"2 1 001 2004 1 SURFACE ACOUSTI C WAVE DEVI CE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates to a surfaceJP?gepqu
wave device for use in, for exanple, a resonator or a filter, and nore
particularly, to a surface acoustic wave device having an asynmetri cal
doubl e el ectrode used as a wunidirectional interdigital transducer or a

di spersive reflection type reflector. 2'. Description of the Related Art A
surface acoustic wave .device such as a surface acoustic wave filter is

wi dely used in nobile conmunication ‘édurpnent or broadcasting equi pnent, or

ot her such apparatuses. Particularly because the surface acoustic wave
device is conpact, |ightweight, tuning-free and easy to manufacture, the
surface acoustic wave device is suitable for an electronic conponent for
use in portable comrunication equi pnent. The surface acoustic wave device
Is broadly divided into a transversal type filter and a resonator-type
filter, based on its structure. In general, the transversal type 210 C
7004 2 SURFACE ACOUSTIC WAVE DEVICE

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a surface acoustic
wave device for use in, for example, a resonator or a filter,
and more particularly, to a surface acoustic wave device
having an asymmetrical double electrode used as a
unidirectional interdigital transducer or a dispersive

reflection type reflector.

2. Description of the Related Art

A surface acoustic wave device such as a surface
acoustic wave filter is widely used in mobile communication
equipment or broadcasting equipment, or other such
apparatuses. Particularly because the surface acoustic wave
device is compact, lightweight, tuning-free and easy to
manufacture, the surface acoustic wave device is suitable
for an electronic component for use in portable
communication eguipment.

The surface acoustic wave device is broadly divided
into a tranéversal type filter and a resonator-type filter,

based on its structure. 1In general, the transversal type




filter has advantages of having (1) a small group delay deviation, (2) a
superior phase linearity, and (3) a high degree of flexibility i nzthg[‘,baﬂﬂk
band design based on weighting. However, the transversal type filter has a
di sadvant age of having a large insertion |loss. An interdigital transducer
(hereinafter referred to as an "IDI") used in a surface acoustic wave
filter transmts and receives surface acoustic waves with respect to both
sides of an IDT, that is, the IDT transmts and receives surface acoustic
waves bilaterally in an equal nmanner. 2Far exanple, in a transversal type
filter in which two IDTs are spaced apart from each other by a
predeterm ned di stance, one half of the surface acoustic waves transmtted
from on€ilteT hesr edviandades woife hatiag (D7), hemalde gpumhdtelapustic  waves
propagated fromthe one IDT to the opposite side of the other |IDT becone a
| oss. THewihtdenis (@Al laedupertivae- phased dsgieardty .handhdcoma higly factor in
i ncreasing insertion loss of a transversal type filter. In order to reduce
t he abodegtdeecpifb&dexididdityt dgs they passudand desdignubatiede@n onal | DTs have
been proposed. In such unidirectional |IDTs, surface acoustic waves are
t ransni wedghsddgr.ecdioweeat, dhley tormnsvieisadl divpe fddder hag s, | ow | oss
transversal type filters which utilize these wunidirectional |1DTs have been
devel opddsafiyvandageplof, having & large Hasegidsiodassan
An interdigital transducer {(hereinafter referred to as

an “IDT") used in a surface acoustic wave filter transmits

and receives surface acoustic waves with respect to both

sides of an IDT, that is, the IDT transmits and receives

surface acoustic waves bilaterally in an equal manner. For

example, in a transversal type filter in which two IDTs are

spaced apart from each other by a predetermined distance,

one half of the surface acoustic waves transmitted from one

IDT is received by the other IDT, but the surface acoustic

waves propagated from the one IDT to the opposite side of

the other IDT become a loss. This loss 1s called a "two-way

loss”, and has become a big factor in increasing insertion

loss 6f a transversal type filter.

In order to reduce the above-described two-way loss,

various types of unidirectional IDTs have been proposed. In

such unidirectional IDTs, surface acoustic waves are

transmitted and received at only one side alone thereof.

Also, low-loss transversal type filters which utilize these

unidirectional IDTs have been developed.

For example, Hanma et al., have proposed an



21 OCT 2004 3 asymmetrical double electrode in "A TRIPLE TRANSI T
SUPPRESSI ON TECHNI QUE" 1976 | EEE U trasoni cs Synposi um Proceedi ngs
328-331. Fig. 14 is a schematic partially cutaway plan vieM/shomnddﬂﬁth
asymmetrical double electrode disclosed in this prior art. In an
asymmetrical double electrode 101, half wavel ength sections Z constituted
of two strips 102 and 103 having different widths fromeach other, are
di sposed repeatedly nmany tinmes al ong_the propagation direction of surface
acoustic waves. Such an el ectrode dé&fiPned by half wavel ength sections Z
constituted of two strips having different wdths fromeach other, is
cal l ed an "unbal anced double el ectrode” or a "asymetrical double
el ect r odsymmélteiwadt idogble ledleictwods dmgtA SIRAALEh TRANSET t 0 0. 57. The
width of a strip 102 having a relatively narrowwidth is set to A /16. The
wi dt h oSUZPRESISIONO TECHNIQYES rld76& iNEAB/ UMimksonidish Syanpostium 3x./16. The
width of a gap between the strips 102 and 103 is set to 2A./16. The width
of an oftreceeddpgsf pphe 328-3311.02 Flig .t Het Had fa wohematgich paxtiablys set to
X/ 16. The width of the outer gap of the strip 103 in the propagation
di r ect i cntawayupllace viesushiowing dhe msymmdtaifcalnvalmibdeytaleactrode i s set
to ?/16. Between adjacent basic sections, the electrical

disclosed in this prior art.

In an asymmetrical double electrode 101, half
wavelength sections Z constituted of two strips 102 and 103
having different widths from each other, are disposed
repeatedly many times along the propagation direction of
surface acoustic waves. Such an electrode defined by half
wavelength sections Z constituted of two strips having
different widths from each other, is called an “unbalanced
double electrode” or a “asymmetrical double electrode”.

The width of a half wavelength section 1s set to 0.5A.
The width of a striﬁ 102 having a relatively narrow width is
set to A/16. The width of a strip 103 having a relatively
wide width is set to 3A/16. The width of a gap between the
strips 102 and 103 is set to 2A/16. The width of an outer
gap of the strip 102 in the half wavelength section is set
to A/16. The width of the outer gap of the strip 103 in the
propagation direction of surface acoustic waves in the half
wavelength section is set to A/1l6.

Between adjacent basic sections, the electrical
polarities are opposite to each other.

In the above-described asymmetrical double electrode,



polarities are opposite to each other. In the above-described asymetri cal
double electrode, 21 OCT 7 4 a reflection per basic section can b?10 |
expressed by a resultant vector that is generated by synthesizing reﬁlggved
waves fromthe edges X1 to X4 of the strips 102 and 103 shown in Fig. 15.
Fig. 16 shows the reflection vectors at the edges XI to X4 when the
reference position is set to the center of a basic section, and the

resul tant vector thereof. As can be seen fromFig. 16, the resultant vector
Vis located at an angle of 67.5, an& the reflection center is |ocated at
an angle of 67.5/2 = 33.75. Also, in this asymetrical double el ectrode, the
outer edge X1 of the strip 102 and the outer edge X4 of the strip 103 are

di sposed RelFaeetalony patMRigiic dddt ivd ltare tee@xpresddi e er of the hal f
wavel engt h section. Hence, the distances between the center of a basic

secti onragd1tAnt elctoreddrt Gfs idehdieiess bys isynthesl i arfbeatedasi
sections, are also equal to each other. In the asymetrical double

el ect r og@vebN¢rR0ithe FRGVLCIHIADXLVE afhd Srtipa ab2 aind ME0Fenter of the
basic section Z, with a phase difference of about 33.75 generated between

an exci shbwAN inCelier 131d tFig.r afd etidwa) HRNteflebdiion Wectaysmet ri cal
doubl e el ectrode operates as a unidirectional electrode.
the edges X1 to X4 when the reference position is set to the
center of a basic section, and the resultant vector thereof.
As can be seen from Fig. 16, the resultant vector V is
located at an angle of 67.5°, and the reflection center is
located at an éngle of 67.5°/2 = 33.75°.
Also, in this asymmetrical double electrode, the outer
edge X1 of the strip 102 and the outer edge X4 of the strip
103 are disposed bilaterally symmetrically with respect to
the center of the half wavelength section. Hence, the
distances between the center of a basic section and the
outer edges of the nearest strips in the adjacent basic
sections, are also equal to each other. In the asymmetrical
' double electrode, therefore, an excitation center is located

at the center of the basic section Z, with a phase
difference of about 33.75° generated between an excitation
center and the reflection center. Thus, the asymmetrical
double electrode operates as a unidirectional electrode.
Table 1 below shows the inter-mode coupling
coefficient x,,/k,. the phase difference between the
excitation center 3 and the reflection center ¢, and the

reflection center ¢, when forming an asymmetrical double




Table 1 bel ow shows-the inter-node coupling coefficient K12/ka, the
phase difference between the excitation center and the reflection TeQCE04
and the reflection center 4, when form ng an asynmetrical double 21 O CT
2004 5 electrode of alum numfilmhaving a 3% fil mthickness on a ST-cut
crystal quartz substrate, as an exanple of the above- described
asymetrical double electrode. Table 1 ItentCal cul ated val ue | nter-node
coupling coefficient K12/ ko 0.00257 Phase difference between excitation
center i 31.3 and reflection center- Refiection center33.8 Here, k, is a
wave nunber of surface acoustic waves propagating through an IDT. The
rati o K1.2/ ko and the phase difference between the excitation center V and
the refdlecttrone et el udnioan el mbtleaviady fa 3% tiilm-eklvbeckhes$r enquancy
determ ned by the finite el enment nmethod, using the technique of Cbuchi et
al ., ("BTfxouet icrystfalExpidraid cubsdheatec) eis sdn eesxafipBardficehdcabetres Wave
Interdigital Electrode Based on Mbde Coupling Theory", Institute of

El ect r odiessr ibEd raminot mirch Caloubil e ad Leart fodg neer s of

Table 1
Item Calculated value
Inter-mode coupling coefficient x;,/k, 0.00257
Phase difference between excitation center W% 31.3°
and reflection center ¢
Reflection center ¢ 33.8°

Here, k, is a wave number of surface acoustic waves

* propagating through an IDT. The ratio x,,/k, and the phase
difference between the excitation center W and the
reflection center ¢ can be obtained from the resonant
frequency determined by the finite element method, using the
technique of Obuchi et al., ("Evaluation of Excitation
Characteristics of Surface Acoustic Wave Interdigital
Electrode Based on Mode Coupling Theory”, Institute of
Electronics, Information and Communication Engineers of
Japan, Technical Report MW90-62). Also, the reflectlion
center ¢ is determined by the phase difference between the

excitation center Y and the reflection center ¢, and the

excitation center obtained from the fundamental wave
component which is acquired by Fourier-transforming the
electric charge density distribution on the electrode

obtained by the finite element method.




