8 ‘Cct ober 2004 1 SURFACE ACOQUSTI C WAVE DEVI CE Backgr ound ©Oftobdre200dAvent i on
1. Field of the Invention The present invention relates to a surface
acoustic wave device conprising inter--digital-transducers (. hereinafter
refers to as IDT) fornmed on a piezoelectric substrate. 2. Description of
the Related Art So far, surface acoustic wave devices, due to small size,
hi gh performance and high reliability thereof, have been used in various
fields. For instance, iYVRPRCEi&TAUBSTICr@AVD DOBWICUAI cati on such as portable
t el ephones or the like, the surface acoustic wave devices are used as
band-pass filters for transm ssion, band-pass filters for reception or

the like. In the field of radio communication as such, there is a tendency
toward al |l owi ng coexi st EREEIFRUNGD s £ an of different frequency
bands._ For instance, in North Anerlca and S0 on there exist two syst ens of
PCS of!l 1. BEgbdpahdthRdINERPS i6M 800MHz band, in Europe and so on two

systens of of 1.8GH#z band and GSM of 900MHz band, and in Japan a
plurality of R§sPERECRE PHEeBFanQGﬁiaﬁﬁﬁdtQP@CPQﬁjﬁﬁ":F%R}ﬁtl%and and
PDC800 of 800MHz band. Accor di .ngl there is a recent tendency denmandi ng

dual - Y9pe 74981 6€cERMHATEAPort Qﬁ?%Qﬁﬁa%xﬁf§ﬂﬁ%ﬁ¢%ﬂﬁz%“e%%h%%ﬁ¥@ﬁtlon in
two or re s st ens nﬁﬁ% dlffer%pt fre uenc bands with one unit. I'n such
dual-t@%g ?%d % &3 ! cAOFBS lezoelectric substrate.

2. Description of the Related Art

So far, surfacelacoustic wave devices, dus to small
size, high performance and high reliability thersaf, have
been used in wvarious fields. For instance, in the field of
radio communication such as portable telephones or the like,
the surface acoustic wave devices are used as bkand-pass
filters for transmission, band-pass filters for reception or
the like.

In the field of radio communication as such, there is a
tendency toward allowing coexistence of tﬁo or more systems
of different frequency bands. For instance, in North America
and so on there exist two systems of PCS of 1.9GHz band and
AMPS of 800MHz band, in Europe and so on two systems of DCS
of 1.8GHz band and GSM of 900MHz band, and in Jzpan a
plurality of systems of PHS of 1.9GHz band, PDCL.5G of 1.5Gﬁz
band and PDC800 of 800MHz band.

Accordingly, there is a recent tendency dsmanding dual-
type radio communication units that can materizlize
communication in two or more systems of different frequency
bands with one unit. In such dual-type radio communication

units, various kinds of components can be used in common.



units, various kinds of conponents can be used in commoi O8oi@t2fledr 2004 2
Accordingly, conpared with the case where one radio comunication unit is
prepared for each of different systens, froma viewpoint of total cost and
size, there is a considerable nerit., For a surface acoustic wave device
capable of coping wth such a dual -type radi o conmuni cation unit, one in
which _a pluraljty of surface acoustic wave chips operating in nutually
diffew&ﬁﬁé%¢l cyCDERAEEPs YAt BomEd &P8E Ao %%%k%@%l%an be used. As a
result of thisé the surface _acoustic wave vakgé gaf be made spall and

| ess SXPEREIVEE T RN a bt f AteFACHESECe Wy &3deviTe, Tbr BF heP T 1 SYSE&PPoundi ng
an area thereon a suréaCﬁ gc%uztic wav e chi.p i s _,mounted, bonding pads are
di spos"eléf)r?oar %Ju%‘ﬁfl)%‘ﬂ P p pra i&ﬁ)gl s 3 sdTZ&!n tb%{eenjff’a"l’ to IDTs from
external portion [.extracting output signals. These bondi ng pads and
terniﬁ§W§£B$é¥%%f?EW§ré§é connected with bonding wires. In the case of

accommodat i ng,a pl ugAkLLY 0L SUELACE ACOUSH G UAYECIL PSe s, SHgh in one
88 mu erm nan t

package to prepare So- cal t'i - chi'p package, e | DTs are

Conne}ff{jntQu?%?Q”ShQQ—Q?QeOQaQQ% %'o(;#gngﬂ,g c%fcﬁi}é;p%@ist,t gordingl Y en

dependi ng on atrons of "the termna e |l engths of the

bondi ng-yi 1 £51 £80 Be dLEESEENhcAS AL ealld Giifdi ethiHﬁ ggse of

arranging a plurality of IDTs along a main propagation difection of

surf agR, @ePUSY | 81 Me¥LENEUER eBBiant WH AL ddc@mmodated in one
package can be used. ‘As a result of this, the surface
acoustic wave device can be made small and less expensive.

