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LONGITUDIN~COUPLED SURFACE ACOUSTIC WAVE RESONATOR FILTER 

5 BACKGROUND OF THE INVENTION 

1. Field of the Inv1ntion 

The present invention relates to longitudinal coupling 

type surface acoustic wave resonator filters and, more 

io particularly, to a lonqitudinal couplinq type su=face 

acoustic wave resonator filter in which the electrode 

structure is improved so that the selectivity is increased. 

2. Description of the Related Art 

Recently, surface acoustic wave (SAW) filters have been 

1s used as ba:id-pass filters for various communication devices. -

Such band-pass filters require a suitable pass band width and 

high selectivity. In addition, SAW filt•rs used in radio­

frequene:1 (Rf) sta9es require that a pass band be within a 

desired ra~qe a~d that high selectivity be achieved. 

20 In particular, in the ease of SAW filters used for RF 

stages in cordless telephone sets in accordance with the 

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

sufficiently larqe attenuation at points ± 20 MHz and ± 40 

MHz .. apart from a center frequency, al though the desired 

25 attenuatio~ varies depending upon intermediate frequency (I:; 

tilter$ used in the telephone sets. Thus, filters having 

higher selectivity are required; Also with.respect to IF 
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filters, characteristics ot selectivity between adjacent 

channels are i~portant. 

On the other hand, it is known that, among SAW filters, 

those using SAW resonators are particularly effective in 

5 reducing the insartion loss, in increasing the out-of-band 

attenuation and in reducing the size. Fo~ example, a filter 

has been proposed which includes lonqitudinal couplinq type 

SAW resonator filters connected in a multi-staqe arrangement. 

Each SAW resonator filter is formed by arranging three.sets 

10 of interdiqital (ID) electrodes at equal !~tervals in a 

surface wave p_ropagation direction on a piezoele::tric 

monocrystalline substrate formed of a 36° Y-cut X-propaqation 

LiTaO, monocrystal or the like and by prov!ding reflector 

electrodes at the opposite sides of the ID electrode 

15 arranqe~ent region which extend in the surface wave 

propagation direction. The filter thus a~=anged can o~erate 

with a smaller insertion loss and can be ~~aller in size. 

In the above-described conventional longitudinal 

coupling type SAW resonator filter, howeve=, the attenuation 

20 in a stop band which is higher than the pass band cannot be 

sufficiently increased. 

Fiq. 7 shows an example of an inserti:n loss-frequency 

characteristic of a filter includinq the a~ove-cescribed 

2 
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conventional·lo~qitudinal coupling type SAW resonator filters 

connected in a two-stage· arrangement. In ~ig. i, an 

essential port!cn of the characteristic represented by the 

solid line A is =eplotted as represented by the solid lines· 

s by enlar;inq the scale of the insertion loss, t~~t is, using 

the scale on th~ right-hand side of the ordinate. 

The characteristic curve shown in Fig. i, representing 

the characteristic of the structure formed of the 

conventional 10~9itudinal coupling type SAW res:onntor filtei:ts 

10 in a multi-staq~ connection having a pass band set at 864 ~o 

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), which shows that the attenuation in the 

range of a:bout ea6 to 906 MHz is not sufficiently large. 

The above-~entioned response of the ID electrodes is 

caused by interr.al reflection in the !D electrodes. 

Therefore, the level of the response depends up~~ the film 

thi,ckness and line width of each of the ID electrodes. For 

this reason, the method of increasinq the film t~ickness of 

20 electrode finqers or reducing the line width in a 

manufacturing p:ccess to set the desi~ed attenuation in the 

above-mentioned :anqe has been used as a method for reducing 

the level of undesirable response of the IC electrodes. 
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However, if the film thickness of the electrode fingers 

is increased, the attenuation of surf ace waves propagating in 

the ID electrodes is increased, resulting in an increase.in 

insertion loss. If the line width of the electrode finqers 

s is increased, the electrical resistance through each 

electrode finger is increased, also resultinq in an increase 

in insertion loss. 

As conventional design methods for increasing the 

selectivity of SAW filters, a new phase weighting method. 

10 (Shingaku Giho US81-22) and a method of forming a split 

structure in some of the ID electrodes to limit internal 

reflection in t~e ID electrodes are known. 

Of these"methods, however, the former method requires e. 

troublesome ope~ation for designing weighted ID electrodes 

15 and also requires that an increased number of electrode 

fingers be thin.~ed out. Therefore, this method inharently 

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 havinq 

20 electrode fingers,_ the width of which is half the width of 

the ordinary electrode fingers, i.e., solid electrodes. 

Therefore, this method requires advanced processing 

techniques such as dry etching techniques if it is use~ for 

• • 
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filters of 800 Mi!z or higher bands. It also experiences the 

problem of a reduction in yield main~y because it is 

difficult to control the width of electrode finqe~s of each 

ID electrode in the mixed arrangement of the solid electrodes 

s and the split electrodes. 

SM.ARY O! THE IN'!IEJiTION 

The p~eferred embodiments of the present invention 

overcome the problems described above by providing a 
• 

io lonqitudinal couplinq type SAW resonator filter which 

achieves high selectivity without increasinq the insertion 

loss and v:!" .. ich is capable of beinq mass-produced much more 

easily tha~ conventional devices. 

