comb electrodes 12b and 13b are connected in common
to an input/output terminal 21 while the comb electrodes 12a
and 13a arz connected to_grouﬁd;

10 Reflectors 15a and 15b are disposed on the opposite
" sides in the surface wave propagation direction of the area
in which the first to third ID electrode sets are formed.
Each of the reflectors 15a and 15b preferably'has electrqde.
fingers arranged at equal pitches and each extending in a
15 direction substantially perpendicular to the surface wave
proﬁagaticn direction.

The zbove-described comb electrodes 12a, 12b, 132, 13b,
'14a, and 14b and the reflectors 15a and 15b are preferably
formed by forming an Al or Al alloy film on the piezoelectric

20 subétrate 11 and processing this film by photolithography and
etching.

One of the novel features of this preferred embodimént

resides in that the value of the distance I, between the

BDATAVLSERVIRIYSHARTSVMURATAVAP P01 JRK
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the first to third sets of ID el ectrodes i ncl udes a palr of conb el ectrodes
each having at:|east one el ectrode finger. The electrode fingers of the
conb el ectrodes are arranged in an interlocking manner. The first and
second reflectors.are provided to confine surface acoustic waves in the

regi on between t bentbistofNtheS aaBEro&s | A é? afr ghoay dﬂﬂaﬁeﬂ%agﬁdgfof Nehe

first and second reflectors has a pIurallty el ectro ngers arranged
substanti al | y pefpesti and asdoprtoIDhel scttroiie se@gei Hreadal ithe ghhget i on.

The first and second reflectors may al so be
defined by the =oove-mentioned ineguality (1), that the value
of the distance L; between the centers of the electrode
S fingers at the adjacent ends of the first and third ID
electrede sets -5 set so as to satisfy the above-mentioned

inequality (2], and that the center distances IL: and I, are
‘set so as to sziisfy the above-mentioned ;nequal;ty (3). The
symbol A in ths ‘inequality (3) represents the wavelength

10 deternined by ths electrode fingers pitch of the reflectors
15a and 15b (see Fig. 1). |

In the SA¥ resonator filter 6: this pfeferréd embodiment,
since the centsr distances L, and L; are set so as to satisfy
the above-described conditions, the selectivity can be.

15 improved in coxparison with the conventional SaW resonator
filter., The principle of the operation and design conditions
of the SAW reé::ator filter of this preferred embodimént will
be described ir the following paragraphs.

. . The princizle of the operation of longitudinal coupling

20 type SAW resonztor filters generally used will first be
described.

Conventicnal three- electrode-set longitLq-dal coupling

type SAW resonatox filters have generally the same structure

IVDATAFUSERVRKSHAREDYMURATYAPPOOT__JRK
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formed of the same material as the first to third sets of ID el ectrodes,
£.9., Al or an Al alloy. The |ongitudinal coupling type SAWresonator
filter of the preferred enbodi mrents of the present invention is
characterized by setting the center distances L[err] and L[err] to
different val uegs tiunt [t ttheesaR! pedoratorselltyPestoN nasepgior filter
having first to third sets of ID electrodes and first and second reflectors
arranged as desillbstradtimgea Dhefentest tembotdymett tdfe thel presest i inventddnby

ut|I|Z|ng two resonant nodes determ ned by the two center distances, as
except for the above-described relatlonshio between the

P.21

. center distances L. and L;. Thersfore, the principle of the

5 operation of conventional longitudinal coupling type SAW
resonator filters will be describad with reference to Fig. 1.
In conventicnal three-electrode-set longitudinal coupling
type SAW resonator filters, the distance 1. between the
centers of the electrode fingérs at the adjacent ends of the

10 first ID electrode set (comb electrodes 14z and 14b) and the
second ID electrode set (comb electrodes 12a and 12b) and the
distance L; between the centers of the electrode fingers at
the adjacent ends of the first ID electrodz set (comb
electrodes ida and 14b) and the thirxd ID electrode set (comd

15 electrodes 13a and 13b) are equal to each other. That is,

Fig. 2 shows a frequency characteristic in the case
where the number of electrode fingers of the reflector
electrodes in the conventional three-electrode-set

20 longitudinal coupling type SAW resonator filter having egual
center distances Iy and L; is set to zero. A peak indicated
by the arrow D in Fig. 2 is considered to correspond to a

resonant mode due to multiple reflection befween the first

IVDATAYUSERYRIISHARSEVMURATAVAPPO0! FRK
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enbodi nents of the present invention. Preferably, according to the
.preferred enbodi nents of the present invention, if each of the first and
second reflectors has a plurality of electrode fingers arranged
substantially perpendicularly to the surface wave propagation direction,

and 1 the vavel cnoLl ol S L3Ce. Y848 5 SLTd: e gk eEbh B RS O

the first and third electrode sets, and a peak indicated by
the arrow £ is considered to be corresponding to an internal
rasonant recde of the ID electrodes. |
5 ' As conventional longitudinal coupling type resonator
filters, longitudinal coupling type double mode filters have
been constructed by using the two resonant modes indicated by
the arrows D and E. Longitudinal coupling type triple mode
filters have also been :ealizéd by using these resonant modes
10 and another resonant mode due to multiple reflection between
| the reflec:ors 15a and 15b at a freguency lower than the
frequency of the resonant mode indicated by the arrow E in
. the case of adding the reflectors 15a and 15b.
Fig. 7 shows a typical characteristic of conventional
15 longitudinal coupling type resonator filters in two-stage .
serial connection designed on the basis ¢f the zbove-
.described principle. As described above, 2 Filter having
this structure has a small insertion loss but has
unsatisfactory selectivity at frequencies higher than the
20 pass band. That is, the attenuation in a frequency range
higher than the center frequency by zbout + 20 to 30 MHz is
‘at most 25 dB. |

The rescnance frequencies ¢of the above-menticoned

EYDATAVUSERTIRKISHARSSYMURATAYAPIO_IRK
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L: satisfies an inequality (1): O + n[err] [err] L: [err] 1/2[err] + n[err]
S.. (1) (n: an integer), the center distance L[err] satisfies an inequality
(2): 1/2[err] [err] nferr] [err] L[err] [err] (m+ 1)[err]

... (2) (m an integer), and the center distance L[err] and the center
di-stance L[err] r¢sbhahty meddsh@quabi Eyafg)de‘de[zﬂﬁhlad[syr&..e!—[ﬁfl%]e otlfgderr] +

K[ err] .. (3) (k: an integer).

center d*stance L (=L = Lz). Fig. 3 shows the relative
positions of the resonant modes D and E w1th the center
distance L usecd as a parameter. The characteristies shown in

5 Fig. 3 are of a SAW filter arranged by setting the nuzber of
electrode fingers of_the-first ID electxods set, i.e., the
sum of the numbers of electrode fingers of the comb
electrodes 14a and 14b to 57, the number of slectrode fingers
of the second ID electrode se£ (comb electrodes 12a and 12b)

10 to 31, the number of electrode fingers of the third ID
electrode set (comb eleétrodes 132 and 13b) to 31, and the
number of electrode fingers of each of the reflectors 15a and
15b to 0, and by using a 36° Y-cut X-propagation LiTa0;
substrate as piezoelectric substrate 11, the SAW filter

15 having a center frequency of.BGB MHzZ, _

As can be can be understood from Fig. 2, the resonance-
frequency the rssonant mode E is not dependsnt on the value
of the center distance L, but the resonance frequency of the
resonant mode D decreases as the value of L increases. When

20 the center distance L becomes.equal to about 0.45A, a2 mode
conversion f{rom the resonant mede D into thea resonant mode E
starts. As the value of.the center distance L increases

further, the resonant mode D is completely converted into the

B¥DATAVLSERVRIISHAREDYMURATAYAPPOOL__JRK
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enbodi nents, a | ongitudinal coupling type SAWresonator filter reliably
-achieving a desired band wi dth-and having i nproved selectivity is provided.
10 According to another preferred enbodi nent of the present invention,
there is provided a nultiple-electrode-set |ongitudinal coupling type

surface acoustiC pe@¥RaheSRS & and new resonant mode D appears from the
high-frequency.side.
In contrast, in the above-described preferred embodiment
of the present nvention, resonance is excited in two
5 resonant modes D by setting the center distances L. and L: to
different values, as explained'below with reference to
Fig. 4.
Fig. 4 shows the results of one preferred embodiment
constructed by setting.the nuﬁber of electrode fingers bf the
10 first ID electrode set, i.e., the sum of the numbers of
electrode fingexs of the comb electrodes 14a and 14b to 57,
the number of slectrode fingers of the second ID electrode
set, i.e., the sum of the numbers of electrode fingers of the
comb electrodes 12a and 12b to 31, the numbsr of electrode
15 fingers of the third ID.electrode set to 31, and the number
| of electrode fingers of each of the reflectors lsaland 15h to
150. |
Characteristics F and G shown in Fig. ¢4 are shown for
copparison witﬁ the preferred embodiment of the present
20 invention. Characteristic F was obtained by setting
L, = L; = 0.25A and characteristic G was obtained by setting
In = Lz = 0.620h. On the other hand, charac.e'isLic H shown in

Fig. 4 was obtained by setting the distances I, and L; tc

INDATAVUSERVIRKISHARSDVMURATAYAPPOOT_IRK
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material or a substrate having a piezoelectric thin filmdi sposed thereon,
and first to Xth (X: an integer equal to or lFarger than 4) sets of
interdigital electrodes disposed on the piezoelectric substrate or in
contact with the piezoelectric thin film The second to Xth sets of

interdigital el ediffuiehtavglassanged do25x! eind abonggagsl rection of
“propagation of surface waves excited and received by the first set of

interdigital electrod®. rékendnt merdesl secopred iviidh espbctingh A @f the
reflectors |l ocated on the opposite sides in the surface wave propagation
direction characteristics F and G shown in Fig. 4. The peak at a
higher frequeney corresponds to the above-described resonént
5 modé D while the peak at a lower frequency corresponds to the
above-described resonant mode E. In the éharaéteristics F
and G shown in Fig. 4, the resonant mode E occurs at the end
of the stop band of the reflector} s0 that the peak is rugged.
. In contrast, in the characteristic H shown in Fig. 4, -
10  substantially no resonént mode E is recognized but two |
resonant modes'D appear. The resonant mode D of a higher
frequency occurs due to multiple reflection between the first
ID electrode set tcomb electrodes 142 and 14b) and the third
ID electrode set (comb electrodes 13a and 13b) determined by
15 the center distance L; while the resonant mode D of'a lower
frequency dccurs due to multiple reflection between the firsz
ID electrcde set (comb electrodes 142 and 14b) ahd the second
ID electrode set (comb electrodes 12a and 12b) determined by
the center distance L.
20 Also, a double mode filter having_a favorable
characteristic such as indicated by I in Fig. 4 can be
provided by adjusting the electrode interlocking width of the
first to third electrode sets and/or by adding an external

I¥DATAYUSERVRKFSHAREDYMURATATAPPOOL_IRK
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provi ded.. Each of the sets of interdigital electrodes preferably includes
-pair of conb el ectrodes each having at | east one electrode finger. If the
center di stances between adjacent-end el ectrode fingers of adjacent pairs

of the interdigital electrodes are L[err], L[err], ... L[err], the center
di stances satisfy,eayald gRsegf, and (5): L[err] = L[err] = L[err] = :
Llerr]... aﬁ?ﬂ %%4) [T%rr] ='L[err] = L[err] = Llerr]..
... (5) ~ The band width of SAW resonator filters having

characteristics such as indicated by H and I in Fig. 4 ‘is
detefminéd by the difference between the values of the center
s distances L. and L, and can be freely selezted by adjusting
these distances, as described below with reference to Fig. 3.
| For exzample, center distance 1, = 0.23) is salected to
set a reference resonance frequency (0 Mdz in terms of
relative value, indicated by éhe arrow J in Fig. 3), at which
10 resonant mcde D occurs between the comb siectrodes 12a and
12b and ths cormb electrodes 14a and 14b. #Hith respect to
this frequency, if L, = 0.62) is selected, resonant mode D
occurs between the comb electrodes 13a and 13b and the comb
electrodes 14a and 14b at a frequency higher by 10 MHz as
15  indicated by arrow K in Fig. 3. By using these tws resonant
modes D, & band filter having a band width of 10 MHz in the
band from 800 to 900 MHz can be obtained.
To increase the band width, the center distance L. may.
be set to z value larger than the above-mentioned value or
20 the center distance L; may be set to a value smaller than the
above-mentioned vaiue. Conversely, to reduce the band width,
_the center distance I, ﬁay be reduced or the.center distance

L; may be increased. Under the characteristic conditions

EVDATAYUSERNRRVSHAREIVMURAT AYAPPOOL__JRX
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of the reflectors is [err], the center distances L[err] and L[err] satisfy
inequalities (6) and (7): O + n[err] [err] L[err] [err] 1/2[err] + n[err]
(6) (n: integer) 1/2[err] + nferr] [err] LA[err] (m+ 1)[err]
... (7) (m integer) or inequalities (8) and (9): 1/2[err] + n[err] [err]
Ll.err] [err] (nshowh[@hrfig. 3, it is theoretically(Sds€ible rbegaalize a
filter having a band width of 40 MHz at the maximum,
| With respect to the conditions shown in Fig. 3, a
similar filef nay be arranged by selecting center distance
5 Iy = 0.12A and center distance L; = 0.25), In this filter,
however, resonant mode D corresponding to the ceanter distance
of 0.12A abd resonant mode D corresponding to tke center.
distance of 0.25A do not couple with eaéh other because of
the phase relationship therebétween. This filter is obtzined
10 as a double mode filter in which resonant mode D
corresponding to the center distance of 0.25) and resonant
mode E couple with each other.
 Rccordingly, with respect to wavelength A, it is
necessary to select center distances I, and Lp; so as tc
15 satisfy the abocve-mentioned inequalities (1) and {2).
L = L - 1/2h + KA | ee. {11)
(k: integer) |
If equation {11) is satisfied, the difference between
two resonant modes D is zero and the phase difference
20 therebetween is 180° so that a double mode filter cannot be
formed. Therefore, it is necessary to determine center

distances L; and L, to such values as to satisfy inegualities

(1) to (3).
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(m integer), and the center distances Ls and LA satisfy an inequality
(10): L[err] [err] L[err] - 1/2[err] + k[err] (k: integer). Thus, a

| ongi tudi nal coupling type SAWresonator filter capable of reliably
achieving the desired band width and having i nproved selectivity is

provided. According lyhesliehbht SO0INIY HATQEBAT EEnELWMisTRALLS 1.1 RaapLesent
i nvention, there is provided a | ongitudinal coupling type SAWresonat or
filter device coggtermimpsaasvéstaini @hazed Therefore, if one of the
electrode fingers of the comb electrodes at the outer ends in
the surface wave propagation direction is removed of if an
$ electrode fingex is added, it is necessary to determine the
relationship beiween ceﬁter.distances L. and L; by
considering the phase determined by the relationship between
center distances L; and i,.
If the structure shown iﬁ Fig. 1 is changed by
10  increasing the number of electrode fingers of the comb
electrode 12b by one, as shown in Fig. 8R, or by increasing
the number of elactrode fingers of the comb electrode 14b by
one, as shown in Fig. 8B, the center distance is apparently
changed to L'y {= I, - 1/2X). 1In such cases, howéver, the
15 phase relationship of surface waves is not changad, so that
there is no charge in the resulting filter charasteristic.
Fig. SA shows aﬁ arrangement of femqving one of the
electrode fingers of the comb electrode 1l2a in the structure
shown in Fig. 1, and Fig. 9B shows an arrangement of removing
20 one of the electrode fingers of the comp electrode l4a in the
same structure. In these arrangements, center distance L", =
(Ls + 1/2%). However, there is no change in the resulting

filter characteristic.
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a pl mrcgwg%glé{mg—ﬁ FREM dEEPEr = tXTHE ¢ BAW r esoat or filTers in
accordance with the preferred enbodi nents of the 12 present invention.

