02SEP2001 EDGE REFLECTI ON TYPE SURFACE ACOUSTI C WAVE FI LTER BACKGROUND OF
THE INVENTION 5 1. Field of the Invention The present invention relates to
a surface acoustic wave filter used as, for exanple, a bandpass fipt ER 2003
a nobile comunication apparatus and, norie particularly, as an edge
reflection type surface acoustic wave filter utilizing an SH 10 type (shear
hori zontal wave type) surface acoustic wave, such as a BGS
(B|GUStein_G“|ﬁ§§ﬁgﬁﬁggk§@%9ﬁﬁ¥§§ﬁog 8 8¥eA§@§§; &. ggchiEtion of the

Rel ated Art An d e SUr race r of 15 an
SH-type does not require reflectors. Therefore, because the filter can be
m ni aturized, various edge reflection type surface acoustic wave filters
have been proposed (for exanple, U S. patent No. 5,6977,686). In an edge
ref | ectB®IKERPENBUOFatBREatRVBhiTeonave filter, 20 at |east one interdigital
tragstfer %hfreiggfter referred to as an IDT) is provided. An SHtype
sur Pace" acbt&tfc® 9Qee;EV?%Hlﬁ9 this IDT is reflected between two opposing

edges of a priegogkesént Cisvdst{Sh erefasiandbng YQVe LS 9@8@&@%8dwa pd a
filter is constructed by utilizing the resonance 25 characteristic

bandpass.
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fingers i's also known. In the above edge refleciion type surfate acoustic
wave as a BGS (Bleustein-Gulyaev-Shimizu) wave, or a Love wave.

2. T s F ¢} ] !
An edge reflection type surface acoustic wave filter of
15 an SH-type does not require reflectors. Therefore, because the
filter can be miniaturized, various edge reflection type ‘
éurface\acoustic wave filters have been proposed {(for example,
U.S. patent No. 5,977,686).
In an edge reflection type surface acoustic wave filter,
20 at least one interdigital transducer (hereinafter, referred to
as an IDT) is provided. An SH-type surface acoustic Qave
excited by this IDT is reflected between two opposing edgeé of
a piezoelectric substrate, a standing wave is generated, and a
bandpass filter is constructed by utilizing the resonance
25 characteristic based on the standing wave. This type of IDT
includes electrode fingers that are interdigitated with each
other. In addition to the IDT using so-called single
electrodes where electrode fingers connected to different
potentials are alternately arranged, an IDT using so-called
30 split electrodes where one single electrode is split into a
pair of electrode fingers is also known.
In the above edge reflection type surface acoustic wave

filter, insertion loss is dependent upon the type of



filter, insertion loss is dependent upon the type of G 2 SEP 2003

pi ezoel ectric substrate used. Therefore, where the sane piezoelectric
substrate is used, it is difficult to substantially reduce |oss. ﬁ QEMMNEY
OF THE | NVENTI ON To overcone the above-described problens with the'gr 0
art, preferred enbodi nents of the present invention provide an edge
reflection type surface acoustic wave filter in which loss is greatly

reduced. re t sane.pi ezoel ectric substrate 10.is used. According
to a pgégéggé g%@éﬂ?ﬁ%ﬁﬁlgﬁetﬁgegVesgrere%ﬁ&?ntﬁgﬁfeaghgdjganflection
type spitacelacausid culeste aftie tier usiengl uded sa diifézeellectni ¢ substrate

havi ng oSl edges nd at |east one interdigital transducer. The
salesRReRe Y, Seiide 1

interdi g iTeifudes split el ectrodes of paired el ectrode
fingers that are arranged on the piezoelectric substrate such that an

SH-type surface acoustic ve 1S exci on _the | ezoel ectric substrate
anégis refl ected between r§%§¥%§Y %%5%§€nﬁN%EﬂE%Q£Each of the edges is
located at aTdi stvarcemel t3@ aboleadksaRRbey PRbBN¥mX/ Jith5¥XhE28rfibem the
center_of the _paired equipotential electrode fingers, |ocated at the

respec?fve BEEérFEsd SRPOBHENES Ofe t88 PEESCRELGEVERL AN PIRVEFEgAN on
directé@ge ebrtibetiithnerqipd sl flacanaduedt iandhak@sgi1tBaniabouti oK 2okikom the
center of the paired equjpotential 25 electrode fingers, where k is a

wavel ehft BTER L He TSAYCHSE eVElr WAEE SalbEs CRBewR} € Zﬂﬁ&@ﬁt% CeRESEFAER t he
pigroe}l gctikkg. substrate. It is preferable that each of the edges of the

pi ezoel ectric substrate is positioned between about k/2 - X/ 32
According to a preferred embodiment of the present

invention, an edge reflection type surface acoustic wave filter
includes a piezoelectric substrate having two opposing edges
and at least one interdigital transducer. The interdigital

15 transducer includes split electrodes of paired electrode
fingers that are arranged on the piezoelectric substrate such
that an SH-type surface acoustic wave is excited on the
piezoelectric substrate and is reflected between the two
opposing edges. Each of the edges is located at a distance of

20 at least approximately A/2 - S5A/128 from the center of the
paired equipotential electrode fingers, located at the
respective outermost portions in the surface acoustic wave
propagation direction, of the interdigital transducer and less

than about A/2 from the center of the paired equipotential

25 electrode fingers, where A is a wavelength of the SH-type
surface acoustic wave which is excited on the piezoelectric
substrate.

It is preferable that each of the edges of the

piezoelectric substrate is positioned between about A/2 - A/32

30 and about A/2 - A/64 from the center of the respective
outermost paired equipotential electrode fingers.