According to one preferred embodiment of the present 

15 invention, there is provided a longitudinal coupling type 5}.:W 

resonator filte: comprising a substrate made of a 

piezoelect~ic material or a substrate having a piezoelectric 

thin f ilzl. formed thereon, and first, second and third sets of 

ID electrodes disposed on the piezoelectric substrate or in 

20 contact with the piezoelectric thin film. 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 p~opagation of surface waves excited and 

s 
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received by the first set of ID electrodes. The filter alsc 

comprises first and second reflectors located at the opposite 

sides in the surface wave propaqation direction of the area 

in which the first to third sets ot ID electrodes are 

s provided. Each of the first to third sets of ID electrodes 

preferably includes a pair of comb electrodes each havinq at 

least one electrode f inqer. A center dista:ice L:. between 

centers of the electrode finger of the first set of ID 

electrodes and the electrode finger of the second set of ID 

10 electrodes located adjacent to each other and a center 

distance L2 between centers of the electrode !inqa~ 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 set to different values. 

15 In the lonqitudinal coupling type SAW resonator filter 

of the prefe=red 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 

havinq a piezoelectric film formed thereon and the ti=st and 

20 second reflectors provided on the opposite side of the area 

in ~hich the first to third ID electrode sets are provided, 

the center distances L1 and L2 are preferably set tc· 

different values. A hi9h-selectivity ehara~teristic ca~ be 

6 
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achieved by using two resonant modes dete~ined by the center 

dist:ances L:1. and L2. The reason for this effect will become 

apparent from the following detailed description of preferred 

embodiments of the present inventior.. 

Accordinq to the pref erred erallodiments of the present 

invention, a piezoelectric monocrystal of LiTao!, LiN"oO~, 

quart2 or the like or a lead titanate-zirconate piezoelectric 

ceramic may be used as the material for forming the aoove­

mentioned piezoelectric substrate. On the other hand, as the 

io above-mentioned substrate having a pie2oelectric thin film 

formed thereon, a suhstrate may be provided by torminq a 

"pie2oelectric thin film ot zno, Ta20s or the like on a 

sur!ace of an insulatinq member made of an. insulatinq ceramic 

such as almnina or any other insulating ~aterial or on the 

15 upper surface of the above-described piezoelectric substrate. 

The first to third sets of !D electrodes may be formed 

on the piezoelectric substrate or in contact with the 

piezoelectric. thin film. The method of forning the ID 

electrodes in contact with the piezoelectric thin filrn 

20 preferably comprises a method of forming the first to third 

sets of ID electrodes on the piezoelectric thin film or a 

method of forminq the first to third sets of ID electrodes 

between the substrate and the piezoelectric thin film. 

1 
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The first to third sets of ID electrodes may be formed 

of a suitable eleetroconductive material, e.q., Al or an Al 

alloy. ~ach of the first to third sets of ID electrodes 

include~ a pair of comb electrodes each having at least one 

s electrode finqer. The electrode finqers of the comb 

electrodes are arranqed in an interlockinq manner. 

The first and second reflectors are provided to confine 

surf ace acoustic waves in the region between the first and 

second reflectors. Ordinarily, each ~f the first and second 

io reflectors has a plurality of electrode fingers arra..~qec 

substantially perpendicularly to the surface wave propagation 

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 

is sets of ID electrodes, e.g., Al or an Al alloy. 

The lcr.gitudinal coupling type SAW resonator filter of 

the pref erred embodiments of the present invention is 

characterized by setting the center distances L~ and L2 to 

different values in the three-electrode-set type SAW 

20 res~nator filter havinq first to third sets of ID electrodes 

and first and second reflectors arranged as described above. 

The selectivity of the filter is improved by utilizinq two 

resonant modes determined by the two center distances, as 

8 
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will be apparent from the following description of the 

preferred e::nbodiments of the present invention. 

Preferably, accordinq to the preferred embodiments of 

the present invention, if each of the first and second 

5 reflectors has a plurality of electrode finqers arranged 

substantially perpendicularly to the surface wave propagation 

direction, and if the wavelength of surface waves dete~ined 

by the electrode pitch of the reflectors is l, the center 

~istances L: and L2 are set to such values that the center 

10 distance L: satisfies an inequality (1) : 

15 

20 

o .._ nA. s L: ~ 1/2).. + n>.. • • • ( 1) 

(n: an integer), 

the center distF.::ice L2 satisfies an inequality (2): 

1/2~ + m~ s L2 ~ Cm ~ l)A • • • {2} 

(m: an integer), and 

the center dista~ce L1 and the center distance L2 satisfy an 

inequality (3): 

Ll - L2 - 1/2).. + kl • • • {3) 

(k: an inteqer). 

Thus, as will be apparent from the followinq description 

of the preferred embodiments, a longitudinal couplinq type 

SAW resonator filter reliably achieving a desired band width 

and havinq improved selectivity is provided. 

