SPECI FI CATI ON REFLECTI ON REVERSED TYPE SURFACE ACOUSTI C WAVE TRANSDUCER AND
FILTER Field of the Invention The present invention relates to a surface
acoustic wave transducer (hereinafter to be referred to as an IDT

el ectrode) and a surface acoustic wave device structured by using the sane,
and relates, nore particularly, to a reflection reversed type surface
acousti-.c wave transducer having three el ectrodes di sposed in one wave

| ength of an excited surface acouSPECIREVATI®Nreby to have inproved a drop
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Background Art

In recent years, a surface acoustic wave device
(hereinafter to be referred to as a SAW device) has been used
in many communications fields, and has been playing the role in
reducing the sizes of portable telephones and the like because
of its excellent characteristics in high frequency, compactness
and easiness in mass production.

Fig. 5(a) is a top plan view for showing one example of
an electrode pattern of a conventional primary-third order
longitudinally coupled double mode SAW filter (hereinafter to
be referred to as a double mode SAW filter). On a main surface
of a piezoelectric substrate 11, there are provided three normal
IDT 12, IDT 13 and IDT 14 closely disposed to each other along
a propagation direction of a surface wave, with reflectors 15a
and 15b disposed on both sides of these IDT’s

Each of the IDT 12, IDT 13 and IDT 14 is structured by a
pair of comb electrodes having a plurality of electrode fingers,
with each electrode finger inserted into a space of the other
comb electrode. One of the comb electrodes of the IDT 12 is
connected with an input terminal and the other comb electrode



is grounded. One of the conb electrodes of the IDT 13 and one of the conb
el ectrodes of the IDT 14 are nutually connected wth each other and are
connected to an output termnal. The other conb el ectrode of the IDT 13 and
the other conb electrode of the IDT 14 are nutually connected with each

ot her and are grounded. The doubl e node SAWTfilter shown in Fig. 5(a)
operates as follows as known. A plurality of surface waves excited by the
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ripple in cascade to improve a shape factor and guaranteed attenuation
of the filter, is also a means well-known in the art.

Fig. 5(b) shows an example of frequency characteristics
obtained as a result of simulating a double mode SAW filter, taking
the IDT electrode pattern shown in Fig. 5(a) as an example, by
using 36° Y-cut X-propagation LiTaO; as a piezoelectric substrate,
using 18 pairs of the IDT 12, using 18 pairs of the IDT 13, using
18 pairs of the IDT 14, using 500 reflectors, assuming a pitch
ratio L./Lg of the reflectors to the IDT’s as 0.990, assuming a
center frequency of 1.5 GHz, and assuming a necessary pass band
width as 24 MHz.

However, when an attempt is made to realize a wide-band
double mode SAW filter by using the conventional normal IDT
electrode pattern, the following trend is observed as is clear
from the filter characteristics shown in Fig. 5(b). The shape
factor at a high-pass side standardized by a center frequency
is not good as the shape factor at a low-pass side standardized
by a center frequency, and the attenuation level is decreased
by 13 dB at around 1.54 GHz and then increases. (A small ripple



2 near the pass band shown in Fig. 5(b) is attributable to the
reflectors 15a and 15b, and this becones snaller after being converted into
a bulk wave in the actual product. Therefore, this has no practical
problem) In order to overcone the above problem a plurality of double
node SAWTfilters having simlar characteristics are connected in cascade,
whereby to inprove the characteristics. However, it is not possible to
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utilization of frequencies. There has also been a demand for low
loss and high attenuation in the filters used. However, these
demands cannot be met by the conventional double mode SAW filters
that have what is called the attenuation level decreasing
characteristic at the high-pass side in the vicinity of the
passing band.

In order to solve the above problems, there is also proposed
a ladder type SAW filter. However, this also has a problem that
the use of this filter is limited as it is not possible to obtain
sufficient attenuation in the frequency at a distance from the
center frequency of the pass band.

With a view to solving the above-described problems, it
is an object of the present invention to provide a structure of
IDT electrodes and an SAW using this structure that has improved
both the attenuation at a high-pass side near the passing band
and spurious in this area.

DISCLOSURE OF THE INVENTION

In order to achieve the above object, according to a first
aspect of the present invention, there is provided a reflection
reversed type surface acoustic wave transducer, structured by
a repetition of a plurality of unit segments formed on a



aspect of the present invention, there is provided a reflection reversed
type surface acoustic wave transducer, structured by a repetition of a
plurality of unit segnments fornmed on a 3 pi ezoel ectric substrate, each
segnent conprising: a first electrode finger having a width W,; a second

el ectrode finger having a wdth W2 di sposed adjacent to the first electrode
finger wwth a gap gl; a third electrode finger having a width WB di sposed
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el ectrodesridisiPQs@lct of the invention are disposed close to each other
along a propagation direction of a surface wave, with reflectors
disposed on both sides therecf. (Corresponding to Claim 2)