In a preferred embodiment, a reflection type surface



30 and about k/2 - X/ 64 fromthe center of the respective outernost paired
equi potential electrode fingers. In a preferred enbodi nent, a reflecﬁb%%
type surface 02SEP2003 acoustic wave filter according to the present” “ P 2003
i nvention defines a transversely coupled type resonator filter,

| ongitudinally coupled type resonator filter, or |adder-type filter or
other suitable filter. 5 In another preferred enbodi nent of the present

| nvent i:us @i, AL £ONAs D eXELLREL AL DG A0 SAOS, [EM SeL O Ve ST ace
acoustic wave filter according %o present i nvention i's provud&f
Fur t hemndransve yee l wnotieledriefee ress emdioch nenttexf, tlhengitligi eskny

I nventi i | ViC avi n he.above- .descri bed t enna
dupl ex%%laep&r%%dfg%%ﬁ%%%fn%lf%gﬁr e?griae(gdee%%%ﬁ%?%’? The®piesent

i nvent isan,tdblesefilogrt he edges of the piezoelectric substrate at the
af orenenti on specific location, insertion loss.is 15 great]ly decreased.
Fur ' her nor e, %ny HR USSR 14 ‘?r@%oach%erf& ocféttﬁbe éﬁ?\f%—”dbsld{‘f%tdl%ges,
t he frequerrterirsa adgiipbéosh Mehudi id aas vedge | e £l ash tiwase rasofEEor

filter, longitudinally. coupled type resonator filter, or |adder-type
F11t or 3o it AT e Rt U o oo ranants St vt 2 ot he

pr esentpddwietdd on, a transversely coupled type resonator filter, a

| ongi tudinal ly ¢ qg}ed type resonator. filter, and a Iadder-txﬁg filter
whi ch have | oW RS/ HhHFUARERRT R S 5B ISRIDREDT 19F drP@nt enna

dupbexerresnst et @t Doyn Hsd NGoreflgei 25t 164 | @841 @ Harpen P WHaACS @EouUsti ¢ wave
filters, according to various preferred enpbodi nents of the present
i nvent {5t Sy jgptenna duplexer is provided.

- According to preferred embodiments of the present
invention, by setting the edges of the piezoelectric substrate
at the aforementioned specific location, insertion loss is

15 greatly decreased. Furthermore, by adjustment of the location
of the above-described edges, the frequency is adjusted.

When a transversely coupled type resonator filter,
longitudinally coupled type resonator filter, or ladder-type
filter is constructed according to various preferred

20 embodiments of the present invention, a transversely coupled
type resonator filter, a longitudinally coupled type resonator
filter, and a ladder-type filter which have low loss are
constructed using split electrodes.

In an antenna duplexer constructed by using edge

25 reflection type surface acoustic wave filters according to
various preferred embodiments of the present invention, loss in
the antenna duplexer is greatly decreased.

Furthermore, in a communication device provided with an
antenna duplexer according to a preferred embodiment of the

30 present invention, because an antenna duplexer having low loss
is provided as described above, loss in the overall
communication device is greatly decreased.

For the purpose of illustrating the invention, several



t he antenna duplexer is greatly decreased. Furthernore, in a comunication
device provided with an antenna dupl exer according to a preferred

enbodi nent of the 30 present invention, because an antenna dupl exgy ?@y

|l ow | oss is provided as descri bed above, loss in the overall connun
device is greatly decreased. For the purpose of illustrating the invention,
several 0.2 SEP 2003 preferred enbodi nents are shomn in the drawi ngs, it

bei ng HB@@E%BOme%‘éﬁéﬁ that shign @Megbhoar% r ésw }ssgn o the

preC|se arrangenents an enent S shown
advant@g@grahGOdhah@wegemsttbst Shef inenpiesens nnVehmenedntb bbeone nmor e

; f d enbodi h f
o ih Pheetanca eanERntntFoaE kb e, ShaRhEr DESCR PTION OF THE DRAW NGS

10 F|g 1 |soahechéaatucesppe&emmmshomndgaana@dgeameftbathoneriypbcsurface
acqust ye filter defin a transversel coupled type resonator filter
acg%rdéﬁggﬁ grﬁfgpérPQHenéﬁg8dVﬁéi B FOFﬁe%BfﬁsﬁﬁPaFﬁ9£n$F8ﬂ.gEFg. 2 shows
t he fréquahtydch&saa&pmush|cfobremeedge dhboaihest s otheypefrsuwithce acoustic
wave fil cons as the edge reflection type

dint .
sur f ack® gﬁBEEF ugbg F%EFEFgSfaggglggéferred embodi ment shown in Fig. 1.

Fig. 3is a schenatic partially enlarged top view for describing the
(ol at i onehip bet weeh LS kPR LAt pHLCA'B oHlg, pRRaist 1o comter of the
weMe propagarign di fiechi eahématiaetaggeléﬁf EBSHing dypedgeraekeaepyntic
wave fL;ESrsﬁg g%elgcousglc wave filter defining a transversely

coupled type resonator filter according to a preferred

embodiment of the present invention.

Fig. 2 shows the frequency characteristic of an edge

15 reflection type surface acoustic wave filter constructed in the
same way as the edge reflection type surface acoustic wave
filter of the preferred embodiment shown in Fig. 1.

Fig. 3 is a schematic partially enlarged top view for

describing the relationship between the location of the edge

20 and the center of the electrode fingers of the outermost split
electrode in the surface acoustic wave propagation direction in
the edge reflection type surface acoustic wave filter shown in
Fig. 1.

Fig. 4 shows the frequency characteristics of the edge

25 reflection type surface acoustic wave filters constructed such
that the locations of the edges differ from each other.

Fig. 5 shows the relationship between the location of
edges and insertion loss in edge reflection type surface
acoustic wave filters.

30 Fig. 6 shows the impedance-frequency characteristics of
the resonators of edge reflection type surface acoustic wave
filters in which the location of edges is varied.