-The plurality of longitudinal coupling type SAWresonator filters are
di sposed on the substrate and connected in series to each other. That is,
on one substrate, a plurality of |ongitudinal coupling type SAWresonat or
filters of the prefcthedasesodnaenttheofceniierpdisearice lyeis iapparently

changed have been described with reference to Figs. 8 and 9.
However, the same description can be made with respect to

center distance L,. That is, each of center distances 1, and

5 IL; is set as the distance between the centsxs of the
adjacent-end electrode fingers both of which are connacted to
ground, or one of which is connected to an input end while
the other of which is connected to an output end.

while the center'distances satisfy the conditions

10  repsesented by the above-described equaticns (1) to (3), an
elecirical connection may be established pstween the
electrode fingers of the comb electrode 12z and the comb
electrode iéa at the adjacent ends of thess electrodes and/ox
beﬁween the adjacent electrode fingers of the comb electrode

15 13a and the comb electrode 14a by using ths same
electroconductive material as the material of the comb
electrodes. Fig. 10 shows an example of & sftructure in which

. the adjacent electrode fingers of the comb slectrode 12a and
14a are connected to each other.

20 In the structure shown in Fig. 10, the gap between
electrode fingers of the comb electrodesll2a and l4a at the
adjacent ends of these electrodes is fillesZ with an electrode
material 17 which is the same electroconductive materiazl as
WYDATAVUESRITRKISHARENMURATATAPPOT] LIRK
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haV|ng further |nproved selectivity can be provided. According to a further
preferred enbodi ment of the present invention, there is provided a SAW
resonator filter device conprising a |ongitudinal coupling type SAW
resonator filter in accordance with a first preferred enbodi nent of the
present inventi ophgle sl idhRd coloVveledtibdrls | east one of anot her | ongitudinal

coupling type SAWresonator filter, a lateral coupling type SAWresonat or
filter and a trap filAedsugppgrentS/Akone Figat 0BAf 08Bwe B2on SBhand ubist.r e dt
t he | ongitudinal coupling type SAWresonator filter of ‘the first
L is necessary t¢ determine centar distances L; and L; of the
preferred embodiments of the present invention so as to
5 maintain the saze relationship between tha phase of surface
waves in the first ID electrode Set and the phases of surface
waves in the second and third ID electrods sets.

The SAW resonator filter of the preferred embodiments of

the present invention will be.described with respect to
10 experimental examples thereof.

Fig. 5 shews an example of a characteristic of aa RF .
filter arrenged for use in a cordless telechone set of the
CT-Z-System'in accordance with the preferred embodiments of
the present invention ahd having a center freQuency of about

15 866 Milz,

The filter having the characteristic shown in ?ig. 5 is
designed as a two-stage longitudinal coupling tvoe SAd
resonator filter device 31 shown in Fig. 11A. As shown in
Fig. 11A, SAW resonator filters 32 and 33 are constructed on

20 - a stbstantially rectangular piezoelectric substrate 34. Tha
SAW resonator filter 32 preferably has the same electrode

structure as the SAW resonator filter 10 shown in Fig. 1.

Therefore, the ID electrodes and reflectors corresponding teo
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the longitudinal coupling type SAWresonator filter of the first preferred
-enbodi ment of the present invention. As described above, the SAWresonat or
filter device of the preferred enbodi nents of the present invention may be
el ectrically connected to any other SAWresonator filter, a 13

those shown in Fig. 1 are indicated by the same reference

characters and the detailed description for them will not be
repeated. | |
The SAHIreéonator filter 33 also preferably has the same

5 electrode structure as the SAW resonator filter 32.
Therefore, the eiecfrodes of the SAW resonator filter 33 are
indicated by adding 30 to each of the numbers dzsignating tk
electrodes of the SAW resonator filter 32, and the
description for them will not'be_repeated.

10 As shown in Fig. 11A,-thé comb electrode 14z of the Sa%
resonator filter 32 is connected to the comb electrode 44b of
the SAW rescnator filter 33, thereby connecting the SAR
resonator filters 32 and 33 in series.

More specifically, each of the SAW resonator filters 32

15 and 33 was constructed by setting the film thickness of the
electrode members made of Al and forming the comd electrodes
and the reflectors to 3.6 § of A which is the wsvelength of
surface waves, by setting the numbers of electrods fingexs of
the first to third ID electrode sets to 65, 37 and 37,

20 respectively, by setting the numbers of electrods fingers of
reflectors 13a, 15b, 45a, and 45b to 150, by setiing center
distance L. = 0.30A and center distance L, = 0.642, and by

using 36° Y-cut X-propagation LiTaO; for piezoelectric
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trap nmzmggggﬁa@“ﬁ_ég‘a‘%z‘r{esﬁ“ '?mmwg;ff i duch a cise, ot he?2TRTRES are
constructed on the piezoelectric substrate constituting the SAWresonat or
filter device. In this manner, a smaller integrated SAWresonator filter
devi ce can be provided. These and other el enents, features, and advantages
of the preferred enbodi nents of the present invention will be apparent from
- the foll owi ng detdbistedtdeld€&ri ption of the preferred enbodi nents of the
present invention, as illustrated in the acconpanying drawi ngs. BRI EF
DESCRI PTI ON OF THE DRaVERgESwo-stage longitudinal coupling type SAW '

resonator filter device 31, as can be read from Fig. 5, a
=4 d3 band width of ébout 13 MHz, i.e., 1.5 % in terms of

5 relative band width was obtained and improved selectivity was
achieﬁed.in a2 frequency range in the vicinity of the pass
band. Also, at the point of 866 Miz + 20 MHz where a strong
demand for a sufficiently large attenuation should be
satisfied, a large a;tenuatioﬁ of 30 dB was achieved.

10 The chearacteristic curve M shown in Fig; 5 represents an
essential portion of the characteristic indicated by L, which
is replotted by enlarging the insertion loss on éhe ordinate,
that is, by using the scale on the right-hand side of the
ordinate to represent the insertion loss, .

15 Fig. 6 shows a characteristic improved by combining the
well-known thinning-out and weighting methcd with the
arrangement of the above-described SAW resonator filrer
device 31. The characteristic curve-O represents an
essential portion of the characteristic curve N with the

20 insertion loss on the ordinate enlarged. As can be
'understood from Fig. 6, the attenuation in the stop band in
the vicinity of the pass band could be further improved by

combining the thinning-out and weighting method, and a large
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to afirst preferred enbodlnent of the present invention, Fig. 2 is a

di agram showi ng a frequency characteristic of a conventi onal SmNVresonator
filter having the structure -shown in Fig. 1 but having equal center

di stances L[err] and Lferr] and having.the nunber of electrode fingers of
the reflectors ssttémuatdion ofi g5 dB icr amodieagaanaciionietyaz thatpoink tfamss L
= L[err] = L[err] and relative resonance frequencies in the SAWresonat or
filter having t BBt (& ¥HE.shown in Fig. 1;

2s is apparent from the characteristics shown in Figs. 5
and 6, the prefarred embodiments of the preseni invention can
[ be utilized to improve the attenuation in the stop band
higher than the pass band while Ehe electrode fingers are -
"still formed as solid electrodes, so that there is no need
for manufacturing a split electrode structure requir:mg
-advanced processing technlques with respect to high

10 frequencies. It is therefore possible to achieve adaptation
for operation at highef radio frequencies without reducing
the productivity. |

While the SAW resonator filters 32 and 33 in the
arrangement shewn in Fig. 11A are connected in the above-

15  described mannsr, comb electrodes 12b and 13b of the SAW
resconator Ifilter 32 may be connected to comb electrodes 43b
and 42b of the 52W resonator filter 33 as shewn in Fiy. 11B.

Fig. 12 is 2 schematic plan view of a longitudinal
coupling type SA¥ resonator filter which represents a

20 preferred fourth embodiment of the present invention. As the
first to third preferred eﬂbodlments of the present invention,
examples of the application of the present inveantion to a

longitudinal coupling type SAW resonator filter having three

LYDATAVUSERVIRKSHAREUYMURATAYAPPOOL _JRK
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14 'FrEGEY lz’fga:%]“aijg?%r ssslﬁgéim'ér’!fﬂ”ﬁlg FHE% i nci pl'B of operdtionor a FSRW
resonator filter having the el ectrode structure shown in Fig. 1 and
-arranged in accordance with the first preferred enbodi nment of the present
invention; ‘Fig. 5 is a diagram show ng an inséertion | oss-frequency
characteristic of a SAWresonator filter device shown in Fig. 11A as a

second preferredepabgeli fird) edkrbies Ph&FE€ Been described. However, the
preferred embodiments of the present invention can also be
applied to 2 multiple elactrode set type SAW resonator filter,
such as that snown in Fig. 12, having four or more sets of ID
5 'electrodes. |
. That is, in a SAW resonator filter 51 shown in Fig. 12,
a plurality of =zets of ID electrode sets 53 to 58 are
arranged in the'surfacg_;ave propagation cdirection, ahd _
reflectors 59 znd 60 are dispésed on the oﬁpOSite sides in
10 the surface wave péopagation direction of the area in which
the ID electrode sets 53 to 58 are formed. As materials for
forming 2 piezocalectric substrate 52, ID elsctrodes 53 to 58 -
and reflectors 59 and 60, the same materizsls as those in the
SAW resonator Zilters of the first to third preferred
15 embodiments can be used. _
In the lengzitudinal coupling type SAW resonator filter
51 having more than four sets of ID electrodes 53 to 58
formed in this mznner, the ID electrodes and reflectors are
formed sco as to satisfy equations (4) and (5) and
20 inequalities (&) to (10)”showﬁ below, thereby achieving the
same advantages as those of the longitudi 2l coupling typé
 SAW resonato: filters of the first to third preferred

embodiments.
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characterlstic of the SAWresonator filter device shown in Fig. 11A when a
t'hi nni ng-out and wei ghting nmethod is used; Fig. 7 is a diagram showi ng an

exanple of an insertion |oss-frequency characteristic of a conventional
resonator filter; Figs. 8A and 8B are schematic plan views of a portion

where |D el ectrodes arkat sjedn eheptreis RS WHeLS $41%0 L oShed S ARG | S
apparently changed when an el ectrode finger .is added;

I nvent1 on;t

10

the distance between the centers of the aa:acent-end
electrode fingers of each adjacent pair of the ID electrode
sets 1s selected so as to satisfy the following équations:

eeo (4)
LA=L2"’L4‘L§ . e (5)

L = L; = Ly = Lg

Also, if the kavelength‘of surface waves deterﬁined by the
electrode finger pitch of reflectors 59 and 60 is A, the
qenter distances Ls and L, aré-selected S0 as to satisfy the
following inequalities; |

0 + nk € L € 1/24 + nd ... (6)

(n: integer)
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Fi g RECSIRER A2/2D BZH ég%ﬁesn%!’%wbmwgf&ég’df”a por t1%n wher PSP BCt r odes
are formed, show ng cases where the center distance is apparently changed
when one of the electrode fingers is renoved; Fig. 10 is a schenmatic plan
view of a case where the 15 adj acent-end el ectrode fingers of an

adj acent pair of ID electrode sets are connected by the el ectrode material;

15

20

1/20 + wA S In S (m + 1)A ees ()
| {m: integer)
or the following inequalities:
1/2h + nA € Ls € (n + 1)A .. (8}
{n: integer) _
0+ mh S LysS 1/2h + mh e (9)
(m: integer)
Further; the center distances Ls and Lx are selected so as to
saFisfy the foliowinq inequality:
Le # Ly ~ 1/2A + kA ee. (10}
(k: integer)

According to the preferred embodiments of the present
invention, in the longitudinal coupling type SAW resonator
filter using the first to third sets of ID electrodes, the
center distances L; and I; are set to different ﬁalues. This
makes it possible to provide a double-mode longitudinal

coupling type SAW resonator filter using two resonant modes

- determined by the center distances L; and L and having

improved Selectivity.

That is, in the conventional longitudinal coupling type
resonator filter, the attenuation in a stop band higher than
the pass band is not Sufficiently large because of a response

of ID electrodes in the stop band. In contrast, in the

IVDATAYUSERIRIGSHAREINMURATATAPPOUL_JRIC
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to second and third preferred enbodi nents of the present invention; and
Fig. 12 is a plan view of a SAWresonator filter device according to a
fourth preferred enbodi ment -of the present invention. 16 DETAI'LED
DESCRI PTI ON OF PREFERRED ENMBCDI MENTS

above-described new double-mode longitudinal coupling type
SAW resonator filter, the center distances I, and L, are set
to different values, and two resonant modes determined by
these center distances are excited, thereby effectively
5 improving the attenuation in the stop band so that it is
higher then the pass band. |
According to the preferred embodiments of the present
invention, only setting the center distances L;.and L,
between the electrode fihgers'to different values may su:fice,
10 as described above, and there is no need for advanced
processing techniques. Therefore, the same productivity as
. that of the conventional SAW resonator filter can be |
maintained. If the well-known electrode thinnihg—out and
weighting method is also used, further improved selectivity
15. can be achisved. |
Further, a longitudinal coupling type SAW resonatoxr
filter having four or more sets of ID electrodes may be
constructed, as shown in Fig. 12, as well as the longitudinzl
coupling type SAW resonator filter having three sets of ID
20 electrodes.
A plurzlity of SAW resonator filters according to at
least one preferred embodiment of the present invention may

be connectad in series on one piezoelectric substrate or the

L"DQTWM’IAT@JMM
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Thet BPELERAZ\ZBENT i18TRen FRODEKUERUPTERCT BelBw i n dBl ai | wi t RFEEPeet to >
preferred enbodlnents thereof. Referring to Fig. 1, a SAWresonator filter

210 which illustrates a preferred enbodi nrent of the present invention is
constructed on a piezoelectric substrate 11 preferably having a
substantial ly rectangular pl anar shape. In this preferred enbodi nent, the

pi ezoel ectric s éﬁn%%oksffiégf”dfﬂﬁﬁe EH?Qr %%%ga&keﬁfgtg the

X- propagati on Li A palr of conb electro and 14b ormng a
first set of ID ﬂe@éﬁtodaseatﬁoxdlmomdc@ﬁn&c@@@twla RAftepenOfsAM@lenent

pi ezoel ectric substrate 11. The conb el ectrode 14a is

such as a SAW resonator filter or a trap filter on one
substrate. In this manner, longitudinal coupling type SAW

5 resonator filters adapted for various kinds of use can be
provided as integrated devices. Also in'such caseé, trhe
longitudinal coupling type SAW resonator filter of at least
one preferred embodiment of the present invention can operate
with sufficiently high selectivity no matter what the

10 connection arrangement.

