BACKGROUND OF - THE | NVENTION This invention relates to a surfaté>%dotf8tic
wave (SAW filter utilizing an SH type surface wave, and nore particularly
to a SAWfilter of a longitudinally c¢oupling type. Double made SAWfilters
of a longitudinally coupling type are well known. One such filter is shown
in Fig. 1. SAWfilter 1 has first and second interdigital transducers,
(hereinafter referred to as "the IDI(s)}), 3,-4--di-sposed--on-a;recta

pi ezoel ectric substrate 2, and reflect ofs 5, i6_formed ont ﬁéff"b‘pjﬁ%;%%g%si de
t her eof . I | f - shaped @l ectiodes ‘34;7 3y, ERAF O
whi ch hasxmvgﬁg ?W&%ﬁéﬁ%‘%‘t]rﬁg&gﬁnger s whih are’i nteridavbd Wwaghd efch
other. Similarly, the IDT 4 has a pair of intérleaved tomeshapetp paged
el ectrodes 4a, 4b. The distance between adjacewt. el-ect r odesdd eitspdggd --= ...
[err]/4, [err] being |like the wavel ength of the: surface:weve.t.o.be ...

U7

oscillated, and the width of each electrode digit is [eriv{74.  The distance
bet ween agisageGROEIND IOPYEE NVERFIONT 3 and the IDT 4 is also [err]/4. In

the SAWfilter 1, the conb-shaped el ectrodes 3a on one side of the IDT 3
This invention relates to a surface acoustic wave (SAW) filter utilizing an SH-type

surface wave, and more particularly to a SAW filter of a longitudinally coupling type.

. Double made SAW filters of a longitudinally coupling type are well known. One
i such filter is shown in Fig. 1. SAW filter 1 has first and second interdigital transducers,
(hereinafter referred to as "the IDT(s)"), 3, 4 disposed on a rectangular piezoelectric

substrate 2, and reflectors 5, 6 formed on the opposite sides thereof. The IDT 3 has a pair

- of comb-shaped electrodes 3a, 3b, each of which has a plurality of electrode fingers which

are interleaved with each other. Similarly, the IDT 4 has a pair of interleaved comb-shaped

electrodes 4a, 4b.

The distance between adjacent electrode fingers is 2/4, X being like the wavelength
of the surface wave to be oscillated, and the width of each electrode digit is 2/4. The
distance between adjacent electrodes of the IDT 3 and the IDT 4 is also 2/4.

In the SAW filter 1, the comb-shaped electrodes 3a on one side of the IDT 3
constitute an input end and the comb-shaped electrodes 4a on one side of the IDT 4

constitute an output end. The comb-shaped electrodes 3b, 4b are connected to ground.

When an input voltage is applied to the IDT 3, a surface wave is generated in IDT
3. The surface wave propagates in a direction perpendicular to a direction of extension of

the electrode fingers so as to be reflected between the reflectors 5, 6, resulting in the
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consti:tute an input end and the conb-shaped el ectrodes 4a on one side of
the I DT 4 constitute an out put end. The conb-shaped el ectrodes 3b, 4b are
connected to ground. Wien an input voltage is applied to the IDT 3, a
surface wave is generated in IDT 3. The surface wave propagates in a
direction perpendicular to a direction of extension of the electrode
fingers so as to be reflected between the reflectors 5 6, resulting in the
2 generation of a standing wave. An oufput, which is a function of the
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node shokeRYoud of M T e in Fig. 2 and a hi gher order node, or
anti-symetric node, shown by the broken line in Fig. 2.

The SAW filter 1 operates as a double-mode SAW filter of a longitudinally
coupling type having a basic mode shown by a solid line in’ Fig. 2 and a higher order

mode, or an anti-symmetric mode, shown by the broken line in Fig. 2.

However, since the SAW filter 1 shown in Fig. 1 has a structure in which a
standing wave is created by reflection of a surface wave between the reflectors 5, 6, the
overall size of the filter has to be increased by an amount equal to the combined size of
the reflectors 5, 6. Additionally, the electro-mechanical coupling coefficient for the
piezoelectric substrate 2 is not very large with the result that the filter is limited to a

narrowed band width.
BRIEF DESCRIPTION OF THE INVENTION

It is an object of the present invention to provide a double-mode SAW filter of a
longitudinally coupling type which has a relatively small size and a relatively broad band
width.