Fig. 7 is a schematic top view for describing a




Fig. 4 shows the frequency characteristics of the edge 25 reflection type
surface acoustic wave filters constructed such that the |ocations of the
edges differ fromeach other. Fig. 5 shows the relationship betmeﬁg gEF

| ocation of edges and insertion loss in edge reflection type surf ¢ 2003
acoustic wave filters. 30 Fig. 6 shows the inpedance-frequency
characteristics of the resonators of edge reflection type surface acoustic
wave fi .S, 4 i ch cation of edges is,varied. Fig. 7 is a
schemt%dcﬁflo%%%%vﬂ%rcéig@céﬁ?b?%e ar?ﬁ%ﬁ‘g%;*loﬁﬁf t i ‘ﬁ}é’r‘?‘i‘/ %’6%%?%‘%?‘3 ype

r esonatemtbddinent ¢ cohtled gurefent ethvembioh nerd sambl ide. present invention
are applied. Hig. hows t.he frequenc haracterjstic of the

| ongi t udi nal I@'%’ou%l%bmﬁ/ptehere %%E%rﬁc i et i P M.t 5 Fig. 9is
a scheripiriei thopi va By SE@wbh N ofgp € XxadPdbea©dr of i 1 eshdeshdwwein i kigr 10 which
pre%erred emhodi ments of the present invention are applied. Fig. 10 is a
cirBuit diagramfot destrd S YRR XEYEW HHAN IR LG REUR Ry 2h %dge

ref | ectliatdnypeyselr f B0Ee ACOSEh Lch 10r Mo er ddi | 5o ROEOT €4 Ngr ton@ preferred
enbodi nent of the present inventjon. Fig. 11 is a bl ock diagram show ng

the outiGRENt HVeiohmi &%k i PPt ce using a dupl exer according to the
present invenitg omo s DETAIAER e Qb O RRERERRED VR MEVTS
Hereinafter, an exanple of an edge reflection type surface acoustic wave
filter RAFTHALY Pprietng G R HBFH &0 LM (TP SRBRACS RO wi | | be
degori bedrav il ¥ &f 4 @P6LIIMy to a preferred embodiment of the present

invention.

Fig. 11 is a block diagram showing the outline of a
communication device using a duplexer according to the present
invention.

15
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, an example of an edge reflection type
surface acoustic wave filter according to preferred embodiments
of the present invention will be described with reference to

20 drawings.

Fig. 1 is a schematic top view of an edge reflection type
surface acoustic wave filter according to one preferred
embodiment of the present invention.

The edge reflection type surface acoustic wave filter 1

25 preferably includes a piezoelectric substrate 2 and two IDTs 3
and 4 provided on the piezoelectric substrate 2. In the
present preferred embodiment, the IDTs 3 and 4 are aligned in a
direction that is substantially perpendicular to the surface
acoustic wave propagation direction and a transversely coupled

30 type resonator filter is provided.

The piezoelectric substrate 2 is constructed using, for
example, piezoelectric single crystals such as LiTaOs;, LiNbOj,

guartz, or other suitable piezoelectric single crystals, or




20 drawings. Fig. 1 is a schematic top view of an edge reflection type
surface acoustic wave filter according to one preferred enbodinent of the
present invention. The edge reflection type surface acoustic wave []rzlgcl:_qsrzuga
25 preferably includes a piezoelectric substrate 2 and two |IDTs 3

provi ded on the piezoelectric substrate 2. In the present preferred

enbodi nent, the IDIs 3 and 4 are aligned in a direction that is

bst ant.i al | di cul to th f t t
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The pi edeelenitd G:ﬁiﬂ;Stdratc&:}‘Beﬂ ST e@Grii®sng, wheh texanpl e,
pi ezoel ectri tg%le crystals such as Li Ta(®3, LiNhG3, _quartz, or other
sui t abPd 5 é&%r G VRSP & \ist defingd Dy sprsres) ﬁCé:zrde EELANE

cerani ,1a&uczra@sorpe;rﬁetq§errtf 1% |RAF dineRN e tivel QRS JrY RE: 2@ ot Iper
suitabl e ceram cs. Wien the piezoelectric substrate 2 is defined by a

pi 6% oePéc tilily staratfch, TﬁxﬂtarlrSz:atqftm resmtdom liss spbstentdalily t he
direct be&pefnﬁralﬂvxft% s édﬂﬂi‘é al&fh s Aty v ﬁtﬂg)e mg'an;%trr A detion

substantially perpendicular to a surface acous ve propagation

di r ect ilg¢scrddsd ilpden)atasd tdhwd e paadriionattires tmeadt n@nrpariogmerdor med
the pi aod oo C b & o TG Ay Pazad g Tn sobREle Tpere oL
el ect r otleS agfe A |Qf téieeq:tlrecnjmlelm:tMQ)fsumtmt@ré .configured to be inserted
T30, 250 IR gl S SR e S L RBSY o8l Sl
appropﬂhgn;rodes both of whlch are conflgured to be inserted into

each other. Each split electrode is defined by paired

electrode fingers 3a, 3b, 4a, and 4b.

The IDTs 3 and 4 are preferably made of an appropriate

15 conductive material such as aluminum, alloys containing
aluminum as the main component, or other suitable conductive
material. _

The electrode fingers 3a, 3b, 4a, and 4b extend in the
direction that is substantially perpendicular to a surface

20 acoustic wave propagation direction.

In the edge reflection type surface acoustic wave filter
1 of the present preferred embodiment, the bus bar of one comb
electrode of the IDT 3 and the bus bar of one comb electrode of
the IDT 4 are common to define a common bus bar 5.

25 A bus bar 6 on the opposite side to the common bus bar of
the IDT 3 is connected to an input terminal IN, the common bus
bar is grounded, and by applying an input voltage, an output is
fed out from an output terminal OUT connected to a bus bar 7 on
the opposite side to the common bus bar of the IDT 4.