While the invention has been particuilarly shown and |
described with reference to preferred embodiments thereof, it
will be understood by those skilled in the art that the
foregoing and cther changes in form and detzils may b2 made

15 therein without departing from the spirit znd scope of the

invention.
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connect ed to groumd—whie_the conb el ectrode 14b is connected to an

|nput/ou The conb el ectrodes 14a and 14b have el ectrode
fi ngers immwﬂ@"ﬂpﬂt @ erl ocki ng manner. Second and third sets of ID
electrode§ afe the opposite sides in the surface wave
propagation direction of the first ID el 8trode set forned of the conb

el ectrodes _14a and 14b. The second ID electrode set is fornmed of conb

el ect r odes WAL &8 CLAFMER |I8:the third ID el ectrode set is formed of conb
el ectrodes 13a and 13b Each of the pair of conb electrodes 12a and 12b and

t he
1. A longitudinal coupling type surface acoustic wave

resonator filter comp:isingi_

a substrate;

first, second and third sets of interdigitai elect:odes
disposed on a surface of said substrate;

said second and third sets of interdigital electrodes being
1ocatedlon opposite sides of said first set of interdigital
electrodes in a direction of propagation of surface waves
excited and received by said first set of interdigital
.electrodes; |

each of said first, second and third sets of inﬁerdigital
electrodes including a pair of comb electrodes each having at
least one electrode finger; |

a center distance L, between centers of the electrode
finger of said first set of interdigital electrodes apd the
electrode finger of said second set of interdigital électrodes
located adjacent to each other and a center disténce L, between
centers  of the electrode finger of said first set of
interdigital electrodes and the electrode finger of said third
set of interdigital electrodes lodated adjacent to each other
'being set to different values; and

first and second reflectors located on said substrate at
opposite ends of an area in which said first, second and third
sets of interdigital electrodes are provided;

each of said first and second reflectors having a plurality

of electrode fingers arranged substantially perpendiculérly to
—_—
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17 paifha?_Eﬁﬁﬁ“Tectfedes 13a and 13b have el ectrode fingers arranged in
an int eGNHﬂ” s do the conb el ectrodes 14a and 14b. However, the
conb el m'@%ﬁ MSb having a smal | er nunber of el ectrode fingers
are di spdsed oh t side as the conb electrode 14a of the first ID
el ectrode set having a | arger nunber of e3&ctrode fingers. The conb
electrodes 12b and 13b are connected in conmon
the surface wave propagat1on direction, a wavelength of surface
waves determined by an electrode pitch of the reflectors is 1
‘and said center distance L, satisfiés an inequality (1):
0 +nA =1L, = 1/2A + nA Cee. (D)
(n: an integer),
said center distance L, satisfies an inequality (2):
1/2F + mA =L, s (m+1)A oo (2)
(m: an integer), and
said center distance L, and said center distance L, satisfy an
inequality (3): |

(k: an integer).

2. A longitudinal coupling type surface acoustic wave
resonator filter according to claim 1, wherein said substrate
comprises one of a piezoelectric substrate and a substrate

including a piezoelectric thin film disposed thereon.

3. A multiple-electrode-set longitudinal coupling type
surface acoustic wave resonator filter comprising:

a substrate;

first to Xth (X: an integer equai to or lafger than 4) sets

- of interdigital electrodes disposed on a surface of said

substrate;

said second to Xth sets of interdigital electrodes being
arranged to extend along a direction of propagation of surface

waves excited and received by said first set of interdi_gital

Thxs Sheet Has Bce
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to an |nput/ou ut termnal 21 while the comb el ectrodes 12a and 13a are

connecte Hu,lmmctors 15a and 15b are di sposed on the opposite.
si des |n propagation direction of the area in which the

first to thlrd I'D & edtrbde sets are formed. Each of the reflectors 15a and
15b preferably has el ectrode fingers ‘arr 3fged at equal pi tches and each '
extending-in a direction substantially perpendicular to the surface wave
propagat i of lgetzediesd. The above-described comb el ectrodes 12a, 12b, 13a,

13b, 14a, and 14b and the reflectors 15a and 15b are 1E)r ef er abl
first and second reflectors located salid substrate at

opposite sides direction of an area in which said first to Xth
sets of .inte'rdigital electrodes are provided; and

each of said seﬁs of intei‘digital electrodes including a.'
pair of éomb electrodes each having at least one electrode
finger; wherein

center distances between adjacent-end electrode fingers of
adjacent pé.irs of said interdigital electrodes are L,, L,, ...
.Lx-1 and the center distances satisfy eéuations (4) and (5):

Lg = L; = Ly = L ces (4)

'LA=L,=L‘=L5, ees (5)

.wherein, a wavelength of | surface waves determined by an
electrode finger pitch of sa:.d reflectors is A and said center
distances Lg and L, sat:.sfy inequalities (6) and (7).

0 +nAx s L; = 1/2X + nA ... (6)

(n: integer), | |

1/2X +mA s I, s (m+1l)7'L eee (7)

| (m: integer) |
or inequalities (8) and (9):
| 1/2Nn + nA = Lg s (n+l)A ... (8)

(n: integer)
0 +mA =1L, = 1/2A + mA eee (9)
(m: integer), and |
the center distances L; and L, satisfy an inequality (10):
Lg # L, - 1/2A + kA | ees (3)

(k: ihteger) .
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formed by formng - or Al alloy filmon the piezoelectric substrate 11
and Hmmm'"m I I m by photolithography and etching. One of the novel
feat ’erred enbodi nent resides in that the value of the

di st afce® L[ter i ween t he 18 centers of the electrode fingers at the
adj acent ends of the first and second ID49ectrode sets is within the range

4. An electronic component comprising:
a substrate; |
a plurality of longitudinal coupling type surface acoustic
wave resonator filters located on said substrate and connected
in series to each other, each of said plurality of longitudinal
coupling type surface acoustic wave filters including:
first, second and_third sets of interdigital electrodes
disposed on a surface of said substrate;
said second and fhi:d sets of interdigital electrodes being
located on opposite sides of said first set of interdigital
electrodes in a direction of propagat_:ion of surface waves
excited and received by said first sét of interdigital
electrodes; |
first and second reflectors located on.said substrate at
' opposite ends of an area in which said first, second and third
sets of interdigital electrodes are provided;
each of said first, second and third sets of.interdigital
.electrodes including a pair 6f.comb electrodes each having at
least one electrode finger; and
a center distance L, between centers of the electrode
finger of said first set of interdigital electrodes and the
electrodé finger of said second set of interdigital electrodes
' located adjﬁcent to each other and a center distance L, between
centers of the electrodei finger of said first set of
interdigital electrodes and the electrode finger of said third
set of interdigital electrodes located adjacent to each other

being set to different values.
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defi ned yoned inequality (1), that the value of the

di stancet‘mﬂm“mammga““e centers of the electrode fingers at the -

adj acent Of. e Birst and third ID electrode sets is set so as to
satisfy t:he above-nentioned inequality (2), and that the center distances.
L: and L2 are set so as to satisfy the aBdve-nentioned inequality (3). The
synbol X in the inequality (3) represents the wavel ength determ ned by the
el ectrode fingePs pi fchSBFIagae ra¢PRREHE s WaVE o feerhr ke fiil§er]) depicehe
SAWresonator filter of this preferred enbodi ment, since the center

di stances PPBPELBARF*L[err] are set so as to satisfy

a longitudinal coupling type surface acoustic ‘wave
resonator filter including first, second and third sets of
interdigital electrodes disposed on a surface of said substrate,
said second and third sets of interdigital electrodes being
located on opposite sides of said first set of interdigital
electrodes in a direqtion of prbpagation of surface waves
excited and received by said first set of interdigital
electrodes, f£first and second reflectors located on said
- substrate at opposite ends of an area in which said first,
second and third sets of interdigital electrodes are provided,
each of said first, second and third éets of interdigital
electrodes including a pair’.of comb electrodés each having at
least one electrode finger and a center distance L, between
centers of the electrode finger of said first set of
interdigital electrodes and the electi‘ode finger of said second
set of interdigital electrodes located adjacent to each other
and a center distance L, between centers of the electrode finger
of said first set of interdigital electrodes and the electrode
finger of said third set of interdigital electrodes located
_adjacent to each other being sét to different values; and

at least one of a longitudinal coupling type surface
acoustic wave resonator filter, a lateral coupling type surface
acoustic wave resonator filter and a trap filter including.a
surface acoustic wave resonator disposed on the substrate and
electrically connected to said longitudinal coupling type
surface acoustic wave resonatof filter. \
‘This Sheet Has Been-
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conpari son with the conventional SAWresonator filter. The principle of
the operation and design conditions of t@f SAWresonator filter of this
preferred enbodi nent will be described i ntthe foll owi ng paragraphs. The
principle of the operation of |ongitudinal coupling type SAWresonat or

filters generalApseesT OF tyEi prsciosURescri bed. Conventi onal
t hree-el ectrode-set |ongitudinal coupling type SAWresonator filters have
general |y the sane & loagitedinal coupling type SAW resonator filter
achieves improved selectivity without increasing the
insertion less and is constructed so as to be more easily
5 mass-produced. The longitudinal eoupling type SAW resonator
filter has a piezoelectric_Substrate and first, second and
‘third sets of interdigital electrodes each including a pair
of comb electrodes disposed on the pieioelectric substrate.
A pair of reflectors are locaéed on the opposite sides in the
10 surface wave propagation direction of the area'ih which the
first to third sets of interdigital electrodes are disposed.
The distance batween the centers of adjacent elecﬁrqde
fingers of the iirst and second sets of interdigital
electrode and the distance between the centers of adjacent

15  electrode fingers of the first and third sets of interdigital

electrode ére'set to different valﬁes.
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19 as that of the SAMVresonator filter shown in F|g lillustrating a

preferred enbgdi. i nvent | on excect.for t he
above- descri bEd=REATIdA bt T EE IR0 7

L[err]. Theref Clp|e of t he operation of conventlonalh
Iongitudlnal %& ﬁUﬁ%é%n @tor filters will be described wth

reference to nventlona t hree-el ectrode-set | ongitudina
coupling type esonator filters, the distance L[err] between the
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centers of the electrode fingers at the adjacent ends of the first ID

el ectrode set f rodes 14a -and 14b and the second I D el ectrode set
(conmb el ect r odRAES d” 828)0. LG L $d58been the cent(@)s of

t he el ectrode é@‘ugir% t ¢4 he adj acent ends of the f| rst 1D electrode set
(conb el ectrod 4b) and the third 1D el ectrode set (conb

el ectrodes 13a and 13b) are equal to each other. That is, L[err]= L[err] =
- L. Fig: 2 shows. a figquency characteristic in the case vvhere t he nunber of
el ectrode fingers gtatheso al

three-el ectrode-seb S
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| ongi tudi nal coupling type SAMVresonator filter having equal center

di st ances L[epruj_ Jolcated by earrow D
i'n Fig. 2 is 3 , \ sralafril hlvi: due pl e

refl ection bet gﬂ the flrst ' 20 and second ID el ectrode sets or mul tiple
reflection bet ]the first and third el ectrode sets, and a peak indicated

by the arrow E ifs:gonpsi dered to be corresponding to an interna
| Figoee
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resonant node of the ID el ectrodes. As conventional |ongitudinal coupling
type resonatq,_u ' L 0g ] .bIe nDde filters have
been construckel® S ‘ TIPS lerd — 9400 o (4

and E. Longltgﬁg gi coupllng type trlple node fllters have also been
realized by u g hese resonant nodes and anot her resonant node due to

mul tiple refIéthoE'betmeen the reflectors 15a and '15b at a frequency | ower
than the frequency of the in the
case of adding the refl@®cfors 15a and 15b. Fig. 7 shows a typic

characteristic of convent|]onal
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| ongi tudi nal coupling type resonator filters in t wo- stage ser|aI connection
desi gned on t 439 b ‘ Q- descrl hed

above, a fil t¥™= ‘ Tas SeTt1+on v has
unsati sf act. orx-ql]actlwty at frequenC| es h| gher t han.t he pass band ‘That
I's, the attenuatij.on_in a frequency range hi gher than the center frequency

by about + 20 t6’307M—|z Il seabnost. 25 dB.__The resonance frequencies of the
above- ment i oned o L 3 ' ' ' |
L LR
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21 resonant nodes D and E are determ ned by the val ue of the center
distance L (= gel8L 1.0. 3 shows_the relatlve positions of the

resonant nodesEtEang : At o FEREI207-3435885 A 5 The
characteristicgﬁgggpn in Frg 3 are of a SAWTilter arranged by setting the
nunber of el ec fingers of the first ID electrode set, i.e., the sum of

t he nunmbers of elfe@+®de fingers of the conb el ectrodes 14a and 14b to 57,
t he nunber of electrode fingers of the second ID el ectrode set (conb
el ectrodes 12a and 12b)
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to 31, the nunber of electrode fingers of the thlrd I D el ectrode set (conb
el.ectrodes 13aReppde Ty eclrode fingers of each
of the reflectors ] . Hrer ervrl-Y.cut )

X- propagat i on LiSe0B substrate as p| ezoeI ectr| c substrate 11, the SAW
filter having a cent er, frequency of 866 MHz. As can be can be under st ood
fromFig. 3, the rédonance frequency the resonant node E i s not dependent
on the value of the center distance L, but the resonance frequency of the
resonant node D decreaseg as the value of L increases. gWen the center

d| stance L becoues equaldo about 0.45[err], a node Q
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conversion fromthe r esonant nDde Dinto the resonant node E starts. As the
val ue of the cepiss b e (510 / gPis
conpl etely converted i 2 ESomant . mode B ' pde D
appears fronttg &hi oty frequency side. In contrast in the above descrlbed
preferred enbodi nent of the present invention, resonance is excited in two
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reSonant nodes D by settl ng the center di stances L[err] and L[err] to
di ff er ent val | ,

‘the results 1Bk x 5 ; Z
-~ of electrode L@pﬁ@of theflrst IDeIectrode set, i.e., t he sumof t he
nunbers of el fingers of the comb electrodes 14a and 14b to 57, the
nunber of el ectrfode (2 ngers of the second ID electrode set, i.e., the sum
of the nunbers of e{igtrode fi ngergyof ﬁe capp el ectrodes 12a and 12b to -

31, the nunber of elbgtrode fingery of I'md 1D electrode set to 31,

t
and the number g5 ¥ £Q 4 ¢l 9« 58 B0
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of electrode f|
?@haracterlsulcs

preferred enbod

obt ai ned by set
obt ai ned by set
characteristic
Llerr] and L[er
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H shomn in Fig. 4

he refl ectors 15a"and-15b'to 15Ru3-7 <&
Fig. 4-are_-shown for conparison with the

ht i nvgntion. Characteristic F was
F] = 0.°25[err]. and characteristic Gwas ..
] = 0.62[err]. On the other hand,

1

has obt ai ned by setting the distances

LU

LONGITUDINALLY COUPLED ﬂmmc WAVE RESONATOR FILIER -

BACKGROUND O THE INVENTION

1.

Fi

v
jops

The

ssent invention relates to longitudinal

f +*he Invention

coupling

type surizce acoustic wave resonator filters and, more

particularly, to a longitudinal coupling tyve s

urf

ace

acoustic wave resonator filter in which the electrode

structure is improved so that the selectivity is increased.