According to a broad aspect of the invention, a double-mode acoustic surface wave
filter of a longitudinally coupling type which utilizes an end-face reflecting SH-type surface
wave comprises: .

a piezoelectric substrate having opposed end faces;

first and second interdigital transducers formed on the piezoelectric substrate and
having electrode fingers extending generally parallel with same end faces; and

wherein an SH-type surface wave is caused to be reflected between the opposite two
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However, since the SAWfilter 1 shown in Fig. 1 has a structure in which a
standi ng wave is created by reflection of a surface wave between the
reflectors 5, 6, the overall size of the filter has to be increased by an
anount equal to the conbined size of the reflectors 5, 6. Additionally, the
el ectromechani cal coupling coefficient for the piezoelectric substrate 2 is
not very large with the result that the filter is limted to a narrowed
band wi dth. BRI EF DESCRI PTION OF THE INVENTION It is an object of the
present ighygadekon to provide a doubl e-node SAWfilter of a longitudinally
coupling type which has a relatively small size and a relatively broad band
wi dth. According to a broad aspect of the invention, a double-node acoustic
surface wave filter of a longitudinally coupling type which utilizes an

end-face ref | qheiSxgWHttdr\aTahs iveAtiéh WA oubIRIOE SR WaIRr 9% QCbASiidirally
substrate havi ng opposed end faces;
coupling type. In this specification, an SH-type surface wave refers broadly to surface
waves which have a displacement perpendicular to a direction of propagation thereof and
contain as a principal component a directional component parallel to the surface of a

substrate. Such waves include an SH-type surface wave a Leaky wave, a Love wave, a

BGS wave, and so on, of an SH-type.

In order to define a double-mode SAW filter of the longitudinally coupling type,
the present invention preferably includes first and second IDTs formed on a piezoelectric
substrate which has opposite end faces. Since it is constituted as a surface-wave device of
an end-face reflection type utilizing a SH-type surface wave, a surface wave is reflected
between the opposite two end faces of the piezoelectric substrate, resulting in the formation

~of a standing wave.

In the SAW filter of the present invention, it is not necessary to provide reflectors
on the outer sides of the IDTs. It is therefore possible to reduce the size of the piezoelectric
substrate. Also losses which would otherwise be caused by the reflectors are avoided. It is
therefore possible to constitute a SAW filter with a band characteristic which is broader
than the conventional SAW filters, when employing a piezoelectric substrate with the same

electro-mechanical coupling coefficient.

In accordance with the present invention the piezoelectric substrate which is
opposite to the surface on which the first and second IDTs are formed is preferably
roughened. This reduces the affect of a bulk wave reflected by the opposite surface of the

piezoelectri¢ substrate to the surface formed with the first and second IDTs. As a result,




fi_rst.;and:second interdigital transducers formed on the piezoelectric
substrate and having el ectrode fingers extending generally parallel wth
sanme end faces; and wherein an SHtype surface wave is caused to be

refl ected between the opposite two 3 end faces. The SAWfilter of the

i nvention is a doubl e-node SAWfilter of a longitudinally coupling type. In
this specification, an SHtype surfacelyave refers broadly to surface waves
whi ch have a di spl acenent perpendicular to a direction of propagation

t her eof ont ai Quant a di rectional conponent

par al | el %ngaﬁ%g %u ‘gsz%ﬂlc#&érﬂﬁb%&tnr T e f‘}th waves include an SH-type
surface wave a Leaky wave, a Love wave, a BGS wave, and so on, of an

SH-t ype.

In the preferred embodiment, the outermost electrode fingers of the first and second
interdigital transducers have a width within a range of from \/8 to X/16 wherein X is the
wavelength of the surface wave generated by the SAW filter. This reduces ripples within
the passband of the filter.

Preferably, the distance L betwéen the opposite two end faces of the substrate
should fall within a range of:

Equation (1)

A A 7
5xnsLs éxn+ éh

where n is an integer. This effectively reduces ripples within the passband.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention, there is shown in the drawing a form
which is presently preferred, it being understood, however, that the invention is not limited

to the precise arrangement and instrumentality shown.

Fig. 1 is a schematic plan view of a conventional double-mode SAW filter of a
longitudinally coupling type.

Fig. 2 is a schematic diagram illustrating a surface wave oscillated in the
conventional double-mode SAW filter of the longitudinally céupling type.

Fig. 3 is a plan view of a SAW filter according to one embodiment of the present



In order to define a doubl e-node SAWTfilter of the longitudinally coupling
type, the present invention preferably includes first and second |DTs
formed on a piezoelectric substrate which has opposite end faces. Since it
is constituted as a surface-wave device of an end-face reflection type
utilizing a SHtype surface wave, a surface wave is reflected between the
opposite two end faces of the piezoelectric substrate, resulting in the
formati on of a standing wave. In the SRVfilter of the present invention,
it is noqngﬁﬁﬁﬁsary to provide reflectors on the outer sides of the IDTs.
It is therefore possible to reduce the size of the piezoelectric substrate.
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and secongamples oRaeSAW HBer bnsR6k8 1A c¥ordance with the principles of the present
invention.

Fig. 7. is a graph showing insertion loss vs. frequency characteristics of a second
example of a SAW filter constructed in accordance with the principles of the present
invention.

