1 0.MAR 2005 DESCRI PTI ON SURFACE ACOUSTI C WAVE DEVI CE 5
+Technical Field This invention relates to a surface acoustic wavé (deXR Q85
i ncludi ng surface acoustic wave el enents connected in parallel. 10
Background Art As is known, generally, a low loss and a steep out-of-band

cutoff characteristic are required in a surface acoustic wave fj mn “‘
surface acoustic wave device used for nobile conmunication. 1gmHmmli WM|
exanpl e, a multistage cascade-connected rksonant filter is used ag .
surface acoustic wave elenent for a systemthat requires a steep filter
characteristic since a lowloss is considered to be inportant and adj acent
channel s are close to each otherDZD) $houRhIiPsTfEeQuncy band is wide, |ike
a GSM (G obal System for Mbile Communication) - |IF (Internediate

Frequency) filter. In the nultistage cascade-connected resonant filter,
however, the nunber of stages needs to increase 25 to secure steepness and

thus a | oss becones |arge. | RUBFAEE AGONSIICh WAVEr ®EYECEequency band,

tuning is needed between the stages of the respective resonant

5 Technical Field

This invention relates to a surface acoustic wave
device including surface acoustic wave elements
connected in parallel.

10 Background Art

‘As is known, generally, a low loss and a steep
out-of-band cutoff characteristic are required in
a surface acoustic wave filter of a surface acoustic
wave device used for mobile communication.

15 For example, a multistage cascade-connected
resonant filter is used as a surface acoustic wave
element for a system that requires a steep filter
characteristic since a low loss is considered to be
important and adjacent channels are close to each other

20 though its frequency band is wide, like a GSM (Global
System for Mobile Communication) - IF (Intermediate
Frequency) filter.

In the multistage cascade-connected resonant
filter, however, the number of stages needs to increase

25 to secure steepness and thus a loss becomes large.

In order to obtain a broad frequency band, tuning is

needed between the stages of the respective resonant
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1-0.MAR 2005 2 filters. The resonant filter is therefore difficult to
~mount . Anot her structure of the surface acoustic wave filter pgg& ﬂﬁg
in, for exanple, Jpn. Pat. Appln. 5 KOKAI Publications Nos. 62 43 f
9-214284. In the surface acoustic wave filters of these publications, the
frequency band can be broadened by frequency intervals of a nultiplex node
of a resonator in each stage. 10 However, #here isalimt to widen the
passband of the above filters since multiple resonance frequency

intervals chiefly depend upon the el ectromechanical coupling coefficient

proper to a pie Ie trlc substrate. t.he hase of an, unnec ry 15
hi gher - or der ﬁﬁou'%m ‘de thﬁa TS nt?enht b’hlblethed: of° t r%%e @lggltc%%go Pte

to that of are Rt filter on the other party, the unnecessary
hi gher - order node€ cannot be suppressed. For this reason, the in-band

characteristic canno%ﬂ@i _ﬁ¥y§%¢ﬂ£étgglé%él re%gg g? €%éo%a9%hthe

out - of -band characteristic. ters aret ore eir
use. In order teipr@y de ¢iRAldodd Wnl tint s O%Qar%&fﬁ' stic
of a surface acoustic wave, a surface acoustlc ter usi a surface

25 acoust 5C wav&oxraeR 1R RN MOs SFéliDﬁa(ﬁJmAr?d %mzw' - Dt egphé onal
Transducer) has recently been used wdely since it is highin flexibility

of design, |ow surface acoustic wave filters of these publications,
the frequency band can be broadened by frequency
intervals of a multiplex mode of a resonator in each
stage.

10 However, there is a limit to widen the passband of
the above filters since multiple resonance frequency
intervals chiefly depend upon the electromechanical
coupling coefficient proper to a piezoelectric
substrate. Unless the phase of an unnecessary

15 higher-order mode outside the frequency band of the
mode is set opposite to that of a resonant filter on
the.other party, the unnecessary higher-order mode
cannot be suppressed. For this reason, the in-band
characteristic cannot be designed virtually under the

20 control of the out-of-band characteristic. The filters
are therefore limited to their use.

In order to provide directivity with the
propagation characteristic of a surface acoustic
wave, a surface acoustic wave filter using a surface

25 acoustic wave element R (Resonant) SPUDT (Single Phase
Uni-Directional Transducer) has recently been used

widely since it is high in flexibility of design, low



1 O.MAP, 2005 3 in loss, and easy to mniaturize. In the surface acoustic
‘wave el ement RSPUDT, SPUDTs of conb el ectrodes forned in a unidirdcliMiRal00s
el ectrodk structure are arranged such that the mmin propagation directions
of 5 excitation waves are opposed to each other. In this type of surface
acoustic wave filter, however, the internal reflection of an el ectrode
finger is positively used in order to achifve a unidirectional property.
Bot h the bandwi dth and skirt characteristic® 10 of the filter depend upon
the ratio of a forward unidirectional electrode to a backward

uni di recti onal .elﬁpggode, #he refl ection factors t qugf, and the nunber
of electrode fi H‘éle $551 Y R R4 ¢ 1 isdf‘ﬁ % he

bandwi dth and the, §t;‘}°| g&q’reacelje% [ riaquoninDf n(ge&@ﬁdsen# Yol 5 .01 he srit n

particular, it s t to nake road bandwidth an eep ~s

h teristi i Ql i t . oh J i b
characteristic Gomald e Middy Atk Aldlen e HLaReNdeQuaid gy bas been

devel oped in eration above situation a Jject is 20 to

provide a surfage raeQed it AeWHE rdiad ﬂﬁgpaqaa@io@ d M4 OS¢ s dof
broadband, and a steep skirt characteristic. Disclosure of Invention A