2. Desgrin;ion of the Related Art

-Recently,

surface

acoﬁstic wave (SAW) filters have been

)' > . -
used as band-pass filters for various communication devices.

Such
high

band-pass filters

selectivity. In a

require a suitable pass band width anrd

ddition, SAW filters used in radio-

frequenc:’ (RT) stages require that a pass band bes within a

desired

nge and that

in

1}

high selectivity be achieved.

the case of SaW filters used for RF

stages in cordless telephone sets in accordance with the

CT-1, CT-1+ and CT-2 standards, it is important to achieve

sufficiently large attenuation’at points

<

+ 20 MHz and % 40

MHz apart from a2 center frequency, although the dssired

attenuation varies depending upon intermediate frequency (IF)

filters ussd in the telephone sets.

Thus, filters having
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23 different values: L = 0.25[err], and L[er] = 0.62[err]. Two resonant
Godes occurred with respect to each of the characteristics F and G shown in
Fig. 4. The peak at a higher frequency c?rresponds to the above-descri bed
resonant node D while the peak at a | owef frequency corresponds to the
above-descri bed resonant node E. In the characteristics F and G shown in
Fig. 4, the resonant node E occurs at the end of the stop band of the

refl ector, gorLhpl {NR.PeRkoLestyagedr LB1GARILARY plOuLDR chasagheristic K

shown in Fi i g y no resonan recognlz
channels are important.

P A

On.therdfhef-hand,'it is known that, among S24¥ filters,
those using SAY reeonatofs are particularly effective in
reducing the insertion loss, in increasing the cut-of-band
attenuation and in reducing-the'size; For examplie, a filter

' has been proposed which includes longitudinal coupling type
ESAW resonatof filters connected in a multi-stage arrangement.
Each SAW resonator filter is formed by arrzanging threepsets
of interdigital (ID) electrodes at equal intervals in a
surface wave provagation direction on a piezoelectric
monocryetalline substrate formed of a 36° Y-cut X-propagation
LiTa0s monoc*ys;al or the like and by pro"'dlng reilector
electrodes ae.tne opposite sides of the IT electrode

arrangement region which extend in the suriace wave

propagation direction. The filter thus arranged can cperate

Il

with_a smaller insertion loss and can be smaller in size.

In the above-described conventional longitudinal
coupling type SAW resonator filter, however, the attenuation
in a stop band which is higher than the pass band cannot be
sufficiehtly increased. | |

Fig. 7 shows an example of an.inserticn loss-frequency

characteristic of a filter including the zzove-described

*|REPLACEMENT. SHEET'
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resonant nodes D appear. The resonant node D of a higher frequency occurs
Ydue to nmultiple reflection between the first ID el ectrode set (conb

‘el ectrodes 14a and 14b) and the third I, el ectrode set (conb el ectrodes 13a
and 13b) determ ned- by the center distamte L2 while the resonant node D of
a lower frequency occurs due to nultiple reflection between the first ID

el ectrode set (conb el ectrodes 14a and 14b) and the second ID el ectrode set

N oo, o doUBTEveRdons] hy FeTHa iR EERe ErF bt S0 S P g o
| ndi cated bc.yorlmecnteFé gin 4a C‘&Po-bsetage arrangement. In Fig. 7, an
| essential porticn of the characteristic represexzted by the
'solid line A is replotted as represented by the solid line B
by eniarging the scale of the insertion loss, that is, using
the scale on the right-hand side of the ordinate.

The charac:tsristic curve shown in'Fig. 7, reoresenting
the characteristic of the structure formed of the _
cohventional longitudinal couﬁlind type SAW rescnator filters
in a multi-stags connection having a pass band set at 884 to
868 MHz, has an increase at a frequency higher than the pass
band due to a response of the ID electrodes (as indicated by
arrow C in Fig. 7), whieh shows that the attenuztion in the
range of about £%6 to 906 MHz is not sufficientiyv large.

The above-zentioned response of the ID electrodes is
caused by internzl reflection in the ID electrocdss.
Therefore, the lsvel of ths response depends upcn the film
thickness and line width of each of the ID electrodes. For
this reason, the method of increasing.the film thickness of
electrode fingers or reducing the line width in a
manufacturing prccess to set the desired attenuztiion in the
above-mentioned range hes been used as a method for reducing

the level of undssirable response of the IC electrodes.
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provi ded by adjusting the el ectrode interlocking width of the first to
“hird el ectrode sets and/or by addi ng an-external 24 matching circuit.
‘The band wi dth of SAWresonator filters QaV|ng characteristics such as
indicated by Hand | in Fig. 4 is determined by the difference between the
val ues of the center distances L and L2 and can be freely sel ected by
adjustlng

However, if the film thickness.of the electrode fingers
is increased, the attenuation of surface waves propagating in
the ID electrodss is increased, resulting in an increase in
insertion loss. If the line width of the'electrode fingers
is_increésed, the electrical resistance tﬁrough each
electrode finger is increased, also resulting in an increase
in insertion loss. | |

As conventional desigﬁ methods for increasing the
selectivity of SAW filters, a'new phase weighting meth&d_
(Shingaku Giho US81-22) and a method of forming a split
struttufe_in some of the ID electrodes to limit internal
reflection in the ID electrodes are known.

Of these methods, however, the former method requirés a
troublesome operation for designing weighted ID electrodes
and also requires that an increased number of electrode
fingers be thinned out. Therefore, this method inherently
experiences the problem of an increase in impedance or an
increase in the length of the ID electrodes.

The latter method uses a split electrode having
electrode fingers, the width of which is half the width of
the ordinary elsctrode fingers, i.e., solid electrodes.

- Therefore, this method requireé advanced processing

'techniques such as dry etching techniques if it is used for
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‘these distances, as described belowwith reference to Fig. 3. For exanple,

scenter distance L[err] = 0.25[err] is selected to set a reference resonance
“frequency (0 MHz in ternms of relative value, indicated by the arrow J in

Firg. 3), at which resonant node D occurs between the conb el ectrodes 12a
and 12b and the conb electrodes 14a and 14b. Wth respect to this
frequency, if L[err] 0.62[err] is selected, resonant node D occurs -

gtet ges?eang%%yg% %L%ft%&@%gl%/ﬁr %ﬂe}b g%]ﬁj%é by "arr ovﬁqﬂrﬁ?l g. %e%a usilflfg

Eﬂgse two resgnRth SPAesrRiud RaAdid | §ela hRyi gy bbeRdsyi gt hy of 10 Mz i

difficult to control the width of electrode fingers of each
ID electrcde in the mixed arrangement of the solid electrodes

and the split electrodes.

SUMMARY OF THE INVENTION

The preferred embodiments of the present invention
ovefcone the problems descrlbed above by prov1d_“g a |
longltndlu,l coupling type SAW resonator filter which
achieves nigh selectivity without increasing the insertion
loss and wixich is capable of being mass—produced much more
easily than conventional devices.

According to one preferred embodiment of ths present
invention, there is proﬁided a longitudinal courliing type S&%
resonator Zilter comprising a substrate made of =z
piezoeleciric material or a substrate having a riszoelectric
thin film formed thereon, and first, second and :nlrd sets of
ID electrcdes dlsposed on the plezoelectrlc subs:rate or in
contact with the piezoelectric thin film. The sscond and
third sets of ID electrodes are preferably locatzd on the
6pposite sides of the first set’of ID electrodes and extend

in a direction of propagation of surface waves excited and
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band from 800 to 900 MHz can be obtained. To increase the band wi dth, the
center distance L[err] nay be set to a value larger than the
above-nentioned val ue or the center distgnce L2 may be set to a val ue
smal | er than the above-nentioned val ue. “Conversely, to reduce the band
wi dth, the center distance L[err] may be reduced or the center distance L2
may be increased. Under the characteristic conditions 25

received by the first set of ID electrodes. The filter also

comprises first and second reflectors located at the opposite
sides in the surface wave propagation direction of the area
in which the first to third sets of ID electro&es are
provided. Each of the first to third sets ¢f ID electrodes
preferably includes a pair of comb electrocdss each having at
least one electrode finger. A center distznce L. tetween
centers of the electrode flnger of the first sef of ID
electrodes and the electrode flnger of the second set of ID

- electrodes located adjacent to each other and a center
distance L; between centers of the electrods finger of the
first set of ID electrodes and.the electroce finger of the
third set of ID electrodes located adjacent to each other are
preferably s=t to different values.

In the longitudinal coupling type SAW resonator.filtgr
of the preferred embodiments of the presen: invention having
the first to third sets of ID electrqdes disposed on the
substrate made of a piezoelectric material or the substrate
having a piezoelectric film formed thereon and the first and -

ide of the area

on

second reflectors provided on the opposite
in which the first to third ID electrode sets are provided,

the center distances L; and L, are preferably set to

different values. A high-selectivity characteristic can be
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shomn in Fig. 3, it is theoretically possible to realize a filter having a
band width of 40 MHz at the maxi mnum Wth respect to the conditions shown
in Fig. 3, asinilar filer may be arranged by sel ecting center distance
L[err] = 0.12[err] and center distance %ferr] = 0.251. Inthis filter,
however, resonant node D corresponding.to the center distance of 0.12[err]
and resonant node D corresponding to the center distance of 0.25[err] do

not coupl e \WdHi e b3t ey nlde &S & edforidift Mttt IRl tal-izaneld Byt tdeckehveen.
This filter is obtalned as a double node filter in which resonant node D
c_orrespondl A stardes aenaAd Uist Ihee refason? FHoar this@ sfesgnadll bscome
apparent from the following detailed description of preferred
embodiments of the present inventien. |
According to the preferred embodiments of the present
invention, a piezoelectric monocrystal of LiTaOs;, LiNbO;,
quartz or the like or a lead titanate-zirconate piezoslectric
ceramic may be used as the materlal for forming the above-
mentloned piezoelectric substrate. On ths other hand, as the
v above-mentloned substrate having a piezoslectric thin f£ilm
formed thereon, a substrate may be providsd by forming a
piezoelectric thnin film of Zn0O, Ta,0s or the like on a
surface of an insulating member made of an insulating ceramic
such as alumina or any other insulating material or on the
upper suriface of the above-described piezoelectric substrate.
The first to third sets of ID electroZes may be formed
on the piezoeleciric substrate or in contzct with the
piezoelectric thin film. The metnod of forming the ID
electrodes in contact with the piezoelectric thin film
preferably comprises a method of forming the first to third
sets of ID elecﬁrodes on the piézoelectric thin film or a
method of forming the first tor third sets of ID electrodes

between the substrate and the piezoelectric thin film.
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node E couple with each other. Accordingly, with respect to wavel ength

[err], It iIs necessary to select center distances L[err] and L[err] so as
‘to satisfy the above-nentioned inequalitjes (1) and (2). L[err] = L[err] -
1/2[err] + K[err] ... (11) (k: S nteger) If equation (11) is

satisfied, the difference between two resonant nodes Dis zero and the
phase difference therebetween is 180[err], so that a double node filter

Eannot be formedpyd h§{€§ﬁrt‘?o thiFrd® SEEESSAr YD 0188t LEAEHMEFBE eSimddnces
[err] and L[err] to such values as to satisfy inequalities
of a suitable electroconductive material, e.g., Al or an Al
alloy. Each of the first to third sets of ID electrodes
includes z pair of comb electrodes each having at least one
electrode finger. The electrode fingers of the comb
electrodes are arranged in an interlocking manner.

The first and second reflectors are provided to confins
surface acoustic waves in the region between the first and
second reflectors. Ordinarilé, each of the first and seéond
reflectors has a plurality of electrode fingers arranged
substantizlly perpendicularly to the surface wave propagaticn-
direction. The first and second reflectors may also be
formed of a suitable electroconductive material. Preferably,
they are formed of the same material as the first to third
sets of ID eléctrodes, e.g., Al or an Al alloy.

The longitudinal coupling type SAW ;esonator filter of
the preferred embodiments of the present invention is
characterized by setting the center distances L; and L, to
different values in the thré;-electrode-set type SAW
rescnator filter having first to third sets of ID electrodes
and first and.second reflectors.arranged as described above.
The selectivity of the filter iI's improved by utilizing two

resonant modes determined by the two center distances, as
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}1) to (3). 26 The relationship bet ween center distances L[err]land
L[err] determ nes a certain phase. Therefore, if one of the el ectrode
fingers of the conb electrodes at the oyter ends in the surface wave
propagation direction is renoved or if el ectrode finger is added, it is
necessary to determne the relationship between center distances L[err] and
L[err] by

will be apparent from the following description of the

preferred embodiments of the present invention.

Preferably, according to the preferred embodiments of
the present invantion, if each of the first and second
reflectors has 2 plurélity of electrode fingers arrangsd
substantially psrpendicularly to the surface wave propzgation
direction, and if the wavelength of surface waves determined
by the electrode pitch of the reflectors is 1, the center
distances L. and L, are set to.such values that the center
distance L. satisfies an inequality (1):

0+ nA €L £1/2A + nA e (1)

(n: an integer),
the center disfance L, satisfies an inequality (2):
1/2h + mA € Ly € (m + 1)A | . (2)
| (m: an integer), and
the center distznce L; and the center distance I; satisiy an
inequality (3):
Iy, # L, - 1/20 + kA : eee (3)
(k: an integer).

Thus, as will be apparent from the fdllowing description

of the preferred embodiments, a longitudinal coupling type

SAW resonator filter reliably achieving a desired band width

and having improved selectivity is provided.
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consi dering the phase determ ned by the relationship between center

di stances L[err] and L[err]. tf the structure shown in Fig. 1 is changed by
i ncreasing the nunber of electrode fingﬁrs of the conb el ectrode 12b by

one, as shown in Fig. 8A, or by increastng the nunber of el ectrode fingers

of the.conb el ectrode 14b by one, as shown in Fig. 8B, the center distance

I s apparently changed to L'[err] (= L[err] - 1/2[err]). In such cases,

however, the phaseokaliabi €8s BhbtﬁErS?&EQQQr\é@V%&Uoﬁiﬂﬁh_tCb@n_ﬂﬁd, pgeskhéat

there is no change in the resulting filter characteristic. Fig. 9A shows an

arrangeneninQbnkteonyi ngeeeeief prb¥ided a2 multiple-electrode-set

| longitudinal coupling type surface acoustic wave resonator

filter comprising a piezoelectric substrate made of a
piezoelectric raterial or a substrate having a piezoeleétric
thin film disposed thereon, and first to Xth (X: an integer
equal to or larger than 4) sets of interdigital electrodes
disposed on the pieioelectric subsﬁrate or in contact with
the piezoelectric thin film. .The second toc Xth sets of
ihterdigital electrodes are arranged to extend along a
direction of propagation of surface waves sxcited and
received by the first set of interdigital eiectrcdes. The
filter also comprises first and second reflectors located on
the opposite sides in the surface wave propagation direction
of the area in which the first to Xth sets of interdigital
electrodes zre provided. Each of the sets of intérdigital
electrodes preferably includes a pair of ccxb electrodes each
having at least oﬁe electrode.finger. If the center

distances between adjacent-end electrode fingers of adjécent
pairs of the interdigital electrodes are L., Lz, ... Iy.., the
center distances satisfy equations (4) and (5):

Ls = L. = Ly = Lg+-. - cer (4)

LA L7_=L;=L5.-. eoe (5)




el ectrode fingers of the conb electrode 12a in the structure shown in Fig.
1, and Fig. 9B shows an arrangenent of renoving one of the el ectrode
fingers of the conb electrode 14a in the same structure. In these
arrangenents, center distance L"[err] = 8L[err]'+_1/2[err]). However, there
s no change in the resulting. filter characteristic. 27 The cases where

the center distance L[err] is apparently
If the wavelength of surface waves determined by the
electrode finger pitch of the reflectors is A, the center
distances Ls and L, satisfy inequalities (6) and (7):
0 + nkh £ Ls € 1/24 + n} cee (6)
| (n: integer)
1/2h + mA S In S (m + 1A | cee (T)
(m: integer)
or inequalities (8) and (9):
1/20 + nh £ Ls € (n + 1)A .. (8)
| (n: integer)
0 +m\ <L <1/2\ + mA | cee (9)
(m: integer), and
the center distances Ls and L, satisfy an inequality (10):
Ls # Ly - 1/24 + kKA ... (10)
| (k: integer).