Fig. 8 is a graph showing insertion loss vs. frequency charagteristics of a third

example of a SAW filter constructed in accordance with the principles of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings wherein like numerals indicate like elements, there
is shown in Figs. 3-5, a SAW filter constructed in accordance with the principles of the
present invention and designated generally as 11. SAW filter 11 comprises a piezoelectric
substrate 12 having a pair of IDTs 13, 14 formed thereon. Substrate 12 is preferably
formed of piezoelectric single crystal, such as an LiTéO, piezoelectric single crystal and
an LiNbO, piezoelectric single crystal, or piezoelectric ceramics on a PZT base. The
piezoelectric sﬁbstrate 12 is preferably structured such that the polarization axis is oriented
in the direction of the arrow P in the ﬁggfe 3. The piezoelectric substrate 12 has a pair of
end faces 12a, 12b.

IDT 13 comprises a pair of comb-shaped electrodes 13a, 13b which include a



roughened. This reduces the affect of a bulk wave reflected by the opposite
surface of the pi ezoel ectric substrate to the surface fornmed with the first
and second I DIs. As a result, 4 unwant ed spurious characteristics can be
reduced. In the preferred enbodi ment, the outernost electrode fingers of
the first and second interdigital transducers have a wdth within a range
of from[err]/8 to [err]/16 wherein X |s t he wavel ength of the surface wave
generated by the SAWfilter. This redu®es ripples within the passband of

the filter refera distance t ce
of the s lPé‘ér?ﬁ Waﬁgl‘f&dfegﬁcfméﬁ fl%eﬁs éllqﬁ 2figpt etl%gru 96 ﬁggér(l% ¢'(WtnTBpebCeS
to a direction of propagation of the surface wave) preferably has a width which is between
/8 to 72/16, X being the wavelength of the surface wave. The remaining electrode fingers

preferably have a width of )\/4. The distance between adjacent electrode fingers is
preferably X/4. :

Similarly, IDT 14 has a pair of interdigital comb-shaped electrodes 14a, 14b which
are structurally similar to comb-shaped electrodes 13a, 13b. The outermost electrode finger
14c preferably has a width within a range from %/8 to 72/16. The remaining electrode
fingers preferably have a width of /4. The distance between adjacent electrode fingers is
preferably X/4. The distance between the IDTs 13, 14, i.e., the distance D between the
innermost electrode finger of the IDT 13 and the innermost electrode finger of the IDT 14,

is preferably 2/4.

If an input voltage is applied between the comb-shaped electrodes 13a, 13b of the
IDT 13, a BGS wave is generated. The generated BGS wave propagates toward the end
faces 12a and 12b and is reflected by the end faces 12a, 12b to combine together to form
a standing wave including a basic wave and a higher-order mode wave. An output based

on the standing wave is taken out betwéen the comb-shaped electrodes 14a, 14b.

The SAW filter 11 can be operated as a double-mode SAW filter of the
longitudinally coupling type utilizing a BGS wave, by connecting the comb-shaped
electrodes 13b, 14b to ground, by using the comb-shaped electrode 13a as an input end and

by using the comb-shaped electrode 14a as an output end.

In the SAW filter 11 of the present embodiment, it is not necessary to provide

reflectors on the outer sides of the IDTs 13, 14. As a result, the piezoelectric substrate 12



Lerr].where n is an integer. This effectively reduces ripples within the
passband. BRI EF DESCRI PTI ON OF THE DRAW NGS For the purpose of illustrating
the invention, there is shown in the drawing a formwhich is presently
preferred, it being understood, however, that the invention is not |imted
to the precise arrangement and instrumentality shown. Fig. 1 is a schematic
plan view of a conventional double-nodg SAWfilter of a |ongitudinally
coupling type. Fig. 2 is a schematic di'fagramillustrating a surface wave
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embodi Megtsuffficd k2iBh@P §Aabe filter of reduced size. Since reflectors are not used, the insertion

losses created by those reflectors is also avoided, thereby providing a SAW filter having
an increased bandwidth. Furthermore, by utilizing electrode fingers 13¢, 14c having widths
which fall within the ranges noted above, it is possible to suppress ripples within the

passband.

In the preferred embodiment, the back surface of the substrate is roughened to
suppress unwanted spurious signals resulting from a bulk wave appearing in a filtering
characteristic. This may be done in many ways. For example, a plurality of grooves (Fig.
5) 15, 16 may be formed in the back surface of the piezoelectric sﬁbstrate 12. Alternatively,
the back surface of the piezoelectric substrate may be roughened by forming random
recesses in the back surface of the piezoelectric substrate 12 or grinding the back surface

of the piezoelectric substrate 12 using abrasive or a grinding apparatus.

In the embodiment described, the SAW filter 11 of the surface horizontal wave type
utilizes a BGS wave. However, other SH-type surface waves, such as a Love wave or a
Leaky acoustic wave, may be utilized iﬁstead of a BGS wave. It has been impossible to
employ a Leaky acoustic wave in the conventional SAW filter of the longitudinally
coupling type because of increase of losses in surface wave energy. According to the SAW
filter of the present invention, the SAW filter 11 may be constituted with using a Leaky
acoustic wave, because the reflection between the end faces 12a, 12b acts to prevent

reduction of surface-wave energy.
The invention will be explained with reference to the example given below.