According to a third aspect of the invention, there is
provided a longitudinally coupled multi mode SAW filter, wherein
a plurality of surface acoustic wave transducers in the above
first aspect of the invention are disposed close to each other
along a propagation direction of a surface wave, with reflectors
disposed on both sides thereof, and a ratio of a pitch of the
reflectors to a pitch of the IDT’s is set larger than 1.
(Corresponding to Claim 3)

According to a fourth aspect of the invention, there is
provided a reflection reversed type surface acoustic wave
converter, wherein, in a unit segment of IDT electrodes disposed
on a pilezoelectric substrate, a combined vector which is a
combination of reflection vectors from each end surface of each
electrode finger within the segment has a positive phase.
(Corresponding to Claim 4)

BRIEEF DESCRIPTION OF THE DRAWINGS
Fig. 1(a) is a top plan view for showing a part of an



on a piezoelectric substrate, a conbined vector which is a conbination of
reflection vectors fromeach end surface of each electrode finger within

t he segnment has a positive phase. (Corresponding to Claim4) BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1(a) is a top plan view for showi ng a part
of an 4 el ectrode structure of the present invention, and Fig. 1(b) is
cross-sectional view for showing a surface electric potential on this
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Fig. 4 is a diagram for showing frequency characteristics
of a longitudinally coupled mode SAW filter structured by using
the IDT electrodes relating to the present invention.

Fig. 5(a) is a top plan view for showing a structure of
a conventional primary-third order longitudinally coupled mode
SAW filter, and Fig. 5(b) is a characteristic diagramof the same.

Fig. 6(a) is a top plan view for showing a part of a normal
IDT electrode of an infinite periodic structure, and Fig. 6(b)
is a cross—-sectional view for showing a surface electric
potential on the electrode.

Fig. 7(a) is a view for showing four reflection surfaces
Rl to R4 in one wavelength distance of a normal IDT electrode,
and Fig. 7(b) is a view for showing reflection vectors Rl to R4
on the four reflection surfaces and a combined vectorl 2 thereof.

Fig. 8 is a view for showing a standing wave at a lower
end (a solid line), a standing wave at a top end (a one-dot chain
line), a driving force distribution curve (a broken line), an
excitation center (a O mark) and a reflection center (a [J mark)
respectively of a stop band formed by the normal IDT electrodes.

Fig. 9(a) is a view for showing filtering characteristics
of the primary-third order longitudinally coupled mode SAW filter,
and Fig. 9(b) is a view for showing a relationship between a
reflection coefficient according to the IDT electrodes and a



on the four reflection surfaces and a conbined vector r2 thereof. Fig. 8 is
a view for showing a standing wave at a lower end (a solid line), a

standi ng wave at a top end (a one-dot chain line), a driving force
distribution curve (a broken Iine), an excitation center (a O mark) and a
reflection center (a [err] mark) respectively of a stop band fornmed by the
normal | DT electrodes. Fig. 9(a) is a view for showing filtering
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In this Figure, a symbol A denotes a wavelength of a surface
wave excited by the IDT electrodes. The wavelengthA
corresponds to a distance from a center of an electrode finger
16 to acenter of an electrode finger 18 of any optional continuous
electrode fingers of the IDT electrodes. Fig. 6(b) is a
cross—-sectional view of a portion cut along B-B of Fig. 6(a),
and this shows in a broken line a surface electric potential at
a certain moment when the IDT electrodes are driven by applying
a high-frequency voltage to between the comb electrodes. The
normal IDT electrodes are arranged with electrode fingers of the
same width in a period of A /2. A reflection coefficient 12 (a
reflection vector) per one pair (that is, one basic unit
structured by two electrode fingers) based on the center of an
optional IDT electrode finger as a reference will be explained
based on Fig. 7(a) and Fig. 7({b).

As shown in Fig. 7(a), in considering a reflecticn of one
wave A of an optional IDT electrode, edge surfaces of the
electrode fingers vertical to the piezoelectric substrate are
assumed as R1 toR4. (In thiscase, it is assumed that the symbols
Rl to R4 denote the edge surfaces as well as reflection vectors
from the edge surfaces.) The reflection vectors from these four



a high-frequency voltage to between the conb el ectrodes. The normal |DT

el ectrodes are arranged with electrode fingers of the sane width in a
period of V2. Areflection coefficient r2 (a reflection vector) per one
pair (that is, one basic unit structured by two el ectrode fingers) based on
the center of an optional IDT electrode finger as a reference wll be
expl ai ned based on Fig. 7(a) and Fig. 7(b). As shown in Fig. 7(a), in
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band canngbbg PeeRadatsd 28618cS1ANUING YAUE dai che’ BBPucture having
arranged a large number of these normal IDT electrode fingers,
such as an SAW resonator, an SAW resonance filter, etc. This
structure means that a surface wave having a frequency within
the stop band cannot be propagated and a standing wave is formed.
By utilizing this resonance state, the SAW resonator and the SAW
filter are structured.