surface agousti exwdvatden GRAVRSCIdE npdasddieco ZadH estdr J nventi on
conprises two or nore transducers forned on a piezoelectric substrate and
i ncluding a pluralitymofthiegitonse ehcdunfaddeacegsois have nfiibter,
however, the internal reflection of an electrode finger
is positively used in order to achieve a unidirectional
property. Both the bandwidth and skirt characteristic
10 of the filter depend upon the ratio of a forward
unidirectional electrode to a backward unidirectional
'elebtrode, the reflection factors thereof, and the
number of electrode fingers. Therefore, there is a
limit to designing the bandwidth and the skirt charac-
15 teristic independently of each other. 1In particular,
it is difficult to make a broad bandwidth and a steep
skirt characteristic compatible with each other.
The present invention has been developed in
consideration of the above situation and its object is
20 to provide a surface acoustic wave device that requires
a low loss, a broadband, and a steep skirt
characteristic.
Disclosure of Invention
A surface acoustic wave device according to the
25 present invention comprises two or more transducers
formed on a piezoelectric substrate and including

a plurality of regions, each of the regions having a



1 0-MAR 2005 4 pair of conb el ectrodes whose surface wave propagation
‘directions are opposite to each other, wherein at |east two of t hd 0 MAR 2005
transducers are 1800 out of phase and are connected in parallel to each

ot her, and the resonant nodes of the 5 transducers are coupl ed. The present
inventors found that the frequency characteristics of a transducer,
especially an interval between resonance4points are varied by varying the
ratio of a forward-direction SPUDT region“to a 10 backward-directi on SPUDT
region in the transducer (the ratio of the nunber of electrode fingers in
the former SPAUDEF oEgtombt eltberndebewhobeekattfredewhivegespugathen | atter
SPUDT region).,ln other words, the surface acoustic wave el enent 15 using

a transducer PhEFAGTARS RREEDTPEPFUEEUFE FeFfoPhEeTanPREELReTEatl&26bet ¥l on
bet ween a kno = C S S bi r e fj rns
a resonant c%@i?@emg%égggﬁééggr¥?%nﬁégrr%é%d%%gg?%B%H%ggggé%d%éégé%%%gen

t he forward-dineparahlahdtbackohr dtBBrdi aadt the SEBEDhanegmodesi bft hie

transdu%er, sphows guggkgi Lex.apde.mesonant frequency characteristic,. and
has a plurali of peaks ?resona C€ points) on. the frequency-anplitude

characteristic. Ir1ﬁﬁg{géégégtvgﬁ¢b$£@%§§¥gggﬁs£ﬁggyyﬁg,fgﬁguﬁéégresonant

cavity length.varies with the variation ¢ e ratio of t er of
el ectrode f'n@%h&d@%éﬂﬁ%tﬂdyWM¥W%(kféﬁédﬂﬁbf¥%£§bééﬁébfytéﬁn§HHEEOa10 the

nunmber _

between resonance points are varied by varying the
ratio of a forward-direction SPUDT region to a

10 backward-direction SPUDT region in the transducer (the
ratio of the number of electrode fingers in the former
SPUDT region to the number of electrode fingers in the
latter SPUDT region).

.In other words, the surface acoustic wave element
- 15 using a transducer having an RSPUDT structure perfdrms

an intermediate operation between a known so-called
transversal filter and'a resonant filter, forms a
resonant cavity whose end portion corfesponds to the
boundary between the forward-direction and backward-

20 direcﬁion SPUDT regions in the transducer, shows
a multiplex mode resonant frequency characteristic,-
and has a plurality of peaks (resonance points) on.
the frequency-amplitude characteristic.

In the filter with the RSPUDT structure, the

25 resonant cavity length varies with the variation of
the ratio of the number of electrode fingers of the
forward-direction SPUDT in the transducer to the number

of electrode fingers of the backward-direction SPUDT



of electrode fingers of the backward-direction SPUDT 1 0 MAR 2005 5
‘therein. Consequently, the resonant point on the frequency axis cﬂa%dﬁﬁ.ﬂMS
it was fbund that the interval between the resonance points was expanded

if the nunber of electrode fingers of the forward-direction SPUDT 5 region
of a transducer having an RSPUDT structure fornmed on a 450 X-Z lithium
tetraborate (Li2B407 LBO piezoelectric subpstrate was increased (if the
ratio of the forward-direction SPUDT regionwas increased). Wth respect
to the details of this 10 respect, please see 1999 |EEE U trasonics

S i P di Vol . 1 351 to 356. Usi t hi h nmenon, two (or

%FE?SEEQUDTEO; e1g gctcé’d’qp%uﬁé}glﬂo'elti%or%épﬁr}g@*iﬁ *‘gg‘?nt%eresonaﬁlce

e Megubar 1 nteriaangy sl MR, ¥ M oo Wl i PRV R ey
bj ect ed i d j . i.ne roads passband

ggr ai?elr ?gt iec t@%ﬁ&{%&s%@?ﬁfﬁ%{eﬁ r@nﬁﬁ%hrgéld‘%sge%xt%aﬁ%%e%hﬁfaat_?%r?grfﬂi)%g of

the two RSPUDTS ol i 1tehitS o2 e evxgﬁ %@i'éﬁ‘é’ W-‘ddﬁ@é@fcﬁrgr%@bfhga“ be

achieved by controlling an int tween resonancé poin

RSPUDTS. §he | niceldiah €21 e Sailald:eh it Bh Il Nt gl i 0 of the

nunber of electrode fingers between the forward and the
backward 25 dir gelrined HUAT.45°t Kszt hashpamsitbkeaberakkands 28197 W dth of

t he passband relatively freely by slightly
LBO) piezoelectric substrate was increased (if the
ratio of the forward-direction SPUDT region was
increased). With respect to the details of this
10 respect, please see 1999 IEEE Ultrasonics Symposium
Proceeding Vol. 1 pp 351 to 356.