9 
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Accordinq to another preferred embodiment of the pre~ent 

invention, there is provided a multiple-electrode-set 

lonqitudin-1 coupling type surface acoustic wave resonator 

filter comprising a piezoelectric substrate made of a 

5 piezoelectric material or a substrate having a piezoelectric 

thin film disposed thereon, and first to Xth (X: an inteqer 

equal to or larqer than 4) sets of interdiqital electrodes 

disposed on the piezoelectric substrate or in contact with 

the piezoelectric thin film. The second to Xth sets. of 

io interdiqital electrodes are arranged to extend alonq a 

direction of propagation of surface waves excited and 

received by the first set of interdigital electrodes. The 

filter also comprises first and second reflectors located on 

the opposite sides in the surface wave propagation direction 

1s of the area in which the first to Xth sets of interdiqital 

20 

electrodes are provided. Each of the sets of interdiqital 

electrodes preferably includes a pair of co::b electrodes each 

having at least one electrode finger. If the center 

distances between adjacent-end electrode finqers of adjacent 

pairs of the interdigital electrodes are L:., L2, 

center distances s~tisfy equations (4) and (5): 

Ls • L:. • L:s • Ls • • • ... 
... 

10 

(4} 

(5) 

Lx-:1 the 
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5 

10 

15 

If the wavelenqth of surf ace waves determined by the 

electrode finqer pitch of the reflectors is X, the center 

distances Ls and LA satisfy inequalities {6) and (7): 

0 + nl S Ls :S: 1/2A. + n). 

(n: integer) 

1/2~ + m1 s LA ~ {m + l)l 

(m: integer) 

or inequalities {8) and (9): 

1/2~ + n).. ~ Ls ~ (n + 1)).. 

(n: inteqer) 

• • • ( 6} 

• • • (7) 

• • • ( 8} 

0 + mA. ~ Lr. ~ l/2i.. + mA. ••• (9) 

(m: intege~), and 

the center distances Ls and L~ satisfy an inequality (10}: 

Ls ~ L;:. - 1/2).. + kA. • • • ( 10) 

(k: inteqer}. 

Thus, a lo:..qitudinal coupling t,ype SAW resonator fil te.r 

capable of reliably achieving the desired ba~d width and 

havinq improved selectivity is provided. 

Accordinq to still another pref erred e:nbodiment of the 

20 present invention, there is provided a longitudinal couplinq 

type SAW resonator filter device comprisinq a substrate, and 

.a plurality of lon9itudinal coupling type SAW resonator 

filters in accordance with the preferred embodiments of the 

11 
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present invention. The plurality of longitudinal couplinq 

type SAW resonator filters are disposed on the substrate and 

connected in series to each other. That is, on one suhst~ate, 

a plurality of longitudinal couplinq type SA\i resonator 

s filters of the preferred embodiments of the pr~sent invention 

may be forhled-and may.be connected in series. In this manner, 

a filter havinq further improved selectivi~y can be provided. 

Accordinq-to a ·further preferred embodiment of the 

present invention, there is provided a SAW resonator filt~r 

io device co~prisinq a longitudinal coupling type SAW resonator 

filter in accordance with a first preterre~ embodiment of the 

present inva~tion described above, and at least one of 

another lo~gitudinal coupling type SAW re~onator filte~, a 

lateral coupling type SAW resonator filter and a trap filte~ 

15 usinq a S~Ji resonator formed on the substrate of the 

longitudi~al couplinq type SAW resonator filter of the first 

preferred e~~odiment of the present invention and 

electrically connected to the longitudinal coupling type SAW 

resonator :filter of the first preferredel!'ibodiment of the 

20 present invention. 

As described above, the SAW resonator filter device of 

the preferred embodiments of the present invention may be 

electrically connected to any other SAW resonator filter, a 

12 
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trap filter and the like. Preferably, in such a case, other 

devices are constructed on the piezoelectric substrate 

constitutinq the SAW resonator filter de~ice. In this manner, 

a smaller inte~~ated SAW r~sonator filter device can be 

s provided. 

Ttese and other elements, features, and advantages of 

the preferred e=~odiments ot the present invention will be 

apparent from the following detailed description of the 

prefer~ed embodiments of the present invention, as 

10 illustrated in the accompanyinq drawings. 

BRIEF D?SCRIPTION OF TffE DBAWINGQ 

Fi9. l is a plan.view of the structure of a SAW 

resonator filte= according to a first preferred e~~odiment of 

15 the present invention; 

Fiq. 2 is a diagram showing a frequency characteristic 

of a conventio:r:.al SAW resonator filter having the structure 

shown in Fig. 1 but havinq equal center distances Li and Lz 

and having the number of electrode finqers of the reflector~ 

20 set to zero; 

Fig. 3 is a diagram showing a center distance L • L1 = 

L2 and relative ~esonance frequencies in the SAW resonator 

filter having the structure shown in Fig. l; 

13 
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5 

Fiq. 4 is a diaqram for e:icplaininq the principle of 

operation of a SAW resonator tilter havinq the electrode 

structure shown in Fiq. 1 and arranged in accordance with the 

first pre.~erred embodiment of the present invention; 

Fiq. 5 is a diaqram showinq an insertion loss-frequency 

characte~istic of a SAW resonator filter device shown in Fiq. 

llA as a second preferred embodiment of the present 

invention; 

Fiq. 6 is a diagram showing an insertion loss-frequency 

10 characteristic of the SAW resonator filter device shown in 

15 

Fiq. llA when a thinning-out and weighting method is used; 

Fig. 7 is a diagram showinq an example of an insertion 

loss-freqi~ency characteristic of a conventional SAW resonator 

filter; 

Figs. SA and SB are sehematic plan views of a portion. 

where ID eleetrcdes are formed, showing cases where the 

center distance is apparently chanqed when a~ electrode 

finger is added; 

Fi9s. 9A and 9B are schematic plan views of a portion 

20 where ID electrodes are 'formed, showing cases where the 

center distance is apparently changed when one of the 

electrode f inqers is removed; 

Fiq. 10 is a schema.tic plan view of a case where the 

14 



242655330694 P.17 

adjacent-end electrode finqers of an adjacent pair of ID 

electrode sets are connected by the electrode material; 

Figs. llA are llB are plan views of SAW resonator filter 

devices according to second and third preferred e:nbodiments 

s of the present invention; and 

Fiq. 12 is a plan view of a SAW resonator filter device 

accordinq to a fourth preferred embodiment of the present 

invention. 

