28 May 2005 SURFACE ACOUSTI C WAVE FI LTER BACKGROUND OF THE_ I .NVENTI 1.
Field of the Invention 5 The present invention rel ates geggﬂggigﬁ¥%fg
surface acoustic wave filter and, nore particularly, to a surface
acoustic wave filter having a mﬁdened band and a | owered insertion |oss,
advant ageous to application to h f.requenc Lrcyit of a radio
apparatus. 10 2. Descrlptl%“REA ﬁﬂﬁgggdwﬁyﬁsFi *igh-frequency circuit
of the radi o apparatus typically uses afilter. Wde-band filter
characteristics are required for an SAW (surface acoustic wave) device

which is an indispensable key device for the filter. 15 A surface acoustic
wave filter forned of suchE%éﬁ§§@H§Q39§4£§§é¥¥ﬂ§i§¥3%ave) devi ce incl udes
a piezoeleciric, bstrate gn which are formed interdigital transducers

(1 DTs) haviﬂgg¥$ié+%£gg¥§+lgﬁﬁgﬁﬁ88es and reflectors having grating

el ectroge Is_conmmonly knpown that the. w dene O_the Eurface

acoustlg mave f|IT¥$ Ries Fe%%ﬁeBEl?ﬁcF%%gFﬁﬁ g?ﬂﬁrFﬁ}XKEBSQ 8Fr

el ectrodes. However, incr ed el ectrode thickness i.npair
oo L1 on A R e L F e SRR PEF P PRE LS IR o (0 A bace

manner, the electrode t hi ckpess has, hithert i ncr ea d t o .achi eve
The i denc FRIRET BTE L bl CRESBRBIES AorRPBPS: PARdoRANE HHYEEton | ooe

and further, of th ssband arising fromippedance S )
lnsertfggfoss,advantage stoappf?catlontoaH?gﬁ—%rgquency

circuit of a radio apparatus.

10 2. Description of the Related Arts

The high-frequency circuit of the radio apparatus
typically uses a filter. Wide-band filter characteristics
are required for an SAW (surface acoustic wave) device which
is an indispensable key device for the filter.

15 A surface acoustic wave filter formed of such an SAW
(surface acoustic wave) device includes a piezoelectric
substrate on whiéh are formed interdigital transducers (IDTs)

| havinginterdigital electrodes and reflectors having grating
eiectrodes. It is commonly known that the widened band of

20 the surface acoustic wave filter is achieved by increasing
the thickness of the electrodes. However, increased electrode
thickness may impair the insertion loss which is a key
characteristic of the filter.

In this manner, the electrode thickness has hitherto

25 Dbeen increased to achieve the widened band in spite of possible
-deterioration of the insertion loss and further of the passband

arising from impedance mismatching.




1 28 May 2005 it was therefore an essential problemto reg [ Fgog W de
band and low insertion |oss of the surface acoustic wave ' , MVARY
OF THE INVENTION 5 I n view of the above probl ens, an object of the present
invention is attained on the assunption that use.is nmade of an el ectrode

t hi ckness capabl e of wi dening the band and that u I s made qf, optinum
cutting orientati &% Wap th@rﬁﬁéf%ﬁéc?ﬁﬁgntééﬁstﬂré’iﬁﬁemld:q trelag_lé'ﬁgttﬁeer

obj ect of the present invention to provide a surface acoustic wave filter
free from awjdedeandrand d@w AsFertaen kpes Lk ENF SREEALEHECBYE HAAHNS out
opti mum val ues achieving a wi dened band and | owered | oss for the el ectrode
wi dth of th&ilke®rdigital transducer el ectrodes and reflector 15

el ectrodes. According to an aspect of the present invention, to achieve
the above object there is pr&m%w wave filter having
interdigital electrodes fornmed on a piezoelectric subgjrgteh the surface
acoust i & wave fil TarvRewigfkthe aboua prRRiemy: 30 oPIEEBL FEHBRASRS"
interdigital electrodes and reflectors arranged on both sides of. th
transducer, inMensiienaisaatsapned| opfthe| 2RFWRRCEOR tRAL YFe of J1ade ?S"r face
acoustic wave wavel ength A lying within the range, of 8 05 <.h/ (ﬁ < Q. 15,
and wher ei nanhelertrodecchicknesmtanakle o yidening theqrndiand, thas o

w/pr of areflector electrode width w to a r,eflectO{leeI.ectr(ide i].:[ch pr

| yi ng Wi t hi nseli¢ made of optimumcuttingorientation for thepiezoelectri
substrate.
10 It is another object of the present invention to provide

a surface acoustic wave filter free from any loss arising from

the impedance mismatching by finding out optimum values

achieving a widened band and lowered loss for the electrode

width of the interdigital transducer electrodes and reflector
15 electrodes.