Japan, Technical Report MM0-62). Also, the reflection center 4 is
determ ned by the phase difference between the excitation center ?ﬁ@ngzmﬂe
reflection center ~, and the excitation center obtained fromthe
fundanmental wave conponent which is acquired by Fourier-transform ng the
el ectric charge density distribution on the el ectrode obtained by the
finite elenment nmethod. 210 C T 2004 - 6 Japanese Unexam ned Patent
- Application Publication No. 61-6917 discloses an el ectrode whi ch has
i npl emented unidirectionality by di"sfosing two strips having nutually
different widths in a half wavel ength section, as in the case of the
above-descri bed asymmetrical double electrode. The electrode disclosed in
t hi s Japanese JapanssiendneRamimed AatiarsatAppliRasilicgatBunliatisin a7 i s
al so supposed to operate as a unidirectional electrode due to the
asymmet 6yl - 68f1 7t i siode sets iass elemrturdfde Moviesterhas rinpkemanted di scl osed in
t he Japanese Unexam ned Patent Application Publication No. 61-6917, no
means f emicdatecdiilanag itthe befdienasima dimers trids thaving (rRetyablynount are
disclosed. In addition, no feasible reflection center and reflection
amount gk fedready itiasithsTHa @& thalle waelangtumeciiiomalassitn JAve Mode
Coupling Equation and Applications Thereof", 27th EM synposi um

case of the above-described asymmetrical double electrode.

The electrode disclosed in this Japanese Unexamined Patent

Application Publication No. 61-6917 is also supposed to

operate as a unidirectional electrode due to the asymmetry

of the two strips thereof. However, in the method disclosed

in the Japanese Unexamined Patent Application Publication No.

61-6917, no means for controlling the reflection center and

the reflection amount are disclosed. In addition, no

feasible reflection center and reflection amount are

described.

The article "Direct Numeral Analysis SAW Mode Coupling

Equation and Applications Thereof”, 27th EM symposium

preprint, pp. 109-116, Takeuchi et al., describes the

principle of a unidirectional IDT which provides flat

directivity over a wide band in the structure wherein

positive and negative reflection elements are dispersively

disposed in a unidirectional IDT. Herein, however, no means

for forming a reliably superior unidirectional IDT are

described.

In general, when surface acoustic waves are caused to

be incident on an IDT constituted only of double strips




preprint, pp. 109-116, Takeuchi et al., describes the principle of a
uni di rectional |IDT which provides flat directivity over a w de baf?nt??ﬂﬂe
structure wherein positive and negative reflection elenents are
di spersively disposed in a unidirectional IDT. Herein, however, no neans
for formng a reliably superior unidirectional IDT are described. In
general, when surface acoustic waves are caused to be incident on an |IDT
constituted only of double strips 21 0 CT ?004 - 7 without reflection,
reflection is caused by re-excitation! -As a result, in the case of a
conventional transversal type filter, waves called "triple transit echo" or
TTE, occur, and cause ripples or other undesired wave characteristics that
adver sewythbhecrefilecéioaharefilectioncds Tamsetovwy meexgitaitdon er at ure by
Hanma et al ., discloses a nethod for canceling out reflection due to
re- exci Aat aomebulpans the sasesbifc a eflnsendd omale S mEnsveE3AMEYype cal
doubl e el ectrode. This nethod, however, has created a problemthat new
ri ppl esfidtercawagdsbyaddedst itaipdil doaneitwWesha’ heomdilkst iaccuref| ection is
| arger than the reflection caused by the re- excitation. Therefore, such a
nmet hod and cansel rigpdets bire othefd andesined wavex chaatactrernisstsidg ected to
the restriction of piezoelectric substrate naterial or electrode material,

that adversely effect filter characteristics. The above-

described literature by Hanma et al., discloses a method for

canceling out reflection due to re-excitation by means of

acoustic reflected waves of an asymmetrical double electrode.

This method, however, has created a problem that new ripples

are caused by acoustic reflection when the acoustic

reflection is larger than the reflection caused by the re-

excitation. Therefore, such a method for canceling out the

reflection by re-excitation is subjected to the restriction

of piezoelectric substrate material or electrode material,

since the reflection vector length which represents the

acoustic reflection amount is fixed in an asymmetrical

double electrode.

On the other hand, the article "About One Welghting

Method For SAW Reflector”, 1999, General Convention of

Institute of Electronics, Information and Communication

Engineers of Japan, p. 279, Tajima et al., discloses a

method for performing weighting with respedt to the

reflection coefficient of a reflector. This method uses a

plurality of strips having mutually different widths and

makes use of the change of the reflection coefficient of a
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the reflection coefficient of a 210
8 strip based on the strip width. However, when the strip wdth is
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he refl ection vector |ength which represents the acoustic reflection
Is fixed in an asymmetrical double electrode. On the otheréﬁﬁpﬁlsze
a

"About One Weighting Method For SAW Refl ector”, 1999, Cen

ion of Institute of Electronics, Informati on and Conmuni cati on

rs of Japan, p. 279, Tajima gt al., discloses a nethod for

and makes use of the change of

dEaroblemthat the design requires an extrenely high degree of

SUdL . e it emRig &R i RRIEE9TISY e kghting kased eckheoperati ng

i directional electrode b gnnetry of two strips have been

FUHR Withnd At ing dRh
%fﬁgfg(géggect sonic speed and to change the arrangement
pitch of the strip in accordance with this corrected sonic
speed. This poses a problem that the design requires an
extremely high degree of technigue.

As described above, various IDTs or resonators each
operating as a unidirectional electrode by asymmetry of two
strips have been proposed, but conventional asymmetrical
double electrodes have not yet achieved sufficient
unidirectionality. In addition, the reflection center and
the reflection amount of the conventional asymmetrical

double electrodes have been very difficult to control.

SUMMARY OF THE INVENTION

In order to overcome the problems described above,
preferred embodiments of the present invention provide a
surface acoustic wave device using an asymmetrical double
electrode which achieves more superior unidirectionality of
surface acoustic wave propagation while effectively and
easlily controlling the reflection amount pef basic section.

In accordance with a preferred embodiment of the

present invention, a surface acoustic wave device includes a

reflection coefficient of a

¢ And RREATR BT JRededvEOnot yet



unidirectionality. In addition, the reflection center and the reflection .
amount of the conventional asymmetrical double electrodes have begm g&F 3004
difficult to control. SUMMARY OF THE I NVENTION In order to overcomne the
probl ens descri bed above, preferred enbodi nents of the present invention
provide a surface acoustic wave device using an asymetrical double
el ectrode whi ch achieves nore superior unidirectionality of surface
acoustic wave propagation while effectively and easily controlling the
reflection anount per basic section.”1"h accordance with a preferred
enbodi ment of the present invention, a surface acoustic wave device
includes a 21 O CT 2004 9 piezoelectric substrate, and including at |east
two basipleznssidavic mubstrngten argnheciudihgdatbleast etwoodasia which a
hal f wavel ength section includes first and second strips having different
wi dt hs feeshionh neudingantasyametriwal bdsuklgeeléobrodei hy whipbhsed
al ong the propagation direction of surface acoustic waves. In this surface
acoust i @ \mdd wavekengtie sgcbion cineludesf fhrsteandrsenghd sbviiphe
reflection center obtained fromthe resultant vector generated by
synt hesibawiqa iffgrent iwidiketHrem gacheothegestivé aheléastt twad second
strips is preferably within approximately 45 100 or approxinmately 135
100, whé&rdsise sections being disposed along the propagation

direction of surface acoustic waves. 1In this surface

acoustic wave device, the absolute value of the vector angle

of the reflection center obtained from the resultant vector

generated by synthesizing the reflection vectors at the

edges of the first and second strips is preferably within

approximately 45 + 10° or approximately 135 = 10°, when the

center of the each of the at least two basic sections is the

reference position.

In accordance with another preferred embodiment of the

present invention, a surface-acoustic wave device includes a

plezoelectric substrate, and including at least two basic

sections including an asymmetrical double electrode in which

a half wavelength section includes first and second strips

having different widths from each other, the at least two

basic sections being disposed along the propagation

direction of surface acoustic waves. In this surface

acoustic wave device, the absolute value of the phase

difference between the excitation center and the reflection

center of the asymmetrical double electrode, is preferably

within approximately 45 + 10° or approximately 135 = 10°.



center of the each of the at | east two basic sections is the reference
position. In accordance with another preferred enbodi nent of the greg&niil
i nvention, a surface acoustic wave device includes a piezoelectric
substrate, and including at |east two basic sections including an
asymmetrical double electrode in which a half wavel ength section includes
first and second strips having different widths fromeach other, the at

| east two basic sections being disposed along the propagation direction of
surface acoustic waves. In this surfal® ~acoustic wave device, the absol ute
val ue of the phase difference between the excitation center and the
reflection center of the asymmetrical double electrode, is preferably
wi t hi n appr oxilmatasioprdance) vidih @i hrsneither3 prefErreaal OCT 2004 - 10 In
accordance with a still another preferred enbodiment of the present

i nvent i @mbagdimeniaaf ddwupresemly einvriviian i | suiface peowst ketwave
substrate, and including at |east two basic sections including an

asymmet rdeydicedduisilaides actiiekod e ainid suirlifatey anhgircbedizgomtncl udes
first and second strips having different widths fromeach other, the at

| east t easdsitovos ddsish sesttiinpgli Sppbding @iy aswmetnicatdeorbe rect i on of

surface acoustic waves. In this surface acoustic wave device, when the edge
posi ti odesitnage in which a half wavelength section includes first

and second strips having different widths from each other,
the at least two basic sections being disposed along the
propagation diregtion of surface acoustic waves. In this
surface acoﬁstic wave device, when the edge positions of the
first and second strips are X1 to X4, each of which is a
value corrected using the sonic speed difference between a
free surface and a metallic surface, and when the resultant
vector length of normalized reflected waves from the strip
edges is | I' |, and the center position of the basic section

is 0(A), and X1 = -X4, each of the positions of X2 and X3 is

a value substantially satisfying the following equations (1)

and (2).