As shown in “The method of analyzing characteristics of

IDT using the mode coupling theory”, pp. 87-94, 1992, the 21st
EM symposium, in the frequencies at a lower end (a lower limit)
and an upper end (an upper limit) of a stop band formed by normal
IDT electrodes, positions of an antinode (or a node) of their
respective standing waves are deviated by /2. Fig. 8 is a view
for showing distributions of the respective standing waves at
both ends (the lower end and the upper end) of the stop band of
the normal IDT electrodes. A standing wave at the lower end of
the stop band represented by the solid line becomes an antinode
at a center position of the electrode finger or at a reflection
center position. A standing wave at the upper end of the stop
band represented by the one-dot chain line becomes a node at a
reflection center position. The standing wave at the upper end
of the stop band represented by the one-dot chain line is not



By utilizing this resonance state, the SAWresonator and the SAWfilter are
structured. As shown in "The nethod of analyzing characteristics of |DT
usi ng the node coupling theory", pp. 87-94, 1992, the 21st EM synposium in
the frequencies at a lower end (a lower limt) and an upper end (an upper
limt) of a stop band fornmed by normal |DT el ectrodes, positions of an
antinode (or a node) of their respective standing waves are deviated

by[err]/2. ekifte8 115 apt YhEW L p§?9&9€iﬂ9 sddxsutc"thl%'ét | ofSudfed, h%nrﬁ%’%%%éVe
st andi ng wave ower. .end and the ugger end) of the stop

s
band of th&t n%rﬁd}lqelﬁeé‘%i‘té%ﬁé%tuW HERIPRPHAFS & tﬁ’énil%e'eﬁﬂléf t he
stop band sephasagtedtrdy st Becbodd dlkhbagbeﬁ@E%Sw@ékéiﬂ‘ﬂth@ﬁd@h@'fst&n@@ﬁt}el’

position of the electrode fin |.ection center position. A
st andi ng wi%#&°® a?g ﬁé g?)‘%?r ?{gfoqfot % ‘represented by the one-dot
chain |ine beconfs theatheat handef dckvnngcﬁmic@r (@dindeo fior Bemextazridiong

wave at the yopgtnenth of; Lhe, SLAMDARA I GRIESEDt sbbYed he, onesdlal chain

line is not Infinrte peri o ructure. vvever in the
case of a ElAFtEOfehgEer sKcisingea |SucEase Havaalwavslengtlick urkecansss a

st andi ng \A@ygmﬁmeeﬁ%&ﬁ@h@ﬁétl drieritS whgaKehel QﬁEfé@@ sianding wave at
the | ower t he stop band. t he ot her hand, driving force (a force

f or generaPPESmélﬁ%cqlPa?ﬁ@éﬂu%oélp‘F}é%vé‘héﬁ‘t Fpg- & \MI %%d’é‘%ﬁieide%l“ teuZiesnh
el ectrode) skeieexcd i 8gedlskiidare Mawd vinQvedengbbt £11idd b?QﬁQ@&anE’ﬁhnl mm
di nensi ona onent _when,t %ang%roéace el.e tr| c potential distr I gn

shown in Fioac"% B)2 PLPBRPHH RIPeERogdr &8, reé’&%%“&@glb-‘/kﬁ “R
driving foiléeedt Biged.byAthlmadkatin Emgbéicshmss a csantm:omﬁahewafée@ftlan

period[errl 4as @m{a%@gwa@sbx FQEQJ.‘e&f'{E ralQlo% Alerr] mark in

Fig. 8 shows a_cent er ectlon an a mark shows a center of
the excitation. A§ illustrated inFigg. rswhﬁﬁeﬁh? rﬁémé)‘é@lttléfll ePnieRft@he( t he

[err] mar kD angd-k)hentefheebir0BcEebh Merftidie (L1188 O ) a2E &updRatpaResed
with each other, the standing wave at the lower end of the stop
band represented by the solid line becomes in-phase with the
driving force distribution represented by the broken line, so
that the standing wave is excited strongly.

As explained above, according to the conventional
logitudinally coupled multi mode SAW filter using the normal IDT,
a lowest order resonance frequency (f1) at the lower end of a
stop band exited strongly and a resonance frequency (fn) in a
higher order longitudinal resonance mode are used to structure
a filter. It has already been confirmed by experiments and by
simulation that the higher order longitudinal resonance mode has
its lowest order near the lower end of the stop band and is exited
at a low frequency as the mode becomes a higher order.