15 
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[)ETAILEP OESCaIPTION or PBEFER,REP EMJ30PIM;;NTS 

The present invention will be describad below in detail 

with respect to preferred embodiments the:eof. 

Referring to Fiq. l, a SAW resonator filter 10 whic~ 

s illustrates a preferred embodiment of the present invention 

is constructed on a piezoelectric substrate 11 preferably 

having a substantially ~ectangular planar shape. In this 

preferred embodiment, the piezoelectric substrate ll is 

preferably for~ed of 36° Y-cut X-propagaticn LiTa03. 

10 A pair of comb electrodes 14a and l4b forming a first 

set of ID electrodes are disposed on a central portion of the 

piezoel·ectric substrate 11. The comb electrode 14a is 

connected to ground while the comb electrode _14b is 

connected to an input/output terminal 22. The comb 

lS electrodes 14a and l4b have electrode f inr;ers arranged in an 

interlockinq manner. 

second and third sets of ID electrodes are located-on 

the opposite sides in the surface wave propaqation direction 

of the first ID electrode set formed of the comb electrodes 

20 14a and 14b. The second ID electrode set is formed of comb 

elec::trodes 12a and 12b while the third ID electrode set is 

formed of comb electrodes 13a and l3b. 

Each cf the pair of comb electrodes 12a and 12b and the 

16 



242655330694 P.19 

pai:r of coirJ:i electrodes l3a and 13b have electrode fingers 

arram3ed in an interlocking manner, as do the comb electrodes 

14a and l~b. However, the comb electrodes l2b and 13b ·having 

a smaller number of electrode fingers are disposed on the 

s sL-ue side as the comb electrode 14a of the :first ID electrode 

10 

set havinq a larqer number of electrode fingers. 

The comb electrodes 12b and 13b are connected in common 

to an input/output term.inal 21 while the comb electrodes 12a 

and 13a a=e cor~~ected to ground. 

Reflectors lSa and 15b are disposed on the opposite 

s±des in the surface wave propagation direction of the area 

in which t~e 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 

15 direction substantially perpendicular to the surf ace wave 

propagatic~ direction. 

The above-described comb electrodes 12a, 12b, 13a, 13b, 

14a, and l4b and the reflectors 15a and 15b are preferably 

tormed by !orminq an Al or Al alloy film on the piezoelectric 

20 substrate 11 and processing this film by photolithography and 

etchinq. 

One of the novel features of this .preferred embodiment 

resides in that the value of the distance L1 between the 

17 
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centers of the electrode fingers at the adjacent ends of the 

first and secor.; ID electrode sets is within the range 

defined by the above-mentioned inequality {l), that the value 

of the distanca La between the centers of the electrode 

5 finqers at the a~jacent ends of the first and third ID 

electrode sets :s set so as to satisfy the above-mentioned 

inequality (21, and that the center distances L~ and Lz are 

set so as to satisfy the above-mentioned inequality (3) • The 

·symbol A. in _the inequality (3) represents the wavelength 

10 deterr:o.ined by ~~~ electrode fingers pitch of the reflectors 

lSa and 15b (see Fig. 1). 

In the SA~ resonator filter of this preferred embodiment, 

since the cente: distances Li and L2 are set so as to satisfy 

the above-desc=ibed conditions, the selectivity can be 

15 improved in eo~~arison with the conventional SAW resonator 

filter. The pr~nciple of the operation and desiqn conditions 

of the S~~7 res~~ator filter of this preferred embodiment will 

be described in the following paraqraphs . 

. The princi~le of the operation of longitudinal coupling 

20 type SAW reson~tor filters qenerally used will first be 

described. 

conventio~al three-electrode-set longitudinal coupling 

type SAW reson:~or filters have generally the sai~e structure 

18 
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as that of the SAW resonator filter shown in Fiq. l 

illustrating a preferred embodiment of the present invention 

except for ~he above-described relationship between the 

center distances L1 and Lz. Therefore, the principle of the 

s operation of conventional longitudinal co~plinq type SAW 

resonator filters will be described with reference to Fiq. 1. 

In conventional three-electrode-set lonqitudinal coupling 

type SAW resonato·r filters, the distance L:. between the 

centers of the electrode fingers at the adjacent ends of the 

10 first ID electrode set (comb electrodes 14a and 14b) and the 

$econd ID electrode set (comb electrodes 12a and 12b) and the 

distance L2 between the centers of the electrode f inqers at 

the adjacent ends of the first IO electrode set (comb 

electrodes i4a and 14b) and the third ID electrode set (co~.b 

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

Li = L2 = L. 