Mathematical Expression 4

W

X2[{A] = A x X1[A]® + B x X1[A] + C = O.1[A) ... (1)

Mathematical Expression 5

I+

X3[A] = D x X1{A)® + E x X1[A] + F = 0.05[A] ... (2)



first and second strips are X1 to X4, each of which is a value corrected
using the sonic speed difference between a free surface and a netihl DCT 2004
surface, and when the resultant vector length of normalized refl ected waves
fromthe strip edges ist 1, and the center position of the basic section
s O(h), and X1 m-X4, each of the positions of X2 and X3 is a val ue
substantially satisfying the follow ng equations (1) and (2). Mathemati cal
Expression 4 C 0.1[x.]...(1) X2[7.] = AX X1[.]2 + Bx XI[X] +
Mat hemati cal Expression 5 F  0.05[Xf.11(2) X3[A] = D x X1[X]2 + E x X1[7L] +
2 10 CT 2004 - |1 Mat hemati cal Expression 6 A = -34.546 x | F 16 + 176. 36
X1 F-354.19 x| IFI" +354.94 x| r 13 _ 160.44 X1 r 12 + 10.095 X r
- 1. 7558aRhemati céd4 Explressiofy.6/41 X | r - 153.44 X | r 14 + 147.20 X |1 r
13 - 68.363 Xr 12 + 6.3925 xr | - 1.7498 C=-1.772 x | r + 8.7879 x | r -
17.07 x | r 14 + 16.092 x | r 13 - 7.4655 x r |' + 0.8379 xr | - 0.3318 D
- 12.064 x Ir 1 6 - 45501 x| r Is + 57.344 X1 r 14 - 22.683 x

A = -34.546 x | T |* + 176.36 x | T |° - 354.19 x | T |' + 354.94

x | TP - 160.44 x | T * + 10.095 x | ' | - 1.7558

B =-15.464 x | T |* + 77.741 x | T | - 153.44 x | T |' + 147.20

x| TP -68.363 x| ' |* + 6.3925 x | ' | - 1.7498

C=-1.772 x| T [* + 8.7879 x | T |* - 17.07 x | T |* + 16.092 x

| T P - 7.4655 x | T |* + 0.8379 x | I | - 0.3318

D =12.064 x [T |* - 45.501 x | ' | + 57.344 x | T |* - 22.683 x

| T + 12.933 x | T - 15.938 x | T | - 0.1815

E =7.2106 x | T |* - 30,023 x | | + 45.792 x | [ |* - 29.784 x

| TP+ 13.125 x | T | - 6.3973 x | | + 1.0203

F=1.0138 x| T |*-4.4422 x | T [* + 7.3402 x | T |* - 5.474 x

[T ]+ 2.3366 x | T [* - 0.7540 x | T | + 0.2637

In the surface acoustic wave device in accordance with
another preferred embodiment of the present invention, it is
preferable that the reflection amounts of the surface
acoustic waves at the edge positions X1 to X4 of the above-

described strips be substantially equal to one another.



I r 13, + 12.933 X1 r 12 _ 15-938 X I r I - 0. 1815 E - 7.2106 x | i)é =
30.023 x | r +45.792 X | F29.784 x | r 1, + 13.125 X | r 12 - 6.B598TJ004
+ 1.0203 F - 1.0138 x | r 16 - 4.4422 x | Fls + 7.3402 x| r 5.474 X | F
13 + 2.3366 X1 r 12 - 0.7540 X1 r + 0.2637 In the surface acoustic wave
device in accordance with another preferred enbodi ment of, the present
I nvention, it is preferable that the reflection anmounts of the surface
acoustic waves at the edge positions X1 to X4 of the above- described strips
be substantially equal to one anotherl22-10 CT 2004 - 12 Also, in the
surface acoustic wave device in accordance wth other preferred enbodi nents
of the present invention, the above-described asymetrical double el ectrode
may be an i nt élaiogi tial thier anadiasy ,acrusiaElc iwsteatbwica imef | ect or.
Furthernore, i.n accordance with another preferred enbodiment of the present
I nvent | agequdsrreaiych qizhdr proefestrdd iempdinsrts yofiseie sggresent
above-descri bed piezoelectric substrate. Alternatively, however, in other
pr ef er r echventnicinmertite abdvee- daseseiiled regmmety;idcak dgukkeoctébectredeubstrate
may be constituted of another piezoelectric single crystal such as LiTaG3,
or a pimegodecr iinteardigict sl chrassdwsesr | idamAay iuxsteadhabe-dased

reflector. |

Furthermore, in accerdance with another preferred

embodiment of the present invention, preferably, quartz

crystal is preférably used as the above-described

pliezoelectric substrate. Alternatively, however, in other

preferred embodiments of the present invention, the

plezoelectric substrate may be constituted of another

plezoelectric single crystal such as LiTaQ,, or a

plezoelectric ceramic such as lead titanate zirconate-based

ceramic. Also, a piezoelectric substrate constructed by

forming a piezoelectric thin-film such as a ZnO thin-film on

an insulative substrate such as a piezoelectric substrate or

alumina substrate, may be used.

The above and other elements, characteristics,
features, and advantages of the present invention will be
clear from the following detailed description of preferred

embodiments of the present invention in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a plan view of an asymmetrical double




ceramic. Al so, a piezoelectric substrate constructed by formng a
pi ezoel ectric thin-filmsuch as a ZnO thin-filmon an insulative i3
such as a piezoelectric substrate or alum na substrate, may be used. The
above and ot her elenents, characteristics, features, and advantages of the
present invention will be clear fromthe follow ng detail ed description of
preferred enbodinents of the present invention in conjunction wth the
acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1A is a plan
view of an asymetrical double 21 ©CF32004 - 13 electrode in accordance
with a preferred enbodi nent of the present invention; Fig. 1Bis a
partially cutaway sectional view of an asymmetrical double electrode in
accor dardectindien ipr eferomtanaarvoiihentprdfetredrambdimenemtf otheFig. 2 is
a diagram show ng the edge-position dependence of the excitation center of
t he asypmesendalinwenthilon:el ectrode in a preferred enbodi ment of the present
i nvention; Fig. 3 is a diagram showi ng the rel ationship between the edge
position X1 =Fi§4 dR ieaeh paritied dgmposy isest Déhalandd.ew, ofvkam a
resultant vector length r is 0.20X

asymmetrical double electrode in accordance with a preferred

embodiment of the present invention;

Fig. 2 is a diagram. showing the edge-position
dependence of the excitation center of the asymmetrical
double electrode in a preferred embodiment of the present
iﬁvention:

Fig. 3 is a diagram showing the relationship between
the edge position X1 = -X4 and each of the édge positions X2
and X3, when a resultant vector length I' is 0.20A.

Fig. 4 is a diagram showing the relationship between
the edge position X1 = -X4 and each of the edge positions X2
and X3, when a resultant vector length I is 0.50A.

Fig. 5 i1s a diagram showing the relationship between
the edge position X1 = -X4 and each of the edge positions X2
and X3, when a resultant vector length I' is 1.00A.

Fig. 6 is a diagram showing the relationship between
the edge position X1 = -X4 and each of the edge positions X2
and X3. when a resultant vector length I' is 1.25A.

Fig. 7 is a diagram showing the relationship between
the edge position X1 = -X4 and each of the edge positions X2

and X3, when a resultant vector length I' is 1.50A.

Fig. 8 is a diagram showing the relationship between

i v =t RN



Fig. 4 is a diagramshow ng the relationship between the edge position X1 =
-X4 and each of the edge positions X2 and X3, when a resultant vgf&@g 7
length r is 0.50X. Fig. 5 is a diagramshowi ng the relationship b L ll]ﬁhe
edge position X1 = -X4 and each of the edge positions X2 and X3, when a
resul tant vector length r is 1.00X. Fig. 6 is a diagramshow ng the
rel ati onship between the edge position X1 = -X4 and each of the edge
positions X2 and X3, when a resultant vector length r is 1.25X. Fig. 7 is a
di agram showi ng the rel ati onship betwktn- the edge position X1 = -X4 and
each of the edge positions X2 and X3, when a resultant vector length r is
1.50X. Fig. 8 is a diagramshowi ng the relationship between 21 Ot 2004 -
14 t he thegedgesipoisdit Déh X1 X1 -Hdd et lreath tdfe Huiyeedagsinositsio®s ¥Ad X3,
when a resultant vector length Fis 1.70X. Fig. 9 is a diagram show ng the
change iand X3, wifdrect ireswldnisr veottan Idmgtadde sl 700, X2 obt ai ned by
the equation (1) changes, in preferred enbodi nents of the present
i nvention. Fi §igl09 dsa adiddgygnans shoawiqga e lehange in e ref | ection center
$ when the edge position X3 changes in preferred enbodi nrents of the present
i nvent i @eflection center ¢ when the edge position X2 obtained by
the equation (1) changes, in preferred embodiments of the
present invention.
Fig. 10 is a diagram showing the change in the
reflection center ¢ when the edge position X3 changes in
preferred embodiments of the present invention.
Fig. 11 is a schematic plan view showing the electrode
structure, for evaluating directivity of an IDT in
accordance with another preferred embodiment of the present
invention.
Fig. 12 is a dlagram showing the relationship between
fhe number of basic sections and the directivity, which
relationship has been obtained in a further preferred
embodiment of the present invention, and the relationship
between the number of the basic sections and the directivity
when using a conventional asymmetrical double electrode
prepared for comparison.
Fig. 13 is an explanatory plan view of the electrode
structure of an IDT having a reflector in accordance with
yvet another preferred embodiment of the present invention.
Fig. 14 is a schematic partially cutaway plan view

showing a conventional asymmetrical double electrode.