" Example 1



S.inventipn. Fig. 4 is a cross-sectional viewtaken on line GC of Fig. 3.
Fig. 5is a bottomview of the SAWfilter shown in Fig. 3. Fig. 6 is a_
graph showing the insertion | oss vs. frequency characteristics of a first
exanpl e of a SAWfilter constructed in accordance with the principles of
the present invention. Fig. 7. is a graph showing insertion |oss vs.
frequency characteristics of a second eE?(arrpI e of a SAWfilter constructed
i n accordance with the principles of the present invention. Fig. 8 is a

graph showi ng A REBhiIb&Rc SAEatest2 RGN SRR HiS! bissd 8h 18a A
dﬂln@;‘g ance%’%ﬁiﬁep

exanple of a SAWftilter constructe cor rinciples of
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which included seven pairs of electrode fingers, were formed by depositing aluminum over
the entire upper surface of the piezoelectric substrate 12 and etching the aluminum using
masking techniques. Each electrode finger had a width of 30:3 pm, except for electrode
fingers 13c, 14c¢ which had a width of 22um. The center-to-center interval between
electrode finger was 60.6 pm. Grooves 15, 16 were formed on the back surfaces of the
substrate 12.

The insertion loss vs. frequency characteristics for the SAW filter of the first
example is shown in Fig. 6. As shown therein, the SAW filter of the first example provides
a pass band over 20.9 to 21.9 MHz. Also, by magnifying the characteristic shown in Fig.
6, it was confirmed that the insertion loss within the pass band was 1.3 Db and a 3-Db
band width, i.e., the band width for which the insertion loss ranges up to 3 dB, lies in 4.5%

with respect to a center frequency for the filter.
Example 2

A SAW filter of a second example was manufactured under conditions similar to
example 1, except that the grooves 15, 16 were not formed in the back surface of a
piezoelectric substrate 12. The insertion loss vs. frequency characteristics of that filter is

shown in Fig. 7.

As clear from the comparison of Figs. 6 and 7 the SAW filter of the second
example exhibited greater ripples within a pass-band of the SAW filter as shown by the
arrow X in Fig. 7. However, the pass band, i.e., the 3-dB band width, was as large as 4.5%

and the insertion loss for the pass band was as small as 1.3 dB.



Ref erring.now to the drawings wherein like nunmerals indicate |ike el enents,
there is shown in Figs. 3-5, a SAWfilter constructed in accordance with
the principles of the present invention and designated generally as 11. SAW
11 conprises a piezoelectric substrate 12 having a pair of IDTs 13,
14 formed thereon. Substrate 12 is preferably forned of piezoelectric
single crystal, such as an LiTaJ err] péezoel ectric single crystal and an
err] piezoelectric single crystalj or piezoelectric ceramcs on a PZT

filter

Li Nb
base.
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gal ectric substrate 12 is preferably structured such that the

pol ari zation axis is oriented in the direction of the arrow P in the figure
3. The piezoelectric substrate 12 has a pair of end faces 12a, 12b. IDT 13
conprises a pair of conmb-shaped el ectrodes 13a, 13b which include a 6

A SAW filter of a third example was manufactured under conditions similar to the

SAW filter of example 1, except that the width of outermost electrode fingers 13¢c, 14¢ was

7.6 pm, or x/16. The attenuation vs. frequency characteristics of the SAW filter is shown

in Fig. 8.

As clear from Fig. 8, the pass band extends from 20.9 to 21.9 Mhz and the 3-dB

band width as an index for the pass band is as large as 4.5 % which is similar to the SAW

filter of Example 1. It is therefore understood that a SAW filter having a relatively wide

pass band can be realized by this example. Also, the insertion loss within the pass band is -

1.5 dB. As such, the present example attains a filtering characteristic which is equivalent

to that of the SAW filter of Example 1. In the SAW filter of Example 3, however it is

recognized that some ripples shown by the arrow Y had occurred within the pass band.

As clear from the result of Examples 1 to 3, the present invention provides a SAW

filter having a wide pass-band. It is also clear that unwanted spurious characteristics can

be suppressed by roughening the back surface of the piezoelectric substrate and that ripples

can be effectively suppressed by forming the electrode. fingers with a width of 22 pm, or

3)\/16.

Experiments were conducted to test SAW filters having outermost electrode fingers

13¢, 14¢ of varying widths. It was determined that ripples within the pass-band can be

effectively suppressed, similarly to the characteristics shown in Fig. 6, by setting the width
between X/8 and 7)\/16.