30 One of the characteristics of the edge reflection type
surface acoustic wave filter 1 of the present preferred
embodiment is that the location of edges 2b and 2c where a

surface acoustic wave is reflected is inside the location of




15 conductive material such as alum num alloys containing alumnumas the
mai n- conponent, or other suitable conductive material. The el ectrode
fingers 3a, 3b, 4a, and 4b extend in the direction that is substar&zg[ KUU‘]
perpendi cular to a surface 20 acoustic wave propagation direction.

edge reflection type surface acoustic wave filter | of the present
preferred enbodi nent, the bus bar of one conb electrode of the IDT 3 and

t he bus, bar g;‘/ one conb el ectrode of the IDT 4 are common to define a

commnall?l?é1 hdy 25 angh ak %%ﬁl@%ﬁﬁ%é%ﬁd@’t é’fs@d@utto & common bus bar

ut term nal the commbpn bus bar is

f h
grou;de 9583 03 CQC& emg ziﬁpﬁ il I ol THgé c* r?cé’d]tsﬁd‘t i"$VS ed out from an

out put ptre»pmgmaﬂlmlcﬁmcdred ftxebmatm@ detel Y ttr{bemﬁ% te side to the
common bus bar of, the I DT 4. 30 One of the characteristics of the edge

ref | ec EAGAPAFFE T ik redes trasiR i inapRe At exampde 1 1/E Fhes 8decsreds: r ed
enbpdi FeRgers 4t ahHe4b?Caib@QtQ<fi £69€8e 2bu 8Ost MIRT €nd sstFdase

acoustlc wave is reflected is inside the location of 0 2 SEP 2901 about
12 8REVETIS B iRreRaTER Y istntdioipOricboRl (te2 I0Tsxc12g)d don (The s

outSI dgihn H&eo%géﬂ%oamt@{ | G BN cPIPAYRYd O dig getion, from the

center of the paired equipotential electrode fi ngers, for exarrpl e, of the
el ectrode 5 fihggedgeqge ZiPh tyReatsed face neonntaamyerve fidkersirf ace

Gescri B and rorar i A P e e ek A id el 1Sy pe surtace
actst consdvarcitidd evs 1in ddfa rﬁQﬂglcvﬂltngamma .y coupl ed type resonator
filter is 10 B@p'ﬁ%tirn"bctae(%ﬁs édbsté}eatfeouawf.n%g t%arggpe:‘foximate
dimensions of 1.5 x 2.0 x 0.5 mm for the piezoelectric
substrate 2, four-stage transversely coupled resonator type
filters were provided. Thirty-four (34} pairs of electrode
15 fingers of the IDTs 3 and 4 in each transversely coupled

resonator type filter were provided and the cross width of the

electrode fingers was about 1.3 A. In this edge reflection

type surface acoustic wave filter 1, the location of the edges

2b and 2¢ was about A/2 - A/32, on the outside in the surface
20 acoustic wave propagation direction, from the center of the
outermost paired equipotential electrode fingers. The
frequency characteristic of this edge reflection type surface
acoustic wave filter is shown in Fig. 2. As is clearly
understood from Fig. 2, an edge reflection type surface
25 acoustic wave filter which has about 71 MHz as the center
frequency and a bandwidth as narrow as about 290 kHz and which
is of very low loss provided.
In the present preferred embodiment, as the edges 2b and
2c are preferably in the above-described range, greatly reduced
30 loss is achieved.
That is, the inventors of preferred embodiments of the

present invention have found that in edge reflection type



By using a PZT substrate having the approximate dinensions of 1.5 x 2.0 x
0.5 mmfor the piezoelectric substrate 2, four-stage transversely coupl ed
resonator type filters were provided. Thlrty four (34) pairs of eﬂéciﬁ%

15 fingers of the IDTs 3 and 4 in each transversely coupled resonator type
filter were provided and the cross wdth of the electrode fingers was
about 1.3 X In this edge reflection type surface acoustic wave filter 1,

the | oc f dges s_abou on t he outside
in the 52%’% gla%éé %)Q u‘gtw%V af%‘?%%aga‘t%’hg cﬁpﬁﬁttt %Jhecﬂ%‘?lr??he Fhter of
t he outres rmge@aiai eain@qmn potenin athel fiedvodspdd fiar Scardde, dregtency

character gff this e reflection type surface acoustlc%/avefllter
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the_center frequ a_ bandwi dth as narrow as about 290 kHz and which
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edges 2b and wrén atftee PAsd AL -l 3 Ibd dee vleéﬂee%pﬂldqectyﬁ@%rﬁ@tly
reduced 80 |loss is achieved, That is, the inventors of ‘preferred

enbodi AFRUSBEC (Ve pEbLEE 51\ §BRae it Tirus iy eerpging |Eee i on
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when the edges 2a and 2b are 1n the above spem?tlc range, great reduced
| oss i Fedckrehien Wth@%rﬂ@ﬁ%ﬂi@sw%N&lfﬂekt%ﬂs twere meeewuwmlantuon

Thisp Widra hendee cehDedepased DO, Sperd Lot PP 8L Sown in

enbodi nent s he present I nvention. en t he above: escrl
ref | ectd crchsmpet Ser¢xpanded otep i ciewvin fFiger3 i o onstring eekchyolathousl y

Chan@'ﬂléfﬁ%lectrlc substrates at the location shown by A to F in Figqg.
3, on the outside in the surface acoustic wave propagation
direction, from the center of the electrode fingers 4a, and 4b,

156 of the outermost electrode, in the surface acoustic wave
propagation direction, of the IDT 4, the end surface 2c was
provided. Moreover, the outermost paired equipotential
electrode fingers are the ocutermost pair of the electrode
fingers 4a; and 4b;, and an electrode finger 4a; in Fig. 3 does

20 not include the other electrode finger defining a pair of
electrode fingers together with the electrode finger 4a; when
the location of the edge is at A to E in Fig. 3, and
accordingly the electrode finger 4a; does not constitute the

outermost paired electrode fingers. The location shown by C in

256 Fig. 3 corresponds to the location which is A/2 away, on the
outside in the surface acoustic wave propagation direction,
from point X.