Fig. 11 is a schematic plan view show ng the electrode structure, for
evaluating directivity of an IDT in accordance w th another prefepngdT 2004
enbodi ment of the present invention. Fig. 12 is a diagram show ng the

rel ati onship between the nunber of basic sections and the directivity,
which relationship has been obtained in a further preferred enbodi nent of
the present invention, and the relationship between the nunber of the basic
sections and the directivity when using a conventional asymetrical double
el ectrode prepared for conparison.~R%.-13 is an explanatory plan view of
the el ectrode structure of an IDT having a reflector in accordance with
yet another preferred enbodi nent of the present invention. Fig. 14 is a
schemati ¢ par Fiigl.| 1 5c dsaaapagitdalliyewutaway sgck lomale wiieh&orasymetri ca
doubl e el ectrode. 21 OCT 2004 - 15 Fig. 15 is a partially cutaway sectional

vi ew f oexpdagnding rehet ledged posidsionsond dhet Isdmips da ithet he asymetri cal
doubl e el ectrode shown in Fig. 14. Fig. 16 is a diagram show ng the

rel ati oastymmetretiovadn doibd er efllesdiriagle whowor sni Fithe lddges X1 to X4 shown in
Fig. 15 and the resultant vector V thereof. DETAILED DESCRI PTI ON OF
PREFERRED ENVBERGVENBS1s a diagram showing the relationship between

the reflection vectors in the edges X1 to X4 shown in Fig.

15 and the resultant vector V thereof.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In order to realize the unidirectionality using an
asymmetrical double electrode, the inventors of the present
application have conducted extensive research and have
discovered that, when the reflection amount of surface
acoustic waves per basic section is small, the frequency
unidirectionality characteristics of the unidirectional
electrode can be estimated by forming reflection elements
using a unidirectional electrode wherein the phase
difference between the excitation center and the reflection
center is approximately +45° (-135°) or approximately -45°

(+135°). and by disposing these positive and negative

reflection elements, regarding them as positive and negative
impulses, respectively. Furthermore, the present inventors
have discovered that, when the phase difference between the
excitation center and the reflection center largely deviates
from approximately = 45°(%x 135°) in the positive and negative

elements, it becomes difficult to regard as the positive and



In order to realize the unidirectionality using an asymmetrical double

. electrode, the inventors of the present application have conductemQ10c12m

ext ensi ve research and have discovered that, when the reflection anpbunt o
surface acoustic waves per basic section is small, the frequency
unidirectionality characteristics of the unidirectional electrode can be
estimated by formng reflection elenents wusing a unidirectional electrode
wherein the phase difference between the excitation center and the
reflection center is approxi mately +4& {-135) or approximately --45
(+135), and by disposing these positive and negative reflection elenents,
regardi ng them as positive and negative inpulses, respectively.
Fur t her megativee edregemits ias/ erimple pfosid dies e rrebatione impwlséem, phase
di fference between the excitation center and the reflection center largely
devi at esrespesthingdivoxibestagise tof3thel IB)asen mismagposhing cofirsréace i ve
el ements, it becones difficult to regard as -the positive and 2 10 CT 2004
16 nega@omusdliemmiavesas sinpl e positive and negative inpul ses,
respectively, because of the phase mismatching of surface acoustic waves.
Mor eover, theMoreoyer.i hhentpesendy dieddons divendiscaorared Meayht i ng
nmethod in a unidirectional IDT using an asymetrical, double electrode is
used, i when gowegilghting method in a unidirectional IDT using an

asymmetrical double electrode is used, it is possible to

perform weighting with respect to reflection coefficients,

when positive and negative reflection elements wherein the

reflection centers thereof are located at angles of

approximately +45° (-135°) and -45° (+135°), respectively,.

with respect to the center of a half wavelength section, are

formed and are utilized as a reflector. When attempting to

perform weighting to the strip width, it has been necessary

to change the electrode pitch. However, this weighting

method by reflection coefficient allows a reflector to be

easily produced, since sonic speeds of the positive and

negative elements are identical with each other.

Next, the principles of various preferred embodiments
of the present invention will be described in more detail
with reference to the drawings.
An asymmetrical double electrode 1 shown in Figs. 1A

and 1B is taken as an example. In this asymmetrical double

electrode 1, basic sections Z each of which is constituted

of strips 2 and 3 having mutually different widths, are

repeatedly arranged in the propagation direction of surface




performweighting with respect to reflection coefficients, when positive
and negative reflection elements wherein the reflection centers tRergdF 200 e
| ocated at angles of approximtely +45 (-135) and -45 (+135), respectively,
with respect to the center of a half wavel ength section, are fornmed and are
utilized as a reflector. Wen attenpting to performweighting to the strip
width, it has been necessary to change the el ectrode pitch. However, this
wei ghting nethod by reflection coeffjcient allows a reflector to be easily
produced, since sonic speeds of the‘pB%iTive and negative elenents are

I dentical wth each other. Next, the principles of various preferred

enbodi nents of the present invention will be described in nore detail wth
r ef er enacous titice wavas .ngNowin ledy onst basdic gegitliorebectdisposedS@Fn in Fi gs.
1A and 1B is taken as an exanple. In this asymmetrical double electrode 1,
basi ¢ sahii posiZfiensh fafomhkitci2sis twonrdt.i25at.edHeake sty idgno2esndh® havi ng
mutually different widths, -are repeatedly arranged in the propagation

di recti eavefllengthaod 2 Hnr€arR0@Foustic aay@sti c waves. Now, | et one basic
section be disposed at the positions from-0.25k to +0.25X. Here, X denotes
the wavel englietéfing divef posiddoms iof Wiee edgest iofy thee figsitt ias of the

edges of the first and
second strips 2 and 3 be disposed within this basic section,

that is, this half wavelength section be X1’ to X4', and the
sonic speed of surface acoustic waves propagating through a
free surface be V,, and the sonic speed of surface acoustic
waves propagating through a metallic surface be V,, the edge
positions X1 to X4 corrected based on the sonic speeds of
the free surface and the metallic surface are expressed by

the following equation:

Mathematical Expression 7

X1 to X4 = (VL + VL) / (Vg + VL) ... (3)

In the above equation (3), L, denotes the sum of the
distance on the metallic surface from the center of the half
wavelength section, that is, OA to X1 to X4 1in the
propagation direction of surface acoustic waves, and L,
denotes the sum of the distance on the free surface from the
center of the half wavelength section, OA to X1 to X4. L,
denotes the sum of the distance of the metallic surface in
the entire half wavelength section, and L,, denotes the sum

of the distance of the free surface in the entire half




second strips 2 and 3 be disposed within this basic section, that is, this
hal f wavel ength section be XI' to XV, and the sonic speed of surf?qqklzm‘
acoustic waves propagating through a free surface be V.., and the“so QC
speed of surface acoustic waves propagating through a nmetallic surface be
V,, the edge positions XI to X4 corrected based on the sonic speeds of the
free surface and the netallic surface are expressed by the follow ng
equation: Mathematical Expression 7 X1 to X4 = (VelL, + VLf)/(VfL,, + VLFO)
... (3) In the above equation (3), 1,l&enotes the sumof the distance on
the netallic surface fromthe center of the half wavel ength section, that
Is, 0%to X1 to X4 in the propagation direction of surface acoustic waves,
and L. wdeabérgthhsestioaf. t he di stance on the free surface fromthe center
of the half wavel ength section, OXto X1 to X4. L,o0 denotes the sumof the
di st ance of. tHextept shei ce€lietédoni Ain Bheiegilier elesiticofdey dnewipdietsect i on, and
Leo denotes the sum of the distance of the free surface in the entire half
2 1 0Clofl@4a- sifigleastirdpgtils désposed wildim thiee hadffi swavedierigthn singl e

el ectrode in which only a single strip is disposed within the half

wavel engebtienct whdl Wl dilseudisedussSupposepddatt e siagdien@terinrip

is arranged so that the center thereof is located at the
reference position O0A of the half wavelength section 2.
Letting the reflection vector at the one edge position -Xs
of the single strip be I'sl, and the reflection vector at the
other edge position +Xs thereof be I's2, the resultant
‘reflection vector I's at the reference position is expressed
by the equation (4) below. Here, j in the equation (4)
denotes a imaginary number unit, and k denotes the wave

number.

Mathematical Expression 8

Is = 'sl x e 3k 4 Tg2 x g¥¥*kx  _ (4)

The length | I's | of the above-described resultant
vector I's denotes the reflection amount of a single strip.

Here, when conducting a normalization such as | I'sl | =
| Fs2 | = 1, we can express I'sl = - I's2 = -1 under the
condition that the acoustic impedance on a free surface is
larger than that on a metallic surface. Therefore, when
defining the reflection center ¢s as the center of the

single strip, the reflection center ¢s can be determined by



I's arranged so that the center thereof is |ocated at the reference position
OX of the half wavel ength section Z.  Letting the reflection VeCtO?'PQFfiMh
one edge position -Xs of the single strip be I'sl, and the reflectio

vector at the other edge position +Xs thereof be rs2, the resultant
reflection vector Fs at the reference position is expressed by the equation
(4) below. Here, j in the equation (4) denotes a imaginary nunber unit, and
k denotes the wave nunber. Mathenmatical Expression 8 I's = ]PSI X e-2J k
c-X,) +1's2 xe 1 ... (4) The Iengtﬂgl'rs | of the above-described
resultant vector |I's denotes the reflection anbunt of a single strip. Here,
when conducting a normalization such as | |'sl | = 1's 21 =1, we can
express the fioHowing €quationn{i®), theingobbliet anglehdt I't b€ Zbeustic

i npedance on a free surface is larger than that on a netallic surface.

Ther ef oreeswhismt dedf becoyioheveetdrcti on center 4s as the center of the
single strip, the reflection center 4s can be determ ned by 2 10 CT 2004 -
19 the followi ng equation (5), using the angle L F of the resultant

reflection vector r. Mathematical Expression 9 4s = -0.5 x L (j X rs)
(5) Mathematical Expression 9
s = -0.5 x £ {j xIs) ... (5)

Next, discussion will be made of an asymmetrical
double electrode wherein two strips having mutually
different widths are disposed in the half wavelength section,
as in the case of the single strip. Letting the reflection
vectors of surface acoustic waves at thé edge positions X1
to X4 in Figs. 1A and 1B be I'l to I'4, the resultant
reflection vector I' at the reference position OA is

expressed by the equation (6} below.

Mathematical Expression 10
F =T1 x e¥3%%X 4 T2 x 23%% 4, T3 x 3% + T4 x e

2-3"k-X4 o (6)

The length | T | of the above-described resultant vector
I’ denotes the reflection amount of a unidirectional
electrode. The reflection center of the unidirectional
electrode is defined in the same way as the single strip,

and is expressed by the equation (7) below.