According to an aspect of the present invention, to
achieve the above object there is provided a surface acoustic
wave filter having interdigital electrodes formed on a
piezoelectric substrate, the surface acoustic wave filter

‘20 including an interdigital transducer having interdigital
electrodes. and reflectors arranged on both sides of the
transducer, wherein a ratio h/ A of thickness h of the interto
a surface acoustic wave wavelength A lying within the range
0f0.05= h/A = 0.15, andwhereinthepiezoelectric substrate

25 has an electrode width ratio wr/pr of a reflector electrode
width wr to a reflector electrode pitch pr lying within the

range of 0.5 Swr/pr £ 0.6, and wherein the piezoelectric




range of 0.5 <w/pr < 0.6, and wherein the piezoelectric ég Ma& é&gg
' wi of

substrate has an electrode width ratio wi/pi of an electr

the interdigital transducer to an electrode pitch pi of the interdigital
transducer lying within the range of 0.6 < wi/pi. 5 0.9. 5 Preferably, to
achi eve the above object, when the ratio w/pi_of the electrode width w
to the pitclsulistfatendasi anceliegtrofie width grEiowivipd pfafB RERFTYOER
within the range of 0.62 < wi/pi < 0.9, the relationship between the

el ectrode widttth wii of theeintecddgitadl tearsduegestasd eE@cﬁreéﬁrwm dth
10 w of the reflectors is given as wi > w and the relationship between
the el ectrogd pift thepinberdhgitailctuansduresl dyirgdeithindthacranget9bde
pitch pr of the reflectors is given as pi < pr. Preferably, to attain the
above obj ect0,. 6MErwifpeidisvasce 15 between centers of adjoining el ectrode
fingers of the interdigital electrodes and of the reflector electrodes is
given as5(1/2 + HPpeferallwhteadhieve theyabevermhiech, hen thesrak iR t al

el ectrodes, the coefficient HDL is defined in the range of 0 > HD1 0.04 20
Pref er abl y, wid gt toefi rEheheelampdshjwiith twik ¥ etlse| pttehcpisebsthste is
formed by a rotational Y-plate of Li TaC8 obtained by rotating Y-axis

t hrough 40 timtétddrgied el ectxodes offidheitranedvaesfl ieswithinfherrange
interdigital electrodes of the transducer and el ectrodes of reflectors are
formed of amf @562IEokiopt $ad 9| aihenpelbathionshipbetiwesBREES €JESTRIGIR ON OF

THE DRAW NGS .
width wi of the interdigital electrodes and the electrode width

10 wr of the reflectors is given as wi > wr and the relationship
between the electrode pitch pi of the interdigital electrodes
and the electrode pitch pr of the reflectors is given as pi
<.pr.

Preferably, to attain the aboveobject, when thedistance

15 between centers of adjoining electrode fingers of the
interdigital electrodes and of the reflector electrodes is
given as (1/2 + HD1) x Ai where Ai is a wavelength in the
interdigital electrodes, the coefficient HD1 is defined in
the range of 0 > HDL 2 - 0.04 |

20 Preferably, to attaintheaboveobject, thepiezoelectric
substrate is formed by a rotational Y-plate of LiTa0, obtained
by rotating Y-axis through 40° to 44° around X-axis in the
direction of Z-axis, and the interdigital electrodes of the

- transducer and electrodes of reflectors are formed of an
25 electrode material made mainly of Al.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, aspects, features and



The above and ot her objects, aspects, features and 3 28 %&@%ant ages
of the present invention will becone nore apparent from ng

detail ed description when taken in conjunction with the acconpanyi ng
drawings, in which: Fig. 1 is a diagramshowi ng the structure of el ectrodes
5 of a multiplex node surface acoustic wave filter by way of exanple to

whi ch the pRdyamtagesafidie presspti tavertionwilkl hegonshpere apparent
representati on showi ng the dependency on the el ectrode thickness of the
reflecti on faesrtihg dallawing detalled desexipkion when rkakenwiNpr of 10
the el ectrode width w to the el ectrode pi‘tCh\,cng of reflectors 4 and 5;
Fig. 3 is acgnimmcddion apitds dheatdasompany ing \dFawings, B WhiCBpecific
bandwi dth relative to the reflector electrode wdth ratio w/pr; 15 Fig. 4
is a graphical refd@sehtif aohiagvammhawing &he strurthEgf SlEatigdase
m ni mum | oss characteristics and the specific bandw dth depending on the
el ectrode wodt B maditdpliexpmodsf surd agiee @qonEd- 1A gEv eyt iditen &I t al
transducer to the electrode pitch pi; 20 Fig. 5 is_a graphical
r epr esent at e¥ARPAenitey whiehs pde presandi gavignipkon (s sAPP acoustic wave
corresponding to variation of the electrode width ratios w/pr and w/pi;
Fig. 6 is a SnithFdgarf dison 9¥aphddatpaenrasandtadqnhatiradRg on the
magni tude of the width ratio wi/pi of 25 interdigital electrodes;
dependency on the electrode thickness of the reflection
coefficient relative to the electrode width ratio wr/pr of
10 the electrode width wr to the electrode pitch pr of reflectors
4 and 5;
Fig. 3 is a graphical representation'showing variation
of the specific bandwidth relative to the reflector electrode
width ratio wr/pr;
15 Fig. 4 is a graphical representation showing the result
of measurement of the minimum loss characteristics and the
specificbandwidth depending onthe electrodewidthratiowi/pi
of the electrode width wi of an interdigital transducer to

the electrode pitch pi;

20 Fig. 5 is agraphical represenf.ation showing the specific
velocity of the surface acoustic wave corresponding to
variation of the electrode width ratios wr/pr and wi/pi;