Furthermore, A to E correspond to the outside locations
of A = A2 - A/16, B = Af/2 ~ A/32, C = A/2, D= A/2 + /32, E =
30 A/2 + A/16, and F = A/2 + A/B from X, respectively. Fig. 3
shows that the edge 2c of the piezoelectric substrate 2 is

located at the position B, i.e., at the distance of (A/2 -




| ocation of the edges 2b and 2c, a plurality of types of edge reflection
type surface acoustic wave filters were constructed 10 and their
characteristics were evaluated. That is, as shown in a schematic gex ﬂ@ﬂ
top viewin Fig. 3, by cutting each of the piezoelectric substrates at

| ocati on shown by Ato Fin Fig. 3, on the outside in the surface acoustic
wave propagation direction, fromthe center of the electrode fingers 4al
and 4bl 15 of the outernost electrode, in the surface acoustic wave

pr opagkf 3dh ﬁr@ecthenceetetrhé pbTthe phbesRassupkazedoelaasrogeovi ded.

Mor eovey ,, gépg QQ s} palred equi potential electrode fingers are the
outernDst parr e elsctrode fingers 4al and 4bl, and an el ectrode
finger 4a2 |ﬂhEl§re3udnes @hanettenckuile bﬁeeetheedgéecéfbdetiongéype

defi ni air of .electrode.fingers,to ether th_the el ectrode finger
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thé el sspwndenf Fiiger 44a2 does not constitute t he outernDst paired

el ectrode fipgers, The Ioca 3. corresponds to the
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Fig. %ﬁeomsbbatohheoeggef%hef chheapiezeekeet EhewhUbgt hate 2 s Fligcated
at the position B, i at the distance of (7X/ 2 a7SEP2063 X/32) fromthe
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wave filter obtained as described above is
it is understood that, by changing the location of the edge,
not only the center frequency, but also the insertion loss,
changes.

15 The relationship between the location of the above edges
and the insertion loss plotted based on the result in Fig. 4 is
shown in Fig. 5.

As is clearly seen in Fig. 5, it is understood that, even
if the edge is inside the location of about A/2 on the outside

20 in the surface acoustic wave propagation direction, from the
above point X, when the edge is ocutside the location of about
(M2 - 5k/128), the insertion loss is less than that at the

location of about A/2 on the outside. That is, it is
understood that, by locating the edge inside the position

25 approximately A/2 away and at or outside the position of about
A/2 - 5A/128 away from X, on the outside in the surface
acoustic wave propagation direction, the insertion loss is

greatly reduced. It is understood that, more preferably, by

locating the edge at or inside the position which is about
30 A/2 - A/64 away and at or outside the position which is about

A/2 - A/32 away, on the outside in the surface acoustic wave

propagation direction, from point X, the inserticon loss is even



5 shown in Fig. 4. Ato Fin Fig. 4 shows the frequency characteristic of
the edge reflection type surface acoustic wave filter in which the

| ocation of the above-nentioned edge is Ato Fin Fig. 3. The i ns&rk 2003
| oss of the characteristic shown by Ato Fin Fig. 10 4 is as in the
following. That is, A® 15.7 dB, B: 14.3 dB, C 14.2 dB, D: 15.4 dB, E
15.7 dB, and F. 21.6 dB. Accordingly, it is understood that, by changing
the | ocaliPReof rLAB-E409€e, not only the center frequency, but also the

insertion loss, changes. 15 The relationship between the |ocation of the
above edges BEnothaemepeerfion fosBops othed iredanem frequeneyt in Fig. 4

Is sho | LOs oD i e Nyl | Lt ders t hat,
even i?ﬁ?tgcgggés?écfﬁgi%%E%hﬁﬁ %cg§§o%6§ {% ou?fh#éeo%d#ﬁef%u%gggg 20 in
the surkéze abousthe2wavk/ péopagatt ok i+ ectd,omnd rapsdthe. /@boeve. /doi nt X,
when the edge is outside the |location of about (A /2 - 5x./128), the

i nsért i dH2Y os8Mi ENPeSUtshdf LRathgt STREACE RGPV DhLBf WABBURPLT2P2Id N e

out si degi FBatibf, EtohSx.ungsrstogdesPal, sbyn! peatigy shecpdgeifnehde the
position 25 apprOX|nate%¥ X/ 2 away and at or outside the €QS|t|on of about
L 9% 2 - 53catdenaghytheorbxveonderelsusst bl i the habeyptagRtieredsti ¢ wave

propagaihopi €i £eehhgl, tRE LASEH bENpLORStb Sva BIERLANAT EHHCEEnakiats
understood that, nofe preferablg, by  |ocating the edge at or inside the
posi ti ohransehdpn abéacted inotbexibredange ahEeaReREY oGRaT AL ERESHBSI ti on
WNieh | $n@DRUE nBE25undE 34t 2URYy PRFINENOME SHYIe1 A Rgd hepSHI bases BgRAISE! C
wave propagation direction, frompoint X the insertion |loss is even 0 2
SEP 2003 furtRepreédgeedaccording to preferred embodiments of the

present invention, by setting the location of the edge of an

edge reflection type surface acoustic wave filter 1 in the

above specific range, low insertion loss and excellent

15 filtering characteristics are achieﬁed.