Fiq. 2 shows a frequency characteristic in the case 

where the nu.."tlber of electrode fin9ers of the reflector 

electrodes in the conventional three-electrode-set 

20 longitudinal coupling type SAW resonator filter having equal 

center distances Li and L2 is set to zero. A peak indicated 

by the arrow D in Fig. 2 is con$idered to correspond to a 

resonant mode due to multiple reflection between the first 

19 
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and second ID electrode sets or multiple reflection between 

the first and third electrode sets, and a peak indicated by 

the arrow E is considered to be corresponding to an internal 

resonant r.cde of the ID electrodes. 

As conventional longitudinal couplinq type resonator 

filters, longitudinal couplinq type double mode filters have 

been constructed by using the two resonant modes indicated by 

the arrows D and E. Longitudinal couplinq type triple mode 

filters have also been realized·by using t~ese resonant modes 

10 and another resonant mode due to multiple reflection between 

the reflectors 15a and lSb at a frequency lower than the 

frequency of the resonant mode indicated by the arrow E in 

. the case of adding the reflectors 15a and lSb. 

Fig. 7 shows a typical characteristic of conventional 

15 longitudinal coupling type resonator filters in two-stage 

serial connection designed on the basis of the above-

described principle. As described above, a fil :~r having 

this structure has a small insertion loss but has 

·unsatisfactory selectivity at frequencies hi9her than the 

20 pas~ band. That is, the attenuation in a frequency range 

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

at most 25 dB. 

1'he resonance f requenc:ies of the above-mentioned 

20 
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resonant modes D and E are determined by the value of the 

center distance L (= Li = Lz) . Fig. 3 shows the re la ti v7 
positions of the resonant modes D and E with the center 

distance L used as a parameter. The characteristics shown in 

s Fiq. 3 are of a SAW filter arranged by setting the nU&~er of 

electrode finqe::s of the first ID electrode set, i.e., the 

sum of the nu.'1!l:>ers of electrode fingers of the coltlb 

electrodes 14a and 14b to 57, the number of electrode fingers 

of the second ID electrode set (comb electrodes 12a and l2b) 

10 to 31, the nu.~ber of electrode fingers of the third ID 

electrode set (comb electrodes 13a and l3b) to 31, and the 

nu.rnber of elact:ode fingers of each of. the reflectors l5a and 

15b to O, and by using a 36° Y-cut X-propaqation LiTaO: 

substrate as piezoelectric substrate 11, t~e SAW filter 

1s having a center frequency of 866 MHz. 

As can be can be understood from Fiq. 3, the resonance· 

frequency the resonant mode E is not depencent 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, a mode 

conversion from the resonant mode D into tha resonant mode E 

starts. As the value of the center distance L increases 

further, the resonant mode D is completely converted into the 

21 
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resonant mode E and new resonant D\Ode D appears from the 

high-frequency side. 

In contrast, in the above-described preferred einbodiment 

of the present invention, resonance is excited in two 

s resonant modes D by setting the center distance$ L~ and L2 ~o 

different values, as explained below with reference to 

Fig. 4. 

Fiq. 4 shows the results of one prefe~red embodiment 

constructed by setting the number of electrode f inqers of the 

10 first ID elect=ode set, i.e., the sum of ·the nu.--nt>ers of 

electrode finqe:s of the comb electrodes 14a and 14b to 57, 

the number of electrode fingers of the second ID electrode 

set, i.e., the sum of the nu.11\bers of electrode fingers of the 

co.mb electrodes l2a and 12b to 31, the n~'1!0er of electrode 

15 fingers of the third ID electrode set to 31, and the ni.Ul1ber 

of electrode fingers of each of the reflectors 15a and 15b to 

150. 

Characteristics F and G shown in Fig. 4 are shown for 

co~parison with the preferred embodiment o! the present 

io inv~ntion. Characteristic r was obtained by settinq 

L1 = Lz • 0.25A and characteristic G ~as obtained by setting 

Li • L2 = O. 62L on the other hand, characteristic H shown in 

Fig. 4 was obtained by setting the distances L1 and L2 to 

22 
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different values; L • 0.25)., and L2 = 0.62'-.. 

Two resonant modes occurred with respect to each of the 

characteristics F and G shown in Fiq. 4. The peak at a 

higher frequency corresponds to the above-described resonant 

s 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 Fiq. 4, the resonant mode E occurs at the end 

of the stop band ot the reflector, so that the peak is rugged. 

In contrast, in the characteristic H shown in Fig." 4, 

10 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 (eomb electrodes 14a and 14b) and the third 

ID electrode set {comb electrodes 13a and 13b} determined by 

1s the center distance L2 while the resonant mode D of a lower 

20 

frequency occurs due to multiple reflection between the firs~ 

ID electrode set (comb electrodes 14a and 14b} and the second 

ID electrode set (comb electrodes 12a and 12b) determined by 

the center distance L1. 

Also, a double ~ode filter having a favorable 

characteristic such as indicated by I in Fiq. 4 can be 

provided by adjustinq the electrode interlocking width of the 

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

23 
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matching circuit. 

The band width of SAW resonator filters having 

characteristics such as indicated by H and I in Fig. 4 ·1s 

determined by the difference between the values of· the center 

s distances L: and Lz and ean be freely sele~ted by adjustinq 

these distances, as described below with ~eference to Fig. 3. 