Thus, a loxgitudinal coupling type SAH_resonator'filter
capable of relizbly achieving the desired bzad width and
having improved selectivity is provided.

According to still another preferred embodimenteof the
present invention, there is proﬁided a longitudinal coupling
type SAW resonator filter device comprising a substrate, and
a plurality of longitudinai coupling type SAﬁ resonator:

filters in accordance with the preferred embodiments of the
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changed have ‘been described with reference to Figs. 8 and 9. However, the
sane description can be made with respect to center distance L2. That is,
each of center distances L[err] and L2 j.s set as the distance between the
centers of the adjacent-end el ectrode fﬂﬁgers both of which are connected
to ground, or one of which is connected to an input end while the other of
which is connected to an output end. Wiile the center distances satisfy the
condi ti ons pryyeasteniracknni drhe Zhevpldeaditigedfeqoagiandiaa]l toupdingan
el ectrical connection may be established between the el ectrode fingers of
the conb eltype G X2scaatoarh€idders are disposed on the substrate and
connected in series to each other. That is, on one substrate,
a plurality of longitudinal coupling type”SAW resonator
filters of the preferred embodiments of the preseat invention
may be formed and may be connected in series. In this manner,
a filter nhzving further improved selectivi:y can be provided.
According to a further preferred embodiment of the
present invention, there is provided a SA% resonator filter
device comprisiﬁg a longitudinal coupling type SAW resonator
filter in accordance with a first preferred embodiment of the
present invention described above, and at least one of
another lconagitudinal coupling type SAW rescnator filter, a
lateral coupling type SAW resonator filter and a trap filter
using a S&¥ resonator formed on the substrate of the
longitudinzl coupling type SAW resonator filter of the first
preferred exbodiment of the present invention and -
electrically connected to the longitudinal coupling type SA%
resonator filter of the first preferred embodiment of the
presant invention.
As described above, the SAW resonator filter device of
the preferred embodiments of the present invention may be

electrically connected to ahy other SAW resonator filter, a
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’electrode 14a at the'adjacent ends bf these el ectrodes and/or between the
adj acent electrode fingers of the conb electrode 13a and the conb el ectrode
:14a by using the sanme el ectroconductive terial as the material of the
conb el ectrodes. Fig. 10 shows an exangfg of a structure in which the
adj acent el ectrode fingers of the conb el ectrode 12a and 14a are connected
to each other. In the structure shown in Fig. 10, the gap between el ectrode
fingers of tthmapdiltrarodhe 1HkeandPiéfeaiabillys ddj sacht acodsepf othese
el ectrodes is filled with an electrode material 17 which is the sane
el ect r ocondusvivee sTairey icnsdtxucted on the piezoelectric substrate

constituting the SAW resonator filter device. 1In this manner,

a smaller integrated SAW resonator filter device can be

- providsd.
Trhese and other elements, features, and'advantages of

the preferred exbodiments of the present invention will be

apparent from the following detailed description of the

preferred embodiments of the present invention, as

illustrated in the accompanying drawings.

Fig. 1 is 2 plan.view of the structure of a SAW
resonator filter according to a first preferred embodiment of
the present invention; |

fig. 2 is =z diagram showing a Ifrequency characteristic
of a conventiornzl SAW resonator filter having the structure
shown in Fig. 1 but having equal center distances L; and L;
and having the number of electrode fingers of the reflectors

set to zero:

(5]

ig. 3 is 2 diagram showing a center distance L = I, =
L, and relative resonance frequencies in the SAW resonator

filter having the structure shown in Fig. 1;
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28 that of the conb electrodes. As is apparent fromFigs. 8A 8B, 9A 9B
and Fig. 10, it is necessary to determ ne center distances L[err] and
“sL[err] of the preferred enbodi nents of ﬁhe present invention so as to
“maintain the same rel ati onshi p between ﬁe phase of surface waves in the
first 1D electrode set and the phases of surface waves in the second and
third ID el ectrode sets.

Fig. 4 is 2 diagram for explaining the principle of
operation of a SAW resonator filter ﬁaving the electrode
structure shown in Fig. 1 and arranged in accordahce with the
first prsferred embodiment of the present invention;

i Fig. 5 is a diagram Showing an insertion loss-freguency
characteristic of a SAW resonator filter device shown in Fié.-
11A as a second.preferred embodiment of the present
invention;.

Fig. 6 is a diagfam showing ah insertion loss-frequéncy
chafacteristic of the SAW resonator filter device shown in
.Fig. 112 when a thinning~out and weighting method is used;

Fig. 7 is z diagram showing an example of an insertion

A\l

loss-freguency characteristic of a conventional SAW :esonator'
filter;

Figs. 8A and 8B are Schematic plan views.of a portion
where ID eslectrcdes are formed, showing cases where the
center distance is apparently changed when an electrods
finger is added;

| Figs. 9A and 9B are schematic pian views of a portion
where ID electrocdes are ‘formed, showing cases where the
center distance is apparently changed when one of the
electrode fingers is removed;

Fig. 10 is a schematic plan view of a case where the
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fhe SAWresonator filter of the preferred enbodi nents of the present

invention will be described with respect to experinental exanples thereof.
Fig. 5 shows an exanple of a characteristic of an RF filter arranged for
use in a cordless tel ephone set of the -2 systemin accordance with the

preferred enbodi nents of the present invention and having a center
frequency of about 866 MHz. The filter having the characteristic shown in

Fig. 5 is dasjaratt-eend Mt fongetsidiNadn CRidart tpdier YV resonat or
filter device 31 shown in Fig. 11A. As shown in
electrode sets are connected by the electrode material;
Figs. 11A are 11B are plan views of SAW resonator filter
devices according to second and fhird preferred smbodiments
p of the present invention; and
Fig. 12 is a plan view of a SAW resonztor filter device

according to a fourth prefetred embodiment of the present

invention.
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Fig. 11A,, SAWresonator filters 32 and 33 are constructed on a
substantially rectangul ar piezoel ectric substrate 34. The SAWresonat or
filter 32 preferably has the sane elect(Qde structure as the SAWresonat or
filter 10 shown in Fig. 1. Therefore, the ID electrodes and reflectors
corresponding to 29 those shown in Fig. 1 are indicated by the sanme
reference characters and the detailed description for themw ||l not be

DETAILED DESCRIPTION OF PREFERRED EMBODIMINTS

The present invention will be described below in detail
with respect to preferred embodiments thereof.

Referring to Fig. 1, a SAW resonator filter 10 which
illustrates a preferred embodiment of the vresent invention
is'constructed on a piezoelectric substrate 11 preferzbly
having a substantially rectangular planar shape. In this
prefefred embodiment, the piezoelectric subétrate 11 is
preferably formed of 36° Y-cuf X-propagation LiTaO;. -

A pair of comb electrodes 14a and 14b forming a first
set of ID electrodes are disposed on a central portion of the
piezoelectric substrate 11. The comb electrode l4a is
cdnnected_to ground while the comb electrcde 14b is
connected to an input/output terminal 22. The comb
electrodes 14z and 14b have electrode fingers arranged in an
interlocking mzanner.

Second and third sets of ID electrodes are located on
the opposite sides in the surface wave propagation direction
of the first ID eléctrode Set formed of the comb electro@es |
l4a and 14b. The second ID electrode set is formed of comb
electrodes 12a and 12b-while the third ID electrode set is
formed of comb electrodes 13a and 13b.

Each of thes pair of comb electrodes 12a and 12b and the
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repeated. The SAWresonator filter 33 also preferably has the sane

el ectrode structure as the SAWresonator filter 32. Therefore, the

‘el ectrodes of the SAWresonator filter @? are indicated by adding 30 to
each of it he nunbers designating the el ectrodes of the SAWresonator filter
32, and the description for themw Il not be repeated. As shown in Fig.
11A, the conb el ectrode 14b of the SAWresonator filter. 32 is connected to

the conb epgetroflecddy @ledirodddV18s0mad0I3bi have dBecthedebgisgenscting
the SAWresonator filters 32 and 33 in series. _
arranged in an interlocking manner, as do the comb electrodes
14a and 14b. However, the comb electrodes 12b.and 13b having
a smaller number of electrodé fingers are disposad on the
same side as the comb electrode 14a of the first ID electrode
set having a larger number of electrode fingers.

The comb electrodes 12b and 13b are connected in common
to an input/output terminal 21 while the comb electrodes 12a
and 13a ars connected to grouﬁd.

Reflectors 15a and 15b are disposed on the opposite
sides in the surface wave propagation direction of the area
in which the first to third ID electrode.sets are formed.
Each of the reflectors 15a and 15b preferably has electrode.
fingers arranged at equal pitches and each extending in a
direction substeantially perpendicular to the suriace wave
propagaticn direction. |

The zbove-described comb electrodes 12a,.12b; 132, 13b,
14a, and 14b and the reflectors 15a and 15b are preferably
formed by forming an Al or Al alloy film on the piezoelectric
substrate 11 and processing this film by photolithography and
etching. | | |

One of the novel features of this preferréd enbodiment

resides irn that the value of the distance I, between the
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More specifically, each of the SAWresonator filters 32 and 33 was
constructed by.setting the filmthickness of the el ectrode nenbers nade of
‘Al and forming the conb el ectrodes and e reflectors to 3.6 %of [err]
which is the wavel ength of surface waves, by setting the nunbers of

el ectrode fingers of the first to third ID electrode sets to 65, 37 and 37,
respectively, by setting the nunbers of electrode fingers of reflectors

15a, 15b, 4Tentard 490 the :tiectirpdectftingerecriterthd sidjacent ends of the

0.30[err] and center distance L[err] = 0.64[err], and by using 36[err]

Y-cut X-profdgati end istacdif D elertebeet sets is within the range
defined by the zbove-mentioned inequality (1), that the value
of the distancs L, between the centers of the electrode
fingers at the zdjacent ends of the first and third ID
electrcde sets is set so as to satisiy the zbove-mentioned
inequality (2), and that the center distances L: and L. are
set so as to sziisfy the above-mentioned inegquality (3). The
symbol A in the inequality_(B{ represents the wavelength
determined by tze electrode fingers pitch of the reflectors
15a and 15b (se= Fig. 1).

In the S&¥ resonator filter of this preférred embodiment,
since the centsr distances Iy and L; are set so as to satisfy
the above-described conditions, the selectivity can be
_improved in cozzarison with the conventional SAW resonator
filter. The principle of the operation and design conditions
of the SAW rescnator filter of this preferred embodiment will
be described ir the following paragraphs.
| The principle of the operation of longitudinal coupling
type SAW resonztor filters generally used will first be
described.

Conventicnzl three-electrode-set longitudinal coupling

type SRW resonztor filters have generally the same structure
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30 substrate 34. In the two-stage |ongitudinal coupling type SAWresonat or
filter device 31, as can be read fromFig. 5 a -4 d3 band wi dth of about
13 MHz, i.e., 1.5 %in terns of relatiVﬁ band w dth was obtai ned and
i mproved sel ectivity was achieved in a Pequency range in the vicinity of
t he pass band. Al so, at the point of 866 Miz + 20 MHz where a strong denmand
for a sufficiently |large attenuation should be

as that of the SAW resonator filter shown in Fig. 1

illustrating a préferred embodiment of ths present invention
except for the above-described relationship between the
center distances L: and L,. Therefore, the principle of the
operation of conventionai longitudinal cotpnling type SAW
resonator filters will be described with referenée to Fig. 1.
In conventional three-electrode-set longitudinal coupling
‘type SAW resonator filters, the distance I. between.the
centers of the electrode fingérs at the adjacent ends of £he
first ID electrode set (comb electrodes 14z and 14b) and the
‘second ID electrode set (comb electrodes 12a and 12b) and the
distance 1; between the centers of the electrode fingers at
"the adjacent ends of the first ID electrods set (comb
eléctrodes 14a and 14b) and the third ID electrode set (comd
electrcdeé 13a and 13b) are equal to each other. That is,
In =L, = L.
| Fig. 2 shows a frequency characteristic in the case
where the number of eléctrode fingers of tkre refléctgr
electrodes in the conventional;three—eleCtrode-set
longitudinal coupling type SAW resonator filter having equal
center distances L; and L, is set to zero. A peak indicated
by the arrow D in Fig. 2 is considered to correspond to a

resonant mode due to multiple'reflection between the first
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satisfied, a large attenuation of 30 dB was achieved. The characteristic
curve Mshown in Fig. 5 represents an essential portion of the
characteristic indicated by L, which is,ieplotted by enlarging the
insertion loss on the ordinate, that is'by using the scale on the

ri ght-hand side of the ordinate to represent the insertion loss. Fig. 6
shows a characteristic inproved by conbining the well-known thinning-out

P R e e b

essential perbi enrgt hha ehatackeectibaeCyets, Nawdt B pB&k indicated by
the arrow E is considered to be corresponding to an internal
resonant.ncde of the ID electrodes. |

.As conventional longitudinal coﬁpling type resonator
filters, longitudinal coupling type double mode filters have
been constructed by using the two resonant modes indicated by
ﬁhe arrows D andlE. Longitudinal coupling type triple mode
.filters have also been realizéd by using these resonant modes
ahd another resonant mode due to multiple refleﬁtion between
the refiectors 15a and 15b at a frequency lower than the
frequency 2f the resonant mode indicated by the arrow E in
ithe case ¢f adding the reflectors 15a and 15b. |
Fig. 7 shows a typical characteristic of conventional

longitudinal coupling type resonator filters in two-stage
serial coﬁnection designed on the basis ¢f the ebove-
described principle. As described above, 2 fil=ar having
this structure hés a small insertion loss buf_has
unsatisfactory selectivity ét freqﬁencies higher than the
pass band. That is, the attenuation in a frequency range
higher than the center frequency by about + 20 to 30 MHz is
at most 235 dB. |

The resonance frequencies of the above-mentioned
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insertionlloss on the ordinate enlarged. As can be undefstood fromFig. 6,
the attenuation in the stop band in the vicinity of the pass band could be
f'urther inproved by conbining the thinning-out and wei ghting nethod, and a
| ar ge 31 attenuation of 45 dB or nore was achieved at the point of 866
Mz + 20 MHz. As is apparent fromthe ch%iacteristics shown in Figs. 5
resonant modes D and E are determined by the value of the
center distance L (= I, = Lp). Fig. 3 shows the relative
positions of ths resonant modes D and E with the”center |
distance L used as a parameter.'.The characteristics shown in
Fig. 3 are.o1= & SAW filter arranged by set:;ng the nuxter of
electrode fingers of the first ID electroc= set, i.e., the
sum of the numsers of electrode fingers of the comb
electrodes l14a and 14b to 57, the number of electrods fingers
of the second ID electrode set (comb electrodes 12a aud 12b)
to 31, the number of electrode fingers of the third ID
.electrode set (comb electrodes 13a and 13b) to 31, and the
number of electrode fingers of each of the reflectors 15a and
15b to 0, and by using a 36° Y-cut X-p;opegation LiTa0;
substrate as piezoelectric substrate 11, ths SAW filter
having 2 center frequency of 866 MHz.
As can be can be understood from Fig. 3,.the resonance
frequency the resonant mode E is not dependent on the value
of the center distance L, but the resonance frequency of the
resonant mode D decreases as the value of L increases. When
the center distance L becomes equal to about 0.45\A, a mode
conversion from the resonant mode D into the resonant mode E

starts. As the value of the center distancs L increases

further, the resonant mode D is completely converted into the
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and 6, the preferred embodi nents of the present invention can be utilized
to inprove the attenuation in the stop band higher than the pass band while
the electrode fingers are still formed as solid el ectrodes, so that there
is no need for manufacturing a split electrode structure requiring advanced
processi-ng techniques with respect to hiah frequencies. It is therefore
possi bl e to achi eve adaptation for opera i on at higher radio frequencies
wi t hout rednesogantempiadicaidingw msomanhen@ieVPeappeans fron etive 32 and
33 in the arrangenent shown in Fig. 11A are connected in the above-
high-frequency side. N _

In contrast, in the above-described preferred embodiment
of the present.invention, resonance is excited in two
resonant modes D by setting the center distances L; and L, to
different values, as explained below with reference to
Fig. 4.