Fig. 6 is a Smith chart showing the impedance variation
depending on the magnitude of the width ratio wi/pi of

25 interdigital electrodes;

Fig. 7 is a smith chart for explaining the correction

of the impedance variation of Fig. 6 based on the aperture



Fig. 7is a Smth chart for explaining the correction of the i nce
variation of Fig. 6 based on the aperture 4 28 May 2005 | t he
interdigital electrodes; Fig. 8 is a diagram showing the relationship
between the coefficient HD1 and the passband ripple; Fig. 9 is a diagram
showi ng the conparison of the surface 5 acoustic wave characteristics
obt ai ned bylergthndPobfcbhdi interdigiteddedgctyodes ipresent i nvention with
those of the conventional filter; Fig. 10 is a frequency characteristic
di agram showi ng Fhg. | fsktstaohisgsamvahowingntheorelatinpahiprchetwaess the
10 reflector electrode width ratio w/pr in an enbodi ment of the present
i nvention; ¥heg.caefficientefhénapdchheapassbandc rdbpdetm showi ng the
insertion |oss variation upon the nodification of the interdigital
transducer el ect ribtie. & is la d lagoamishowing the comparisnmefitths supéagpesent
invention; Fig. 12 is a frequency characteristic diagramshow ng the
i nserti &n | accusti¢wavechmmetdmistodis okbained by setd ingef epadahiopdl: and
Fig. 13 is a Smth chart show ng the inpedance variation 20 upon the
nodi fi cat i oacodrdimg cbef thei presedt. iDESARLPT @NtOF thesePrEFERRED
EMBODI MENTS The present invention wll now be described with reference to
t he acconpargnventiemahgfibherh illustrate presently preferred enbodi nents
in anon-limtative manner. . )
Fig. 10 is a frequency characteristic diagram showing
the insertion loss variation upon the modification of the
10 reflector electrode width ratio wr/pr in an embodiment of the
present invention;
Fig. 11 is a frequency characteristic diagram showing
the insertion loss variation upon the modification of the
interdigital transducer electrode width ratio wi/pi in an
15 embodiment of the present invention;
Fig. 12 is a frequency characteristic diagram showing
the insertion loss variation upon the modification of the
coefficient HD1; and
Fig. 13 is a Smith chart showing the impedance variation
20 upon the modification of the coefficient HDI.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will now be described with
reference to the accompanying drawings which illustrate
presently preferred embodiments in a non-limitative manner.
25 It is to be noted that the embodiments shown in the diagrams
"are intendedonly for the purposeofunderstandingof thepresent

invention and that applications of the present invention are




25 It is to be noted that the enbodi nents shown in the diggs
I ntended only for the purpose of understanding of the pre%aﬁ&%@éﬁtion

and that applications of the present invention are 5 28 May 2005 not
limted to such exanples. Fig. 1 is a diagram showi ng the structure of
electrodes of a multiplex node surface acoustic wave filter as an exanple.
to whi ch t hBopr ddmitednkensugh exampdieSed. The shown structure 5 incl udes
interdigital transducers (IDTS) 1, 2 and 3 in the formof three
interdigital el ecFigdek ifoardbiagran ghewingthe sexygise 8f glprérodesciric
substrate, and two grating reflectors 4 and 5 (herginafter referred to
sinply as ¢&fa Balsip)les Bpde SNIFACH a6ONRE ierviee fdditer 38 afygxamp.le ,
interdigital transducers 1, 2 and 3 each have a plurality of interdigital
el ectrodes sawhieh the psesens invertion dsgarmaada Hhe shewn sEFUSTEEEY odes
that are formed in parallel at a predetermned interval. Herein, to obtain
an surf&e apolvdee waterdigisalhivarngduesrgoddPFsdslnard @BHatadPegt i cs,
the applicant of the present invention _has proposed the use of a LiTaG3
substrate aformeofptbreel dsterdigibsdr glectyodes dosmeastqf thifhtild e
being formed of 42 YX (rotation of 42 of Y-axis around X-axis in the

di recti on otlechxpdpsann Aupikepepestsdcd substirageof antk e AN A
within the range of 0.05 < h/X <_0.15 where h is an electrode thickness
and Lis a maeéfeﬂgonsw and Sulhgreinadses refRayed 3 HARYR &% git al

transducers fornmed of thin filmelectrodes on the piezoelectric substrate
and of the reflectors) disposed outside the transducers. .

10 The interdigital transducers 1, 2 and 3 each have a
plurality of interdigital electrodes and the reflectors 4 and
S eachhaveapluralityof electrodes that are formed inparallel

at a predetermined interval.
Herein, to obtain an surface acoustic wave filter having
15 good pass~-band characteristics, the applicant of the present
invention has proposed the use of a LiTaO, substrate as the
piezoelectric substrate, the piezoelectric substrate being
formed of 42° ¥YX (rotation of'42° of Y-axis around X-axis in
the direction of Z-axis) and further proposed setting of the
20 ratio h/A within the range of 0.05 £ h/A = 0.15 where h is

an electrode thickness and Ais a wavelength of the surface

acoustic wave, of the interdigital transducers formed of thin
film electrodes on the piezoelectric substrate and of the |
reflectors arranged on both sides of the transducers.