For ex!ltlple, center distance L1 = 0.25~ is selected to 

set a reference resonance frequency .< O ME:t in terms of 

relative value, indicated by the arrow Jin Fig. 3), at which 

10 resonant mode D occurs between the comb electrodes 12a and 

12b and the cor.-.b electrodes 14a and l4b. :'iith respect to 

this freq~~ncy, if Lz = 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 hiq~er by 10 MHz as 

1s indicat$d by·arrow K in Fiq. 3. By usinq these t~o resonant 

modes D, a ba~d filter having a band widtr. of 10 ~L~z in the 

band from BOO 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-me~tioned value or 

20 the center distance Lz may be set to a value smaller than the 

above-mentioned value. Conversely, to red~ce the band width, 

the center distance Li may be reduced or t~e center distance 

Li may be increased. Under the characteristic conditions 

24 



[ RECEIVED lZ/ZS 1Z:3B 1996 AT 5~9•,Ai,ano.~.._!AGE1~~i~~J!]HTED PAGETOZ7> l 
1996-12-25 13:32 .... "...... ""'"'77"'., -,r-J• 7 

242655330694 P.Z? 

shown in Fig. 3, it is theoretically possible to realize a 

filter having a band width of 40 MHz at the maximwn. 

With respect to the conditions shown in Fiq. 3, a 

similar filer may be arranged by selectinq center distance 

5 Li - 0.12A. and center distance Li• 0.251. In thi$ filter, 

however, resonant mode D correspondinq to the center distance 

of O.l2A and resonant mode.D correspondinq to the center 

distance of 0.25A do not couple with each other because of 

the phase relationship therebetween. This filter is obtained 

10 as a double mode filter in which resonant mode D 

corresponding to the center distance of o.2si and resonant 

mode E couple with each other. 

Accordingly, with respect to wavelength A, it is 

necessary to select center distances Li and La so as to 

is satisfl· the abo,;e-mentioned inequalities (1) and {2). 

(ll) 

Ck: i~teger) 

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 L1 and L2 to such values as to satisfy inequalities 

(l) to (3) . 
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The relationship between center distances L: and Lz 

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 

5 electrode finger is added, it is necessary to determine the 

relationship between center distances Li and Lz by 

consideri:lq the phase determined by the relationship between 

c:en ter dista.nces L1 and :;:,z. 

If the str~cture shown in Fiq. 1 is changed by 

10 increasinq the number of electrode finqers ot the eomb 

electrode l2b by one, as shown in Fiq. SA, or by increasing 

the number of electrode fingers of the comb electrode 14b by 

one, as shown in Fiq. BB, the center distance is apparently 

ehanqed to L'1 {• Li - 1/2l). In such eases, however, the 

15 phase relations~ip of surface waves is not changed, so th~t 

there is no char.qe in the resulting filter chara:teristic. 

Fig. 9A sho~s an arrangement of rernovinq one ot the 

electrode f inqers of the comb electrode l2a in the structure 

shown in Fiq. l, and F1q. 9B shows an arranqement of r~moving 

20 one of the electrode f inqers of the comb electrode 14a in the 

same structure. In these arrangements, center distance L'',_ • 

(L1 + l/21}. However, there is no chanqe in the resulting 

filter characteristic. 

26 
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The cases where 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 L2 • That is, each of eente= distances L1 and 

s La is set as the distance between the cente:s of the 

adjacent-end electrode fingers both of which are connected to 

ground, or one of which is connected to ar. input end while 

the other of which is cor.nected to an outp~t end. 

While the center distances satisfy the conditions 

10 repLe~ented by the above-described equatio~s (1) to (3), an 

e~ectrical connection may be established cetween the 

electrode finqers of the comb electrode 12a and the comb 

electrode l4a at the adjacent ends of these electrodes and/or 

between the adjacent electrode fingers of t~e comb electrode 

is 13a and the comb electrode l4a by using the same 

electroconductive material as the material of the comb 

20 

electrodes. Fiq .. 10 shows an eXaL"tiple of a !tructure in which 

. the adjacent electrode fingers of the coltlb electrode 12a and 

14a are connected to each other. 

In the structure shown in Fi9. 10, the qap between 

electrode fingers of the comb electrodes 12a and l4a at the 

adjacent ends of these electrodes is fille~ with an electrode 

material 11 which is the same electroconductive material as 

27 
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that of the eo~ electrodes. 

As is apparent :from Figs. SA, BB, . 9>., 9B and Fig. 1 o, it 

is necessary to determine center distances L1 and L2 of t~e 

pref erred eribodiments of the present inve~tion so as to 

s maintain the se:ae relationship between the phase of surface 

waves in the first ID electrode s~t and the phases of surface 

waves in the se~ond and third ID electrode sets. 

The SAW resonator filter of the preferred embodiments of 

the present invention will be described with respect to 

10 experimental examples thereof. 

Fig. S shc~s an example of a characteristic of an RF 

filter arranqed for use in a cordless telephone set of the 

CT-2 syste~· in accordance with the preferred embodiments of 

the present invention and havinq a center frequency of about 

15 866 MHz. 

The filte= having the characteristic shown in Fig. 5 is 

designed as a two-stage longitudinal coupl!nq type SA':'l 

resonator filter device 31 :shown in Fiq. llA. As shown in 

Fiq. 11A, SAW :-~sonator filters 32 and 33 are constructed on 

20 · a s~bstantially rectangular piezoelectric sub$trate 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 

28 
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those shown in Fi9. l are indicated by the same reference 

characters and the detailed description for the~ will not be 

repeated. 