In the foregoing embodiments, the width of the electrode fingers and the gap



plurality,of interleaved electrode fingers. The outernost el ectrode finger
13c (with respect to a direction of propagation of the surface wave)
preferably has a width which is between [err]/8 to 7[err]/16, X being the
wavel ength ofthe surface wave. The remaining el ectrode fingers preferably
have a width of [err]/4. The di stance between adjacent electrode fingers is
preferably X/4. Simlarly, IDT 14 has a _pair of interdigital conb-shaped

el ectrodes 14a, 14b which are structurﬁ?ly simlar to conb-shaped
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14, i.e. subdtfidinetabyahOehRkoRIM {thRd aBos Most el ectrode finger of the IDT
13 and the innernost el ectrode Tinger of the IDT 14, is preferably [err]/A4.

If an input voltage is applied between the conb-shaped el ectrodes 13a, 13b
of the IDI 13, a BGS wave is generated. The generated BGS wave propagates

toward the endn the present invention, a double-mode SAW filter of a longitudinally coupling

type is constituted as a surface wave device of an end-face reflection type with the
utilization of an SH-type surface wave, without necessitating the provision of reflectors on
the both sides of IDTs. It is therefore possible to reduce the size of the SAW filter small

by an amount of unnecessitated spacing for providing reflectors. -

In addition, the absence of using reflectors allows avoidance of increase in insertion
loss by reflectors, which makes it possible to realize a SAW filter which is small in
insertion loss and hence broad in band as compared with the conventional double-mode

SAW filter of the longitudinally coupling type.



faces. 123 and 12b and is reflected by the end faces 12a, 1

together to forma standing wave including a basic wave analmﬂmmmmxurl“l
node wave. An output based on the standi ng wave i s taken out* bét wen*t he *
conb- shaped el ectrodes 14a, 14b. The SAW filter 11 can be operated as a
doubl e-node SAW filter of the longitudinally coupling type utilizing a BGS
wave, by connecting the conb-shaped el ectrodes 13b, 14b to ground, by using
t he conb-shaped el ectrode 13a as an i t end and by using the conb-shaped
el ectrod end. In the SAWfilter 11 of the present
enbodineﬁwagﬁ‘ﬁ?gﬁné egissary to provide reflectors on the outer sides of
the IDTs 13, 14. As a result, the piezoelectric substrate 12 7 may be
smal l er than that required with the prior art SAWfilter of Fig. 1, thereby

provi di ng 1. An acoustic surface wave filter of a longitudinally coupling type utilizing an
end-face reflecting SH-type surface wave, said filter comprising:
a piezoelectric substrate having opposite end faces; '
first and second interdigital transducers formed on said piezoelectric substrate and
havirig electrode digits extending parallel to said end faces in such a manner that an
SH-type surface wave generated when an input signal is applied to said transducers is

caused to be reflected between said opposite two end faces.

2. An acoustic surface wave filter according to claim 1, wherein said piezoelectric
substrate is roughened in a surface opposite to a surface on which said first and second

interdigital transducers are formed.

3. An acoustic surface wave filter according to claim 1 or 2, wherein said electrode
digits of said first and second interdigital transducers includes electrode digits existing on
the outer ends relative to a direction of propagation of a surface wave and having a width
thereof determined within a range of from A/8 to X/16, provided that a wavelength of the

surface wave is X.

4, An acoustic surface wave filter according to claim 1 or 2, wherein the length L

of said end faces of said substrate falls within a range of:
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a.surface. horizontal wave filter of reduced size. Since refl f .
used, the insertion |osses created by those reflectors is aI, \H ﬂ ” ”"l
t hereby providing a SAWfilter having an increased bandw dt h.+ Furthber ,

by utilizing electrode fingers 13c, 14c having w dths which fall within the
ranges noted ‘above, it is possible to suppress ripples within the passband.
In the preferred enbodi ment, the back igrface of the substrate is roughened
to suppress unwanted spurious signals sulting froma bul k wave appeari ng
inafiltering characteristic. This may be done in many ways. For exanple,
a plurality of grooves (Fig. 5) 15, 16 may be forned in the back surface of
the pi ezgglagbs {p substrate 12. Alternatively, the back surface of the

pi ezoel ectric substrate may be roughened by form ng randomrecesses in the
back surface of the piezoelectric substrate 12 or grlndlngdthe back sgrface
of the piezoel | CA Strate 12 using abrasive or a grinding apparatus.
In the gnbomlgﬁﬁgéﬁéé#ﬁgéd, the SAWfilter 11 of the surface horizontal
wave type utilizes a BGS wave. However, other SH—type surface waves, such

as a Love Voyge Nisn integer.

5. An acoustic surface wave filter of a longitudinally coupling type util‘izing
an end-face reflecting SH-type surface wave, said filter comprising:

a piezoelectric substrate having qpposite end faces;

a first interdigital transducer formed on said piezoelectric substrate and having
electrode digits extending parallel to said end faces a second interdigital transducer formed
adjacent to said first interdigital transducer and having electrode digits extending parallel
to said end faces in‘ such a manner that an SH-type surface wave generated when an input
signal is applied to said transducers is caused to be reflected between said opposite two end

faces.