25 Thus, on the assumption that such setting requirements
"are used, the present invention is directed to acquisition

of a surface acousticwave filter capable of findingout optimum



reflectors arranged on both sides of the transducers. 25 TM
assunption that such setting requirenents are used, the p ntion
is directed to acquisition of a surface acoustic wave filter capabl e of

finding out optimum 6 28 May 2005 val ues that ensure a wi de band and a | ow
| oss for the electrode w dths of the interdigital transducer and

refl ectors, eatues dhatf ensunaya wide bandiang arlaw Lagsdtee &he eheskrode
Provi ded the node of use of the multiplex node surface 5 acoustic wave
filter in Fiwiduhs ofsthe interdigigal trangdueeradidgredlectobns dnckfsed and
3 are used for input, one electrode of each of the interdigital
transducer s firemcamy i tossnaetsiugt fram inpedancer MiEERLCH-t h t he opposite
interdigital electrode being grounded. one el ectrode of the interdigital
transducer 2 for Rrauided the godecefaise ®hthsumpdtipden nade sREEAERe
opposite interdigital electrode being grounded. A plurality of surface
acoust i c5vavaowkicic wdvefilker imf &g di gstsich thatguderdhe interdigitalk
confined between the reflectors 4 and 5, and as a result of coupling anong
the 15 i nt ertrapsducersdsdnded aare upednfiog, inppt urene ©lestrodeofiRech npdes
are accentually excited so that term nation of the resonance nodes all ows
a function af tithe rntemndgitak transducergolisand iR ¢onregtedheo an
frequency bandwi dth characteristics of the surface 20 acoustic wave filter
are det er mi rigvpwytenminads wifhothepppositénlnterdhaibel eliestirededpinged by
the reflectors 4 and 5 and the passband characteristics of the
i nterdi gi t algrounded. One electrode of the interdigital transducer 2 for

10 output is connected to an output terminal, with the opposite

interdigital electrode being grounded.

A plurality of surface acoustic waves excited by the
interdigital transducers 1, 2 and 3 are confined between the
reflectors 4 and 5, and as a result of coupling among the

15 interdigital transducers 1, 2 and 3, a plurality of resonance
modes are accentually excited so that termination of the
resonance modes allows a function as the multiple mode surface

acoustic wave filter.
The frequency bandwidth characteristics of the surface
20 acoustic wave filter are determined by the overlap of any
bandwidth characteristics confined by the reflectors 4 and
5 and the passband characteristics of the interdigital
transducers 1, 2 and 3. .
In Fig. 1, Ai denotes the wavelength of the surface
25 acoustic wave of the interdigital transducers 1, 2 and 3, wi
denotes the electrode width of the interdigital transducers

1, 2 and 3, and pi denotes the inter-electrode pitch thereof.



transducers 1, 2 and 3. In Fig. 1, A denotes the wavel en%surface
25 acoustic wave of the interdigital transducers 1, 2 and~5—vu ot es

the electrode width of the interdigital transducers 1, 2 and 3, and pi
denotes the inter-electrode pitch thereof. 7 28 May 2005 Li kew se, w
denotes the electraode wdth of the reflectors 4 and 5, and pr denotes the
i nter-el ectrode pridewisey agi denafes the plipgirede r‘éﬁ'é%é?faﬁli%n showi ng
t he dependency . 5 on the el ectrode thickness, of the reflection coefficient

rel ative torfideStans daandi e RNProderepescthe g ekeierods @ikaly of

the reflectors 4 and 5 to the electrode pitch pr. In Fig. 2, a curve |
represents tbereedi-on coefficient characteristics for h/ Ali = 4.9%with
the el ectrode thickness 10 h, and a curve Il represents reflection

coefficient charBdferd 3f AR LGr APresgnbef ipRsShowingEhgependency
represents the electrode wdth ratio w/pr and the axis of ordinates
represems PRethS gdestrode tddickness, Qfeftheirafiledhinn iepefficksni it
can be understood that a larger 15 electrode thickness h results in a

| ar ger peakTFEhakiLFEnFoVEbeelegtrade widtdc rasiocwsf Pr@Emheelegérode
reflectors 4 and 5. It can further be seen that the electrode width of the
refl ect ors WAARRdWE G Searaflestopeak and etgl theplpateade qudich RO-ar ger
val ue. This_enabl es_the bandwi dth to be widened. 20 Fig. 3 is a graphical
repr esent at $BnFifowlng2aC8p¥Ei i EePFaseRte: FefdeqtHon eaafidedalitdth rati o

wr/pr of the electrode
characteristics for h/Ai = 4.9% with the electrode thickness

_10 h, and a curve II represents reflection coefficient
characteristics for h/Ai = 8.5%. The axis of abscissas
represents the electrode width ratio wr/pr and the axis of
ordinates represents the value of the reflection coefficient.

From this diagram, it can be understood that a larger

15 electrode thickness h results in a larger peak (maximum) value
of the reflection coefficient of the reflectors 4 and 5. It
can further be seen that the electrode width of the reflectors
4 and 5 providing the peak value also migrates toward a larger
value. This enables the bandwidth to be widened.