Fig. 9(a) and 9(b) schematically show the filtering
characteristics of the double mode SAW filter using the resonance
frequencies fl1 and £3, and a relationship between
a reflection coefficient according to the IDT electrodes and a
reflection coefficient I' according to reflectors Ref. In order
to set the pitch of the reflectors larger than the pitch of the
IDT’ s, the center frequency of the reflection coefficient of the
reflectors is set lower than the center frequency of the IDT’s



wi th each other, the standing wave at the |ower end of the stop band
represented by the solid |ine becones in-phase with the driving force
distribution represented by the broken line, so that the standi ng wave is
excited strongly. As explained above, according to the conventi onal

| ogitudinally coupled nmulti node SAWTfilter using the normal |DT, a | owest
order resonance frequency (fl1l) at the |lower end of a stop band exited

strongly and a regsg@nancg) frequangy pihn) vh@waf@foé}%wﬁfgdefnel @Etambmél 82l
resonance nndgyﬁre used to stru ture a filter has alr
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is se (0] [ an e . center ue (0] e . IS a
Lop bl an VELUSTor2 ST 7g SBReIR Il & GPasR SBT (G bR KHdwoser R pach
relating tend tmdﬁsasénthemu electhbde ha-mgaeﬂ ayduthefthd ridepetéctrode of a
plurality Ping?é‘% tress%%”% ‘v%tl‘} gf;rg M3 RLezoel ﬁ}u’c Csesggn%% ggﬁwﬁi‘?@d

segnment conpr rode fi nger’ a Second
el ectrode anQQIEQ ¢kﬂ¢ﬁﬁpd§\ﬁhmg¢f$2pdrsQDSeMaYﬂﬂeﬂﬁth|%ﬂﬁ15|der@mgeﬁe

first e|eC£é§§E%éaﬂQq&1%ﬁ@ ggcg 1casEBé£P &l ectrode finger 3 haV|nﬁ g

wi dt h WB di sposed on the ri t Si he second el ectrode finger 2 wt

gap g2; and a spawétfe@r(gts*)e/ yigtBpbse&f Bheb%%lFﬁfeﬁ&e§F68§eoflff-9‘%r fli pad
el ectrode thageidamdil her tiig drghackl ederbddgeIndas BeGirev eky. elhladt b&r

words, a unééh o) nent %ké%ﬁ%yr dbetween the first electrode finger 1 and
the second electrode finger 2 and the gap g2 between the second
electrode finger 2 and the third electrode finger 3 are set equal
to each other. Furthermore, the electrode fingers 1 and 3 are
set in a phase opposite to a phase of the electrode finger 2 for
driving.
Fig. 1(b) is a cross-sectional view cut along A-A in Fig.
l(a). This shows a surface electricpotential at a certain moment
when a high-frequency voltage is applied to the comb electrodes
to drive the IDT electrodes. A reflection coefficientrl (a
reflection vector) per unit segment of the IDT electrodes having
three electrode fingers per one wavelengthA is obtained in this
way. Reflection vectors per one optional segment of the IDT
electrodes as shown in Fig. 2(a), that is, reflection vectors
El to E6 from six edge surfaces El to E6 at both ends of the
electrodes 1 to 3 respectively, are obtained. 1In this case, it
is assumed that El to E6 represents both an edge surface and a
reflection vector from this edge. Then, as shown in Fig. 2(b),
six reflection vectors El to E6 are obtained as shown in Fig.
2{b). 1In this case, for the sake of comparison with Fig. 7, the
center of the second electrode finger 2 is used as a reference



by three el ectrode fingers per one wavel ength of [err] is arranged
repeatedly on the piezoelectric substrate. Further, the wdth WL of the
first electrode finger 1 and the width WB of the third el ectrode finger 3
are set equal to each other. The gap gl between the first el ectrode finger
1 and the second el ectrode finger 2 and the gap g2 between the second

el ectrode finger 2 and the third electrode finger 3 are set equal to each

ot her. Furtdmrﬁuﬂlecthbe eIECctdmﬂLele‘d ﬂgets:cloﬁruheB relfee&e&ohnv@ctpdsmezl

opposite t se of the_el ode f| er ? or ¢ |V|n F|g s a
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el ectric potenti dheatrefleetian veroem 1 whewsaa phghefcriequéna:ty thel taygsen s

appL 1 ed. L0 AEnSTR ARl odRget 0 dih¥ocd el e RlAG0Esox A4 BELARI | OF

coefficient ectlon unit segnent el ectrodes

havi ng t hr @& tIrDa"delﬁr:ﬁgeﬂe ﬁh@w@n@v@w&l end@ h[ ePeFordinlwi deathin this

way . Ref'e‘iiHaCHesV%%OaifEQEeﬁﬁebfﬁt'0ﬁl§| tI8€ PRMNe %ttaheohDerée&Ifa%é as
shown in Fig. that is ectjon vectors E1 to E6 fromsjix edge

surfaces E Audsst B EREUTBIPEREOY Rt ] 1PP§1§IPESBECF?%er, are
obt ai ned. Irefillick ioaseentér deeassuned ghaale ﬁﬁﬂ&dﬁﬁzéb@d&@ﬁﬁlbspmtﬂoaﬂ edge

f d £l ' fr hi Th h in Fjg.
2(b), s i”rfé?ﬁre%w%%%g%‘t%f% dro, e s'iit ?oa; i %%ésﬁ%&iﬁe?ﬁ%%r_ iz‘% b).
In th dftdrert Werdak eaofondimgartios sthewi Bh trodet melsthhgrtoftien
s(re]conlzlsef:((jeIST@’egq3 fis o a%eas mSp;a > &f ¢ . ge ef? %r K ©