Using this phenomenon, two (or more) RSPUDTs are
connected in parallel and opposite phase, the resonance
points of both the RSPUDTs are arranged on the

15 frequency axis preferably at regular intervals to
constitute a filter, and the outputs of the filter are
subjected to impedance matching. A combined broad-
passband characteristic can thus be obtained from the
frequency characteristics of the two RSPUDTs. 1In this

20 time, a desired passband characteristic can be achieved
by controlling an interval between resonance points of
the RSPUDTs. The interval can be controlled only by
changing the ratio of the number of electrode fingers
between the forward-direction SPUDT and the backward-

25 direction SPUDT. It is thus possible to arrange the
width of the passband relatively freely by sliéhtly

changing a design of the electrodes.



changing a design of the electrodes. 1 0 MAR 2005 6 If one of the
‘transducers connected in parallel has resonant frequencies of F11, 0MAR ¥B
Ful and the other transducer has resonant frequencies of F12, Fc2 and
Fu2, these resonant frequencies are expressed as 5 follows: F11 < F12 <
Fc2 < Fcl < FU1 < Fu2. Since, therefore, the phases of a | ow frequency
close to the resonant frequency F11 and a q%gh frequency close to the
resonant frequency Fu2 are kept 10 opposite to each other, the passband
characteristics of both the transducers are cancelled out each other. A
steep skirt characte an out - of - ban

ristic c t hus be achi eved as g
characteristic. The p}lfasoé’se S e« CeLY RRMITLE 14N dRAr R 5L 15 are
ite t t .th h f, th f i Fcl d Fc2
e opposi Lo o BRcACSERENE N FEORE i eds T (e IHAEL (F04 R es Ful
o atane 20 TREAREES £rAnRERaY Bols RddIHE KRR AAD S8\ D0 w2

broadened. 20 T respective i nterval's o

frequenci es Fll gnRClyoFulineBl2 5ot add 5 ; Hﬂ&?tzﬁﬁHﬁg ch
other. A frequency band car?S tﬁﬁg bgﬁbroggéﬁggﬁh%ﬁg iserth on ?%@s%% of at
| east foup of resonank: 25 frequencies FlI I, Fcl, Ful, F12, Fc2 and Fu2 are
al nost equal to each other. A frequency band can thus be

Fll < Fl2 < Fc2 < Fcl < Ful < Fu2.

Since, therefore, the phaseé of a low frequency
close to the resonant frequency Fll and a high
frequency close to the resonant frequency Fu2 are kept

10 opposite to each other, the passband characteristics
of both the transducers are cancelled out each other.
A steep skirt characteristic can thus be achieved as
an out-of-band characteristic.

The phases of the resonant frequencies Fll and F12

15 are opposite to each other, the phases of the resonant
frequencies Fcl and Fc2 are opposite to each other, and
the phases of the resonant frequencies Ful and Fu2 are
opposite to each other. A frequency band can thus be
broadened.

20 The respective intervals of at least four of
resonant frequencies Fll, Fcl, Ful, Fl2, Fc2 and Fu2,
are almost equal to each other. A frequency band can
thus be broadened.

The insertion losses of at least four of resonant

25 frequencies Fll, Fcl, Ful, Fl2, Fc2 and Fu2 are almost
equal to each other. A frequency band can thus be

broadened irrespective of the frequencies.



broadened irrespective of the frequencies. 1 0 MAR 2005 7 Both of the
‘transducers connected in parallel are forned on a single chip. The g MAR 2005
transduckrs connected in parallel are formed on different chips. 5 Brief
Description of Drawings FIG 1 is a view explaining and show ng one

enbodi mrent of a surface acoustic wave device according to the present
invention; FIG 2 is a plan vieM/epraining7and showi ng one 10 exanple of
a conb el ectrode structure of an SPUD according to the enbodi ment of the
present invention; FIG 3 is a table explaining and show ng a phase

rel ati onshi p- of resonan es of two surface ,acoustic ve filters

f !
according to the enbd |trc?§r?tfr g;?lueeg%latrﬁ YW fOAIRERY o B3R lle} 2%t abl e

expl ai ni ng and LAg ~anqt h rel ati onshi p of resonance frequencies
of the two sur?ggﬁbgcggsgigq&g&% %ﬁﬁ?@rs according to the enbodi nent of

the present inventioRys2Q.El j a |_ai nj show n
frequency characteri g‘thlecq'gjlén?ﬁél%séf}f g:(?g{ acofgﬁcn p\rlxyhg\}‘gllgée@i xge \z,a\#b%%p%ﬁl ng to

t he enbodi nent gf gggfgggggnbhi?gyention; FIG 6 is a diagram expl ai ni ng
and showi ng surface 25 acoustiC wave devices as conparative exanpl es of

the surfase acoustic wave degﬁygﬁﬂﬁgyayﬂgtﬂdhtgfeDrawings

FIG. 1 is a view explaining and showing one
embodiment of a surface acoustic wave device according
to the present invention;

FIG. 2 is a plan view explaining and showing one

10 example of a comb electrode structure of an SPUD
according to the embodiment of the present invention;

FIG. 3 is a table explaining and showing a phase
relationship of resonance frequencies of two surface
acoustic wave filters according to the embodiment of

15 the present invention;

FIG. 4 is a table explaining and showing another
phase relationship of resonance frequencies of the two
surface acoustic wave filters according to the
embodiment of the present invention;