20 Fig. 3 is a graphical representation showing a specific
bandwidth for the electrode width ratio wr/pr of the electrode
width wr to the electrode pitech pr of the reflectors 4 and
5. From this graph of Fig. 3, it can be seen that in order
to achieve a specific bandwidth of 4.47% or more required for

25 the filter, the elect_rode width ratio wr/pr of the reflectors
4,5 has only to be set to the range of 0.5 to 0.6. It will

be understood that the range of this electrode width ratio




width w to the electrode pitch pr of the reflectors 4 and_ 5. Framthis
graph of Fig. 3, it can be seen that in order to achieve

bandwi dth of 4.47% or nore required for 25 the filter, the electrode wi dth
ratio w/pr of the reflectors 4,5 has only to be set to the range of 0.5
to 0.6. It will be understood that the range of, this_electrode widith ratio
8 28 May 200% {R¥ Frram 9moot %‘trﬁ (}Saal%e%l% J%SH’ Jdtﬂ &Pﬁgerfa?‘agjre?'é%%ctlon
coefficients of _the.reflectors

gr aphi cal r R eSEHE LenbR ‘Bgtﬁpﬁeﬁegée‘at?\%uflt angf 5rré§s§|18n'eﬁt agy W?ﬁré'

m ni mum | oss characteristics and .t he gem fic barggavm dt h when the

el ectrode width rﬁt% ﬂt/r-"/%t’ gé'taPthﬁ&ar]e??E’é geRtating abtaingd ag @ ¥euitnge
of 0.5to0 0.6 (w/p 0.55 and 0.6), the electrode wid{h ratlotglrw‘?%I

dependi ng & t’?f'easé-l”e%‘t‘?'bﬁé’%"cﬂqt MR {mym, JoF S o?h%%c*é?’é%??b% I to

t he |nterelectr ode, pitch_pi_.of the interdigital trapsducers, , 2 and 3.
From i g5 4 5H9C ChH: (RATUEHITHHDER The LSk BT ede Iv] HihcEAt i et 25 9
i ncreasing the el ectrode widthwiof the interdigital transducers 1, and
3. Thus, by ¥ Feidecteors éa%éelwsamtpatm% Langs ofd 2> tes0v§) U'é%l?ro 6
or nore, the mnimum]oss (Mn. Loss), which is an jndis ensable aranmet er
of the filté& &P ARSI lesddie ql@%@%dﬂ%‘b&ﬂm@ W BF7AeRending A
that time, the specific bandwidth of the fiJter is substantiall|ly constant.

More pref eP&bH‘e ehectrede Bt FRRLY Hi/Phiohithsr epegbrgdepidtb vl

results in the mninumloss (Mn. Loss) of 1.97 dB or |ess
to the interelectrode pitch pi of the 1.nterdlgltal transducers

10 1, 2 and 3.

From Fig. 4, it can be seen that it is possible to reduce
thelossby increasingtheelectrodewidthwiof theinterdigital
transducers 1, 2 and 3.

Thus; by setting the electrode width ratio wi/pi to a

15 value of 0.6 or more, the minimum loss (Min. Loss), which is
an indispensable parameter of the filter can be suppressed
to 2dBcorresponding to 373 or less. At that time, the specific
bandwidth of the filter is substantially constant. More
preferably, the electrode width ratio wi/pi of 0.62 or more

20 results in the minimum loss (M'in. Loss) of 1.97 dB or less
.corresponding to approx. 36% or less, with the specific
bandwidth of the fiiter being substantially constant.

Herein, when the electrode width ratios wr/pr and wi/pi
are set within the above range, the velocity of the surface

25 acoustic wave varies in response to variation of the electrode
width ratios wr/pr and wi/pi, as shown in Fig. 5.

Accordingly, to set the center frequency of the



corresponding to approx. 36%or less, with the specific bandw th gf t he
filter being substantially constant. Herein, when the ele h

ratios w/pr and wi/pi are set within the above range, the velocity of the
surface 25 acoustic wave varies in response to variation of the el ectrode

Center 11 oq ey aAng e 3ns ARG S A0RnA hs AR Aqt e RERRRC ReteRr e
the peri od ABCHPToRF fRPe EReplipith R aRIRHIRBAIGRE ShETpRE Lod e ©
clectiote Pdbll kictonplls b0 e (S8 Siaotls o U AR P O
wdth o nESRERHuE SayFer o Pagest: £heSlegtofe vinhh Kkl ThpedRice
Chart 1 woren et oo ehade My Sledtirdnmanirrsiing Wt Valne.
an i omatchi ng. - TRRCARBAL PECERBRCTAR dNereha bAbB o8 SPdEpi ho A ABd |
possi bi o as® SRoRACIARTLmarneE . A TEn Aot R AL S RIEEF SRR ¢ he
T Tourt o bt inAa s S A e FHSTANE oy P -4 Swilefed
bandw dt h délfaélc:)ana}nﬂijgcgggiggnoLL:ngt_ i n the i npedance frequency
10 Fig. 6 is a Smith chart in which with the increasing
electrode width ratio wi/pi, the impedance shifts toward the
direction indicated by an arrow, resulting in an mismatching.
This needs to therefore be corrected. |
By varying the overlapped width AP of the interdigital
15 electrodes of Fig. 1, it is possible as shown in Fig. 7 to
achieve the impedance compensation in the opposite direction.
tothat inFig. 6. However, as shown in Fig. 7, itwas difficult
to perform full compensation for the filter having a widened
bandwidth due to an increased offset in the impedance frequency
20 as shown in Fig. 7. |
Thus, the inventors have found out that it is possible
to obtain an impedance:matching by varying a coefficient HD1
foradequatecompensationwhenthedistancebetweencenterlines
of the most proximate interdigital electrode finger and
25 r_eflector electrode finger of the adjoinihg interdigital