Next, discussion will be made of an asymmetrical double el ectrode wherein
two strips having nmutually different widths are disposed in the half

wavel ength section, as in the case of the single strip. Letting tIel 00T 2004
reflection vectors of surface acoustic waves at the edge positions X1 to
X4 in Figs. 1A and 1B be r1 to r4, the resultant reflection vector |IF at
the reference position O is expressed by the equation (6) bel ow

Mat hemati cal Expression 10 r - rl x e-2jkX1l +r2 x e"2 j-k-x2 +r3 x e-2
jkx3 + r4 x e- 2 jkX4 . (6) The lengthol-r | of the above-described
resultant vector r denotes the reflection amount of a unidirectional

el ectrode. The reflection center of the unidirectional electrode is defined

in the sﬁﬁﬁéﬁﬁtfgaﬂlﬁ%?ﬁéyﬂfbﬁtjjp, and is expressed by the equation (7)
below. 21 OCT 2004 - 20 Mathematical Expression 11 4) = -0.5 x L (j x I")

(7) In th@ gagnghgrgzdj1g asymmeiy i cal double electrode, a

unidirectional® IDT i'S constructed such that the electric polarities of
adj acent basic sections are alternately inverted, when the width of the
inter--strip gap between a basic section and the adjacent basic section on

In the case where, in the asymmetrical double
electrode, a unidirectional IDT is constructed such that the
electric polarities of adjacent basic sections are
alternately inverted, when the width of the inter-strip gap
between a basic section and the adjacent basic section on
one side in the propagation direction of surface acoustic
waves, and the width of the inter-strip gap between the
basic section and thé adjacent basic section on the other
side in the propagation direction of surface acoustic waves,
are equal to each other, and simultaneously when these
inter-strip gaps are disposed symmetrically with respect to
the center of the center basic section, the excitation
center of the asymmetrical double electrode is located at
the substantially central portion of the half wavelength
-section.

Fig. 2 is a diagram showing the edge-position
dependence of the excitation center in the above-described
asymmetrical double electrode. Herein, an asymmetrical
double electrode formed of an aluminum film having a
thickness of, for example, approximately 0.02A, is disposed
on a ST-cut quartz substrate. In this figure, there is

shown the edge position dependence of the excitation center



one side in the propagation direction of surface acoustic waves, and the
width of the inter-strip gap between the basic section and the agtfﬁggt
basic section on the other side in the propagation direction of &4
acoustic waves, are equal to each other, and sinultaneously when these
inter-strip gaps are di sposed symmetrically with respect to the center of
the center basic section, the excitation center of the asymetrical double
el ectrode is located at the substantially central portion of the half

wavel ength -section. Fig. 2 is a di agtam showi ng the edge-position
dependence of the excitation center in the above-described asymetrical
doubl e el ectrode. Herein, an asymmetrical double electrode fornmed of an

al um numsbtaimedavirom thd Murldaemn tdl Ware eccupimentapghrioch e el y 0. 02A., is
di sposed on a ST-cut quartz substrate. In this figure, there is shown the
edge podgudirede 3N Fenne enf- tdan sborintiatg drhe aatert2id dOirgo0dens iy
obt ai ned fromthe fundanental wave conponent which is acquired by

Fouri er dirstrdibartiiong drhettad exltadtr catearalet adiansd thyy  tdiestfinite omlemenhe

el ectrode obtained by the finite elenent nmethod, when X1 = -X4 = -0. 1875k,
and X3 me¥hod,0wherk.x1and -yhen X2 lis7s)sedms ¥B pandred @ . 123\ caande

confirnmed that even at a position wherein
when X2 is used as a parameter.

It can be confirmed that even at a position wherein
the degree of asymmetry of the asymmetrical double electrode
is very high, that is, at X2 = 0.172A, the vector angle of
the excitation center is located at about +4.6°, that is,
substantially at the central portion. The strip width and
the gap width-of an IDT constituting a surface acodstic wave
device is restricted by the electrical resistance of a strip
and/or the patterning process.

The edge positions X and X3 can be uniquely determined
with respect to the | I' | and the edge position X1, by
letting X2 - X1 > 0.02\, X3 - X2 > 0.02A, X4 - X3 > 0.02A,
and X4 = -1, assuming that the vector lengths of Tl to I'4
arerequal to one another, performing a normalization such

that T1 = T4 = -1, T2 = T3 = +1, and finding the conditions
such that the equations (6) and (7) satisfies ¢ = 45°, by the
Monte Carlo method. The approximate equations expressing X2

and X3 are given by the following expressions (8) and (9},

using | I' | and X1 as independent variables.

Mathematical Expression 12




AT o

the degree of asymmetry of the asymmetrical double electrode is very hi gh,
that is, at X2 = 0.172k, the vector angle of +the excitation center

| ocated at about +4.6, that is, substantially at the central portZdﬂWTﬁW%
strip width and the gap width of an IDT constituting a surface acoustic
wave device is restricted by the electrical resistance of a strip and/or
the patterning process. The edge positions X and X3 can be uni quely
determined wth respect to the | r |I and the edge position X1, by letting
X2 - X1 > 0.02k, X3 - X2 > 0.02., X4 22X3 > 0.02., and X4 = -1, assunm ng
that the vector lengths of F1 to r4 are equal to one another, performng a
normal i zation such that F1 =r4 = -1, r2 =r3 = +1, and finding t he

condi ti gBgy ISQCE hhg%[kﬁe_gqugl e (6 @nd (7)gpatisfies 4 = 45, by the

Monte Carl o t he approxi mate equati ons expressing X2 and X3 are
given by the follow ng expressions (8) and (9), wusing |l r | and xi as
i ndependent variables. Mathematical Expression 12 21 OCT 2004 - 22 X2(.] w

A X xl[ﬁh%heﬁa@léaﬁlb&drégéion 118) Mat hemat i cal Expression 13 X3[X] mD X
X1(X]2 + X1( X] In the equations (8) and (9), Ato F are

obt ai neigl{x]t hepf gl kemg ﬁ%‘%&'ﬂ‘ﬁu +F ... (9)

In the equations (8) and (9), A to F are obtained by

the following equations.
Mathematical Expression 14
A= -34.546 x | [* + 176.36 x | T [° - 354.19 x | T |' + 354.94

x | T ] - 160.44 x | T | + 10.095 x | T | - 1.7558

B =-15.464 x | T |* + 77.741 x | T | - 153.44 x | T |* + 147.20

x | T |* - 68.363 x | I'|* + 6.3925 x | T'| - 1.7498

C=-1.772 x | T |* + 8.7879 x | T |° - 17.07 x | T |* + 16.092 x

| TP - 7.4655 x | T |* + 0.8379 x | T | - 0.3318

D =12.064 x | T |° - 45.501 x [ [ |° + 57.344 x | T [* - 22.683 x

| T PP+ 12,933 x | T |* - 15.938 x | T | - 0.1815

E =7.2106 x | T | - 30.023 x | T [ + 45.792 x | [ [' - 29.784 x

| TP+ 13.125 x | T |* - 6.3973 x | ' | + 1.0203

F=1.0138 x | T |* - 4.4422 x | T |* + 7.3402 x | T [|* - 5.474 x



Mat hemati cal Expression 14 A = -34.546 x | r 16 + 176.36 x F 15 - 354.19 x

I 1" 14 + 354.94 x| F 13 - 160.44 x r 12 + 10.095 x | r | - 1.7?§%CT 00
-15.464 x| F16 + 77.741 x | r Is - 153.44 x | r 14 + 147.20 XT'r émq
68.363 x I r I" +6.3925 x | r | - 1.7498 C=-1.772 x F 16 + 8.7879 x F Is

- 17.07 x I F 14 + 16.092 x | r 13 7.4655 x r la + 0.8379 x| r | -
X

0.3318 D= 12.064 x F 16 - 45.501 Fls +57.344 x | F 14 - 22.683 x 11
13 +12.933 x F12 - 15.938 x | F 1 - 0.1815 E = 7.2106 x F 16 - 30.023 x F
ls + 45.792 x | r 14 - 29.784 x | v+ 348 ~+ 13.125 xr 12 - 6.3973 x | r | +
1.0203 F = 1.0138 x r 1, - 4.4422 x r |Is + 7.3402 x | r 14 - 5.474 x 2 10 C
12004 - 23 | r I'" +2.3366 x 1" Il - 0.7540 x( r | + 0.2637 Fromthe

above rgqul(rt S 239 ,pg rqeognj Zpslad hat| gn| asypgaz cal doubl e el ectrode
whi ch corresponds to a desired reflection anmount, and having the

reflection center at an angle of about 45 can be obtained. As can further
be recognized, in an asymmetrical double el ectrode which is constructed

i N accor dancepwbih thee apoval ireraldeschitbednabey Gecddnd zCitihdt e center is
| ocated at the center of a half wavelength section. As a result, when this

asymret pisgiine t#eal1e Al @dedtyodeedath dothdisputidsonal £1dsdipee, the
phase difference between the excitation and the reflection

reflection amount, and having the reflectlion center at an
angle of about 45° can be obtained. As can further be
recognized, in an asymmetrical double electrode which is
constructed in accordance with the equations described above,
the excitation center is located at the center of a half
wavelength section. As a result, when this asymmetrical
double electrode is used as a unidirectional electrode, the
phase difference between the excitation and the reflection
center becomes substantially 45°, allowing this asymmetrical
double electrode to operate as a unidirectional electrode
having very superior characteristics.

As examples, Figs. 3 to 8 show the results of X2 and
X3 obtained by equations (8) and (9), for | [ | = 0.20k, 0.50A,

1.00,h, 1.25A, 1.50A, and 1.70A. Meanwhile, in the above

description, the reflection coefficient has been treated
based on the premise that the acoustic impedance on a free
surface is larger that that on a metallic surface.
Conversely, under the condition that the acoustic impedance
on a free surface is smaller that that on a metallic surface,
only the sign of | ' | is reversed, or in other words, that ¢

is shifted by 90°.



center beconmes substantially 450, allowing this asymmetrical double

el ectrode to operate as a unidirectional electrode having very s h #
characteristics. As exanples, Figs. 3 to 8 show the results of Xquﬁh ﬁﬂmu
obtai ned by equations (8) and (9), for I r I = 0.20X, 0.50k, 1.00X 1.25X,
1.50X, and 1.70)X. Meanwhile, in the above description, the reflection
coefficient has been treated based on the prem se that the acoustic

i npedance on a free surface is larger that that on a netallic surface.
Conversely, under the condition that Re-acoustic inpedance on a free
surface is smaller that that on a netallic surface, only the sign of | r |
Is reversed, or in other words, that i 1is shifted by 90. 2 1 001 2004 - 24

As descri bed abo\dnsdyitead eaiov, the ssibsciposg tilensedde poxlit@os 03 to
satisfy the equations (8) and (9), the phase difference between the
excit at i oENtsy & dté heatpéfecthonequeni @&ts céd) bendap®e) sutiseé aphasél y 45.
As a result, a very superior unidirectional electrode can be achieved.