Fig. 4 shows the results of one preierred embodiment
constructed by setting the number of electrode fingers of the
first ID electrode set, i.e., the sum of the numbers of
electrode fingars of the comb electrodes 14a and 14b to 57,
the number oi electrode fingers of the second .ID electrode
set, i.e., the sum of the numbers of electrode fingers of the
comb electrodes 12a and 12b to 31, the number of elecitrode
fingers of the third ID electrode set to 31, and the number
of electrode fingers of each of the reflectors i5a and 15b to
150.

Characteristics F and G shown in Fig. 4 are shown for
comparison with the preferred embodiment of the present

invention. Characteristic F was obtained by setting

L1=L7

0.25A and characteristic G was obtzined by setting
In = L, = 0.62%. On the other hand, characteristic H shown in

Fig. 4 was obtzained by sétting'the distances L, and L, to
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descri bed manner, conb el ectrodes 12b and 13b of the SAWresonator filter
32 may be connected to conb el ectrodes 43b and 42b of the SAWresonator
filter 33 as showmn .in Fig. 11B.-Fig. 12 is a schematic plan view of a

| ongi tudi nal coupling type SAWresonator filter which represents a
preferred fourth enbodi ment of the prese i nvention. As the first to third
Preferred enbodi nents of the present in tion, exanples of the application
of the presdnﬁfemeamtwadues.a LoagOtﬁElnahndonI#ng 6g2he SAWresonat or

filter having three
Two resonant modes occurred with respect to each of the
characteristics F and G shown in Fig. 4. The peak at a
higher fregquency correcponds to the above-described resoncnt
mode D while the peak at a lower frequency correspoﬁds to the
above-described resonant mode E. In the characteristics F
and G shown in Fig. 4, the resonant.mode E occurs at the end
of the stop band of the reflector, so that the peak is rugged.
In contrast, in the characteristic H shown in Fig. 4,

, substantially.no resonant mode E is recognized but two
resonant rodes D appear. The resonant mode D of a higher
frequency occurs due to multiple reflection between the first
ID electrode set (comb electrodes 14a and 14b) and the thirdl
ID electrode set (comb electrodes 13z and 13b) determined by
the cénter distance L, while the resonant mode D of a lower
frequency occurs due to multiple reflécticn between the first
ID electrode set (comb electrodes 14a and 14b) and the secon
'ID electrode set (comb electrodes 12a and 12b) determined by
the center distance IL,.

Also, a double mode filter having a favorable
characteristic such ac indicated by I in Fig. 4 can be
provided by adjusting the electrode interlocking width of the

first to third electrode sets and/or by adding an external




32 sets of 1D electrodes have been described. However, the preferred
enbodi nents of the present invention can also be applied to a nultiple

el ectrode set type SAWresonator filter, such as that shown in Fig. 12,
having four or nore sets of ID electrodes. That is, in a SAWresonator
filter 51 shown in Fig. 12, a plurality of sets of ID electrode sets 53 to
58 are arranged in the surface wave pro ation direction, and reflectors

59 and 60 apgrdhsRgsed-eQithe opposite sides in

The band width of SAW resonator filtsrs having
characteristics such as indicated by H and I in Fig. 4 is
determined by the différence between the vzlues cof the Center
distances L. and L; énd can be freély selected by adjusting
‘these distances, as described below with rsference to Fig. 3.

For exzmple, center distance I, = 0.Z23A is selected to
set a referénce reéonance'ffequency (0 MHz in te:ms'of
relative value, indicated by éhe arrow J in Fig. 3), at which
resonant mode D occurs between the comb eléctrodes 122 and
12b and the comb electrodes l14a and 14b. With respect to
this frequency, if L, = 0.62A is selected, resonant mode D
occurs beiwsen the comb electrodes 13a and 13b and the comb
electrodes 1l4a aﬁd 14b at a frequency higrzer by 10 MHz as
indicated py arrow K in Fig. 3. By using these two resonant
modes D, z band filtér having a band widir of 10 MHz in the
band from &30 to 900 MHz can be obtained.

To increase the band width, the center distance L. may
be set to a value larger than the above-msntioned value or
the center distance L, may be set to a value smaller than the
above-mentioned value. Conversely, to regduice the band width,
the center distance I, ﬁay be reduced or tze center distance

L, may be increased. Under the characteristic conditions

T ey




the surface wave propagation direction of the area in which the ID

el ectrode sets 53 to 58 are fornmed. As materials for formng a

piezoel ectric substrate 52, ID electrodes 53 to 58 and reflectors 59 and
60, the same materials as those in the SAWresonator filters of the first
to third preferred enbodi ments can be used. In the |ongitudinal coupling
type SAWresonator filter 51 having nor@3than four sets of ID el ectrodes 53

to 58 formaowd HRI FiGBNBET itt '1% 'th%'r‘é‘EtﬂdAQQ% Pt Jidflleetloor@adigef @r med so
as to satisfy equations (4) and (. and ‘i nequalities (6) to (10) shown
bel ow, therrghyeachia®dingd at Band w1dth of 40 MHz at the maximum.

With respect to the conditions shown in Fig. 3, a
similar filer may be arranged by selecting center distance
Ly = 0.12A and center distance L, = 0.251. 1In this filter,
however, resonant mode D corrésponding to the center distance
of 0.12A and resonant mode D corresponding to ths center
.distance of 0.25A do not couple with each other because of
the phas§ relationship therebétween. This filter is obtained
as a double mode filter in which resonant mode D
corresponding to the center distance of 0.25\. and resonant
mode E couple w;th each other.

Accordingly,-with respect to wavelength A, it is
necessary to select center distances L; and L; so as to
satisfy the abcve-mentioned inequalities (1)'and_(2).

L. = L, - 1/2k + KA - e (11)

(k: integer) _

If equation (11) is satisfied, the difference between
two resonant modes D is zero and the phase difference
therebetween is 180°( so that a double mode filter cannot be
formed. Therefore, it is necessary to determine center
distances L; and L; to sﬁch values as to satisfy inequalities.

(1) to (3).

—————. o
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éane advahtages as those of the | ongitudinal codpling type SAMVresonator
filters of the first to third preferred enbodi nents. 33 That is, ID

el ectrode sets 53 to 58 are fornmed so that the distance between the centers
of the adjacent-end el ectrode fingers of -each adjacent pair of the ID

el ectrode sets is selected so as to.satEEylthe fol |l owi ng equati ons:

The relationship between center distances L. and L,
determines a certain phase. Therefore, if one of the
electrode fingers of the comb electrodes at the outer ends in
the surface wave propagation direction is.removed or if an
electrode finger is added, it is necessary td determine the
relationship beiween center distances L; and L; by |
considering the phase determined by the relationship between
center distances I, and L. '

If the structure shown iﬁ Fig. 1 is changed by
increasing the number of electrode fingers of the comb
electrode 12b by one, as shown in Fig. 8A, or by increasing
the number of electrode fingers of the comb elecirode 14b by
one, as shown in Fig. BE, the center distanée is apparently
changed to L'y {= I, - 1/2A). In such cases, howsver, the
phase relationship of surface waves is not changsd, so that-
there.is no change in the resulting filter charzcteristic.

Fig. %A shows aﬁ arrangement of removing cne of the
electrode finge:s of the comb electrode 12a in the structure
shown in Fig. 1, and Fig. 9B shows an arrangement of remgviﬁg
one of the electrode fingers of the comb electrode 14a in the
same structure. In these arrangements, center distance L", =
(L, + 1/22). However, there is-no change in the :esﬁlting._

filter characteristic.




Llerr] Llerr] Llerr] = L[err] ... (4) Llerr] =

L[ err] L[ err] L[ err] ... (5)-Aso, if the

wavel engt h of surface waves deternined by the electrode finger pitch of

reflectors 59 and 60 is [err], the center distances L[err] and L[err] are

sel ected so as to satisfy the followi ng inequalities: O + n[err] [err]

L[err] [err] 1/2[err] + n[err] 27 (6) (n: |nteger)
The cases where the center distance I. is apparently

changed have been described with reference to Figs. 8 and 9.
However, the same descriptibn can be made with respect to
center distance L. That is, each of centsr distances I, and
L, is set as the distance between the centsrs of the
adjacent-end electrode fingers both of which are connected to
ground, or cne of which is connected to an.input end while
the other of which_is connected to an output end.

While the center distancés satisfy the conditions
represented by the above-described equaticzs (1) to (3), an
electrical connection may be established kztween the
electrode fingers of the.comb electrode 12z and the comb
electrode i4a at the adjaceht ends of thess electrodes and/or
between the adjacent electrode fingers of the comb electrode
132 and the comb electrode l4a by using ths same
electroconductive materiél as the material of the comb
eiectrodes. Fig. 10 shows an eXample of a structure in which
the adjacent electrode fingers of the comb slectrode 12a and
l14a are connected to each other. |

In the structure shown in Fig. 10, the gap between
electrode fingers of the comb electrodes 122 and‘14a at the
adjacent ends of these electrodes is fillezZ with an electrode

material 17 which is the same electroconduc:tive material as
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54 1/2[err] + nferr] [err] L[err] [err] (m+ 1)[err] C
(7) (m integer) or the following inequalities: 1/2[err] + n[err] [err]

Llerr] [err] (n + Dferr] ... (8) (n: integer) O+ njerr]
[err] L[err] [err] 1/2[err] + nferr] o (9) (m

i nteger) Further, the center distances L[err] and L[err] are selected so as
to satisfy the followng inequality: L[ 8] [err] L[err] - 1/2[err] +
k[err] that of the coxd electgodes.

As is apparent from Figs. 8A, 8B, 92, 9B and Fig; 10, it
is necessary tc determine center distances L. and L, of fhe
preferred embodimehts of the present invention so as to
maintain~the same relationship between the phase of surface
wa&es in the first-ID electrode set and the phases of surface
waves in the second and third ID electrods sets.

| The SAW resonator.filter of thé preisrred embodiments of
the present invention will be.described with respect to
experimental examples thereof.
| Fig. 5 shcws an example of a characteristic of an RF
filter arranged for use in a cordless telechone set of the
CT-2 system in zccordance with the preferrsd embodiments of
the present invention and having a cénter frequency of about -
866 MHz.

The filter having the characteristic shown in Fig. S is
designed as a two-stage longitudinal coupling type SAW
resonator filter device 31 shown in Fig. 11A. As shown in
~Fig. 11A, SAW resonator.filterg 32 and 33 zre constructed on

- a stubstantially rectangular piezoelectric substrate 34. The
SAW resonator filter 32 preferably has the same electrode
structure as the SAW resonator.filter 10 shown in Fig. 1.

Therefore,'the ID electrodes and reflectors corresponding to

ooy
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(k: integer) According to the preferred enbodi ments of the present

i nvention, in the |ongitudinal coupling type SAWresonator filter using the
first to third sets of ID el ectrodes, the center distances L[err] and
L[err] are set to different values. This nmakes it possible to provide a
doubl e- node | ongi tudi nal coupling type SAWresonator filtér using two
resonant nodes deternined by the center 28i stances L[err] and L[err] and

havi ng i nprey&ge Seh&wh i M tBig ThRtaké. indiddee@OBY PR 0oate | SoER Farkaal

coupling type resonator filter, the attenuation 1n a stop band hi gher than
characters and the detailed description for thexm will not be
repeated. | |

The SAﬁ.resonatof filter 33 also preiferably has the Sa:e
electrode structure as the SAW resonator filter 32.
Thérefore, the electrodes of the SAW resonator filter 33 are
.indicated by adding 30 to éach of the numbers dasignating the-
electrodes of the SAW resonator filter 32, and the
description for them will not be repeated.

As shown in Fig. 11A, the comb electrode.léb of the SA#
resonator filter 32 is conﬁected to the comb electrode 44b of
the SAW rescnator filter 33, thereby connecting the SA¥
resonator filters 32 énd 33 in series.

More specifically, each of the SAW resonater filteﬁs 32
and 33 was constructed by .setting thé film thickness of the
électrode members made of Al and forming the comb electrodes
and the reflectors to 3.6 % of A which is the wzvelength of
surface waves, by setting the numbers of electrods fingers of
fhe first to third ID electrode sets to 65, 37 axnd 37,.
respectively, by setting the numbers of electrode fingers of
reflectors 15a, 15b, 45a, and 45b to 150, by setiing center
distance L. = 0.30A and.éehter distance L, = 0.64%, and by

using 36° Y-cut X-propagation LiTaO; for piezoelectric
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’the pass band.is not sufficiently |arge because of a response of ID
el ectrodes in the stop band. In contrast, in the 35 above-descri bed new
-doubl e- node | ongi tudi nal coupling type SAWresonator filter, the center
distances L[err] and L[err] are set to different values, and two resonant
nodes determ ned by these center distances are excited, thereby effectively
i nproving the attenuation in the stop b30d so that it is

substrate 34. -

In the two-stage longitudinal coupling type SAW
resonator filter device 31, as can be read from Fig. 5, a
-4 d3 band width of about 13 MHz, i.e., 1.5 % in terms of
relative band width was obtained and.imprqved selectivity wzs
achieved in a frequency range in the vicinity of the pass
band{lAlso,lat the point of 866 MHz + 20 Hz where.a strong
demand for a sufficiently large attenuation should be
satisfied, a large attenuatioﬁ of.30 dB was achieved.