“transducers 1, 3 and the reflectors 4, 5 is given as

(1/2 + HD1) x Ai



20 as shown in Fig. 7. Thus, the inventors have found out #iﬁi '?Ebé
possible to obtain an inpedance matching by varying a co D1 for
adequat e conpensat ionwhen the di stance between centerlines of the nost
proximate interdigital electrode finger and 25 refl ector el ectrode finger

given aq (HPSE LR I Rr LAY OT0S Uhere HD1 i< & coef ficieni. This
The wi do-band andtas meert nas” s U, of i A Hr AN 0%,
el 2t onsh Behsluset SRRl SRR LhRhA AP LR RE R, |
Case of the ni on- Froquinis § PRrdta spouins, R EaP tERER B R Re 3R 1]
e Payobag o BLRAe o7 S5 ol LB "G I Lol
Frequency ( FLpBRemfid thEnabhdryata to it st ¥hcap oot FEIEh b
Gemmdut at | g epgrirh I BRRRRApATOT ED e B PR} oa hiPgbr ol CEl 1sa?- °
U 8,10 0.9 18 98 E TP B ) TR Fer? L £ R
be desirable for this intra-passband ripple to have a large
10 value since the filter output frequency deviation becomes
larger, resulting in a larger amount of correction in an
amplifier that follows.
In case of the intermediate frequency (IF) filter, the
frequency deviation of a modulation signal passing through
15 thepassbandbecomes larger, withtheresult that ademodulation
signal tends undesirably to suffer a larger distortion.
Returning to Fig. 8 for description, the ripple reduces
within the range of 0 > HD1 2 - 0.04, as compared with the
ripple at HD1 = Q.
20 Fig. 9 is a diagram showing the result of comparison
of the surface acoustic wave characteristics obtained by the
setting of conditions according to the above present invention
with the case of the conventional filter. Fig. 9 revealed
that bandwidening of approx. 12% .can be achieved in the specific
25 bandwidth, with a low insertion loss of the order of 0.9 dB.

- [Embodiment 1]

Fig. 10 is a diagram showing the characteristics of the

11




ripple at HD1 = 0. 20 Fig. 9 is a diagram show ng the resul f C rison
of the surface acoustic wave characteristics obtained by tﬁbﬁﬁ&ﬁ% of
conditions according to the above present invention wth the case of the
conventional filter. Fig. 9 revealed that band w dening of approx. 12% can

be achi eved sertjion | Qs

25 b dt h h A
or der of 0 993%59‘311‘%%&{ %ﬁ%?rffgfg é“nvtﬁ?ﬁr% dFigrad Qﬁamavfaﬁ&a%m th
h t i st h t f th t ;
B A e bE iR Sl it (e ORET0RA ﬂc%f?%m%ﬁ%&e@sw?% ephgode O
fl t | wi dt t 0.55 d ]
[he conor antWiaEREAr 8 Mok Shaatedo hoa 3 S nd ol 1k haraperant

width 5 ratio Fromthis diagram it can be seen that  the

relative 2. BBCEE%E?WL’? FdinR¥ aRA comstant ipterdigitad elsetrrde yidght ne
val i dat | 8n g ﬁofﬁé b a%at.%ﬁp'ﬁftla%f L9Edno, 6 680 BEestraL FRk i o
ol tolgrt@;& t"‘zﬁ"ﬁ% B e BRsaKddnag £ i%n]:flt" tegfrrgﬁ%ig%fs 0.5
Sh\g; ga(F:)'[ er<| gt 5 s“g%%}r) n}:_hL ﬁﬁggei:ﬁgre?gé\%:%grgl o Id'?lﬁhr &FF&O\MWFKPrOf t he

i nt digital | dt 4, .0 with th 1 1
thi ckness h/ ~I 'ecéé%%/{‘g?n\ég%%’gs?%ﬁ?g?ef?et?BrVQF‘éQPF&HB WWaEh the O

modification of the reflector electrode width ratio wr/pr,
10 the relative 2.6 dB specific bandwidth of the filter becomes

equal to or exceeds 4.47% necessary for the system within the

range of 0.5 = wr/pr = 0.6.
[Embodiment 2)
Fig. 11 shows variation of the characteristics obtained

15 when the electrode width ratio wi/pi of the interdigital

electrode is varied to 0.4, 0.6 and 0.7 with the constant

thickness h/ Ai = 8.5% and constant reflector electrode width

ratio wr/pr = 0.6. From this diagram, it can be seen that

the filter loss varies by modifying the interdigital electrode
20 width ratio wi/pi.

Referring back to Fig. 4 for validation, with the
modification of the electrode width ratio wi/pi of the
interdigital electrode, the minimum insertion loss of the
filter falls below about 2 dB corresponding to 36% or less

25 within the range of 0.62 < wi/pi.