6. An acoustic surface wave filter according to claim 5, wherein said
piezoelectric substrate is roughened in a surface opposite to a surface on which said first

and second interdigital transducers are formed.

7. An acoustic surface wave filter according to claim 5 or 6, wherein said
electrode digits of said first and second interdigital transducers includes electrode digits
existing on the outer ends relative to a direction of propagation of a surface wave and
having a width thereof determined within a range of from X/8 to X/16, provided that a

wavelength of the surface wave is .

8. An acoustic surface wave filter according to claim 5 or 6, wherein the length
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Leaky:.acoustic wave, may be utilized instead of a BGS wave.

i npossi ble to enploy a Leaky acoustic wave in the conventi onH“mﬁﬂ"t“ﬂHH""l“'
of the longitudinally coupling type because of increase of |oss

surface wave energy. According to the SAWfilter of the present |nvent|on,
the SAWfilter 11 may be constituted with using a Leaky acoustic wave,
because the reflection between the end %aces 12a, 12b acts to prevent
reducti on of surface-wave energy. The fAvention will be expl ained with
referenc : ggﬁgl i 1V, . 8 A piezoelectric
substratgL%gs%ESﬁg 0 (gf%?3gpg§§¢?%{ceranlcgn%%%%d on | ead titanate
zirconate having a size of 1.3 x 0.8 x 0.5 mmin thickness was used. |DTs
13, 14, each of

Equation (1)
)N N 7.
éxnsLséxn+§h

where n is an integer.

9. An acoustic surface wave filter according to claim 1 or 2, wherein a gap is
formed between an innermost electrode finger of said first interdigital transducer and an
innermost electrode finger of said second interdigital transducer, said gap having a width

which is substantially equal to a width of each of said innermost electrode fingers.
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whi ch-i ncluded seven pairs of electrode fingers, were fornmed by depositing
al um num over the entire upper surface of the piezoelectric substrate 12
and etching the al um num usi ng maski ng techni'Gues. Each el ectrode finger
had a wiwdth of 30.3 [err]m except for electrode fingers 13c, 14c which had
a wdth of 22[err]m The center-to-center interval between el ectrode finger
was 60.6 [err]m G ooves 15, 16 were ffénﬁd on the back surfaces of the
substrate 12. The insertion | oss vs. guency characteristics for the SAW
filter of the first exanple is shown in Fig. 6. As shown therein, the SAW
filter of the first exanple provides a pass band over 20.9 to 21.9 Miz.

Al so, by magnifying the characteristic shown in Fig. 6, it was confirned
that the insertion loss within the pass band was 1.3 Db and a 3-Db band

w dth, i ACQUBTRC BURFACE tWAY/® Fiviggh the insertion |oss ranges up to 3 dB,
lies in 4.5%with respect to a center frequency for the filter. Exanple 2 A
SAWTfilter of a second exanple was manufactured under conditions simlar to

Abstract of the Disclosure

A double-mode SAW filter of a longitudinally coupling type utilizing an SH-type
surface wave, which is structured with first and second IDTs formed on said piezoelectric
substrate to cause reflection of an SH-type surface wave between opposite two end faces,

thereby creating a standing wave.

Fig. 3
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exanpl e 1, except that the grooves 15, 16 were not formed in the back

_surface 0:,, The |nsert|on Ioss \Y; frequency
char act er FS¥ - i o R (@22 139 - 8-t he
conpari son % ?%s nd 7 the SAWf| lter of the second exarrpl e exhi bited
greater B % a pass-band of the SAWfilter as shown by the arrow

I n Flg wever, the pass band, i.e., the 3-dB band wi dth, was as
Iarge as 4. % And the insertion |oss for the pass band was as snall as 1.3
dB. 9 Exgnple 3 A SAWTfilter of a third exanple was manufactured under
condi tions ?i%ilar to the SAWfilter of exanple 1, except that the width of
outernost ele trodﬁ fingers 13c, 1l4c was

2 ouT 2
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thn £ . -8 -fj'.'F‘ “' Y
SER0HILR Y }Qﬂoooﬁm[ 11987 The attenuati onﬁ\'/:sh“\‘ﬂgg ’néy LA acteristi es of
the/ SAWfilter is shown |n Fig. 8. As clear fromFlg 8, the pass band

extends f Biugdth as an i(dex for the
pass band“ 0 € SAWTITtéer of

Exanpl e 1. [@3|]s therefore understood that a SAWflIter having a rel atively
W de pass b an be realized by this exanple. Also, the insertion | oss

wi thin the ?js band is 1.5 dB. As such, the present exanple attains a
filtering ch %I‘IS'[IC which is equivalent to that of the SAWfilter of