The characteristic curve M shown in Fig, 5 represents an
essential portion of the characteristic indicated by L, which
is replotted by enlarging the insertion ioss on éhe ordinate,
that.is, by using fhe scale on the right-hand side of the
ordinate to represent the insertion loss.

Fig. 6 shows a characteristic improved by combining the
well-known thinning-out and weighting methcd with the
arrangement of the above-described SAW resonator filter
device 31. The characteristic curve O fepresents an
essential ﬁortion of the characteristic curve N with the
insertion loss on the ordinate enlarged. As can be
understood from Fig..G; the attenuation in the stop band in

the vicinity of the pass band could be further improved by

combining the thinning-out and weighting method, and a large -




hi gher than the pass band. According to the preferred enbodi nents of the
present invention, only setting the center distances L[err] and L[err]

‘bet ween the el ectrode fingers to different values nmay suffice, as described
above, and there is no need for advanced processing technjques. Therefore,
the sane productivity as that of the conventional SAWresonator filter can
be maintained.  |f the well-known el ect3bde t hi nni ng-out and wei ghti ng

met hod i s alateemvatiohubithes dBpoevedreelast achiyvedn ate thehpeind. oFusther,

a longitudinal coupling type S%NVresonator
MHz + 20 MHz.

As is appzrent from the characteristics shown in Figs. 5
and-6, the prefsrred embodiments of the present invention can
be utilized to improve the attenuation in the stop band
higher than the pass band while the electrode fingers are
still formed as solid electrodes, so that there is no need
for manufacturing a split electrode structure reQuiring

- -advanced processing techniquee with respect to high
frequencies. It is therefore possible to achieve adaptation
for operation &t hlgher radio frequenc1es without reducing
the productivity.

While the SAW resonator filters 32 and 33 in the
arrangement shown in Fig. 11A are connected in the above-
descrikad manner, comb elect:odes 12b and 13b of the SAW
resonator filter 32 may be connected to comb electrodes 43b
and 42b of the SAW resonator filter 33 as shown in Fig. 11B.

Fig. 12 is a schematic plan view of a longitudinal
coupling type SAW resonator filter which repreaents a
preferred fourL“ embodiment Qf the present 1nveutlon. As the
first to third preferred embodiments of the present invention,
examples of the =Dpllcatlon of-the present invention to a

longitudinal covpling type SAW resonator filter having three
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}ilter havi ng four or nore sets of ID electrodeé may be constructed, as
shown in Fig. 12, as well as the |ongitudinal coupling type SAWresonat or
filter having three sets of ID electrodes. A plurality of SAWresonator
filters according to at |east one preferred enbodi nent of the present
ggvention may be connected In series onégmapiezoelectric substrate or the
sets of ID electrodes have been described. However, the
preferred embodiments of the.present invention can also be
applied to a multiple electrode set type S2# resonator filter,
such as that shown in Fig. 12, having four cr more sets of ID
electrodes. |
That is, in a SAW resonator filter 51 shown in Fig. 12,
a ﬁlurality of sets of ID electrode sets 53 to 58 are
arranged in thes surface Qave propagation cdirection, and
reflectors 59 and 60 are dispésed on the opposite sides in
the surface wave propagation direction of the area in which
the ID electrode sets 53 to 58 are formed. 2As materials for
forming a piezcslectric substratel52, ID electrodes 53 to 58
and reflectors 39 and 60, the same materials as thoée in the
SAW resonator Zilters of the first to third preferred |
embodiments- can be used.
in the lcngzitudinal coupling type SAW rzsonator filter
51 having more than four sets of ID electrodes 53 to 58
formed in this manner, the ID electrodes and reflectors are
formed so as to satisfy equations (4) and (35) and
inequalities (6) to (10) shown below, thereby achieving the
same advantages as those of the longitudinzl coupling typé
SAW resonator filters of the first to third preferred |

embodiments.
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SAWresonator filter of the preferred enbodi nents of the present invention
may be connected to a different SAWel enent such as a SAWresonator filter
or atrap filter on one substrate. In this manner, |ongitudinal coupling
type SAWresonator filters adapted for various kinds of use can be provided
as integrated devices. Also in such cases; the |ongitudinal coupling type
SAWresonator filter of at |east one préﬁbrred enbodi nent of the present

i nvention can opehate it 1Dsellkictiredel weltisg!s3s&loe @8 wirley foenedt ser thaat the

connection arrangenent. While the invention has been particularly shown and
' the distance between the centers of the adjacent-end
electrode fingers of each adjacent pair of the ID electrode
sets .is selected so as.to satisfy the following equations:
Ls = L. = L3 = Ls ... (4)
Lan = Ly = Ly = Lg : .. (5) |
Also, if the wavelength of surface waves determined by the
electrode finger pitch of reflectors 59 and 60 is k; the
centet distances Ls and L, are selected so as to satisfy the
fbllowing inequalities: | |
0O +nA £L; £1/2A + nA ... (6)

(n: integer)

REPLACEMENT SHEET|
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described with reference to preferred enbodi nents thereof, it wll be
understood by those skilled in the art that the foregoing and ot her changes
in formand details my be nmade therein without departing fromthe spirit
and scope of the invention. -37- What is clainmed is: 1. Alongitudinally
coupl ed.surface acoustic wave 34 _

1/2A + mA < La £ (m + 1)A - cee (T)
(m: integer)
or the following inequalities: _
1/2h + Db S Ls € (n + DA . (8)
(n: integer)
0 +mh Ly <1/20 + mA vee (9)
(m: integer) |
Further, the centér distances Ls and Ly aré selected so as to
satisfy the following inequality:
Ls # Ly - 1/2)% + KA | ) ... {10)
(k: integer)

According to the preferred embodimenis of the present
invention, in the longitudinal coupling type SAW .resonator
filter using the first to third sets of ID electrodes, the
center distances I, and L, are set to different values. This
makes it possible to provide a double-mode longitudinal
coupling type SEW resonator filter using two resonant modes
determined by the center disténces I, and L; and having
improved seléctivity.

That is, in the conventional longitudinal_coupling type
resonator filter, the éttenuation in a stcp band higher than
the pass band is not sufficiently large because of a response

of ID electrodes in the stop band. 1In contrast, in the

18 MAR 1997




resonator filter conprising: a substrate; first, second and third
interdigital transducers disposed on a surface of said substrate; said
second and third interdigital transducers being |ocated on opposite sides
of said first interdigital transducer in a direction of propagation of
surface waves excited and received by said first interdigital transducer;
first and second reflectors |ocated on $8id substrate at opposite -ends of

an area in Y672 -2kErinkbchew 886GB1E-ABHe! bRY1kONERALOEbAbLLAGNEYpECT S
are provided;
- SAW resonator filter, the center distances L, and L; are set
to different values, and th resonant modes determined by
- these center distances are excited, thereby effectively
improving the attenuation in the stop band so that it is
higher than the pass band. |

According to the preferred embodiments of thé present
invention, only setting the center distances L;.and_Lz
between the electrode fingers.to different wvalues may suﬁfice,
as described above, and there is no need for advanced
processing techniques. Therefore, the same productivity as
that of the conventional SAW resonator filter can be
maintained. .If the well-known electrode thinning-out and
weighting nesthod is also used, further improved selectivity
can be achieved.

Further, a longitudinal coupling type SAW rasonator
filter having fcur or more sets of 'ID electrodes may be
constructed, as shown in Fig. 12, as well as the longitudinzl
coupling type SA¥ resonator filter having three sets of ID
electrodes.

A plurality of SAW resonator filters according to at
least one preferred-embédimént'of the present invention may

be connected in series on one piezoelectric substrate or the

REPLACEMENT SHEET
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each of said f irst, second and third interdigital transducers including a
pair of conb el ectrodes each having at | east one electrode finger; and a
-di stance L[err] between centers of the at |east one el ectrode finger of
said first interdigital transducer and the at |east one el ectrode finger of
said second interdigital transducer |ocated adjacent to each other and a

di stance L[err] between centers of the 3 | east one el ectrode finger of

S0 o S B T G el bRl yedse 1oer o

to differenrditeInvii?i®n ' may be connected to a different SAW element
such Es a SAW resonator filter or a trap filter on oﬁe
substrate.. In this manner, lbngitudinal coupling tyve SAW
resonator filters adapted for various kinds of use czn be
provided as integrated devices. Also in sgch cases, the
longitudinal coup;ing typé SAW resonator filter of at least
one preferred embodiment of the present invention cah operate
with sufficiently high selectivity no matter what the

. connection arrangement. |

_While'the invention has been particularly shown and

described with reference to preferred embediments thereof, it
will be understood by those skilled in the art that the
foregoing and octher changes in form and details may be made
therein without departing from the spirit aznd scope of the

invention.
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each of said first and second reflectors has a plurality of el ectrode f

i ngers jally perpendicularly to the surface wave
propagaj’*uﬂlﬂﬂﬂlmmmnm, wavel engt h of surface waves determ ned by an

el ectrode pitch o! the*eflectors is [err] and said distance L[err]
satisfies an inequality (1): 0 + n[err] [¥Fr] L[err].[err] [err]/2 + n[err]
(1) (for any value of n where n is an.integer) said distance L2 satisfies
?g)i nequal iWHAT 2XS CLAIMED XSpierr] [err] L[err] [err] (mHl)[err]

1. A longitudinal coupling type surface acoustic wave
resonator f£ilter comprising:

a substrate;

first, second and third sets of interdigital electrodes
'disposed on a surface of said substrate;

said second and third sets of interdigital electrodes being
located on opposite sides of said first set of inﬁerdigital
electrodes in a direction of propagation of surface waves
-excited and received by said first set of -interdigital
.electrodes;

‘each of said first, second and third sets of interdigit#l
electrodes including a pair of comb electrodes each having at
least one electrode finger; | |

a center distance L, between centers of the electrode
finger of said first set of interdigital electrodes ;nd the
electrode finger of said second set of interdigital electrodes
located adjacent to each other and a center _distance L, between
centers of the electrode finger of said first set of
interdigital electrodes and the electrode finger of said third
set of interdigital electrodes located adjacent to each other
'being set to different values;: and

first and second reflectors located on said substraﬁe_at
opposité ends of an area in which said first, second and third
sets of interdigital electrodes are provided;

each of said first and second réflectors having a plurality

of electrode fingers arranged substantially perpendicularly to

This Sheet. Has Been Replaced . ' T
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or _an value of n1mhere mis an integer) ‘said distance L[err] and

L[err]Jmu " ! ell' mullty(3) L[err] [err] L[err] - [err]/2 + k[err]
(3) (f where k is an integer). 2. A longitudinally coupled
surface acoustic wave resonator filter according to claim1, wherein said

substrate conprises one of a pi ‘ezoel ectri¥Bsubstrate and a substrate

i ncludi ng a piezoelectric thin filmdi sposed thereon. 3. A nultiple-IDT
| ongi t udi naﬂh%/ %%w pgopagation direction, a wavelength of surface

waves determined by an electrode pitch of the reflectors is 1
-and said center distance L, satisfies an inequalitir (1):
0 +nA sL, s1/2A +2ad ... (1)
(n; ‘an integer), |
said center distance L, satisfies an inequality (2):
1/2XF + mA =L, s (m+e1)A eee (2)
(m: an integer) , and
said center distance L, and said center distance L, satisfy an
inequality (3):
L, # L, - 1/2X1 + kA . (3)

(k: an integer).

2. A longitudinal cbupling type surface acoustic wave
resonator filter according to claim 1, wherein said substrate
comprises one of a piezoelectric substrate and a substrate

including a piezoelectric thin film disposed thereon.

3. A multiple-electrode-set longitudinal coupling type
surface acoustic wave resonétor filter comprising:

a su.bstrate.;

first to Xth (X: an integer equal to or larger than 4) sets
of interdigital electrodes disposed on a éurface of said
s.ubstrate; |

said second to Xth sets of interdigifa.l electrodes being
arranged to extend along a direction of propagation of surface

waves excited and received by said first set of interdigital

—_—_— - - REPLACEMENT SHEET
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acousti 'ilter conprising: a substrate; first to Xth (X an

i nt eger equal er than 4) interdigital transducers disposed on a
su_rfac m mﬂ E!Fe; said second to Xth interdigital transducers
bei ng d along a direction of propagation.of surface waves
excited and received by said first interd®ital transducer; first and

second reflectors | ocated on said substrate at opposite si des of an area in
whi ch sai d eliecttradesé h i nterdigital

first and second reflectors located on said substrate at
opposite sides direction of an area in which said first to Xth
sets of interdigital electrodes are provided; and
each of said sets of interdigital electrodes including a
pair of comb electrodes each having at least ome électrode
finger; wherein
center distances between adjacent-end electrode fingers of
adjacent pairs of said interdigital electrodes are L,, L,, ...
.Ik4 and the center distances satisfy equations (4) and (5):
Lg = L, = L, = L cee (4)
I, = L, = Iy = L, cee (5)
wherein, a wavelength of surface waves determined by an '
electrode finger pitch of said reflectors is A and said center
distances L, and L, satisfy inequalities (6) and (7):
0 +nA sL;s 1/2A + oA .. (6)
(n: integer),
~1/2X + mA s L, s (m+l)A e (7)
(m: integér)
or inequalities (8) and (9):
1/2A + nA s L; s (n+1)A\ ees (8)
(n: integer)
0 +mA =L, =1/2A +mA - ... (9)
(m: integer), and
the center distances L; and L, satisfy an 1nequality (10):
L; # L, - 1/2A + kA eee (3)

(k: integer).
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transducers are provi nd each of said interdigital transducers
includin el ectrodes each having at | east one el ectrode
finger; m;’mﬁm bet ween adj acent-end el ectrode fingers of
adj acent” paiT s tof Msas terdigital transducers are L[err], L[err] ,...
L[err] and the distances satisfy equatiofd (4) and (5): L[err] = L[err] =
i[ﬁ[élrfLF?Tr] 4. ' An electronic camponeqqncomprzsligfr] =Llerr] fL[erH
| a substrate; '
a plurality of longitudinal céupliﬁg type surface acoustic
wave resonator filters located on said substrate and connected
in series to each other, each of said plurality of longitudinal
coupling type surface acoustic wave filters including:
first, second and third sets of interdigitﬁl electrodes
disposed on a surface of said substrate;
said second and third sets of interdigital ele_ctrodes being
located on opposite sides of said first set of interdigital_
electrodes in a direction of propagation of surface waves
excited and received by said €first set of interdigital
electrodes; | |
first and second reflectors located on said substrate at
opposite ends of an area in which séid first, second and third
sets of interdigital electrodes are provided;
each of said first, second and third sets of interdigitﬁl
.electrodes including a pair of comb electrodes each having at
least one electrode finger; and

a center distance L, between centers of the electrode
finger of said first set of interdigital electrodes and the
electrode finger of said second set of interdigital electrodes
located adjacent to each other-and a center distance L, between
centers of the electrode finger of said first set of.
interdigiﬁél electrodes and the electrode finger of said third

set of interdigital electrodes located adjacent to each other

being set to different values.