20 FIG. 5 is a graph explaining and showing
a frequency characﬁeristic of the surface acoustic
wave device according to the embodiment of the present
invention; |

FIG. 6 is a diagram explaining and showing surface

25 acoustic wave devices as comparative examples of
the surface acoustic wave device according to the

embodiment of the present invention;



enbedi nent of the present invention; 1 0 MAR 2005 8 FIG 7 is a graEh
-expl ai ni ng and showi ng a frequency characteristic of each of the subfMfe2005
acousti c) wave devices of the conparative exanples; FIG 8 is a graph
expl ai ni ng and showi ng another 5 frequency characteristic of each of the
surface acoustic wave devices of the conparative exanples; FIG 9 is a
graph expl ai ni ng and show ng a frequency characteristic of one of the
surface acoustic wave filters of the surfaCe acoustic wave device 10
according to the enbodi mrent of the present invention; FIG 10 is a graph

expl ai ni ng and show requenc haracteristic_of the other surface
acoustic wave filte o(‘ﬁ ti}éssﬁfga%aepﬁ'ac ?Jcnjv%%ea’bév?%‘é‘“%%cordi ng to the
enbodi ment of thept j iQn:. .15 .F i r.aph_expl ai ni ng and
show ng a corrblgnaf ie??fé%%:jt %é%ﬁag%%é%is&lc%%fagaeérr?s?afl gtsﬁegfs"ﬁga?%\o surface

acoustic wave fLLGEL 1af LYo S AOUSd Gt IRV (& aRenLdi N Lo the

enbodi nent of the present invention, agram

expl ai ning and showigg t e ssurd %@f%%%hﬂﬁﬁ gﬁd’@ﬁoxﬁﬁgﬂgﬁgﬂhefo t he

enbodi ment of the present invention,” f ~external crrcurt 1s
connect eds FI G £13quendydchRl 24RIrAIgHiRY ANL WU 1S fu:5¢ 404 at ed

frequency characteristic of the surface acoustic wave device according to
t he enbodi nent atoustic wave devices of the comparative examples;

FIG. 9 is a graph explaining and showing a
frequency characteristic of one of the surface acoustic
wave filters of the surface acoustic wave device

10 according to the embodiment of the present invention;

FIG. 10 is a graph explaining and showing a
frequency characteristic of the other surface acoustic
wave filter of the surface acoustic wave device
according to the embodiment of the preseht invention;

15 - FIG. 11 is a graph explaining and showing a
combination of the frequency characteristics of the two
surface acoustic wave filters of the surface acoustic
wave device according to the embodiment of the present
invention;

20 FIG. 12 is a block diagram expiaining and
showing the surface acoustic wave device according
to the embodiment of the present invention, to which
an external circuit is connected;

FIG. 13 is a graph explaining and showing

25 “a simulated frequency characteristic of the surface

acoustic wave device according to the embodiment of

the present invention, to which the external device is



the present invention, to which the external device is 1 0 MAR 2005 9

rconnected; and FIG 14 is a graph explaining and show ng the actyaj MAR 2005
frequency characteristic of the surface acoustic wave device according to
t he enmbodi nent of the present 5 invention, to which the external device is
connected. Best Mdde for Carrying Qut of the Invention One enbodi nent of

this invention will now be described in de%pil with reference to the
drawings. In FIG 1, reference nuneral 1 i‘ndicates a surface 10 acoustic

wave devi ce. The surface acoustic wave device 1 is so constituted that a
surface acoustic wave f&[ter A of a first surface acoustic wave el enent
and a surface SeBAStFE9wa®BY ilter B of a second surface acoustic 15 wave

I t t i I | el he sane .chip. The surface acoustic
Mo filters o and pias B3RS 8, a2Reh eab B iy Bindahond e 05  and
16 d i i at.i ir i f r f acaustic .20
wave, | Acoumi ng ThEFATREReBUBREPLEARELECTLIAN, e Tntt KRR At Bl

wave (SAW in F&E%eldé§iéef§&$@§gépgiESPEEQ“eﬁB@d&H@n&e%& LRV el i n ¢

directiop thereof Is a backwar ection for the sake of conveni ence, t he
RSPUDTs imcl udei ipeneE&npPEBTeh3cn8théleakdrhailfl deviect HaNSHNHdJRd . ne SAW

in the forward direction and backward SPUDTs 4, 7, 12 and 14 for
transmtting the Best Mode for Carrying Out of the Invention

One embodiment of this invention will now be
described in detail with reference to the drawings.

In FIG. 1, reference numeral 1 indicates a surface
10 acoustic wave device.

| The surface acoustic wave device 1 is so

constituted that a surface acoustic wave filter A of

a first surface acoustic wave element and a surface

acoustic wave filter B of a second surface acoustic
15 wave element are connected in parallel on the same

chip.

The surface acoustic wave filters A and B are each
constituted of two of RSPUDTs 5, 9, 13 and 16 arranged
in the main propagation direction of a surface acoustic

20 wave. Assuming that the right traveling direction of
a surface acoustic wave (SAW) in FIG. 1 is a forward
direction and the left traveling direction thereof is
a backward direction for the sake of convenience, the
RSPUDTs include forward SPUDTs 3, 8, 11 and 15 for

25 transmitting the SAW in the forward direction and

backward SPUDTs 4, 7, 12 and 14 for transmitting the

SAW in the backward direction.



