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LONGITUDINAL‘COUPLED SURFACE ACOUSTIC WAVE RESONATOR FILTER

BACKGROUND OF THE INVENTION

. EiSLQAQi_EﬁQ_lBEQBLiQD

The present invention relates to longitudinzl coupling
type surface acoustic wave resonator filters and, more
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
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.

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 *

MHz apart from 2 center frequency, although the desired
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

REPLACED SHEETS SG
4 Descriplion : paged ..L... to paged ..3 ......
i Claim(s)  :paged..37.topaged.M....
IO‘ Drawing(s) : paged .. Ja.. 10 paged "11

Sheet Has Been Rep laced .

T

-

M Abstract : paged ... 4. to paged ...T....
DATE OF BECEIPT it




. PAGE - % (PRINTED PABE _ %) 1]
C e 2128 1570 199 T SERP o K T 0 V) aazmamesa P

filters, characteristics of selectivity between adjacént
channels are important,
On the other hand, it is known that, among SAW filters,
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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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
by enlarging the scale of the insertion icss, tzat 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
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
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
électrode fingers or reducing the line width in &
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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However, if the film thickness of the elecﬁrode fingers
is increased, the attenuation of surface waves propagating in
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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. filters of 800 Milz or higher bands. It also experiences the

problem of a reduction in yield mainly because it is

difficult to control the width of electrode fingers of each

ID electrode in the mixed arrangement of the solid electrodes

and the split electrodes.

Y Or T N

The preferred embodiments of the present invention
overccme the prcblems describéd above by providing a '
longitudi 12l coupling type SAW resonator filter waich
achieves high selectivity without increasing the insertion
loss and which is capable of being mass-produced much more
easily than conventional devices. |

According to one preferred embodiment of tha present
invention, there is provided a longitudlnal coupiing type SA¥
resdnator filte:lcomprising a substrate made of =2
piezoelectric material or a substrate having a piszoelectric
thin film formed thereon, and first, second and third sets of
ID electrodes disposed on the piezoelectric substrate or in
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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received by the first set of ID electrodes. The filter alsc
conprises first and second refiectors located at the opposite
sides in the surface wave propagation direction cf the area
in whiéh the first to third sets of ID electrodes are

5 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 L. betwean
centers of the electrode finger of the first set 6: ID
electrodes and the electrode flnger of the second set 6f ID

10 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.

15 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

20  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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achieved by using two resonant modes determined by the center
distances Iy and L.. The reason for this effect will become
abparent from the following detailed destription.of-preferfed
embodiments of the present inventiorn,

According to the preferréd embodiments 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
above-mentioned substrate having & piezoelectric thin £ilm

formed thereon, a substrate may be provided by forming a

piezoelectric thin film of Zn0, Ta.0s or tne like on a

surface of an insulating member made of arn insulating ceramic

such as 2lumina or any other insulating material or on the

upper svrface of the above-described piezoslectric substrate.

The first to third sets of ID electrcdes may be formed
on the piezoelecitric substrate or in contzci with the
plezoelectric thin film. The method of forming the ID
electrodes in contact with the piezoelectric thin film
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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The first to third sets of ID electrodes may be formed
of a suitable electrogonductive.materiai, 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
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
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
sets of ID eléctrodes, €.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
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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will be'apparent from the following description of the
preferred exbodiments ¢of the present invention.
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 1, are set to.such values that the center

10 distance L; satisfies an inequality (1): ' |
04+ nh <L £1/20 + n)A vo. (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 satis fy an
inequality (3): |
L, # Lz - /20 + A - ee- (3)
(k: an integer)
20 Thus, as will be apparent from the following description
of the preferzed embodinments, a longitudinal coupling type
SAW resona*dr filter reliably achieving a desired band width
and having improved selectivity is provided.
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According to another preferred embodiment of the present
invention, there is provided a multiple-electrode-set
longitudinal coupling type surface acoustic wave resonator

filter comprising a piezoelectric substratz made of a

- piezoelectric material or a substrate having 2 piezoelactric

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

interdiqital electrodes are arranged to extend aiong 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 ¢f intardigital
electrodes preferably includes a pair of coxb electrodes eéch
having at least one electrode finger. If the center
distances between adjacent-end electrode fingers of adjacent
pairs of the intérdigital electrodes are L., L1z, ... Ly, the
center distances satisfy equations {4) anc (5):

Ly = L. = Ly = Lye-e vee (4)

Ln = Ly = Ly = Lg... cer (8)
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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 + nk € Lg € 1/2A + DA e (6)
s {n: integer)
1/72% + mA S In £ (m + 1)A eee £7)
(m: iﬁteger)
or inequalities (8) and (9):
1/2, + nA S Ls € (n + L)A v. (8)
10 {n: integer)
0 +mA £L; €£1/20 + mA ' .o (9)
(m: integex), and
the center distances Ls and L, satisfy an inaqualify (10} :
Lg% Ly - 1/2% + XA .. (10)
15 (k: integer}.