Theupper limit of the interdigital electrodewidthratio

wi/piresults inwi/pi £ 0.9 which is the manufacturing limit.
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ratio w/pr = 0.6. Fromthis diagram it can be seen that _the filter |oss
varies by nodifying the interdigital electrode 20 width rwbg' f

Referring back to Fig. 4 for validation, with the nodification of the

el ectrode width ratio wi/pi of the interdigital -el ectrode, the mninmm

I nsertion Iaﬁ of .the filter falls bel ow about 2 dB corresponding to 36%
or less 25 PP UReNt adde of 0.62 < wi/pi. The upper linmit of the

interdigital electrpde width ratio _vvi/gi results in vviégi < 0.9,which is
t he manuf acturing ¥19§t 1219ndgl 38ePicEsVRERRBP the ¢hagacterifhiqs

depict variatjon, of the characteristics ., obtaine varying the

coef ficient PPhainedRY varyipgguhe gostiicieny gpingéo‘ﬁeo[ é@é‘h 0cQ4v ¥ RPRes of
t he interdigﬁi:tal .el ectrqde 5 npst Eroxi,mate to the reflectors 4, 5 and of
the refl ect orl€ SfL8EAPGEL FREHELBLRELARSE alnthe dindiard i tad 2 LBREredgi ven
as (1/2 ¢+ HI:I)nlg X A, where h/,li = 8.5% the interdigital _electrode wdth
ratio wi Ppi 2O%E RTOHGER | kR tithe retlectRrs wf dth 354 o vkrprret §2880hnd
the overlapped width AP = 55 10 A. _of electrqdes. _It_can be seen fromFig.
12 that the SHROIERIE PupXidaty dq thatydRlcrdigispl; gdertreee 18 9AY$Rd by
modi fying the coefficient HDl. Referring back to Fig. 8 for validation,
the filter iafralfassdih) X pplie Mhes®ed/shil Fe - Bty hither fatesdigigalof 0 >

HD1 > - 0.04 than the case of HD1 :}) wth the result that the avail able
band i s wid trode width ratio wi/pi = 0.7, the reflector electrode

width ratio wr/pr = 0.55 and the overlapped width AP = 535

10 A of electrodes.

It can be seen from Fig. 12 that the absolute 2.5 dB
specific bandwidth of the filter is varied by modifying the
coefficient HD1l. Referring back to Fig. 8 for validation,
the filter intra-passband ripple becomes smaller within the

15 range of 0 > HD1 2 - 0.04 than the case of HD1 = 0, with the
result that the available band is widened.
[Embodiment 4]

In Ficj. 9, with the thickness h/A= 8.3%, a filter A

represents the filtér passing characteristics when the

20 interdigital electrode width ratio wi/pi = 0.4, the reflector
electrode width ratio wr/pr = 0.45, the aperture length of
theelectrodesAP=75A andHD1=0, whilsta filter Brepresents
the filter passing characteristics when the interdigital
electrode width ratio wi/pi = 0.7, the reflector electrode

25 widthratiowr/pr =0.55, the aperture length of the electrodes
AP = 55A and HD1 = - 0.03.

As a result of comparison of the two filters, approx.
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[ Enbodinent 4] In Fig. 9, with the thickness h/.1= 8.3% Llte
represents the filter passing characteristics when the 20%—%&#—%&&

el ectrode width ratio wi/pi = 0.4, the reflector electrode width ratio
w/pr = 0.45, the aperture length of the electrodes AP = 75.;L and HDL =

0, whilst a_filt B.represents the . filter ssi.ng .char act eri sti cs. when
The Tt or ar deg £ RISt s S pye yn PR8 Apkb 1R £ 74 Ahiskideis 14

el ectrode 25 wdt.h.ratia w/pr = 0,55, the aperture length of th

el ect rodes APdw 'aﬁd'tl%]!'%l"@reﬁi G@.Se;&?lé"f_ & 9# aet-g?ﬁ?é?l sod'negodet'he t wo
filters, ap@ﬁ’é@%ﬁa@a&g 2&05_ 12% of band wi dening was achi eved in the

absol ute 4. r&ﬁﬁl with owered insertion | oss of approx.
0. 9 dB. [Piezoelectri,c suhstrate] The piezoel ectric substrate for use in
t he above 5 enbodrAENPLISRES FubStFate LR A8 nih t#RPY¥Dt ati on
of 400 té’ 44 frqom Y-axis toward 'é—axi S around_X—ax;ﬁs Wiﬁh Li TaG3 . .single
cryst al .2 | nSPREIAMENLSFRE L opmed Frome e ALntALIAN HRrough thm rotatiioss “such

a surface acoustic wave piezoelectric substrate is not |limted to LiTaQ,
but i nst ead®étdler tRi4th Iroadmaixifyteverdiécasds axind ¥rasisyiith it he
enpl oyed to _.obtain si m'i}ar effects. According to the enbodi,nents of the
present invBAPHISR CTERLAL: 10t ERERRRI IEALRN Of EBRRERES N LAVERTLRE -

dr awi ngs, 0SS gnd wi de_band suyrface acoustic wave filter can be 15

| ow
obt ai ned. ACBErFALETARdUCE EURkVE PRFEAFS] SCBRETLGHarRapiezoelectric

substrate is not limited to LiTaO, but instead other high

10 coupling coefficient substrates could also be employed to
obtain similar effects.