SAWi n the backward direction. 1 0 MAR 2005 10 FIG 2 shows an exanple of
an SPUDT el ectrode structure. A pair of bus bars is forned on a pi?zngzms
el ectric substrate 10. An el ectrode finger 3a with a width of 2,/8 () a
wavel ength of the surface wave) 5 connected to one of the bus bars, and an
electrode finger 3b with a width of 32,/8 and an electrode finger 3c with
a wdth of 2./8 both are connected to the other bus bar are conbined with
each other into a conb electrode structure:” 10 In the conb el ectrode

structure, the phase relationship between an excitation wave and an
el ectrode

Var (o8 Trom the 11 ghtY U1 cBt FOAVE G=RnERREPLS B r BB SBHDTNCRPGLTRRew {h 1 he
ne. direct i on AT SEARd A rPtRE ShoRAE BRGRT bEt FORRSH PR S RESRBSUI L |
Lo conb. el ect iR T &It SFAee Ko wbE ChLeNGe a5, BL0BRE ahckifbde
Cransducer . The RAPUDT Sty ubtar & ” 1S58 GRagenby namy B Whe)

SPUDT andst he bagdumsctSPUY SHOWs i fhe 2 E! Gard, a&ﬁdCQHS%iEHEEQdQS one

transducer having conb electrodes connected to a commbn bus bar. The
finger 3b with a width of 31/8 and an electrode finger
3c with a width of 1/8 both are connected to the other
bus bar are combined with each other into a comb
electrode structure.

10 In the comb electrode structure, the phase
relationship between an excitation wave and an internal
reflection wave generated from an end portion of the
electrode varies from the right direction to the left
direction in FIG. 2. With the phase relationship, the

15 excited surface acoustic wave is strengthened in one
direction and weakened in the backward direction, with
the result that a unidirectional property can be
obtained.

In the present embodiment, two comb electrode

20 structures into which the above comb electrode
structure is folded symmetrically are arranged to
constitute a single transducer. The RSPUDT structure
is obtained accordingly. |

The forward SPUDT and the backward SPUDT shown in

25 FIG. 1 are constituted as one transducer having comb

electrodes connected to a common bus bar. The

electrodes are arranged symmetrically with regard to



el eetrodes are arranged symetrically with regard to 1 0 MAR 2005 11 the
“boundary between the forward and backward SPUDTs. in the present 10 MAR 2005
enbodi neht, the symmetric arrangenent is not perfect. For exanple, the
nunber of electrode fingers of the forward SPUDT and that of 5 el ectrode
fingers of the backward SPUDT do not always correspond to each other. As
Wl be described later, the ratio of thejpunber of el ectrode fingers
between the forward and backward SPUDTs can be varied with a denanded
characteristic. 10 One transducer need not be necessarily constituted of a

single pair of fqrward and backyard %5%%&%9&9 Sind 3@&&{%@@5& uting

backward SPUDT regi ons can-bé arrange i'none trans

a filter in actuality, adesifodny %ﬂl%d&ﬁﬁer?@,ar% eéa);@;‘égrig achi eved by

wei ghting the surface acoustic wave el enents 'using I rectional

property. In naayréagementhe samcRngryeRctof fryvahthmsing, backwaith SPUDHES i's

nore conplicated. Therefore, the present invention is not limted to the

RSPUDT 20 struckleetgbden fiihgelre of ke GrweaAEYUEN 4y stide &
conplicated RSPUDT structure. The filters A and B include a resonant cavity

whose end5coi nciedestwiotle tfhiagersnddr heetbsedwdite SHIwMmalsl ol dedy@r d
SPUDTs and perform an internedi ate 25 operation between a transversal
filter and a resomarspohd tter ealch, otheirhi s Ast mudtlurkes ddmcritted Idfter,
el ectrode
the ratio of the number of electrode fingers between
the forward and backward SPUDTs can be varied with a
demanded characteristic.
10 One transducer need not be necessarily constituted
of a single pair of forward and backward SPUDT regions.
Some forward and backward SPUDT regions can be arranged
in one transducer.

In constituting a filter in actuality, a desired

15 filter characteristic is achieved by weighting the
surface acoustic wave elements using a directional
property. In many cases, the arrangement of forward
and backward SPUDTs is more complicated. Therefore,
the present invention is not limited to the RSPUDT

20 structure shown in FIG. 1 but can be applied to such
a complicated RSPUDT structure.

The filters A and B include a resonant cavity
whose end coincides with the boundary between the
forward and backward SPUDTs and perform an intermediate

25 operation between a transversal filter and a resonant

filter. 1If, in this structure, the ratio of electrode

fingers constituting the forward SPUDT in the



fingers constituting the forward SPUDT in the 1 0 MAR 2005 12 transducer to
‘those constituting the backward SPUDT therein is varied, the | endthMAR Ple
resonant) cavity is varied. As a result, an interval bet ween resonant

nodes of these filters is changed. 5 The above-described surface acoustic
wave filters A and B each have a triple-node resonant frequency. Assum ng
that the resonant frequencies of the surfa&g acoustic wave filter A are
F11, Fcl and Ful and those of the surface &coustic wave filter B are F12,
Fc2 and 10 Fu2, the resonant frequencies are expressed a s follows: Fl1 <