However ,aififleargiices ayd twene ntlns Sebeieatod | deetet haid t the sesfheetional
doubl e el ectrode has a very excellent wunidirectionality, if X2 and X3 are

| ocat ed diitednldamibd Mtad@SsibOPEn 6BA1 B VA5  (Ne e qieid1ans  &emnd (9), but
al so at the positions within a certain range fromthe positions satisfying
t he equajupsrsior unidirectional electrode can be achieved. However,

the present inventors have confirmed that this asymmetrical

double electrode has a very excellent unidirectionality, if

X2 and X3 are located not only at the positions satisfying

the equations (8) and (9), but also at the positions within

a certain range from the positions satisfying the equations

(8) and (9). This fact will be described with reference to

Figs. 9 and 10.

Figs. 9 and 10 are diagrams each showing the changes
in the reflection center when X2 and X3, each obtained by
substituting |I‘| = 1.5_and X1 = -0.2188A into the equations
(8) and (9), within the range from -0.1A to +0.1A.

As described above, it is desirable that the
reflection center be located at an angle of approximately
45°, or the phase difference between the reflection center
and the excitation center be approximately 45°, but the
present inventors have confirmed that the range within
approximately 45 + 10° would allow the phase mismatching to
be greatly improved as compared to the above-described prior

art asymmetrical double electrode. It can be seen from Figs.

9 and 10 that the range such that the position of the




(8) and (9). This fact will be described with reference to Figs. 9 and 10.
Figs. 9 and 10 are diagrans each showi ng the changes in the reflectuﬁﬂ

center when X2 and X3, each obtained by substitutingr = 1.5 and X 2004
-0.2188?. into the equations (8) and (9), within the range from-0.1X to
+0.17?.. As described above, it is desirable that the reflection center be

| ocated at an angle of approxinmately 45, or the phase difference between |
the reflection center and the excitation center be approxi mtely 450, but |
the present inventors have confirned2Phat the range within approximtely |
45 + 10 woul d all ow the phase m smatching to be greatly inproved as

conpared to the above-described prior art asymmetrical double electrode. It

can be e dotdrod-igmte® indatlGan haigldeof apEretinmtdby 4%5e+ppof i on of

the 2 1 OCT 2004 - 25 reflection center is at an angle of approximtely 45

+ 10% covrespodds (o (e nesge: off awadt G-0LOWWith asgmedct otd heheval ue

obt ai ned by the equation (8) for the position of X2, and corresponds to the
range ofvadheutott@i0ma iy thespprtion (e fat vshelpesikiomyof hE2equati on
(9) for the position of X3. In preferred enbodi ments of the present

i nvent i @nd ddrareafpomals tte flosiddamons of aownhd-0XD 5N eviprlefmssbdyt wedhi n

the value cbtained by the equation (9} for the position of

X3.

In preferred embodiments of the present invention,
therefore, the positions of X2 and X3 are preferably within
the range shown in the above-described equations (1) and (2).
It will be understood that a supefior unidirectionality can
be realized as a result of this unigque arrangement.

A surface acoustic wave device using an asymmetrical
double electrode in accordance with preferred embodiments of
the present invention was constructed as illustrated in Fig.

l. An IDT was constructed by forming an aluminum f£ilm
having a thickness of, for example, approximately 0.02A on a
ST-cut guartz substrate, and then performing patterning.

The IDT defining an asymmetrical double electrode was
constructed in accordance with the edge positions X2 and X3
which were determined by substituting the values of | T | and
X1 shown in Table 2 below into the equations (8) and (9}.

Table 2 shows the inter-mode coupling coefficients x,,/k, and

the reflection centers ¢ in this case.

In the asymmetrical double electrode, shown in Fig. 2,

which is constructed based on the equations (8) and (9),




t he range shown in the above-described equations (1) and (2). It will be
understood that a superior unidirectlonality can be realized as a16€f%h2
of this unique arrangenent. A surface acoustic wave devi ce using dn
asymmetrical double electrode in accordance with preferred enbodi nents of

t he present Invention was constructed as illustrated In Fig. 1. An IDT was
constructed by formng an alum numfilmhaving a thickness of, for exanple,
approximately 0.02k on a ST-cut quartz substrate, and then perform ng
patterning. The IDT defining an asyn®etrical double el ectrode was
constructed in accordance with the edge positions X2 and X3 which were
determ ned by substituting the values of Ir | and X1 shown in Table 2

bel ow i g deh a1 uig ot Sneneb P tidilden Fes hioyvsc1die i 6 e45Mpde coupl i ng
coefficients K. 2/k. and the reflection centers ~in this case. In the
asymret rghealphdEe Intl setdhOte, oS heve 11af Fegte®, wawds ohitis respéctcted based
on the equations (8) and (9), 210C12004 - 26 since the angle of the

refl ectitdie GRipHgdtSimg Offrd® #5,sigief pdwsiel yi baed ctharg tHat hefr ehéect ed
waves With respect to the propagating waves is significantly |less than that
of the cameticigl aospmetricdl dbuthle elactraie. THemdifore, tbhe use of
the asymmetrical double el ectrode constructed based on the equations (8)
and (9) usd lofvthe sagynanet Bicealtdaabky eelectrode constructed based

on the equations (8) and (9), allows a surface acoustic wave
device which performs much better than the conventional
surface écoustic wave devices to be achieved, and is
particularly effective when positively making use of the

reflection of strips.

Table 2

|T| X1 [Al K,/ K, Reflection

center ¢ [A]
0.20 -0.19 0.0005 43.8
0.50 -0.20 0.0015 42.3
0.75 -0.20 0.0021 40.5
1.00 -0.21 0.0029 39.6
1.25 -0.21 0.0031 39.0
1.50 -0.22 0.0036 39.2
1.60 -0.22 0.0035 40.2
1.70 -0.23 0.0038 41.5
1.73 -0.23 0.0038 42 .2

Next, description will be made of specific

experimental examples of the directivity when an IDT



devi ce which perforns nuch better than the conventional surface acoustic
wave devices to be achieved, and is particularly effective when iii ily
maki ng use of the reflection of strips. Table 2 ~ nX1 (X] KlZ/kdEgﬁp Jﬁlon
center ~ [X] 0.20-0.190.000543.8 0.50-0.200.001542.3 0.75-0.200.002140.5

1. 00-0.210. 002939.6 1.25-0.210.003139.0 1.50-0.220.003639.2

1. 60-0.220.003540.2 1.70-0.230.003841.5 1.73-0.230.003842.2 Next,
description will be made of specific experinental exanples of the
directivity when an I DT 21 OCT 2004 2727 including an asynmetrical double
el ectrode is provided on a ST-cut quartz substrate, in accordance with a
preferred enbodi nent of the present invention. As shown in Fig. 11, IDT 11,
| DT 12, iaedud@hgl ainversyymnietimnigeh ordcuiille callectrode Ssibhntdwedi@ednoh ahown)

e anST--cut quartz substrate, in accordance with a preferred
embodiment of the present invention.

As shown in Fig. 11, IDT 11, IDT 12, and IDT 13 were
formed on a ST-cut gquartz substrate (not shown} using an
aluminum f£ilm having a thickness of, for example,
approximately 0.02A. The middle IDT 11 is constituted of an
asymmetrical double electrode in accordance with preferred
embodiments of the present invention, and IDT 12 and IDT 13
disposed on the oﬁposite sides of IDT 11 are ordinary double
electrode type IDTs.

In IDT 11 constituted of an asymmetrical double
electrode, when the edge portions of the first and second
strips 2 and 3 having different widths are made asymmetric,
the excitation center deviates from the center of the half
wavelength section, so that the phase difference between the
excitation and the reflection center also deviates from
approximately 45°. Therefore, the edge positions X2 and X3
obtained by substituting | ' | =1.5, and X1 = -0.2188\ into
the equations (8) and (9). were adjusted by about 0.05A and
corrected so that the phase difference between the
excitation and the reflection center approaches
approximately 45°.

As a result, when X1 = -0.2188A, X2 = -0.1185A,

X3 = +0.0050A, and X4 = +0.2188A, the phase difference



alum num filmhaving a thickness of, for exanple, approximately 0.02k. The
mddle IDT 11 is constituted of an asymmetrical double el ectrode zEU
accordance with preferred enbodinents of the present invention, & pbimMZ
and I DT 13 disposed on the opposite sides of IDT 11 are ordinary double
el ectrode type IDTs. In IDT 11 constituted of an asymmetrical double
el ectrode, when the edge portions of the first and second strips 2 and 3
having different widths are nade asymmetric, the excitation center deviates
fromthe center of the half wavel eng€B section, so that the phase
di fference between the excitation and the reflection center also deviates
from approximately 450. Therefore, the edge positions X2 and X3 obtained
by substbdisdery thel dxciltdtiamdefiter -4n@ 186K ref Dectien egemtéepns (8) and
(9), were adjusted by about 0.05k and corrected so that the phase
di ff er enesdafd iUt heL®.excitation and the reflection center approaches
approximately 45. As a result, when X1 = -0.2188k, X2 = -0.118'5., X3 =
+0. 0050k, and P4 .= 12 .sHAEK, tHd ecquimeami shii fiss tonsen 2the @Ar&dOdvity8 bet ween
the excitation center and the reflection center becanme about 41. Fig. 12
shows t hef dDipalrl sqnidietwsses the eleettdode tytructure shown in Fig.
11 and which includes the asymmetrical double electrode
having the above-described construction, and the directivity
when the conventional asymmetrical double electrode is
disposed in place of IDT 11. The so0lid line in the figure
shows the result of IDT 11, and the broken line shows that
of the conventional example. With regard to the directivity,
an input voltage is applied to IDT 11, then the output
thereof received by IDT 12 and IDT 13 was sought, and the
directivity was evaluated from the value of this output (dB}.