Example 1. In theglSAW er Exanpl e 3,4 mowever i44is gni zed t hat
sone ripples sho by t Hjeéar r1C3 Y had occu‘lg| 4 ! g

ed withi the s band. As

clear fromthe reg i on provides a
SﬁWf [ Itte_r Pevi ngya v dg” pass- ad . /t [ shgl So /Ll gar bt kt n tegfsloﬁ(rai ous
i-sti Mo Su
(t:)i Zgggl 2(r:t$i cC:u(t:);tr tE and tsat ri yeggcan e eff I ye y/rsuﬁressed by
form ng the el ect _‘pdyfiﬂer Wlm F i ¢ ZIQey rﬁ%or B[ err]/16.
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Experiments were conducted to test SAWfilters having outernost electrode
fingers 13¢, - i, ned that r|-g es within

¢ Tt v . w :A: !
the pass- BRFEI AR Bé—diddctive p e g A

characterlﬁﬁLgﬁ shomn in Flg 6, by settlng the mndth betmeen [err]/8 and
7[err]/ 16 he foregoi ng enbodi nents, the width of the electrode fingers
and the gap t her ebet ween are equal. However they may be varied as
desired. In %go cases, .a simlar effect is obtainable by formng the w dth
bet ween t he faces 12a, 12b of the substrate neets by the equation
(1) stated above. the present invention, a double-nmpde SAWfilter of a

| ongitudinally couplying type is constltuted as a surface wave device of an
end-face refl ection type'\éth the 9
|




utili.zation of an SHtype surface wave, w thout necessitating the provision

of reflectgrs. ¢ bot h S|des of IDTs It is therefore p055|ble to reduce

the size OEIERBTSAMW FiJ tdok Feleh0T-222 139 at ddl kpacing for

provi di ng gﬁhl tors. In addition, the absence of using reflectors allows

avoi dance imtrease in insertion loss by reflectors, which nmakes it

possi bl e toééf glze a SAWfilter which is small in insertion | oss and hence
-

broad i n ba conpared with the conventional doubl e-node SAWfilter of
the longitudinally coupllng type V%at is clainmed is: 1. An acoustic
surface wave filteof—atongrtudinatty—cot iZing an end-face
reflecting SHtype| surface wave, said fi ' si ng:
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a piezoelectric substrate having opposite end faces; first and second
|nterd|g|tal transducers forned on said p|ezoelectr|c substrate and havi ng
el ect r ode &= =t 9db dh 1pdrSh yria ) Te P20 138c e amanner t hat
an SH-type face wave generated mhen an input signal is applled to said
transducergéfz caused to be reflected between said opposite two end faces
and that s oustic surface wave filter operates as a doubl e-node SAW
filter hav?gd basi ¢ node and a hi gher order node. 2. An acoustic surface
wave filter cordlng to claim1l, wherein sald plezoelectrlc substrate is

roughened in st and second
interdigital t
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3. An-acoustic surface wave filter accordi ng toclaiml1 or 2, wherein said
el ectrode o e terdloltal transducers i ncl udes
el ectrode 6 R p— : 7 gélidde t g g dlrpf‘sl)nn of
propagati on[4 83 - 12 - surface wave and havi ng a wi dth ther eof
determined wthin a range of fromf[err]/8 to 7[err]/16, provided that a
wavel engt h of‘Fgu surface wave is [err]. 4. An acoustic surface wave filter
according to'cam1 or 2, wherein the distance L between said end faces of
said substrate -f-&F—F—S—MM—-t—h-I—H—-@.—Fﬂ“gﬂ of
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[e

in t electrode finger of said{second interdigital

transducer and an
transducer, said gap

'Equation(l) where n is an int ]
fil or di nNSEHARCHRERORT. WiepkditiondNog2610540-80r ned bet ween an
inmmectrodefinger of saidlfirst interdigital

havExngmmcfp substantlalfy equal to a w oFtﬁ of each of sal d

to clalm 1 vvhereln saldSH-type surface vvavelssel ected fromthe group

consi sting of a Leaky wave, a Love wave and a BGS wave.

surface wave filter of a&ﬂ@b@imﬂ;ﬁngWAVEFILTER

7. An acoustic

A double-mode SAW filter (11) of a longitudinally coupling type utilizing an SH-type surface
wave, which is structured with first and second IDTs (13, 14) formed on said piezoelectric
substrate (12) to cause reflection of an SH-type surface wave between opposite two end faces,

(12a, 12b), thereby creating a standing wave.