F12 Fc2 Fel Ful h Fl d th f th

reso:anf f:eqﬁeﬁ(‘gg}?nléffces? %ﬁéﬁ:&sqs%mgénpﬁtﬁqu@% Mﬁ'feﬁ‘pcpase X TRy 212

Fesonant - fr eaﬂénc?eﬁ 2 a%(%rifﬁiﬂqp%&% SIS ot e SR AP 159 s

opposite to that, of etdhe 2 s equen Y, gwgégw éﬁ r esonant
R IR

frequenci es F11, Z and are set am suc %ner t hat

20 the respectlm@,dle@t %rfvacln%stéetﬂﬁ%x%t iiLaHa Uy, r esonant frequenci es are
al nrost equal to each other and insertion 1osses of at |east four

resonant §requenci es TRy @RV He RMHed GBSO NS us ALd Apbe OF 1 Bl &rs
resonant nodes consisting of three - 25 resonant nobdes of the surface

acoustic wave fa bed 8 eant tavee a esdpld-nBte S dHforidit: AY¥dRsen@goustic
nave Assuming that the resonant frequencies of the surface
acoustic wave filter A are Fll, Fcl and Ful and those
of the surface acoustic wave filter B are Fl2, Fc2 and
10 Fu2, the resonant frequencies are expressed as follows:
F1l1 < Fl2 < Fc2 < Fcl < Ful < Fu2
As shown in FIGS. 3 and 4, the phase of the
resonant frequency Fll is opposite to that of the
resonant frequency Fl2, the phase of the resonant
15 frequency Fcl is opposite to that of the resonant
frequency Fc2, and the phase of the resonant frequency
Ful is opposite to that of the resonant frequency'FuZ.
Furthermore, the resonant frequencies Fll, Fcl,
Ful, Fl2, Fc2 and Fu2 are set in such a manner that
20 the respective intervals between at least four resonant
frequencies are almost equal to each other and the
insertion losses of at least four resonant frequencies
are almost equal to each other.
A total of six resonant modes consisting of three
25 resonant modes of the surface acoustic wave filter A

and three resonant modes of the surface acoustic wave

filter B are coupled together. One large frequency



filter B are coupled together. One large frequency 1 0 MAR 2005 13 band can
‘thus be created as illustrated in FIG 5. Since the phases of the BAR bgge
acousticl wave filters A and B are opposed to each other outside but near
the frequency band, the ambunts of attenuation are 5 canceled out each
other, and the steepness of a skirt characteristic increases nore than that
in the surface acoustic wave filter A or % alone. If, inthis state, the
insertion loss levels of the filters A and'B are equal to each other, the
amounts of attenuation becone 10 infinite in the vicinity of the frequency
band. FIG 6 illustrates surface acoustic wave device , 21 including
resonant filter a@@nﬁ@@t&&%%1ﬁiﬂ%ﬂq%ﬁe NioH GRatemhate FHE: o

ti I . th f t devi 1 sh in FIG 1
15 Nor e Specif cal Ly CHITE STH SRR | LR Lt ReouEERcrarR o
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and a surface acoustic wave r a secon

el enent. These bigster$ A gl Bridh® apeqhid einfb{%?cé)acgf‘l %@édeﬁ@a@ftflg_rgf@er

on the same chip. The surface acoustic wave fl A 1ncludes an
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a piezoelectric substrate 20 and an I'DT 29 connected to an out put term nal

26 formed on 25chhe aRitezaeltdet Hink redidd Mcr@GkhahacHAY 29 15 Canstadat ed
of conb el ectrodes 23

acoustic wave filter A or B alone. If, in this state,
the insertion loss levels of the filters A and B are
equal to each other, the amounts of attenuation become
10 infinite in the vicinity of the frequency band.
FIG. 6 illustrates a surface acoustic wave device
21 including resonant filters connected in parallel and
opposite phase, as a comparative example of the surface
acoustic wave device 1 shown in FIG. 1.
15 More specifically, the surface acoustic wave
device 21 includes a surface acoustic wave filter A of
a first surface acoustic wave element and a surface
acoustic wave filter B of a second surface acoustic
wave element., These filters A and B are connected in
20 parallel to each other on the same chip.
The surface acoustic wave filter A includes an IDT
(Inter Digital Transducer) 25 connected to an input
terminal 22 formed on a piezoelectric substrate 20 and
an IDT 29 connected to an output terminal 26 formed on
25 the piezoelectric substrate 20.
The IDT 25 is constituted of comb electrodes 23

and 24 crossing each other. The IDT 29 is constituted



and ~24 crossing each other. The IDT 29 is constituted 1 0 MAR 2005 ¢d4aARf 2005
conb el ectrodes 27 and 28 crossing each other. The surface acoustic wave
filter Bincludes an IDT 33 connected to the input termnal 22 formed on
the piezoelectric substrate 20 and an I DT 36 connected to 5 the out put
termnal 26 fornmed on the piezoelectric substrate 20. The IDT 33 is
constituted of conb electrodes 31 and 32 ;rossing each other. The I DT 36
is constituted of conb el ectrodes 34 and crossing each other. 10 Each
of the surface acoustic wave filters A and B has a reflector 37 on either

si de thereof. h of . th ce ousticg wave filters A an B has a

doubl e- node re38 aﬁPmPrggﬁgﬁgf 8ﬁa§§ ?@ cr Oﬁﬁhﬁgtﬁﬁﬁﬁy T esonant

frequencies of the syrfa CQ stl ve filter A F nd FuI d
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those of the surface acoustlc mave
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refl ectance of the substrate ace acous |c wav e eV|ce 1

shown in FIG 1?1EBSeZQc@%\ibC%u%%'%@%ttea@@' QKR Y 0P dddd&i St &S
shown in FIG B. In the foregoing enbodi nent, the surface acoustic

wave filters A ané Buapatf eemednen bLige roafmRdCRind tHe pitMadotdhese
filters are formed on their 25 different chips, the sanme advantage can be