Thus, a lozgitudinai coupling type SA¥ #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
tmynmmummww
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present irnvention. The plurality of longitudinal coupling

type SAW resonator filters are disposed on the substrate and

‘connected in series to each other. That is, on one substrate,

10

is

20

a plurality of longitudinal coupling type 3AW resonator
filters of the preferrxed embodiments of the present invention
may be formed and may be connected in series. In this manner,
a filter having further improved selectivizy can be provided.

According to a further preferred embodiment of the
present invention, there is prov;ded a SAW resonatoxr filter
device co:brzsing a longitudinal coupling -ype SA¥ resonator
filter in zccordance 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
using a S5&W resonator formed on the substrate 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
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
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12

Th.s Sheet Has Been Replaced

- 0w

[



PAGE 15 (PRINTED PRBETDIS) ]l . 24 54 P.15

U RECEIVED 12/25 12:33 0 AT S KKt Tm FPEI Y

W

10

20

trap filter ané the like. Preferably, in such a case, other
devices are constructed on the piezoelectric substrate
constituting the SAW resonator filter device. In this manner,
a smaller integrated SAW resonator filter device can be
provided.

Trhese and other elements, reétures, and advantages of
the preferred embodiments 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.

= BT IAN N .

Fig. 1 is = plan.view of the structure of a SAW .
resonator filter according to a first preferred embodiment of
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
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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Fig. 4 is 2 diagram for explaining the principle of

operation of a SAW resonator filter having the electrode

- structure shown in Fig. 1 and arranged in accordance with the

first preierred embodiment of the present invention;

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
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; |

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

~where ID electrcdes are formed, showing cases where the

¢center distance is apparently changed when an electrocgs
finger is added;
. Figs. %A and 9B are'schematic plan views of a portion
where ID electrodes 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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adjacent-end electrode fingers of an adjacent peir of ID
_ 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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ESCRIPTION ' IMEN

The present invention will be describad 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 present invention
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 seys 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
l;mrmsm&mwnrmm_)m
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pair of comb electrodes 13a 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

same side as the comb electrode 1l4a of the first ID electrods

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;

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
direction substantially perpendicular to the suriace wave
proﬁagaticn direction.

The above-described comb electrodes 122, 12b, 132, 13b,

'14a, and 14b and the reflactors 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 preferred embodimént

resides in that the value of the distance I, between the
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centers of the slectrode fingers at the adjacent ends of the
first and secord ID electrode sets is within the range
defined by the zbove-mentioned inequality (1), that the value
of the distances L, 5etween the centers of the electrode
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 L. and L, are
‘set so as to sziisfy the above-mentioned ;nequal;ty (3). The
symbol A in ths ‘inequality (3) represents the wavelength
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.
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
type SaAW 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

18

" This Sheet Has Been Replaced

T




PAGE_ 21 (PRINTED PAGE 210 1 ss3seEsa  P.2L

[ RECEIVED /BB 113959“1 TR KL YT s

as that of the SAW resonator filter shown in Fig. 1
illustrating a preferred embodiment of the present invention

except for the above-described relatlonshio between the

. center distances L. and L;. Thersfore, the principle of the
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operation of conventional longitudinal couwpdling 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 fingers at the adjacent ends of the
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
electrodes 13a and 13b) are equal to each other. That is,

Iy = L, = L.

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
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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and second ID electrode sats or multiple reflection between
ﬁhe first and third electrode sefs, and a peak indicated by
the arrow £ is considered to be corresponding to an internal
rasonant recde of the ID electrodes. |

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
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

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

pass band. That is, the attenuation in a frequency range

higher than the center frequency by 2bout + 20 to 30 MHz is

‘at most 25 dB.

The rescnance frequencies ¢of the above-menticoned
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resonant modes D and E are determined by the value of the
center distance L (= In = L»). Fig. 3 shows the relative
positions of the resonant modes D and E with the centex
distance L usecd as a parameter. The characteristies shown in
Fig., 3 are of a SAw filtex arranged by setting the nunder 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)
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
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
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
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resonant mocde £ 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
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
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 numbzsr of electrode
fingers of the third ID.electrode set to 31, and the number
of electrode fingers of each of the reflectors lsaland 15 to
150. |

Characteristics F and G shown in Fig. ¢4 are shown for
copparison witﬁ the preferred embodiment of the present
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
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different values: L = 0.25A, and L2 = 0.621.

Two resonant modes occurred with respect to each of the
characteristics F and G shown in Fig. 4. The peak at a
higher frequency corresponds to the above-described resonant
mode D while the peak at a lower frequency corresponds 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} s0 that the peak is rugged.

In contrast, in the characterlstxc H shown in Fig. 4, |
substantially no resonant 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) deternined by
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 I,.

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

i

is Sheet Has Been Reﬂlaced

R



" PACE 26 (PRINTED PAGE_26) ]
[ BECEIVED 12/25 12:37 1396 BT RN KKLI9e(9Bm F749° 19 O 242655330634  P.26

matching circuit.