In the above-described preferred embodiment, the example
where an edge reflection type surface acoustic wave filter
according to preferred embodiments the present invention is
applied to a transversely coupled type resonator filter was

20 shown, but the filter can be also applied to a longitudinally
coupled type resonator filter shown in Fig. 7. In the
longitudinally coupled type resonator filter 21 shown in Fig. 7,
two IDTs 23 and 24 are .aligned along the surface acoustic wave
propagation direction. Also in the edge reflection type

25 surface acoustic wave filter 21, by setting the location of the
edges 22a and 22b of a piezoelectric substrate 22 in the same
manner as in the above-described preferred embodiment,
insertion loss is greatly reduced. In Fig. 8, one example of
frequency characteristics of the edge reflection type surface

30 acoustic wave filter 21 is shown.

Furthermore, the edge reflection type surface acoustic
wave filter of the present preferred embodiment can also be

applied to a ladder-type filter having a plurality of parallel-

- 10 -



Furthernore, Fig. 6 shows the inpedance-frequency characteristic of each
when the | ocation of the edge is about X/ 2, about X/ 2 - X 16, abo§t ﬁgzmm
X/'8, and about X/2 - X/4 5 away, on the outside in the surface acos%'
wave propagation direction, fromX As is clearly seen in Fig. 6, even if
the |location of the above edge is set in the above-nentioned specific
range, the ratio of peak to valley and the bandwi dth are sel dom affected

in the i npedance-frequency characteristli 0 d are nat substantially
i nf | ueff¢éd rl?fqnéartgoerss paur}clfosu%rlselsgnaa S. esﬂ%learjte %P‘e, afglc%'or dilnsgbai o preferred
enbodi memicsnanfid heop priesenior ndeesdr idmi ndoyorsetgiafie tied | eodaddioreraf athe edge

of an .ed reercbé. type s rface(ﬁcoustgf.mave filter 1 in the above

speci f i@ & YRS TP TORE S P SRSt YA 649 1%
char actignieit ich ar elracineViedidd -t g aioMeseSsler | Dasll yur£l ery et esduedi nent

t he_exanpl.e where an edge reflection type surface acpustic ve filter
accdr ditFf kSt Ry A I e dfae‘éeer#ljﬁﬁr’é%tfzgnt‘? Q%Na ied to a

transvey el O WH ef dide,d Rsonat Orsibddartavase 20 Bdeb £ bide thiflddd er can
be also applied to a longitudinally _ coupled type resonator filter shown in

Fig. 733 /Fany hahg QTR Hal R S e (SAREY 1@k (hT¢iRr A %hown in

Fig. 7.indMRIdPTs B 4rdf Fed ighad,fd ofgrtdee sikd@sei @cisd i ¢ wave
propagation direction. Also in the edge reflection type 25 surface acoustic

wave fifitlgers 3y ot tand Iheetneht b Bie daihkle BiRyEs DR P DD P9 a
pi ggoelgt rd & SURSETate; G &@é he, SPdE: JBENSY i @Swd e tHE] oy e3deascd i bed

preferred enbodinent, 1nsertion loss is greatly reduced. In Fig. 8, one

exanp| &&fconstefutlifeysehbe Ara BR | 55T he REYR HofthetlFRPYPeyRair f ace
N ?gg(‘?i.tali:tgeufé‘ﬁ/f@ g t&Le 2lnd ScRb W FPRBINBIITDESged NS2 20804 I B &6 i 1fe type
piezoelectric substrate 32 in the above specific range in the
same manner as in the first preferred embodiment, insertion

15 loss is greatly reduced.

Moreover, in preferred embodiments of the present
invention, a piezoelectric thin film such as a ZnO thin film,
or other suitable piezoelectric thin film on asubstrate,
besides the above-mentiocned piezoelectric substrate, may be

20 used as a piezoelectric substrate.

Next, a preferred embodiment of an antenna duplexer which
is constructed using an edge reflection type surface acoustic
wave filter according to the present invention is described
with reference to Fig. 10.

25 Fig. 10 is a circuit diagram for describing an antenna
duplexer of the present preferred embodiment. In an antenna
duplexer 70 of the present preferred embodiment, a pair of edge
reflection type surface acoustic wave filters according to
other preferred embodiments of the present invention is used.

30 That is, each of input terminals 62 of ladder-type filters 61
which is commonly connected defines a first port 71. ©On the
other hand, each of output terminals 63 of the ladder-type

filters 61 are used, and they define a second and third port,

- 11 -




wave filter of the present preferred enbodi ment can also be applied to a
| adder-type filter having a plurality of parallel 0 2 S E P 2003 arm
resonators and series-armresonators. Fig. 9 is a schematic top Vi e P 2663
descri bing one preferred enbodi ment of a |adder-type filter constructed
according to the present invention. In the |adder-type filter 31, a
plurality of edge 5 reflection type surface acoustic wave filters 33 to 37
are prQvd c:dt%f%pi ezoel ectric substrate 32. Each of the filters 33 to
37 has IDTs in Ith split electrodes are preferably included. The edge
reflection typPusurdmcenbenuastdepiwxer is$|ceonstB33ctad usimh 3V ponstéd ut e

paral | ¢ ; I nd. 10 the edge reflection type surface acoustic
B R ey

wave f ers constitute series-armresonators. Also in the

| adder-type FufltimesrBdre pybgetsimg tle dbwveopposemo edlgeke:82a, and 32b on
the,. piez ectric substrate. 32 in the. aboye specif e jin_ the sane

I e jC ran

o Ber SERNTERAL FoR 80 86 01 St ArAdR mordTe TeSEE € SAT el ta 0% 23T,
r educeccombureDyet ioh ndeveter { edskeotmodimenig. of1t he present invention, a
pi ezoelectric thin filmspch as a ZnQ thin_fil or. other suitable