For an IDT using an asymmetrical double electrode

prepared for comparison, the film thickness of the electrode

was preferably set to about 0.02\A, and the edge positions
were preferably set so as to be X1 = -0.1875A, X2 = -0.1250A,
X3 = 0A, and X4 = +0.1875A. The crossing width of an

electrode finger was preferably set to about 20A in each of

the preferred embodiments and the conventional example.

For IDT 12 and IDT 13 on the opposite sides of IDT 11,
the crossing width of an electrode finger were preferably
set to about 20A, and the edge positions were preferably set
so as to be X1 = -0.1875k, X2 = -0.0625A, X3 = +0.0625\, and

X4 = +0.1875A.




of IDT 11 which uses the electrode structure shown in Fig. 11 and which
I ncl udes the asymetrical double electrode having the above-descrifﬁ%%
construction, and the directivity when the conventional asynmetri‘ca dgnﬁle
electrode is disposed in place of IDI 11. The solid line in the figure
shows the result of IDT 11, and the broken |line shows that of the
conventional exanple. Wth regard to the directivity, an input voltage is
applied to IDT 11, then the output thereof received by IDIT 12 and IDT 13
was sought, and the directivity was é%aruated fromthe value of this output
(dB). For an IDT using an asymetrical double el ectrode prepared for
conparison, the filmthickness of the electrode was preferably set to about
0. 02X, and thdtedga jpesindapnizet ExmmefRiabl 2 sthattothes to be X =
-0.1875x., X2 = -0.1250X, X3 = OX, and X4 = +0.1875X. The crossing w dth of
an el eatsymethingdr dwmblE dl=cttogdsein tthhb@rtelanred embddimenthe
preferred enbodi nents and the conventional exanple. For IDT 12 and IDT 13 on
t he oppdsis & dedsemfunididdstionml trpsthany tialk hoofthe edrnvendbiientiinger
were preferably set to about 20X, and the edge positions were preferably
set so asynrethrcodl doubli7FDectipde - 0. 628341 0B, +ohoopeeasentd X4 =
+0. 1875X. 2 10 C1 2004 - 29 It can be recognized fromFig. 12 that the

inventors have confirmed that the phase difference between

the excitation center and the reflection center can be

corrected so as to approach 45° by adjusting the edge
positions X2 and X3 obtained by the equations (8) and (9) by
about x0.1A, or by adjusting X4 so as to slightly depart
from -X1.

Fig. 13 is a plan view showing the electrode structure
of an IDT having an reflector 21 according to yet another
preferred embodiment of the present invention. Herein, the
reflector 21 constructed in accordance with this preferred
embodiment of the present invention is preferably disposed
within IDT 22. 1In this case, by performing weighting with
respect to the reflection coefficient of the reflector 21,
it is possible to control the frequency characteristics of
the entire IDT 22 having the reflector 21.

The present invention is not limited to the above-
described preferred embodiments, but can be variously
modified. For example, in the above-described preferred
embodiments, it is recognized that a better directivity than
that of the conventional example is achieved. However,

there may be a case, depending on the use, where it is more




asymmetrical double electrode in this preferred enbodi nent has a better
unidirectionality than that of the conventional asymmetrical double

el ectrode. In addition, the present inventors have confirmed that?tB&l fese
di fference between the excitation center and the reflection center can be
corrected so as to approach 450 by adjusting the edge positions X2 and X3
obt ai ned by the equations (8) and (9) by about 0.1X, or by adjusting X4 so
as to slightly depart from-X1. Fig. 13 is a plan view showi ng the

el ectrode structure of an |IDT having38n-reflector 21 according to yet

anot her preferred enbodi nent of the present invention. Herein, the
reflector 21 constructed in accordance with this preferred enbodi nent of

t he predeportammttihat ithep rpaayen A b 1sgrse be twddn nElddle22itatidhi s case,
by performing weighting with respect to the reflection coefficient of the

refl ect @endlr drnd itheasElddtich aEtited idhaldRguaneyschamaieit stics of
the entire IDT 22 having the reflector 21. The present invention is not

limtedthe e ldmion deartdathal efers edkemoddi qEnwa thh e spsctberd/ari ousl y
nodi fied. For exanple, in the above-described preferred enbodinents, it is
recogni ek tdeaitea lnefl tthre dialel twamdlendidn sdadiatornf rdkhewntteahi onal exanpl e
I s achi eved. However, there may be a case, depending on the use, where it
i S noreazhievihg?@@ter directivity. Although it is desirable that

the phase difference between the excitation center and the

reflection center be about 45°, there may be a case where,

when the reflection by a strip is positively utilized, for

example, when it is used as a reflector, priority is given

to the feature that the reflection center is located at an

angle of 45°, over the feature that the excitation center is

located at the center of the half wavelength section, even

if the excitation center deviates therefrom. Particularly

when a strip is utilized as a reflector, only the reflection

center can be taken into consideration.

As is evident from the foregoing, in the surface

acoustic wave device using an asymmetrical double electrode

in accordance with various preferred embodiments of the

present invention, the absolute value of the vector angle of

the reflection center obtained from the resultant wvector

formed by synthesizing the reflection vectors at the edges

X1 to X4 of the first and second strips when the center of

the above-described basic section is set to be the reference

position, is preferably within approximately 45 + 10° or

approximately 135 = 10°. Thereby, the phase mismatching of




- 30 inportant that the phase difference between the excitation center and
the reflection center is close to 45, or that the reflection center when

= -X4, is 45 with respect to the center of the half wavel ength s&dkﬂ%hzm4
rather than achieving better directivity. Although it is desirable that

t he phase difference between the excitation center and the reflection
center be about 45, there may be a case where, when the reflection by a
strip is positively utilized, for exanple, when it is used as a reflector,
priority is given to the feature thaBlthe reflection center is |ocated at
an angle of 45, over the feature that the excitation center is |ocated at
the center of the half wavel ength section, even if the excitation center

devi at esudfaicdf rapoudiaid ivated | ys mbreimbzed) igndstivéili zed as a reflector
only the reflection center can be taken into consideration. As is evident

from t haxfidtiag@ tighnd I theo £ Ui e ceb ove-alkss ¢ i bed casiamhetr isabgdetble
asymetrical double electrode in accordance with various preferred
enbodi mallektfodenels sty | inerdved, the absol ute val ue of the vector
angle of the reflection center obtained fromthe resultant vector forned
by synthesi zi g Kdw geef | iac tvaui e tpresf eatrd d centtslgbimend s tof Xéhef the first
and second strips when the center of the above-described basic section is
set to Ipredsemtr afrareantcion pogidn othe | abss bl abdueN ¢hi thepghasemately 45 10
o difference between the excitation center and the reflection

center of the asymmetrical double electrode, is within

approximately 45 * 10° or approximately 135 x 10°, the phase

mismatching of surface acoustic waves is minimized, and

superior unidirectionality can be realized.

In preferred embodiments ¢f the present invention, in

the edge positions X1 to X4 of the first and second strips,

which constitute basic sections and which have mutually

different widths, when the center position of the basic

section is 0(A), and X1 = -X4, if the positions of X2 and X3

satisfy the equations (1) and (2), it is ensured that the

absolute value of the vector angle of the reflection center

is within approximately 45 = 10° or approximately 135 = 10°

when the center of the basic section is the reference

position, or that the absolute value of the phase difference

between the excitation center and the reflection center is

within approximately 45 = 10° or approximately 135 = 10°. It

is, therefore, possible to easily and reliably provide, in

accordance with preferred embodiments of the present

invention, an asymmetrical double electrode which prevents




i R

)

approximately 135 100. Thereby, the phase m smatching of 21 OCT 2004 - 31
surface acoustic waves is mnimzed, and the unidirectionality.oé %?%
above-descri bed asymetrical double electrode is greatly inprove 10CT 2004
Li kew se, in various preferred enbodi nents of the present invention, when
t he absol ute value of the phase difference between the excitation center
and the reflection center of the asymretrical double electrode, is within
approximately 45 100 or approxinatelg 135 100, the phase m snatching of
surface acoustic waves is mninzed; 4hd- superior unidirectionality can be
realized. In preferred enbodi nents of the present invention, in the edge
positions XI to X4 of the first and second strips, which constitute basic
sect i onthanphasec mismatohitngldfy subiffdcey erdoud tditdh swawden dm@ wiebdler position
of the basic section is 0O(k), and X1 a -X4, if the positions of X2 and X3
sat i sf y hialse ac gupleirdior UnidikdtZ)gndlitiys. ensured that the absol ute val ue of
the vector angle of the reflection center is wthin approximtely 45 100
or approxi nmat dhenl het rBF lastidon anoeritse o fofsudfadeasiasdEcic omavess t he
reference position, or that the absolute value of the phase difference
bet ween athehex @dget ipars ideidney Xdndd (¥t reafd enthsorardeid vy iegquad thon
apprOX|nater 45 100 or approximately 135 10. It
one another, the phase mismatching between reflected surface
acoustic waves and propagating surface accustic waves is
very effectively reduced.
When an IDT is constructed to include the asymmetrical
double electrode, in accordance with various preferred
embodiments of the present invention, the phase mismatching
between reflected surface acoustic waves and propagating
surface acoustic waves is prevented, thereby allowing an IDT
having a superior unidirectionality to be provided, and
enabling, for example, a low-loss transversal type surface
acoustic wave device to be provided.
When the asymmetrical double electrode in accordance
with preferred embodiments of the present invention is used
as a reflector, since weighting can be easily performed with
respect to the reflection coefficient, it is possible to
provide a surface acoustic wave device which is capable of
controlling the frequency characteristics of the overall
reflection coefficient of reflectors.
While the present invention has been described with

reference to what are at present considered to be preferred

embodiments, it is to be understood that various changes and




is, therefore, possible to easily and reliably provide, in accordance with
preferred enbodi nents of the present invention, an asynmetri cal GL?PDCP
el ectrode which prevents 21 0ClL 2004 - 32 the phase m smat chi ng o sur ace
acoustic waves, and which has a superior unidirectionality. Wen the
reflection anmbunts of surface acoustic waves at the edge positions Xl to X4
are substantially equal to one another, the phase m smatchi ng between
reflected surface acoustic waves and propagating surface acoustic waves is
very effectively reduced. Wien an | DT3#s-constructed to include the
asymmetrical double electrode, in accordance with various preferred
enbodi nents of the present invention, the phase m smatching between
ref | ect exbdddfrifcaded caso sty bevanasie aritbetopagidtiout depdritimadiusti theaves i s
prevented, thereby allowing an IDT having a superior unidirectionality to
be proviideentdwmon ignddls rigrodder easpedis and dhdmesfore ansveksal type surface
acoustic wave device to be provided. Wien the asymetrical double el ectrode
i n accodadendedythia tpridfec appereidib di ks afvathealpk esarht ¢hevegee$ oands used
as a reflector, since weighting can be easily perforned with respect to the
ref | ect modifdefatiionentas iffalils widdsimltthe dque\apler it sand sseopeovfti c wave
devi ce which is capabl e of

the invention.