! gatrr %t %ht ?|n USEL B5udid Ed’ie%‘%%gglg&ﬁ veE' 1f erct A

combi ned v tor e refl éction vectors ones a re
vector r %mmeﬁnah ghe 2Eper $Re ard |t Leneveerdofr theshbag Renshase

of [err] / % Adpddia veaRt BEcOhe I s8bRAT 1008 (.1 9ger1n2mgnl 1ke gbﬁlaeﬁlrect i on
vector r2 of the normal | DT el ectrode sho n Fi Accordin
bot h phased SE S FePeRt 2BTHRT MEVeALTt E}{&@Eepgﬁf T c;ﬁ)eoflo‘d% u?’?%gbé/wave
i ncl udes a thet stnpperriddndaa spat-dat qiedin i bme afepide@ents a standing wave

in the frequency at the upper end of the stop band.

As is clear from the comparison with Fig. 8, as the
reflection center has deviated byA /4 to the excitation center,
the distribution of each standing wave has also deviated byA
/4. As a result, the positional relationship of the anti-nodes
and nodes of each standing wave with respect to the driving force
distribution in Fig. 3 has been replaced from the pattern shown
in Fig. 8.

On the other hand, a minimum dimensional component when
the surface electric potential distribution shown in Fig. 1(b)
is expanded in Fourier series becomes a driving force, as
explained above. A driving force distribution obtained by this
calculation becomes a sinusoidal wave as represented by a broken
line in Fig. 3. As is clear from Fig. 3, the excitation center
(a O mark) is positioned at the center of the second electrode
finger, and the reflection center (a [ mark) becomes a position
deviated by A /4 from the center of the second electrode finger
2.

Accordingly, as the anti-node of the standing wave in the
frequency at the upper end of the stop band represented by a
one-point chain line coincides with the excitation center, the
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reflection center due to this phase difference becones a position A4
spatially away fromthe center of the electrode finger 2. In other words,
according to the IDT electrode relating to the present invention,

di stributions of standing waves in the frequencies at the upper end and the
| ower end of the stop band respectively becone as shown in Fig. 3. In Fig.
3, asolidline represents a standing wave in the frequency at the | ower

end of the fxicopehapdaartheaupperdaid olfatie |Step bepd eseviksisedtsurdingd ywave in

he f d of .th p.b iS .
Compar 1 on O ERE A RRgE, (RS Roeb it RhRS i ErdRavadn SRR /4 10
t he excit attitotheehteer drte ofi sheidudp Ganof repcesanmtﬂbrygtwavsolm lahso
devi at ed b%lnéldA% @ugﬁs%é ek b PO 'éé’ﬁ%'errekﬁ% 9@%9 Pnc&){cl;éélees k- nodes

and nodes of each wave W th respect rrving
di stributi ¢he ﬁtﬁﬁélng Hégebéénn¢@p¢%ﬁkﬁﬁqlﬁﬁﬂaphénﬁaﬂﬁéﬁnpgrﬁﬁﬁﬂ¢r1 Fig. 8.
On t he ot hey Mardrea M ni num di nensi onal conponent when the surface

el ectric potential distribution shown_ i i.s expanded in Fourier
series becones al@WeVekg £8rEBE asteih Ié&?ﬁﬁfeﬁ%ﬁh?dlﬁ &Fi UFEBr?orE¥§

di stributi @tg@bltmgnesvby?t ht e d&dlv:v@ztl ahdoafbtﬂt@rmfmpab?ndusipﬂaéemceb@s
represente en line i is; clear fram : t he

exel tat i on BN TR 1 TR SLHRRT dhts sE¥kre TR Lo st At Second
el ectrode fwavgeat tardigder epfllcdctheostopitaad fepfeyaritadbpk L hbenmmeiat

posi 11 on deyl.abed iy A died OB Lo CaRLEL 0k g@hé@&?@%@i?e&x{qgﬁ% fijager 2.

Accordingly, as the anti-node of e stan I ng wave I n ency at the
upper end @f’—”etsﬁéltstlﬁﬁeﬁéh‘élnréﬁr‘é%%‘ﬁt cehaptangiagpsare @hatlhe |YBRe 6NSCi des

with the e>@q:1 ttakl 8RopeBhAl, ishexdDred étfﬁﬁﬂﬁ.']ﬁy BhsédeonpefefNIG &ff the
stop band is cited stron t her t he node of the_standing
G in s he FTHGGAREs o oF da O eEe Wi L BRL hed Lhbh rBSRASRER MG E S By t he
solid |inefrequency at the upper end of the stop band appears in a higher
frequency as the order is higher. Therefore, it is possible to
structure a longitudinally coupled multi mode SAW filter by using
a plurality of lowest longitudinally coupled resonance mode and
higher order longitudinally coupled resonance mode.