The SA~ resonator filter 33 also preferably has the s~~e 

s electrode structure as the SAW resonator filter 32. 

10 

Therefore, the electrodes of the SAW resonator filter 33 are 

indicated by addinq 30 to each of the no.u'"ibers desiqnatinq the 

electrodes of the SAW resonator filter 32, and the 

description for them will not be repeated. 

As shewn in Fiq. llA,·the comb electrode l~b of the SA~ 

resonator filter 32 is connected to the comb ele=trode 44b of 

the SAW resonator filter 33, thereby connecting the SAW 

resonator filters 32 and 33 in series. 

More specifically, each of the SAW reson~tor tilters 32 

15 and 33 was constructed by setting the film thickness of the 

electrode me~.bers made of Al and forminq the co&.~ electrodes 

and the reflectors to 3.6 % of A which is the wa~elength of 

surface waves, by settinq the numbers of electrod~ finqers of 

the first to third ID electrode sets to 65, 37 a~d 37, 

20 respectively, by settinq the numbers of electrod~ fingers of 

reflectors 15a, 15b, 4Sa, and 45b to lSO, by settinq center 

distance L: • O. 301.. and center distance L2 =i 0. 6,t, and by 

usinq 36° Y-cut X-propaqation LiTa03 for piezoelectric 

29 
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substrate 34. 

In the two-staqe longitudinal coupling type SAW 

resonator filter device 31, as can be read from Fiq. s; a 

-4 d3 band width of about 13 MHz, i.e., 1.5 ,. in terms of 

s relative band width was o~tained and improved selectivity W!.s 

achieved. in a frequency ranqe in the vicinity of the pass 

band. Also, at the point of 866 MHz + 20 ~r~z where a strong 

demand for a sufficiently large attenuation should be 

satisfied, a large attenuation of 30 dB was achieved. 

10 

15 

The characteristic curve M shown in Fiq. 5 represents an 

essential portion of the characteristic indicated by L, which 

is. replotted by enlarging the insertion loss on the ordinate, 

that is, by using the scale on the riqht-hand side of the 

ordinate to represent the insertion loss. 

Fiq. 6 shows a characteristic improved bY combining the 

well-known thin~inq-out and weighting method with the 

arranqement of the above-described SAW resonator fil~e~ 

device 31. The characteristic curve 0 represents an 

essential portion of the eharaeteristic 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 

combinin9 the thinning-out and weighting method, and a.large 
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attenuation of 45 clB or more was achieved at the point of 866 

MHz + 20 MHz. 
As is appa~ent from the characteristics shown in Figs. 5 

and 6, the preferred embodiments of the present invention can 

5 be utilized to improve the attenuation in the stop band 

hiqher than the pas$ band while the electrode f inge~s are 

· still for~ed as solid electrodes, so that there is no need 

for manufacturing a split electrode structure requiring 

·advanced processing techniques with respect to high 

10 frequencies. It is therefore possible to achieve adaptation 

for operation at higher radio frequencies without reducing 

the productivity. 

While the SAW resonator filters 32 and 33 in the 

arrangement shCh-:1 in Fiq. llA are connected in the above-

15 described manna:, comb electrodes l2b and 13b of th~ SAW 

resonator filte~ 32 may be connected to comb electrodes 43b 

and 42b of thA ,::;?.W resonator filter 33 as shown in Fi!J .. llB. 

Fiq. 12 is a schematic plan view of a longitudinal 

coupling type SAW resonator filter which represents a 

20 preferred fourt:. embodiment of the present invention. As the 

first to third preferred embodiments of the present invention, 

examples of the application of the present invention to a 

longitudinal coupling type SAW resonator filter havinq three 
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sets of ID electrodes have been described. However, the 

preferred embodiments of the present invention can also be 

applied ~o a m-~ltiple electrode set type SA~ resonator filter, 

such as that s~own in Fig. 12, having fou: or more sets of IO 

s elec:t:rodes. 

That is, in a SAW resonator filter 51 s~.own in Fiq. 12; 

a plurality of sets of ID electrode sets 53 to 58 are 

arranqed in the surface wave propagation direction, and 

reflectors 59 a~d 60 are disposed on the opposite sides in 

io the surf ace wave propagation direction of the area in which 

the ID electrocie sets 53 to SB are formed. As materials for 

forming ~ piezoelectric substrate 52, ID electrodes 53 to 58 

and reflectors 59 and 60, the same materials as those in the 

SAW resonator :ilters of the first to third preferred 

15 embodiments can be used. 

In the lo~;itudinal coupling t~pe SAW resonator filter 

51 having more ~han four sets of ID electrodes 53 to 58 

formed in this ~anner, the ID electrodes a~d·reflectors are 

formed so as to satisfy equations (4} and (5) and 

20 inequalities (6) to {10) shown below, thereby achieving the 

same· advantaqes as those of the longitudinal coupling type 

SAW resonator f!lters of the first to third preferred 

embodiments. 