Fig. 3.
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¥ o . Tolosag-y zre s
- 13 - coupling type utili ﬂ l refil ecti.ng .SH- 1y pe surf-ace-wave,
said filter conprising: ammn(uﬂ"lm] Il ﬂml)st rate haglng b nd $G |
faces; a first interdigital® tfansduter® f drned :or sai.d- piez Lo
substrate and having electrode digits extending parallél, f & Endegedoss f
a second interdigital transducer for rreil adj acenty to said frr-5t i:ntepdiedit.al
transducer and having el ectrode di gi ts ®xt ending parall el P dafdoeprtefates!
in such a_manner thatf an SHtype surface wave;generated n an input i
si gnal i SWk@pl +8dCt@dmed 1%t ansducers is caused'to be'

1. An acoustic surface wave filter of -a longitudinally

coupling type utilizing an end-face reflecting SH-type surface
wave, said filter comprising: |
a piezoelectric substrate having opposite end faces;
first and second interdigital transducers formed on said
piézoelectric substrate. and having electrode digits
extending parallel to said end faces in such a manner
that an SH—tfpe surface wave generated when an input
signal is applied to said transducers is caused to be
. reflected between said opposite two end faces and that
said acoustic surface wave filter operates as a
double-mode SAW filter having a basic mode and a higher

order mode.

2. An acoustic surface wave filter according to claim i1,
wherein said piezoelectric substrate is roughened in a surface
opposite to a surface on which said first and second

interdigital transducers are formed.

3. An acoustic surface wave filter according to claim 1
or 2, wherein said electrode digits of said first and second
interdigital transducers includes electrode digits existingon

the outer ends relative to a direction of propagation of a



refl ected between said opposite two ‘end faces and that said |

surface wave filter operates as a doubl e-node SAWTfilter havmﬂmﬂmmm,m”“"l
mode and a hi gher order node. 8. An acoustic surface wave filfer®accoriig *
to claim?7, wherein said piezoelectric substrate is roughened in a surface
opposite to a surface on which said_figst and second interdigital

transducers are fornmed. 9. An acoustic surface wave filter according to
claim7 or 8, wherein said electrode, digits of said first and second

nt er di gi $WFEaF@MANR AR | BRY LRI A Sl deherenofl determinesy Within a

range of from A/8 to 7A/16, provided that a wavelength of the

surface wave is A.

4. An acoustic surface wave filter according to claim 1
or 2, wherein the distance L between said end faces of said

substrate falls within a range of:

ixnsLs-'}-xn+lA.
2 2 8

Equation (1)

where n is an integer.

5. An acoustic surface wave filter according to claim 1
or 2, wherein a gap is formed between an innermost electrode
finger of said first interdigital transducer and an innermost
electrode finger of.said second interdigital transducer, said
gap having a width which is substantially equal to a width of

each of said innermost electrode fingers.

6. An acoustic surface wave filter according to claim 1,
wherein said SH-type surface wave is selected from the group

consisting of a Leaky wave, a Love wave and a BGS wave.

7. An acoustic surface wave filter of a longitudinally
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- 14 - the outer. ends relative to a direction of pr opagat Ilﬂl‘l“ “lﬁlﬂmmj m‘
wave and having a width thereof determ ned within a range

to 7 [err]/16, provided that a wavel ength of the surface wdve®is [err]

An acoustic surface wave filter according to claim7 or 8, wherein the

di stance L between said end faces of said substrate falls within a range
of: [err] Equation (1) where n is an iateger. 11. An acoustic surface wave

T 2R, L B D SichfePhe SIS Y SRCRANE LRt oot o
wave, said filter comprising:

a piezoelectric substrate having opposite end faces;

a first interdigital transducer formed on said
piezoelectric substrate and having electrode digits
extending parallel to said end faces a second
interdigital transducer formed adjacent to said first
interdigital transducer and havin'g electrode digits
extending parallel to said end faces in such a manner
that an SH-type surface wave generated when an input
signal is applied té saidl transducers is caused to be
reflected between said opposite two end faces and that
said acoustic surfape wave filter operates as a
double-mode SAW filter having a basic mode a'nd a higher

order mode.

8. An acoustic surface wave filter according to claim 7,
wherein said piezoelectric substrate is roughened in a surface
opposite to a surface on which said first and second

interdigital transducers are formed.

9. An acoustic surface wave filter according to claim 7
or 8, wherein said electrode digits of said first and second

interdigital transducers includes electrode digits existing on
[ REPLAGEMENT SHEET
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the outer ends relative to a direction of propagation of a
surface wave and having a width thereof determined within a

range of from A/8 to 7 A/16, provided that a wavelength of the

surface wave is A

10. An acoustic surface wave filter according to claim
7 or 8, wherein the distance L between said end faces of said

substrate falls within a range of:
&xnsLsixn+ZA
2 2 8

Equation (1)

where n is an integer.

11. An acoustic surface wave filter according to claim
7, wherein said éH-type surface wave is selected from the group

consisting of a Leaky wave, a Love wave and a BGS wave.
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ACOUSTIC SURFACE WAVE FILTER

A double-mode SAW filter (11) of a longitudinally coupling type utilizing an SH-type surface
wave, which is structured with first and second IDTs (13, 14) formed on said piezoelectric
substrate (12) to cause reflection of an SH-type surface wave between opposite two end faces,
(12a, 12b), thereby creating a standing wave.

Fig. 3.

REPLACEMENT SHEET

02 AUG 2000