Fig. 4 shows frequency characteristics of a longitudinally
coupled mode SAW filter structured by having disposed on a
piezoelectric substrate three IDT electrodes relating to the
present invention close to each other along a propagation
direction of a surface wave, with reflectors disposed on both
sides of the IDT electrodes.

Parameters of the filter having the frequency
characteristics shown in Fig. 4 are as follows. While positive
and negative electrode fingers form one pair in the normal filter
shown in Fig. 5(b), the three electrode fingers (per one
wavelengthA) in the IDT electrodes of the present invention
correspond to the one pair in the normal filter. Pitch Ly of the
reflectors is constant for both the filter shown in Fig. 5(b)
and the filter having the frequency characteristics shown in Fig.
4. Aratioof thepitchof the IDT’ s to thepitch of the reflectors,
L./Lg, is set to 1.015 in the case of the filter having the
frequency characteristics shown in Fig. 4. All the other
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coincides with the excitation center, and this indicates that the standing
wave is not excited in an infinite periodic structure. However, in the
actual finite periodic structure, the standing wave at the |l ower end of the
stop band represented by the solid line is excited although it is weaker
than the standi ng wave at the upper end of the stop band represented by the
one-point chain line. Wien the IDT electrode structure relating to the

present i nyQiMdn@ers WEe@net €1 8LANHVIGhIAYR Frehli@nbPPERa At &fi dh@sSt Op
band is excited strojggly. Bas%on a resglt of sinulaiions, the, higher
order | ongitfiial Fedofafts S2BF ah&NPPERerdy BHLtee Shower iRdd%f the
stop band eaoqmﬁbl ar sHowReaehj ghlertrlfer @q@eagy éz?)laédﬂﬁnél{tfie{jtﬁesrvhHQBGWZ Jﬂ’leﬂ?‘ f)re,
it is possible. t tructyre.a | ongitudjinally co ed_.nul t.i . no S ilter
by usi ng. a PP P roleve e Th s Pt Ta et spr et dUHnEE Foddeand
hi gher or defidsdngilteadinodlel fiogapl ed tlesoviaitde Windé. tRegthilrd hmves frosiguency

characteri sd.i f L_oggi t udi nal Pl SAWTfilter structured by
havi ng di s;s)%'él rgn(wg pi gb%())él gé??l %y’sﬁ@ét ra ergt)ﬁ\r%ée | DT el ectrodes relating

to the present iMfeAtiank BRDEAACOTEAEN 1 hbe RISHRAR tal preplirn isnfalnastt i on
of a surfagg, Wava.i Minghar 9ﬁh9§§9ﬁ &F sRosathde RebBsshdes Righ heiddbs

el ectrodes. Paraneters of the filter havi ng t he frequency characteristics
shown in Fit§® #tPePaRI IR IMRRL Cyviie e Lo SiErEEogRg sheeeef et T dE
fingers forathoge-pass diklet heamhehsvaddiniged r&h @wnimpr dviegl sii{d)antizd hr ee

el ectrode fj rs.tper.one vel engthlerr in.the,.l DT ctrodes of the
present i n\Péﬁtqi on t&‘ ng&E{SHgg?Bafhglg% rp%,;hwr} ' ﬁ:é‘gnoéﬁéf'fi lter. Pitch LR
of the refl ector &t 8 lppnhsteast sfde neetrhthdpabiliaard , sanwt tienulitgonskdyeland
the filter g 1t ﬁ%’é‘@%@" har I SLI shon. | | G+ huf gt io of
the pitch o tr?% IlDI%'ecséto t he sﬁ%h%%%%%%ﬁ%ct orgéQEt%/% ee;}}ﬂ, Jis set

to 1.015 i H&Wfe easeearinpehmnacsprhalify athblighseieheydemaarctrinasscs
shown in Figghnd# ofAlthet Renothetiocddl multi mode SAW filter.

As explained above, when the reflection center position
is deviated by 7 /2, that is, when the phase of the reflection
combined-vector is changed by, with the excitation center
unchanged, the roles of the upper end and the lower end of the
stop band shown by the normal IDT electrodes become opposite to
the roles of the upper end and the lower end of the stop band
shown by the IDT electrodes relating to the present invention.
In other words, it is possible to realize a filter or a resonator
having frequency characteristics that are the replacement of the
characteristics between the upper end frequency and the lower
end frequency of the stop band of the normal IDT electrodes.

When the IDT electrodes of the present invention are
applied to the longitudinally coupled multi mode SAW filter, it
is possible to realize a filter that solves the attenuation level
decreasing so far generated at the high-pass side near the pass
band.