32 
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5 

That is, ID electrode sets 53 to SS are formed· so that 

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 followinq equations: 

Ls=L:.•L3•Ls 

L,.= L.t 111 L.; •Lt 

(4} 

(S) 

Also, if the wavelength of surface waves determined by the 

electrode finger pitch of reflectors 59 and 60 is ~' the 

center distances Ls and LA are selected &o as to satisfy the 

10 following inequalities: 

O + ni,. :s; L~ :s; 1/2A. + n"- • • • ( 6) 

(n: inteqer) 

This SheetJi 
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s 

10 

1/2~ + mA s LA S (m + 1}~ 

{m: integer) 

or the following inequalities: 

l/2A + nl ~ Ls s (n + 1)1 

(n: inteqer) 

0 + m). s LA ~ l/21 + mA 

(m: integer) 

• • • (7) 

• • • ( 8) 

• • • ( 9) 

Further, the center distances Ls and LA are selected so as to 

satisfy the followinq inequality: . 
Ls ~ L:. - 1/21 + kl • • • (10) 

Ck: integer) 

According to the pref erred embodiments of the present 

invention, in the longitudinal couplinq type SAw resonator 

filter using the first to third sets of ID electrodes, the 

1s center distances L1 and L: are set to different values. This 

makes it possible to provide a double-mode longitudinal 

coupling tYPe SAW resonator filter using two resonant modes 

determined by the center distances L1 and L2 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 larqe because of a response 

of ID electrodes in the stop band. In contra.st, in "the 

34 
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above-described new double-mode longitudinal coupling type 

SAW resonator filter, the center distances Li and L2 are set 

to.different values, and two resonant modes determined by 

these center distances are excited, thereby effectively 

s improvinq the attenua~ion in the stop band so that it is 

hiqher than the pass band. 

According to the preferred e~bodiments of the present 

invention, only settin9 the center distances Li.and Li 

b~tween the electrode finqers to different values may suffice, 

io as described above, and there is no need for advanced 

processinq techniques. Therefore, the same productivity as 

that of the conventional SAW resonator filter can be 

maintained. If the well-known electrode thinning-out and 

weiqhting ~ethod is also used, further improved selectivity 

15 can be achieved. 

Furth2r, a longitudinal coupling type SAW resonator 

filter having four or more sets of ID electrodes may be 

constructed, as shown in Fiq. 12, as well as the longitudinal 

coupling type SAw resonator filter having three sets of ID 

20 electrodes. 

A plurality of SAW resonator filters according to at 

least one preferred ~mbodiment of the present invention may 

be connected in series on one piezoelectric substrate or the 
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SAW resonator tilter of the preferred enibodiments of the 

present invention may be connected to a different SAW element 

such as a SAW resonator filter or a trap_tilter on o~e 

substrate. In this manner, longitudinal couplinq type SAW 

5 resonator tilters adapted for various kinds of use can he 

provided as integrated devices. Also in such cases, the 

longitudinal couplinq type SAW resonator filter ot at least 

one preferred embodiment ot the present invention can operate 

wi.th sufficiently hiqh selectivity no matter what the 

io connection arrangement. 

While the invention has been particularly shown and 

described with reference to preferred embodiments thereof, it 

will be understood by those skilled in the art that the 

foreqoinq and other chan~es in form and details may he made 

15 therein without departing from the spirit a~d scope of the 

invention. 
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WHAT IS CLAIMED IS: 

1. A longitudinal coupling type surface acoustic wave 

resonator filter comp~ising: 

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 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 interdigital 

electrodes including a pair of comb electrodes each having at 

least one electrode finger; 

a center distance L1 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 L2 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 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 perpendicularlr to 
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the surface wave propagation direction, a wavelength of surface 

waves determined by an electrode pitch of the reflectors is 1 

·and said center distance Li satisfies an inequality (1): 

O + nA. s Li s 1/2A + nil • • • (1) 

(-n: an integer), 

said center distance L2 satisfies an inequality (2): 

1/2A + mA. s L 2 s (m+l)A • • • (2) 

(m: an integer), and 

said center distance Li and said center distance L2 satisfy an 

inequality (3).: 

Li r/: L2 - 1/2A + kA • • • (3) 

(k: an integer). 

2 • A longitudinal coupling type surface acoustic wave 

resonator filter according to claim 1, wherein said substrate 

com.prises 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 equal to or larger 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 interdigital 
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electrodes; 

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 o_f said sets of interdigital electrodes including a 

pair of comb electrodes each having at least one electrode 

finger; wherein 

center distances between adjacent-end electrode fingers of 

adjacent pairs of said interdigital electrodes are L1 , L2 , ••• 

Lx_1 and the center distances satisfy equations (4) and (5) : 

(4) 

(5) 

wherein, a wavelength of surface waves determined by an 

electrode finger pitch of said reflectors is A and said center 

distances Ls and LA satisfy inequalities (6) and (7): 

0 + nA. :s Ls s l/2A. + nA.. 

(n: integer), 

1/2"- + mA. :s LA s (m+l)~ 

(m: integer) 

or inequalities (8) and (9): 

1/2"- + nA. :s Ls s (n+l)A. 

(n: integer) 

0 + mA. :s LA s 1/27'. + m~ 

(m: integer), and 

• • • ( 6) 

• • • (7) 

• • • (8) 

• • • ( 9) 

the center distances Ls and LA satisfy an inequality (10) : 

Ls + LA - l/2A. + kA. 

(k: integer). 

(3) 

I . 



40 

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 third sets of interdigital electrodes 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 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 of comb electrodes each having at 

least one electrode finger; and 

a center distance L1 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 L2 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. 
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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 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, 

each of said first, second and third sets of interdigital 

electrodes including a pair of comb electrodes each having at 

least one electrode finger and a center distance L1 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 L2 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 

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 resonator filter. 