obt ai ned. Si nceubberBREBURD.structure is adopted, the
The IDT 33 is constituted of comb electrodes 31
and 32 crossing each other. The IDT 36 is constituted
of comb electrodes 34 and 35 crossing each other.
10 Each of the surface acoustic wave filters A and B
has a reflector 37 on either side thereof.
Each of the surface acoustic wave filters A and B
has a double-mode resonant frequency characteristic.
Even though the resonant frequencies of the surface
15 acoustic wave filter A are Fll and Ful and those of the
surface acoustic wave filter B are Fl2 and Fu2, the
frequency characteristic depends only upon the coupling
constant and reflectance of the substrate. Unlike the
surface acoustic wave device 1 shown in FIG. 1, the
20 device cannot achieve any broadband filters as shown in
FIG. 7 or 8..
In the foregoing embodiment, the surface acoustic
wave filters A and B are formed on the same chip.
If, however, these filters are formed on their
25 different chips, the same advantage can be obtained.
Since the RSPUDT structure is adopted, the

out-of-band characteristic can freely be designed by



out -of - band characteristic can freely be designed by 1 0 MAR 2005 15
rcontrolling the excitation of the IDT or the reflection distributliloMARY (g
wei ght flunction. The flexibility of the design can be inproved nore
greatly than that in the surface acoustic wave device 21 including
resonant 5 filters connected in parallel and opposite phase. In other

wor ds, the device including two acoustic égrface wave filters can achieve
a broader band than a device including a si"ngle acoustic surface wave
filter, and obtain a steep skirt characteristic. The band 10

The oi 26 of 1 he RRVRER 109 BE GO P e S TR (F LOAF GHPeI Tt
Its of surf t] filters A and B each having two RSPUDT
15 Chat are for Red (SR ENE I R A AT SR The O OGP LREY 18
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FIG 10 shows a 50-0 frequency characteristic of the sur e ‘acoustic wave
filter B.sFIG 1130w iR 0h GarLAClEr isld oo COBHAE, wavef orm

of the surface acoustic wave filter 25 A with the frequency characteristic
shown in FIG 9 and mrhetHEd agerdEousié depmee fidd BidBha tlo t A€ol s€0iency
surface wave filters can achieve a broader band than a
device including a single acoustic surface wave filter,
and obtain a steep skirt characteristic. The band
10 characteristic and out-of-band characteristic can
freely be designed, and the size of the device can be
decreased.
The following are experimental results of surface
acoustic wave filters A and B each having two.RSPUDTs
15 that are formed of an aluminum (Al) film on the same
piezoelectric substrate as aﬁ LBO substrate on which
a 210-MHz PCS (Personal Communications System) - IF
filter is formed.
FIG. 9 shows a 50-{ frequency characteristic of
20 the surface acoustic wave filter A, and FIG. 10 shows
a 50-Q frequency characteristic of the surface
acoustic wave filter B.
FIG. 11 shows a frequency characteristic of
a combined waveform of the surface acoustic wave filter
25 A with the frequency characteristic shown in FIG. 9 and

the surface acoustic wave filter B with the frequency

characteristic shown in FIG. 10.



characteristic shown in FIG 10. 1 0 MAR 2005 16 FIG 12 illustrates the
‘surface acoustic wave device 1 whose input side is connected to 4rl MAR 2005
external! circuit including a resistor RL, a capacitor Cl and an inductor
LI and whose output side is connected to 5 an external circuit including a
resistor R2, a capacitor C2 and an inductor L2 to performmatching. |If
matching is perforned as shown in FIG 12,1%he sinmul ati on of the surface
acoustic wave device 1 is given as shown in FIG 13 and the sanme frequency
10 characteristic as that showm in FIG 11 can be obtained. The actual
results correspond t he .f.r eguen chargcteristic as shown in FIG 14.
The sane resul?s as%F%% é%%ﬁﬁ;qéﬁ%ﬁﬁﬁﬁmﬁh%1%ﬂ%%a%ﬁiﬁﬁﬁPiﬁﬁtiﬁﬂﬁed. 15 In
the above embodyEgake LBQHSUSERLOT e 5 PIEACI RG] I SHPSLFalen sy
However, the same advantage can be obtained even i anot her plezoe?ectrlc

substrate is ugedcuil 4Re1LQHAGOINGLTRAY TN, a?%a?rg@féd?’ﬁl V&5 20

carried out on an IF filter that” requires tunifg In external circuit.

However, the sagp adwabtage 13aRRe wHYsRAWAG Y W& Py eci’cﬁﬁi&’éjéd vidg RF

(Radi o Frequency) filter. The present inventioni1s not limted to the
above 25s5enbodafeBkteyakilows retdngancandimdid ity gan e made

w t hout departing fromthe scope of the subject
capacitor C2 and an inductor L2 to perform matching.

If matching is performed as shown in FIG. 12,
the simulation of the surface acoustic wave device 1
is given as shown in FIG. 13 and the same frequency

10 characteristic as that shown in FIG. 11 can be
obtained.

The actual results correspond to the frequency
characteristic as shown in FIG. 14. The same results
as the simulation shown in FIG. 13 can be produced.

15 In the above embodiment, LBO is used for the
piezoelectric substrate. However, the same advantage
can be obtained even if another piezoelectric substrate
is used.

In the foregoing embodiment, an experiment was

20 carried out on an IF filter that requires tuning in an
external circuit. However, the same advantage can be
produced from a pure-50-Q driVing RF (Radio Frequency)
filter.