According to the embodiments of the present invention,

as set forth hereinabove in conjunction with the drawings,

a low loss and wide band surface acoustic wave filter can be

15 obtained. A surface acoustic wave filter is provided that

is free from any loss arising from impedance mismatching.

While illustrative and presently preferred embodiments

of the present invention have been described in detail herein,

it is to be understood that the inventive concepts may be

20 otherwisevariouslyembodied and employed and that the appended

claims are intended to be construed to include such variation

except insofar as limited by the prior art.



is free fromany loss arising frominpedance m smat chi ng. gﬂlle
illustrative and presently preferred enbodi nents of the pr ] tion
have been described in detail herein, it is to be understood that the

i nventive concepts may be 20 otherw se variously enbodi ed and enpl oyed and

that the appendeg g redntended to be construed to include such
variation except ?ﬂnsﬁrl.%g‘;fqﬁq i*t'ed by the prior art. 14 28 May 2005 WHAT
IS CLAIMED IS: 1. A surface acoustic wave filter having interdigital

el ectrodes forned on a piezoelectric substrate, the surface 5 acoustic

wave filter comgrisi ng: Sﬁnfi nterdigital transducer having interdigital
el ectfodes; and refl eCt Sr& aFPaAGONsSEAa Maveutfsilderohavding tinaesdigetal

wherein 10 a rathJ Adof %hi ckness h of the interdigital electrodes to
wavel ength A |ies wthrnthePsdgen @ miemeldytiic substiated Lthbi Suifdds
of a reflectgr )L’, ﬁ%{gOde width w to an electrode pitch pr lies within the
range of 0.5 <wf § 16. 8avenfiites campsiwiingi: of an interdigital
electrode width w to__a,pitch pi lies within the range of 0.6 < wi/pi <
0.9. 2. The surface at®ustterbgital|teansduoedi hgvingciatardigivherein 20
when said electrfde wi%teh ratio wi/pi of the electrode wdth w to the
pitch pi of sai B PREEPEPSi tamd r ansducer

reflectors arranged on the outside of said transducer,
wherein
1 - » i
0 aratioh/A of thickness h of the interdigital electrodes
towavelength A lies within the range of 0.05 < h/A < 0.15,
a ratio wr/pr of a reflector electrode width wr to an
electrode pitch pr lies within the range of 0.5 Swr/pr < 0.6,
and
i5 a ratio wi/pi of an interdigital electrode width wi to

@ pitch pi lies within the range of 0.6 < wi/pi £ 0.9.

2. The surface acoustic wave filter according to claim 1,
wherein
20 when said electrode width ratio wi/pi of the electrode

width wi to the pitch Pi of said interdigital transducer
interdigital electrpdes lies within the range of 0.62 < wi/pi
= 0.9, the relationship between the electrode width wi of said
interdigital electrodes and the electrode width wr of said
25 reflectors is given as Wi > wr and the relationship between
‘the electrode pitch Pl of said interdigital electrodes and

the electrode pitch pr of said reflectors is given as pi <
Fx-
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interdigital electrodes lies within the range of 0.62 < w éFIF—)l O.iooéhe

rel ati onship between the electrode wwdth w of said inte

el ectrodes and the el ectrode width w of said 25 reflectors is given as
wi.>w and the relationship between the electrode pitch pi of said
interdigital electrodes and . the electrode pitch pr of said reflectors is
given as pi < pr 15 28 May 2005 3. The surface acoustic wave filter
according to claim1l1, wherein when the distance between centers of

adj oi ni ng el ect¥.odes THe glirFaice k §gi ' feSH 5
reflector electrodes is given asﬂ%?%gi@ vi}-%h %aﬁﬁﬁg?g%%gngsti%m%vl& :elrﬁgth
in said interdiwidmdirel ectrodes, said coefficient HD is defined in the
range of 10 0 > HD1 > - 0.04 4. A surface acoustic wave filter according to
claim1, wherein sawhepit87O8§ i j f.a rotational

15 Y-plate of LiTaO3 cut out %gﬁrl%}t:g? ?Irﬂigé%h g??‘se %ﬁ%ﬁgﬁgﬁgnf’@g%&%%ﬁﬁﬁ

X-axis in the &ff etildol n¥erdidy %ﬁl ihterdigital. el ectrodes and
reflector el ectrodes are forl%(}:%o]’f qﬂ’[aln e g&%%(fg{&rjra(?‘%er %frﬁfteler‘%orﬁy of
Al . 16 electrodes is given as

(1/2 + HD1) x Ai

where Aiisa wavelength in said interdigital electrodes, said

coefficient HD1 is defined in the range of

10 0 > HD1 = - 0.04
4. A surface acoustic wave filter according to claim 1,
wherein

said piezoelectric substrate is formed of a rotational

15 Y-plate of LiTaO, cut out by rotating Y-axis through 40° to
44° around X-axis in the direction of Z-axis, and

said interdigital electrodes and reflector electrodes are

formed of an electrode material made mainly of Al.
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