controlling the frequency characteristics of the overall reflection
coefficient of-reflectors. Wiile the present invention has been described
with reference to what are at present considered to be preferred?10CT 2004
enbodi nments, it is to be understood that various changes and 2 10 CT 2004 -
33 nodifications may be nade thereto without departing fromthe invention
In its broader aspects and therefore, it is intended that the appended
clainms cover all such changes and nodifications as fall within the true
spirit and scope of the invention.-2340CT 2004 - 34 WHAT IS CLAIMED IS: 1.
A surface acoustic wave device, conprising: a piezoelectric substrate; and
at |l east two basic sections disposed on said piezoelectric substrate, each
of the MHATEASR QMAAMEISIXS: sections including an asynmetrical double
el ectrode defining a half wavel ength section and having first and second
strips wth different widths fromeach other; wherein an absol ute val ue of
a vector angle of a reflection center obtained froma resultant vector
generated by lsyntAhesirfiave rafdwectiowarectdesicd, etgmpridginge first and
a piezoelectric substrate; and
at least two basic sections disposed on said
piezoelectric substrate, each of the at least two basic
sections including an asymmetrical double electrode defining
a half wavelength section and having first and second strips
with different widths from each other:;
wherein an absolute value of a vector angle of a
reflection center obtained from a resultant vector generated
by synthesizing reflection vectors at edges of the first and
second strips, is within a range of angles of approximately
45 = 10° or approximately 135 * 10°, when a center of a

respective one of said at least two basic sections is a

reference position for the range of angles.

2. A surface acoustic wave device according to claim
1, wherein reflection amounts of surface acoustic waves at
edge positions of said strips are substantially equal to one

another.

3. A surface acoustic wave device according to claim
1, wherein said asymmetrical double electrode is an

interdigital transducer.




second strips, is within a range of angles of approximately 45 10 or
approxi mately 135 100, when a center of a respective one of said H I?qﬂ@
two basic sections is a reference position for the range of angIeZ.Q£ A
surface acoustic wave device according to claim 1, wherein reflection
anounts of surface acoustic waves at edge positions of said strips are
substantially equal to one another. 3. A surface acoustic wave device
according to claim 1, wherein said asymretrical double electrode is an
interdigital transducer. 210 CT 2004 3535 4. A surface acoustic wave device
according to claim1l1, wherein said asymmetrical double electrode is a
reflector. 5. A surface acoustic wave device according to claim 1, wherein
said piezoelectric substrate is nade of a quartz crystal nmaterial. 6. A
surface acoustic wave device, conprising: a piezoelectric substrate; and at

| east two basidc S@ciu@Facd FeARd ie wididl dgdirzoaloecinrding Wistalatien each of
the at |l east two basic sections including an asymmetrical doubl e el ectrode

defi ni ng,, ahiealelinnadlde ryiyneaaticdl atshblay igigdtinele dnd & emfiteator ps Wi th
different wi dths from each other;
5. A surface acoustic wave device according to claim

1, wherein said piezoelectric substrate is made of a quartz

crystal material.

6. A surface acoustic wave device, comprising:

a piezoelectric substrate; and

at least two basic sections disposed on said
piezoelectric substrate, each of the at least two basic
sections including an asymmetrical double electrode defining
a half wavelength section and having first and second strips
with different widths from each other;

wherein an absolute value of a phase difference
between an excitation center and an reflection center of
said asymmetrical double electrode is within approximately

45 + 10° or approximately 135 = 10°.

7. A surface acoustic wave device according to claim
6, wherein reflection amounts of surface acoustic waves at
edge positions of said strips are substantially equal to one

another.




wherein an absol ute value of a phase difference between an excitation
center and an reflection center of said asymetrical double el ecqriogly 208
Wi thin approximately 45 100 or approximately 135 10. 7. A surface acoustic
wave device according to claim 6, wherein reflection amunts of surface
acoustic waves at edge positions of said strips are substantially equal to
one another. 2 10 Cl1 2004 - 36 8. A surface acoustic wave devi ce accordi ng
to claim 6, wherein said asymmetrical double electrode is an interdigita
transducer. 9. A surface acoustic wavéédevice according to claim®6, wherein
said asymetrical double electrode is a reflector. 10. A surface acoustic
wave device according to claim 6. wherein said piezoelectric substrate is
made of a quartz crystal material. 11. A surface acoustic wave device,
conprising: a piezoelectric substrate; and at |east two basic sections

di sposed on s#@i.d Apiserrdeoe: tadanstulys twastee,desaiote gficedrding | taselam basic
sections including an asymmetrical double el ectrode defining a half

wavel engt h whentdion saidl feesymmp frical ateulsie ontectroge isvam different widths
from each ot her;

interdigital transducer.

9., A surface acoustic wave device according to claim

6, wherein said asymmetrical double electrode is a reflector.

10. A surface acoustic wave device according to claim
6, wherein said piezoelectric substrate is made of a quartz

crystal material.

11. A surface acoustic wave device, comprising:

a plezoelectric substrate; and

at least two basic sections disposed on said
piezoelectric substrate, each of the at least two basic
sections including an asymmetrical double electrode defining
a half wavelength section and having first and second strips
with different widths from each other;

wherein when edge positions of said first and second
strips are X1, X2, X3 and X4, each of which is a value
corrected using a sonic speed difference between a free
surface and a metallic surface, and when a resultant vector

length of normalized reflected waves from the edge positions

is | T

, and a center position of one of said at least two




wherei n when edge positions of said first and second strips are X, X2, X3
and X4, each of which is a value corrected using a sonic speed di §fi){F K
between a free surface and a netallic surface, and when a resultant vector

| ength of nornmalized reflected waves fromthe edge positions is | Fl, and a
center position of one of said at least two 2 10 CT 2004 - 37 Dbasic
sections is O(A ), and X1 a -X4, each of the positions of X2 and X3 is
substantially equal to a value satisfying the follow ng equations (1) and

(2): x2[.3 =AXXL(X12 +B xXI [kl +C0-1371xj ... (1) X3(X] =D X X1[A]2 + E
X X1[?.] + F 0.05(X] ... (2); wherein in the equation (1) and (2), Ato F
are expressed by the followi ng equations: A= -34.546 x | r 16 + 176.36 x | F

| S - 3%%Ask® Selctionst iz (X, and X113 ~xX460edthx df RHe poslitiffs x r | -
1.7558 B -15.464 x | r 16 + 77.741 x | r 15 - 153.44 x | F1' + 147.20 x F
13 - 680¥05%2X and XB2 it Guitantilalrly eqhaldd® @ wvalue Aatdgfying 8. 7879 x F
- 17.07 x| r 1" +16.092 x | r 13 - 7.4655 xr |Z + 0.8379 xr | --

0. 3318 BhelZdA4wing eqifatiots 51 »and r(2)s + 57.344 x | r |' - 22.683 x r
13 + 12.933 x | r 12 - 15.938 xIrl - 0.1815 E = 7.2106 xlr16 - 30.023 x I r
15 + 45.792 xIrl' - 29.784 x | r 13 + 13.125 x | r 12 - 6.3973 x| r | +
1. 0203

X2[A] = A x X1[Al* + B x X1[A] + C = O.1[A] ... (1)

X3[A] = D x X1[A]* + E x X1{A] + F = 0.05{A1 ... (2);

wherein in the equation (1) and (2), A to F are

expressed by the following equations:

A= -34.546 x | T |* + 176.36 x | T | - 354.19 x | T |* + 354.94

x | T -~ 160.44 x | T |* + 10.095 x | ' | - 1.7558

B =-15.464 x | T |* + 77.741 x | T |° - 153.44 x | T |* + 147.20

x |T P -68.363 x | T |* + 6.3925 x | I' | - 1.7498

C=-1.772 x | T |* + 8.7879 x | T [* - 17.07 x | T | + 16.092 x

| TP - 7.4655 x | T |* + 0.8379 x | [ | - 0.3318

D=12.064 x | T |* - 45.501 x | T |* + 57.344 x | T |' - 22.683 x

| TP + 12.933 x | ' |* - 15.938 x | ' | - 0.1815

E =7.2106 x | T |* - 30.023 x | T |* + 45.792 x | T [* - 29.784 x

| TP+ 13.125 x | T |* - 6.3973 x | T | + 1.0203




21 0 CT 2004 - 38 F=1.0138 x| FI" - 4.4422 x | r | S+ 7.3402 x | r 14
- 5474 x 1t 13 + 2.3366 x | r 12 - 0.7540 x | F 1 + 0.2637. 12. ﬁ‘ %$ce
acoustic wave device according to claim 11, wherein the reflectiék Qﬁgz s
of surface acoustic waves at the edge positions X1, X2, X3 and X4 of said
strips are substantially equal to one another. 13. A surface acoustic wave
devi ce according to claim 11, wherein said asymetrical double electrode is
an interdigital transducer. 14. A surface acoustic wave devi ce according
to claim 11, wherein said asymetri 3 double electrode is a reflector.
15. A surface acoustic wave device according to claim 11, wherein said
pi ezoel ectric substrate is made of a quartz crystal materi al

F=1.0138 x | T | - 4.4422 x | T P + 7.3402 x | ' {* - 5.474 x

| T + 2.3366 x [T [* - 0.7540 x | ' | + 0.2637.

12. A surface acoustic wave device according to claim
11, wherein the reflection amounts of surface acoustic waves
at the edge positions X1, X2, X3 and X4 of said strips are

substantially equal to one another.

13. A surface acoustic wave device according to claim
11, wherein said asymmetrical double electrode is an

interdigital transducer.

14. A surface acoustic wave device according to claim
11, wherein said asymmetrical double electrode is a

reflector.

15. A surface acoustic wave device according to claim
11, wherein said piezoelectric substrate is made of a guartz

crystal material.