- The band width of SAW resonator filters havind
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
tnese dis_a“-es, as described below with reference to Fig. 3.
For example, center distance 1y = 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
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shown in Fig. 3, it is theoretically possible to realize 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 centex distances I and L; 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 sﬁch values &s to satisfy inegualities

(1) to (3).
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The relationship between center distances L. and Ls
determines a2 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 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, however, the

15 phase relationship of surface waves is not changad, so that
there is no charge in the resulting filter charasteristic.

Fig. SA shows an arrangement of removing one of the
electrode fingers of the comb electrode 12a 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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The cases wnhere the center distance L: is apparently
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 iéz 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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that of the cond electrodes.

As 1s epperent from Figs. BA, 6B, 9A, 9B and Fig. 10, it

is necessary t¢ determine center distances L; and L; of the

preferred embodiments of the present invention so as to

maintain the same 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
experimental examples thereof.

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

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
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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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
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.

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
and 33 was constructed by setting the film thickness of the
electrode members made of Al and forming the comd electr rodes
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,
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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substrate 34.
In the two-stage longitudinal coupling type SAW

raesonator filter device 31, as can be read from Fig. 5, a

-4 dB band width of about 13 MHz, i.e., 1.5 % in terms of

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.

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,

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

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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- attenuation of 45 dB or ﬁore was achieved at the point of 866

MHz + 20 MHz. |

2s is apparent from the characteristics shown in Figs. $
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 the 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
frequencies. It is therefore possible to achieve adaptation
for aperatien 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-
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
preferred fourth embodiment of the present invention. As the
first to third preferred eﬂbodimeﬁts of the present invention,
exanples of the aopllcat1on of the present invention to a

longitudinal coupling type SAW resonator filter having three
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' sets of ID electrodes have 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

'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
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
embodiments can be used. _

In the lengitudinal 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
inegqualities (8) to (lo)ﬂshowﬁ below, thereby achieving the

same advantages as those of the longitudi 2l coupling type

 SAW resonato: filters of the first to third preferred

embodiments.
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That is, ID electrode sets 53 to 58 are formed so that
the distance between the centers of the adjacént-end
electrode fingers of each adjacent pair of the ID electrode
sets 1s selected so as to satisfy the followinq équations:

5 ' Ls = L; = Ly = Lg oo (4}
In =Ly = L; = Lg . e {8)
Also, if the kavelength‘of surface waves deterﬁined by the

electrode finger pitch of reflectors 59 and 60 is A, the

center distances Lg and I, aré selected so as to satisfy the

10 following inequalities:
0 + nk € L € 1/24 + nd ... (6)

(n: integer)
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1720 + A S In € (m 4+ 1)A vas (1)
' {m: integer)

or the following inequalities:

1/2M + nk $ Ls S (n + 1)A .. 18}
S {n: integer) _
0+ mh € Ly$1/2% + mA .. (9)

(m: integer)
Further; the center distances Ls and Lx are selected so as to
saFisfy the foliowinq inequality:
10 Le # Ly ~ 1/2A + kA ... (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

15 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. | |

20 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
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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
S improving the attenuatrion in the stop bana so that it is
higher than 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
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SAW resonator filter of the preferred embodiments df the
present invention may be connected to a different SAW element
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 particuilzrly shown and |
descr;bed 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

1

invention.
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1. A longitudinal coupliﬁg 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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the surface wave propagation direction, a wavelength of surface
waves determined by an electrode pitch of the reflectoré is 1
‘and said center distancg L, satisfiés an inequality (1):
0 +nA =1L, = 1/2A + nA _....(1)
(n: an integer),
said center distance L, satisfies an inequélity (2):
1/2F + mA =L, s (m+1)A .... (2)
(m: an integer), and
said center distance L, and said center distance L, satisfy an
inequality (3): |
| L, # L, ~ 1/2X1 + kA - eeo (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 _
' ‘\‘——R
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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 intei‘digital electrodes including a.'

pair of comb electrodes each

finger; wherein

having at least one electrode

center distances between adjacent-end electrode fingers of

adjacent pairs of said interdigital electrodes are L,y Ly, e

Ly, and
Lg = L, = Ly = L
L, =L, =L, = L,

.wherein, a wavelength of

electrode finger pitch of said

the center distances satisfy equations (4) and (5):

(4)
(5)

surface waves determined by an

reflectors is A and said center

distances Lg and L, satisfy inequalities (6) and (7):

0 +nAx s L; = 1/2X + nA
(n: integer),
1/2X +mA s I, s (m+1.)7l\
| (m: integer) |

or inequalities (8) and (9):

{(n+l)A

=

1/2A + nA

<

s L,

(n: integer)

0 +mA =1L, = 1/2A + mA

(m:

the center distances L; and L,
Lg # L, - 1/2A + kA |

(k: ihteger) .

«eo (6)

(7)

(8)

(9)

integer), and

satisfy an inequality (10):

eee (3)
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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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5. A surface acoustic wave resonator filter device
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,
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. \
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