P erocl oot 11 P (Rt TR EhohIRefr 'Ok Srtattes @ HRL SRR oned

pi ezoelaﬁac}imémngﬁ:ﬁ%lgdemn b@nﬁ@nm@eaﬂh;&!sezge'r p7 @zmdivme@firhmﬁs@mm abe. |
Next, a preferred, enbodi t of an_antenna dup] exer iC is constructe

& B pe tds £l 3g

usi ng ar-eYEST eFHECETBR SRkt vE$ i #RE$ %R cor ding to
thaopr ehgilekxayendi 08 tondestedbed ami dit&@hLr 8NCENE Otk GoutlPut 25 Fig. 10
oSSl RIEa oL descr bl ng. a0, ant o, ndupl ereL of Lo Breset
enbodi neftthe PRakisR{s8088 or receiver circuits 82 and 83,
In this antenna duplexer 70, the pair of ladder-type
filters 61 are configured to have different passbands, and in
15 that manner the antenna 84 is used as a transmission antenna or
a receiver antenna.
While preferred embodiments of the invention have been
disclosed, various modes of carrying out the principles
disclosed herein are contemplated as being within the scope of
20 the following claims. Therefore, it is understood that the
scope of the invention is not to be limited except as otherwise

set forth in the claims.
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reflection type surface acoustic wave filters according to other preferred
enbodi nents of the present invention is used. 30 That is, each of input
termnals 62 of |adder-type filters 61 which is comonly connectﬁg ef i nes
a first port 71. On the other hand, each of output termnals 63 0f ¥tRe3

| adder-type filters 61 are used, and they define a second and third port,
0 2 SEP 2063 respectively. Thus, an antenna dupl exer is constructed using

a pair gE Iadder-LyEe filters 61. Furthernore, by using the above antenna
dupl exefy < _ _ n device is provided. One exanple of such a
comuni cati on devirge ddyeS W dot ifdnd t ybh sHrdRPRURICGRAR davieCceidteef the

present preferred enbodi nent includes an antenna dupl exer 70 and
t r ansnt-88¥P31 539 r ecei ver circuits 82. The first port 71 of the antenna 10

dupl exer 70 i3S jG@3RRATRE Q¢ AMANRRRA 184 i8R thhe PPl hg belsnaks«63
defini ng theangOnd and tﬁird port are co#n ctg% qﬁg thegtra sﬁisgion or

receiver cir@li leagt ane dateamiigiitalafremsaudes eedineg, byhepdditr of .

| adder g ¥Re r Jddd Y5 il AP SAULUYLE YN Sl [:RNAMPIFSRARAS, and in
15 that manner the arntenna 84 1s used as "a transm SSI on antenna or a

r ecei vpi eamedmed.r ivhisub ghmsfter readheriedi mentSH-dfypeh e vinfiaest iameusdvie been

di sclo Lar i Q%p f,. car:ryj t .t inci.pl e i;5cl osed herein
are coﬁtggr’?p?%[éa as e?ozlngvl\}et %{ln itci%geiescgﬁg%fugzéﬁ%ﬁ% f(s)alnldgvj\i%ng cl ai ns.
Ther ef ged leacdt eids hatoeest ddek that dopesiseppelgefs it hdheinedent i on is not to be

i i’& ted exce%tac%s o%t Q%rewt%l% o%%tosfi%rgt r«‘ecf-grt]est rJ‘.% C.Llo%ia@'té'd %tSIgp distance
of at least about A/2 - 5Ah/128 or more from a center of the
paired equipotential electrode fingers, located at the.
respective outermost portions, in the surface acoustic wave

propagation direction, of the interdigital transducer and less

15 than about A/2 from the center of the paired equipotential

electrode fingers, where A is a wavelength of the SH-type

surface acoustic wave excited on the piezoelectric substrate.

2. Bn edge reflection type surface acoustic wave filter
20 as claimed in claim 1, wherein the edge reflection type surface
acoustic wave filter constitutes a transversely coupled type

resonator filter.

3. An edge reflection type surface acoustic wave filter
25 as claimed in claim 1, wherein the edge reflection type surface
acoustic wave filter constitutes a longitudinally coupled type

resonator filter.
4. An edge reflection type surface acoustic wave filter
30 as claimed in claim 1, wherein the edge reflection type surface

acoustic wave filter constitutes a ladder-type filter.

5. BAn edge reflection type surface acoustic wave filter

- 13 -



What is claimed is* 1. An edge reflection type surface acoustic wave filter
conprising: a piezoelectric substrate having two opposi ng edges; and 5 at
|l east one interdigital transducer defined by split electrodes of paired

el ectrode fingers and provided on the piezoelectric substrate suBHSB&mmkm
SH-type surface acoustic wave is excited on the piezoelectric substrate
and is reflected between the two opposi ng edges; wherein 10 each of the
two oppasi edges. is Jocated at .a distance of at .|east about k/2 - 5k/128
or mor &3 rcg%lle{"egirﬁrércﬁmﬁ He SRGHT ecbg edifi _&&Oerﬁgpﬁsﬂ%cetqg(ﬁ?e ‘3 ngers,

| ocat ed Rlatdi® atf G5 REGH HROWLTIDSIe RA LN /B Lhe, Aur figes acoustic wave

propagation direction, of the interdigital transducer and | ess 15 than
about lgentteromi Hehe aretiare dfe quieo gad risich le qiiquuitrnte o ingsmsot rlodw tfedhger s,

wher e i V. th o t . rf.ac CQHEF'C ve ifed on
t he pi )eézﬂ ogtlrgec\t,% egét}%s‘ﬁ a%uegen%.ms%n Pyecgrgzemr%ueff Ilgc&h%n typfeacse\tlj\%fcéocugg{t;iccz)ust iC
wave fiWavws ptpagattia nbdraat icdai mfl, thvhargiardihg tedget reefddastdorartd/ pe