Accordingly, when there is a demand for a filter that
requires a high attenuation level at a high-pass side near the
pass band, the use of the IDT electrodes of the present invention
can easily meet the demanded characteristics without a cascade
connection structure as was the case with the conventional
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paranmeters of the filter having the frequency characteristics shown in Fig.
4 are the sane as those of the filter shown in Fig. 5(b). However, in the
present enbodi nent, the width W2 of the second el ectrode finger is set
smal l er than the width WL of the first electrode finger or the width WB of
the third electrode finger (WL = WB), that is, W = WB > W. As a pass band
according to the present invention is forned by utilizing a plurality of

rlesonange m@ahsuqhea hli"@fuﬁéld,elefliims@pagsbﬁnﬁl tbydme i’ﬁlt}he.l_riég&tlon

el ectrodes,, the sha ctor at a i de_near .t he passing area is

i nproved s&ﬁ?ﬁaﬁPlaEPy,gﬁn???%ﬁ??ﬁ??é%nﬁéﬁ:aS%hlOPPFFéFOEho #n Fig. 5(b).

At a Iomfpasmgstddlnealytheuphs¢ roaindi, radieatSA¥nddflten heved teerEXBI ng
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char act o | SR s0ebeeh! be LIPSl I, RIUEAGL AR DR OLEE, 0L quency

t he presengugiaaiepsnsaEbieppnt @c;tte@uaﬁéonohg@u‘cnmawmégpa et shande node

SAWTilter £rih *tﬁepeéﬁtékefl-@ QSR ; Zedr@.lfldé tt@{e tllaahe§0ky§é gDecattenuation
| evel decreasing enerated at the $ ggﬁ{ de near the pass, band.
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Accordingly, whert h"e’i‘fél RAGLJLREFS BPORET PesRI 42k WA VRigH
attenuati Olthlee‘feéqaénay mmamlsmdesn@ﬁrtﬂéwetaasinbamhe aletis expgfert he

| DT el ect r odes 1l the nLesent, L nvent ko £311938L! Yo B Lot bin SEIBIH 5
piezoelectric substrate and electrode materials so as to coincide
the electrode finger center and a reflection center (that is,
the phase of the reflection coefficient becomes - 7/2 at the
center of the electrode finger) in the normal IDT electrodes.

However, in the case of a combination of the electrode made
of aluminum and 128° Y-cut X-propagation LiNb0;, for example, the
reflection center becomes a position at a distance of A /4 from
the electrode finger center, that is at the center of the space,
in the case of the normal IDT electrodes as well, when the
electrode film thickness is approximately 3.5%A or above. In
this case, only the operation of the upper end and the lower end
of the stop band changes in the normal IDT electrodes and the
reflection inversion electrodes proposed this time.
Complementary relationship and utilization value of both types
of electrodes remain unchanged.

With the above-described structure, a longitudinally
coupled multi mode SAW filter using the IDT electrodes of the
present invention exhibits a satisfactory shape factor at a
high-pass side near the pass band. Further, by a cascade
connection of the longitudinally coupled multi mode SAW filter
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connection structure as was the case with the conventional 12 t echni que.
Further, it is also possible to solve a high insertion |loss due to the
conventi onal cascade connection, by a longitudinally coupled nmulti node SAW
filter using the IDT el ectrodes of the present invention. Further, when the
| ongitudinally coupled nmulti node SAWTfilter using the |IDT el ectrodes of-
the present invention and the longitudinally coupled nulti node SAWfilter
usi n_gblt he @@ﬂw@fm'remada% nfwmj telle_e@lbmd@ﬂgmes C@ﬂi@?@i@idd@i&&ﬁﬁ@d&ly}; is
possible to realize a filter Vi a_good shape.factor, shar to
characteri %?'f%ge(? r{mb%ﬁ]h It\‘ﬂ(% r#}\%l 539‘8 Tt ﬁgrBS 4 %%n%%.us&rt%&%%il‘tb type
filter havébgctihedesovie-tdes prdsedtstinvehtiiengublr aid gessslilfel coedibrm a
attenuati on; { . g e y nli ke
he 1 adder 1y oeE 11 Ea e Sl o el et
wave and tP@s$rapisencyhéRagslieitsta qenerkehéesebirithgnwapaugectueinpper
and | ower erdssof £ stop band relates to a conbination of a piezoelectric
substrate and el ectrode materials so as to coincide the el ectrode finger
center and a reflection center (that is, the phase of the reflection
coefficient beconmes - [err]/2 at the center of the electrode finger) in the
normal | DT el ectrodes. However, in the case of a conbination of the

el ectrode nade of alum num and 128[err] Y-cut X-propagation Li NoG3, for
exanple, the reflection center beconmes a position at a distance of A /4
fromthe el ectrode finger center, that is at the center of the space, in
the case of the normal IDT electrodes as well, when the electrode film