\ . | | . .
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-39- wherein, a wavelength of surface waves determ ned by an el ectrode

el 1 I A e
[err]/2*+ n[érr* S (6) (for any value of n where n

is an integer) [err]/2 + nferr] [err] L[&dr] [err] (m+1)[err]
(for any value of mwhere mis an integer) or ineq ualltlest(sj? and %)
ilter device

(8)

[err]/2 + n[errP-[er® PBPEERPe] cRPPUEKIE) [¥RYE Tesonator

comprising:
a longitudinal coupling type surface acoustic wave
resonator filter including first, second and third sets of

interdigital electrodes disposed on a surface of said substrate,

' paid second and third sets of interdigital electrodes being

locéted on opposite sides of said first set of interdigital
electrodes in a direction of propagation of surface waves
excited and received by said first set of interdigital

electrodes, - first and second reflectors located on said

. substrate at opposite ends of an area in which said first,

second and third sets of interdigital electrodes are provided,
ea_,ch of said first, second and third sets of interdigital
eiectrodes including a pair of comb electrodes each having at
least one electrode finger and a center di_staﬁnce L, between
centers of the electrode finger of said first seﬁ of
interdigital electrodes and the electrode finger of said second
set of interdigital electrodes located adjacent to each other
and a center.distange L, between centers of the electrode fiﬁger
of said first set of interdigital electrodes and the electrode

finger of said third set of interdigital electrodes located

_adjacent to each other being set to different values; and

at least éne of a longitudinal coﬁpling type surface
acoustic wave resonator filter, a lateral coupling type surface
acoustic wave resonator filter é,nd a trap filter including a
surface acoustic wave resonator disposed on the substraté and

electrically connected to said longitudinal coupling type

REPLACEMENT SHEET
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(for any value of'n where n is an integér) 0 + n{efr] [err] L[err] [err]

[err]/2 + nmferr] (9) (for any value of mwhere m
is an integer), and the distances L[err] and L[err] satisfy an inequality
(10): L[err] [err] L[err] - [err]/2 + k[err] ’

(10) (for any value of k where k is an i;gteger). 4. An electronic conponent
conprising: a substrate; a plurality of Tfongitudinally coupled surface '
acoustic wave resonator filters |ocated on said substrate and connected .

LONGITUDINALLY COUPLED SURFACE ACOUSTIC WAVE RESONATOR FILTER

ABSTRACT OF THE DISCLOSURE

A longitudinal coupling type SAW resonator filter
achieves improved selectivity without increasing the
insertion loss and is constructed so as to be more easily
mass-prqduced. The longitudinal coupling type SAW rescnatpr
filter has a piezoelectric substrate and first, second and
third sets of interdigital electrodes each including a2 pair
of comb electrodes disposed on the piezoelesctric substrate.
A pair of reflectors aré locafed on the opposite sides in the
surface wave propagation direction of the area in which the
first to third sets of interdigital electrodes are disposed..
The distance be:tween the centers of adjacent electrode
fingers of the first and second sets of interdigital
electiode and the distance between the centers of adjacent
electrode fingers of the first and third sets of interdigital

electrode are sst to different values.




in series to each other, each of said plurality |ongitudinally coupled
surface"acoustic wave filters including: first, second and third
i'nterdigital transducers disposed on a surface of said substrate; said
second and third interdigital transducers being |ocated on opposite sides
of said first interdigital transducer -40- in a direction of propagation
of surface waves excited and 1 -
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recei ved by said first interdigital transducer; first and second reflectors
| ocated on said substrate at opposite ends of an area in which said first,
second and third interdigital transducers are provided; each of said first,
second and third interdigital transducers including a pair of conb

el ectrodes each havi rfggat:%l east one electrode finger; and & distance L[err]
bet ween centers of the at |east one el ectxode finger of said first
interdigital transduger and the at |east one el ectrode finger of said

second interdigital 3ra_p§gucer' | ocat ed adjacent to _each other and a
'r Ll [ i - .

di stance L[err] b en cempters
Llerr] bégwg ters _ 7
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of .the at |east one electrode finger of said first interdigital transducer
and the -at | east one electrode finger of said third interdigital transducer
I'ocat ed adj acent to each other being set to different val ues; wherein each
of said first and second reflectors has a plurality of electrode fingers
arranged substantially perpendicularly to the surface wave propagation
direction, a vvav?.teng h of surface waves3deternm ned by an el ectrode pitch
of the reflectors G- terr] and said distance L[err] 'satisfies an inequality
(1): O + n[err] [err] L[err] [err] [err]/2 + n[err] :
(1) (for any value of n where nis an irEegerD
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said distance L[err] satisfies an inequality (2): [err]/2 + nferr] [err]
Llerr] [err] (mtl)[err] ) (2) (for any value of m
where mis an integer) said distance L[err] and L[err] satisfy an
inequality (3): L[err] [err] -L[err] - [err]/2 + k[err]

(3) (for-any value of k where k is an integer). 5. A surface acoustic wave
resonat or filtgr'chegfi ce -41- 4
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conprising: a longitudinally coupled surface acoustic wave resonator filter
incl'uding first, second and third interdigital transducers disposed on a
surface of said substrate, said second and third interdigital transducers
being | ocated on opposite sides of said first interdigital transducer in a
direction of propagation of surface waves excited and received by said
first interdigital transducer, first andSsecond reflectors |ocated on said

substrate at opposite endj:UT'aﬁ'aTEa'Tﬁ'WﬁFCﬁ'§§HH’TTT§Fﬂ‘§éE6ﬁa and third
interdigital tifapnsddters®gre provided, each of said first, second]and third
interdigital trangddcers
: - 1o |1- 0 ‘ -
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L4

including a pair of conb el ectrodes each having at |east one el ectrode
finger and a distance L[err] -between centers of thé at |east one el ectrode
finger of said first interdigital transducer and the at |east one el ectrode
finger of said second interdigital transducer |ocated adjacent to each
other and a distance L[err] between centers of the at |east one el ectrode
finger of said figgsk ignterdigital transdfcer and the at | east one el ectrode
finger of said third interdigital transducer |ocated adjacent to each other
being set to different values; wherein each of said first and second
reflectors has a pluralityrof electrode fingers arrangeg subs}pntially

perpendi cularly to m . ™ <
— o~
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the surface wave propagation directidn a wavel ength of surface waves
determ ned by an el ectrode pItCh of the reflectors*is [err] and said
di st ance L[err] satisfies an inequality (1): O + n[err] [err] L[err] [err]

[err]/2 + n[err] = (1) (for any value of n where n
I's an integer) sai d’ di stance L[err] satisfies an inequality (2): [err]/2 +
merr] [err] L[er¥} rr] (mtl)[err] 7 (2) (for any
val ue of m where n1?s an |nteger) said distance L[err] ‘and L[err] satisfy

an inequality (3):
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-42-. L[err] [err] L[err] - [err]/2 + Kk[err] _

(;3) (for any value of k where k is an integer); and at |east one of a

| ongi tudi nal ly coupl ed surface acoustic-wave resonator filter, a
transversely coupl ed surface acoustic wave resonator filter and a trap
filter including a surface acoustic wave resonator disposed on the
substrate and el eptld qajly connected to 8ai'd 1 ongitudinally coupl ed surface
acoustic wave resondtor filter. .
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/W - SEARCH 'R;:-_EPORT  [Apptication No. 961_1936;7

TEXT OF THE ABSTRACT

LONGITUDINALLY COUPLED SURFACE ACQUSTIC WAVE RESONATOR FILTER . -

A longitudinal coupling type SAW resonator filter achieves improved .selectivity without -
- increasing the insertion loss and is constructed so as to be more easily mass-produced. The .
longitudinal coupling type SAW resonator filter has a piezoelectric substrate (11) and first

-pair of comb electrodes disposed on the piezoelectric substrate (11). A pair of reflectors *

- (15a,15b) are located on the opposite sides in the surface wave propagation direction of the,
area in which the first (14a,14b) to third (13a,13b) sets of interdigital electrodes are disposed. -
' The distance between the centers of adjacent electrode fingers of the first-(14a,14b) and. -
4 second (12a,12b) sets of interdigital electrode and the distance between the centers of adjacent -

' @ - ¢lectrode fingers of the first (14a,14b) and third (13a 13b) sets of mterdlgltal electrode are set .
to different values. _

Fig. 1
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1. A longitudinally coupled surface acoustlc wave
resonator filter comprising:

a substrate; ' |

first, second and third interdigital transducers
disposed on a surface of said substrate; :

said second and third interdigital transducers being
located on opposite sides of said first interdigital transducer
in a direction of propagation of surface waves excited and
received by said first interdigital transducer;

first and second reflectors located on said substrate at
opposite ends of an area in which said first, second and third
interdigital transducers are provided;

each of said first, second and third interdigital
transducers including a pair of comb electrodes each having at
least one electrode finger; and '

a distance L, between centers of ‘the at least one electrode
finger of said first interdigital transducer and the at least
one electrode finger of said second interdigital transducer
located adjacent to each other and a distance L, between centers
of the at least one electrode finger of said first interdigital
transducer and the at least one electrode finger of said third
interdigital transducer located adjacent to each other being
set to different values; wherein

each of said first and second reflectors has a plurality
of electrode fingers arranged substantially perpendicularly to
the surface wave propagation direction, a wavelength of surface
waves determined by an electrode pitch of the reflectors is A
and said distance L, satisfies an inequality (1):

0+ nhsL, = A/2 + nA ' (1)
(for any value of n where n is an integer)

said distance L, satisfies an inequality (2):

A2 +mA s L, s (m+l)A _ DR (2)
_— .
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(for any value of m where m is an integer)

said distance L, and L, satisfy an inequality (3):
L= L, - A/2 + kA ' _ ' (3)
(for any value of k where k is an integer).

2. A 1longitudinally coupled surface acoustic wave
resonator filter according to claim 1, wherein said substrate
comprises one of a piezoelectric substrate and a substrate
including a piezoelectric thin film disposed thereon.

3. A multiple-IDT longitudinally coupled surface
acoustic wave resonator filter comprising:

a substrate; : _

first to Xth '(x= an integer egual to or larger than 4)
interdigital transducers disposed on a surface of said
substrate; . o

said second to Xth interdigital transducers being
arranged to extend along a direction of propagation of surface
waves excited and received by said first interdigital
transducer;

first and second reflectors located on said substrate at
opposite sides of an area inwhich said first to Xth interdigital
transducers are provided; and

each of said interdigital transducers including a pair
of comb electrodes each having at least one electrode finger;
-wherein |

distances between adjacent-end electrode fingers of
adjacent pairs of said interdigital transducers arelL;, L;, . . .
L,, and the distances satisfy equations (4) and (5):

L, =L, =L, =Lg . . . (5)
\‘\
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wherein, a wavelength of surface waves determined by an
electrode finger pitch of said reflectors is A and said distances
L, and L, satisfy inequalities (6) and (7):

0 +nkhsL; <A/2 +nA - (6)
‘(for any value of n where n is an integer)

A/2 + M\ s L, s (m+l)A . _ (7)
(for any value of m where m is an integer).

or inequalities (8) and (9):

A2 + n\ s Lg = (n+l)A (8)
(for any value of n where n is an integer)

0 +mA s L, s A/2 + mA (9)
(for any value of m where m is an integer),

and
the distances L, and L, satisfy an inequality (10):

Ly = L, = A/2 + kA (10)
(for any value of k where k is an integer)

4. An electronic component comprising:

a substrate;

a plurality of longitudinally coupled surface acoustic
wave resonator filters located on said substrate and connected
in series to each other, each of said plurality longitudinally
coupled surface acoustic wave filters including:

first, second and third interdigital transducers
disposed on a surface of said substrate;

said second and third interdigital transducers be:.ng
located on opposite sides of said first interdigital transducer

_—
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in a direction of propagation of surface waves excited and
received by said first interdigital transducer; '

-first and second reflectors located on said substrate at
opposite ends of an area in which said first, second and third
interdigital transducers are provided; |

each of said first, second and third interdigital
transducers including a pair of comb electrodes each having at
least one electrode finger; and

a distance I, between centers of the at least one electrode
finger of said first interdigital transducer and the at least
one electrode finger of said second interdigital transducer
located adjacent to each other and a distance L, between centers
of the at least one electrode finger of said first interdigital
transducer and the at least one electrode finger of said third .
interdigital transducer located adjacent to each other being
set to different values; wherein

each of said first and second reflectors has a plurality
of electrode fingers arranged substantially perpendicularly to
the surface wave propagation direction, a wavelength of surface
waves determined by an electrode pitch of the reflectors is A
and said distance L, satisfies an inequality (1):

0O+ nhsL, < A/2 + nA (1)
(for any value of n where n is an integer)

said distance I, satisfies an inequalitjr (2):

A2 + mA £ L, s (m+l)A (2)
(for any value of m where m _i.s an integer) '

said distance L, and L, satisfy an inequality (3):

L, =L, = A2 + kA (3)
(for any value of k where k is an integer).

5. A surface acoustic wave resonator filter device

(TR
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comprising:

a longitudinally coupled surface acoustic wave resonator
filter including first, second and third interdigital
transducers disposed on a surface of said substrate, said second
and third interdigital transducers being located on opposite
sides of said first interdigital transducer in a direction of
propagation of surface waves excited and received by said first
interdigital transducer, first and second reflectors located
on said substrate at opposite ends of an area inwhichsaid first,
second and third interdigital transducers are provided, each
of said first, second and third interdigital transducers
including a pair of comb electrodes each having at least one
electrode finger and a distance L, between centers of the at
least one electrode finger of said first interdigital
transducer and the at least one electrode finger of said second
interdigital transducer located adjacent to each other and a
distance L, between centers of the at least one electrode finger
of said first interdigital transducer and the at least one
electrode finger of said third interdigital transducer located °
adjacent to each other being set to differerit values; wherein
each of said first and second reflectors has a plurality of
electrode fingers arranged substantially perpendicularly to
the surface wave propagation direction, a wavelength of surface
waves determined by an electrode pitch of the reflectors is A
and said distance L, satisfies an inequality (1):

0 +nh s, sA2+nh | (1)
(for any value of n where n is an integer) '

said distance L, satisfies an inequality (2):

A/2 + mA s L, < (m+l)A _ (2)
(for any value of m where m is an integer)

said distance L, and L, satisfy an inequality (3):

_—
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L, =L, = M2 + kA | | ' (3)
(for any value of k where k is an integer);

and

at least one of a longitudinally coupled surface acoustic
wave resonator filter, a transversely coupled surface acoustic
wave resonator filter and a trap filter including a surface
acoustic wave resonator disposed on the substrate and
electrically connected to said longitudinally coupled surface
acoustic wave resonator filter.

-
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ABSTRACT

LONGITUDINALLY COUPLED SURFACE ACOUSTIC WAVE RESONATOR FILTER

A longitudinal coupling type SAW resonator filter achieves improved selectivity without
increasing the insertion loss and is constructed so as to be more easily mass-produced. The
longitudinal coupling type SAW resonator filter has a piezoelectric substrate (11) and first
(14a,14b), second (12a,12b) and third (13a,13b) sets of interdigital electrodes each including a
pair of comb electrodes disposed on the piezoelectric substrate (11). A pair of reflectors
(15a,15b) are located on the opposite sides in the surface wave propagation direction of the
area in which the first (14a,14b) to third (13a,13b) sets of interdigital electrodes are disposed.
The distance between the centers of adjacent electrode fingers of the first (14a,14b) and
second (12a,12b) sets of interdigital electrode and the distance between the centers of adjacent
electrode fingers of the first (14a,14b) and third (13a,13b) sets of interdigital electrode are set
to different values.

“Fig. 1