surface acoustjc wave filter constitutes a transversely coup]ed type
f 5%4% vg; filt titut t I , | ed t

r esonatfetoyy | /6y Fdde St ithe Gpsdedurfaddeadsis®d wave filter
25 as @iﬁﬂﬁg{éﬁkfﬁfﬂéméhtﬂgggE%{ﬁégfgﬁdge reflection type surface acoustic
e

wave filter constitutes a longitudinally coupled type resonator filter. 4.
An edge reflection type surface acoustic wave filter 30 as clainmed in
claiml, whergin gD £do6 dafd qotd pn éoe‘sﬁﬁlf' A8 c ARAUSE G MRAVE 1fd,t er
constitutes a | adder-t pe%ﬁter. rﬁ % e geareflé:ctlon type surface
acdfst ias wahasinied tior OSEPXN03vherein the edge reflection type surface

acoustic wave filter constitutes a transversely coupled type

resonator filter.

7. An edge reflection type surface acoustic wave filter
15 as claimed in claim 5, wherein the edge reflection type surface
acoustic wave filter constitutes a longitudinally coupled type

resonator filter.

8. Bn edge reflection type surface acoustic wave filter
20 as claimed in claim 5, wherein the edge reflection type surface

acoustic wave filter constitutes a ladder-type filter.

9., An edge reflection type surface acoustic wave filter
as claimed in claim 1, wherein said piezoelectric substrate is

25 made of a piezoelectric single crystal

10. An edge reflection type surface acoustic wave filter
as claimed in claim 1, wherein said piezoelectric substrate is
made of a piezoelectric ceramic.

30

11. An edge reflection type surface acoustic wave filter

as claimed in claim 1, wherein said at least one interdigital

transducer is made of aluminum or an alloy containing aluminum

- 14 -




as claimed in claim1, each of the two opposing edges is |ocated at a

di stance of at |least about ?./2 - x./32 froma center of the paired

equi potential electrode fingers, |ocated at the respective outernbihZSEPZMB
portion, in the surface acoustic 5 wave propagation direction, of the
interdigital transducer and about k/2 - x,/64 or less fromthe center of
the paired equipotential electrode fingers. 6. An edge reflection type
surfacgsa%p%%gﬁzé%ﬁb JéAger 10 as clainmed in claimb5, wherein the edge
refl ection typé surftace acoustic wave filter constitutes a transversely
coupled type resonator filter. 7. An edge reflection type surface acoustic
wave filter 5 as, clajnmed in claim?by, wherein the edge .ref]ecti t ype
surface acoudtic BAUEYAT U AT THBE & T GHCRITY Sa dd 1yHe
resonaber dlidimerd ih Amiedde refdredin oaid/ pe Swdaceracduddradiwavamlf i | ter
20 as clainmed in claimpb, wherein the e reflection type surface

roohet EEARRARGEY St el iR cbe gt e mdiats Fliahehge o

ref | ecidigrdnipg Sild acm wicouUs) ige MRl fddlef tasid adumthde Baigik
wherein said piezoelectric substrate is 25 nade of a piezoelectric single
cryst a¥als PAPRAHAL 1 | BASI @ype surface acoustic wave filter as
claimed in claiml, wherein said piezoelectric substrate is nade of a

pi ezoel ectric ceramic. 30 11. An edge reflection type surface acoustic wave
filter as cl&@-nmedn %R eHHaeitYRE WA e £0URTe G Meedilditttar

tr Q@?dlé%ercliasin{%ﬂ%rpfclaéi—im NUMKErih add QY HONt U Nthedl IHBdWHR PASAP7003 as
a mln Cco nent.
trgggéucer includes two interdigital transducers aligned along

the surface acoustic wave propagaticn direction.

14. An edge reflection type surface acoustic wave filter
15 as claimed in claim 1, wherein said at least one interdigital
transducer includes a plurality of interdigital transducers, at
least two of said plurality of interdigital transducers
defining parallel arm resonators, and at least another two of
said plurality of interdigital transducers defining series arm

20 resonators.

15. BAn edge reflection type surface acoustic wave filter
as claimed in claim 1, wherein said piezoelectric substrate is

defined by a piezoelectric thin film.

25
16. An edge reflection type surface acoustic wave filter
as claimed in claim 15, wherein said piezcelectric thin film is
a Zn0O thin film.
30 17. An antenna duplexer using an edge reflection type

surface acoustic wave filter as claimed in claim 1.

18. A communication device having an antenna duplexer as
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12. An edge reflection type surface acoustic wave filter as clained in
claim1, wherein said at |east one interdigital 5 transducer inc'“ﬂ?%EPﬁﬁB
interdigital transducers aligned in a direction substantially

per pendi cular to the surface acoustic wave propagation direction. 13. An
edge reflection type surface acoustic wave filter 10 as clainmed in claim
1, wherein said at |least one interdigital transducer includes two
interdigidaed rgnsdicgrs1fl i gned along the surface acoustic wave
propagation direction. 14. An edge reflection type surface acoustic wave
filter 15 as clainmed in claim1, wherein said at |east one interdigital
transducer includes a plurality of interdigital transducers, at |east two
of said plurality of interdigital transducers defining parallel arm
resonators, and at |east another two of said plurality of interdigital
transducers defining series arm 20 resonators. 15. An edge reflection type
surface acoustic wave filter as clainmed in claim1, wherein said

pi ezoel ectric substrate is defined by a piezoelectric thin film 25 16. An
edge reflection type surface acoustic wave filter as clained in claiml5,
wherein said piezoelectric thin filmis a zZnOthin film 30 17. An antenna
dupl exer using an edge reflection type surface acoustic wave filter as
clained in claim1. 18. A communication device having an antenna dupl exer
as 0-2 SEP 2003 claimed in claim17.
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