The present invention is not limited to the above

25 embodiment. Various changes and modifications can be
made without departing from the scope of the subject

matter of the claimed invention.



mat t-er of the clainmed invention. 1 0 MAR 2005 17 Industrial Appl,icabilit
*According to the foregoing present invention described in detaiﬂ,oémﬁdmﬁy
characteristic is generated fromthe frequency characteristic of an RSPUDT
5 including a pair of SPUDTS that are so arranged that their propagation
directions be opposite to each other. The SPUDTs have a unidirectional
el ectrode structure to provide a propagatign characteristic with a
directional property. 10 The bandw dth cart freely be controlled by varying
the ratio of a conb electrode of an SPUDT having a propagation
characteristic in the forward directionaho a _conb el.ectrode of an SPUDT
havi ng a propagati on char act er FERS A alH & 1di¥r ection, or by
varying 15 the reson%?t<ua£%% if the bandwidth falls within a, trap

e

defined by the I ogaritHfiR*d t?xﬁﬂ? QﬁﬁQ?ﬁE&.pﬁ@%?%%p%%K?PFion
chachors"lo° SRR LD 5 g |RSA AN E By bioeebeng. 0
oy SO o v RS Y SR s LR A, e PR St
comb el estrodes nwhee n3tilef 368 Vaye FFRRRIAH AN Lid 6 I HSanged that
their propagation directions be opposite to each other.
The SPUDTs have a unidirectional electrode structure to
provide a propagation characteristic with a directional
property.
10 The bandwidth can freely be controlled by varying
the ratio of a comb electrode of an SPUDT having a
propagation characteristic in the forward direction to
a comb electrode of an SPUDT having a propagation
characteristic in the backward direction, or by varying
15 the resonant cavity if the bandwidth falls within a
trap defined by the logarithm of the comb electrodes.

A steep skirt characteristic can be obtained with a low

loss and within a broad band.



are-opposite to each other, wherein at |least two of the transducers are 180
‘out of phase and connected in parallel to each other, and the 10 O ¥3®rpagst
nodes of the transducers are coupled. 15 20 25 2. The surface acoustic wave
device according to claim1l, characterized in that each of the transducers
has a triple-npode resonant frequency characteristic. 3. The surface
acoustic wave device according to claim?2, characterized in that if one of
the transducers connected in parallel. has resonant frequencies of F11,
Fcl and Ful and another transducer has rgsonant frequencies of F12, Fc2 and
Fu2, the resonant frequencies are expressed as follows: Fl1 < F12 < Fc2 <
Fci < Ful < Fu2. 4. The surface acoustic wave device according to claim 2,
characterized in that if one of thes Lan gdycers connected in parallel has
resonant frequencies of F11, Fcl and and anot her transducer has

resonant frequencigs ofy E%%faEEZa@BQSEHQ wavOh@seicOf chidead
frequency Fl11 is opposite to that of the resonant frequency F12, a phase

of the resonank chn@Qﬂ@ﬂﬁg Eeb b5 RPPeStigniMuddad Mride dresonant 1 0 MAR
2005 19 frequency Fc2, and a phase of the resonant frequency Ful is
opposite to thdezokleheriesenhntriteqardcindliding a -pair of

5 ‘regions, each of the regions having a pair of comb

electrodes whose surface wave propagation directions

are opposite to each other,
' wherein at least two of the transducers are 180° out of

phase and connected in parallel to each other, and the

10 resonant modes of the transducers are coupled.
2. The surface acoustic wave device according to

claim 1, characterized in that each of the transducers
has a triple-mode resonant frequency characteristic.
3. The surface acoustic wave device according
15 to claim 2, characterized in that if one of the
transducers connected in parallel has resonant
frequencies of Fl1l, Fcl and Ful and another transducer
has resonant frequencies of F1l2, Fc2 and Fu2, the
resonant frequencies are expressed as follows:
20 F11 < F12 < Fc2 < Fcl < Ful < Fu2.
4., The surface acoustic wave device ac¢ording
to claim 2, characterized in that if one of the
transducers connected in parallel has resonant
frequencies of Fll, Fcl and Ful and another transducer
25 has resonant frequencies of Flé, Fc2 and Fu2, a phase
of the resonant frequency Fll is oéposite to that of
the resonant frequency Fl2, a phase of the resonant

frequency Fcl is opposite.to that of the resonant



5. The surface acoustic wave device according to claim?2, characterized in
"that if one of the 5 transducers connected in parallel has resonamty MAR 2005
frequencl es of F11, Fcl and Ful and another transducer has resonant
frequenci es of F12, Fc2 and Fug, respective intervals of at |east four
resonant frequencies are alnost equal to each other. 10 6. The surface
acoustic wave device according to claim?2, characterized in that if one of
the transducers connected in parallel has “Pesonant frequenci es of F11,

Fcl and Ful and anot her transducer has resonant frequencies of F12, Fc2 and
Fu2, insertion 5 losses of at |east four of the resonant frequencies are

al nost equal to 55@!’1"551&%@?27. aftk & RYERR Afcdide TS SRRAN 1 A RBIUREDT di ng
baral ol and andther s SHCRIGE Gt & T ftk €150 TAPOE A e GHRTEY & e
one. of the transducers  ciineliaR e Hedr YAVE SN TrSPEatRE are
formed on diff%%e@ﬁagmiﬁﬁ'characterized in that if one of the
5 transducers connected in parallel has resonant
frequencies of Fll, Fcl and Ful and another transducer
has resonant frequencies of Fl2, Fc2 and Fu2,
respective intervals of at least four resonant
frequencies are almost equal to each other.
10 6. The surface acoustic wave device according
to claim 2, characterized in that if one of the
transducers connected in parallel has resonant
frequencies of Fll, Fcl and Ful and another transducer
has resonant frequencies of Fl2, Fc2 and Fu2, insertion
15 losses of at least four of the resonant frequencies are
almost equal to each other.

7. The surface acoustic wave device according to
claim 1, characterized in that one of the transducers
connected in parallel and another transducer are formed

20 on a single chip.

8. The surface acoustic wave device according to

claim 1, characterized in that one of the transducers

connected in parallel and another transducer are formed

on different chips.