thi ckness is approximtely 3.5%err] or above. In this case, only the
operation of the upper end and the | ower end of the stop band changes in
the normal 1DT el ectrodes and the reflection inversion el ectrodes proposed
this time. Conplenentary relationship and utilization value of both types
of el ectrodes remai n unchanged.
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Wth the above-described structure, a longitudinally coupled multi node SAW
filter using the IDT el ectrodes of the present invention exhibits a

satisfactory shape factor at a hi gh-pass side near the Furt her
by a cascade connection of the longitudinally ﬁﬂﬂunﬂﬂ !ﬁm ! SwNVfllter
13 structured by using the normal I1DT's and y coupl ed
multi nmode SAWfilter structured by using the |DT él ectrodes of the pr esent
i nvention, WHATS IBosaLbMeDtosforma filter having substantially inproved
t he shape factor near the pass band. This exhibits a remarkable effect in

manuf acturing the SAWfilter. 14 1. Areflection reversed type surface
acousti c waue vxheﬂez‘ref]aecsturdmmvammswpemweaté&mlsmbsﬂa\ﬁa @@mv@ﬁwled by

a repetitiogyg e%npguéﬁkfggeogcéﬂgélc nt%@%%@ﬁ?ga%ﬁy? éP % ﬁéégghndth

substrate, each segment conpriglng:~a First
W; a seconéeéﬁﬁétigaeoflﬁg@lurﬁﬁmtxyQf\Mndthswzmdntpoﬁedmaﬂyatent to the

first el ect padeokiBgeE: W shodt SR Olkach ts%'gh@n%' gs&&ﬁ&ﬁ&ngfrfﬂas‘@ ng a

wi dth W8 dIS osed adj acent to the 'second el’ectro I nger ap g2;
and a space® ?CEQQ??Z HP%%%S%%W%ﬂgeﬁﬂ%&gﬁﬁtw§ala $$¢%@de¢kﬁﬂﬁﬁﬂﬁ§ fnng@r and
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2; wherein saird first

and third el SErodBord Tyl S b SP L EROBy LABSE HENY A pITISENs edseeerdel v
and sai d seedpdcehtdta bte fdauger ebé@tﬁbdelemnbyr/%ﬁt:hl Relp §0 chd & splce
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el ectrode f|n I TSt
the thlrd electrode flnger respectlvely, wherein the first
and third electrode fingers are set in-phase, with the second
electrode finger set in an opposite phase, the width Wl of the
first electrode finger and the width W3 of the third electrode
finger are set equal to each other, and the gap gl and the gap
g2 are set equal to each other.
2. A longitudinally coupled multi mode SAW filter, wherein
a plurality of surface acoustic wave transducers according to
Claim 1 are disposed close to each other along a propagation
direction of a surface wave, with reflectors disposed on both
sides thereof.
3. A longitudinally coupled multi mode SAW filter, wherein
a plurality of surface acoustic wave transducers according to
Claim 1 are disposed close to each other along a propagation
direction of a surface wave, with reflectors disposed on both
sides thereof, and a ratio of a pitch of the reflectors to a pitch
of the surface wave converters or IDT’s is set larger than 1.
4. A reflection reversed type surface acoustic wave
transducers, wherein, in a unit segment of IDT electrodes
disposed on a piezoelectric substrate, aphase difference between
a reflection center determined by a combination of reflection
vectors from each end surface of each electrode finger within
the segment and an excitation center determined by a surface
electrode distribution is different from a phase difference
between a reflection center when normal IDT electrodes are
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el ectrode finger and the width WB of the third el ectrode finger are set
equal to each other, and the gap gi and the gap g2 arﬂ“lﬂ‘“ﬂﬁwlum}uﬂ ch

ot her, and except the condition that Wi=W2 and gl=g3. X Ly |y
coupled nmulti node SAWTfilter, wherein a plurality of refl ection reversed
type surface acoustic wave transducers according to Claim1l are disposed
cl ose to each other along a propagation direction of a surface wave, and
N R e R R R T I R N T
: ongi t udi na coupl edq mul ti e ilter,,wherein a plurali 0
Ve ecti on SV BEtEIBEned i Aot TR G ML THaTE G AEYORRTY o
Claim1 areldh sjagecscltos@00odegebest her al ong a propagation direction of a
surface wave, and reflectors are di sposed adjacent outernost reflection
reversed type surface acoustic wave transducers, and a ratio_of a pitch of
the reflectors to a pitch of the surface wave- [C nADT' s is set

| arger than 1. 4. Areflection reversed t ng}i%st Assgggwst'i C wave
transducers according Claim1l wherein, the r fl ectiE E‘& L -vector rl of
the reflection reversed type surface acousti C wave transducer at an
excitation center is different 160 degrees to 200 degrees fromthe
reflection conmbi ned-vector r2 at an excitation center if normal |IDT 16
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