In a surface acoustic wave device, ordinarily
surrounding an area thereon a surface acoustic wave chip is
mounted, bonding pads are disposed for supplying input
signals and ground potential to IDTs from external pprtions,
or extracting output signals. These bonding pads and
terminals of the IDTs are connected with bonding wires.

In the case of accommodating a plurality of surface
acoustic wave chips as such in one package to prepare so-
called multi-chip package, terminals of the IDTs are
connected to a bonding pad on one side of each chip.
Accoxrdingly, depending on lccations of the terminals of the
IDTs, the lengths of the bonding-wires can be different.

As a result of this, in the case of arranging a
plurality of IDTs along a main propacation direction of
surface acoustic waves such as in particular in a
longitudinal mode-coupled resonant filter, an influence of a
capacitance component parasitic on the bonding wire and an

inductance component is different for each IDT. Thereby, it



| ongi t udi nal node-coupl ed resonant filter, an influence of a capacitance
conponent parasitic on the bonding wire and an inductance conponent is
different for each IDT. Thereby, it 8 October 2004 3 is likely to cause
difficulty in adjusting frequency characteristics. Further, n_t
bondi ng-wi re goes over the IDT, electromagnetic coupling f%ﬁ§g§F5 %%%ur
between the bonding-wire and the IDT. HSummary of the Invention The present
invention is carried out for inproving a surface acoustic wave device and

has the fid llowdngy aby etdisse dilffiloupEPviklead; ssi {ageracqushts wave device
easy in packaging in a nulti-chip package. (2) To provide a surface
acoust i ¢ oimares et icer i NgruddbES(,i nitesr ditgl tidndimansdueergod @xan
characteristics through honbgeni zi ng parasite capacitance conponents and

i nduct andghec drifiyneritess tfrommeajre HiDT o3l rkp tareleertio siqgnat katdvarm Sehd rom

m ngling due to electromagnetic coupling between bondi ng-wires and | DTs.
(4) To prondidey-avisuy faack theodd$iTi.c wave device of snmall size. In accordance
with an aspect of the invention, there is provided a surface acoustic wave
device, conprising a package co ri%in% a_base _qgn one main surface thereof
a plurality of signal cond%gpgﬁ§ afd &Mgr S &ofduct or are formed; and a

plurality of sur{aGe -araustitydveoshi PScafl5PQ9segt o¥sr t1hHErBasegi B a face
down way, conprising a plurality of interdigital transducers formed on one
mal n surface acoustic wave device and has the following objects.

(1) To provide a surface acoustic wave device easy in

packaging in a multi-chip package.

(2} To provide a surface acoustic wave device having

IDTs (inter-digital transducer) of even characteristics

through homogenizing parasite capacitance components and

inductance components for all IDTs.

{3} To prevent signal and noise from mingling due to

electromagnetic coupling between bonding-wires and IDTs. (4)

To provide a surface acoustic wave device of small size.

In accordance with an aspect of the invention, there
is provided a surface acoustic wave device, comprising a
package comprising a base on one main surface therecf a
plurality of signal conductors and a ground conductor are
formed; and a plurality of surface acoustic wave chips
disposed over the base in a face down way, comprising a
plurality of interdigital transducers formed on one main
surface of a piezoelectric substrate, signal terminals
disposed on opposing sides on the piezocelectric substrate,

wherein the plurality of signal conductors are electrically



surface of a piezoelectric substrate, signal termnals disposed on
opposi ng sides on the piezoelectric substrate, wherein the plurality of
signal conductors are electrically 8 Cctober 2004 3a connected to the
signal termnals of the plurality of surface acoustic vave SQLB% &ﬂﬁ
ground conductor is electrically connected to the ground ternlnan of the
plurality of surface acoustic wave chips, and a plurality of portions of
the ground conductor exist between the adjacent signal conductors. 4 8
Cct ober 2004 In a surface acoustic wave device of the present invention,
power supply to and extraction of output fromeach |DT term nal of

mul ti-chips may be inplenented through3a conductor on a base. Accordingly,
the difference of an influence of the parasite capacitance conmponents and
the inductance conponents due to |ocations of the IDT termnals and an

i nfluence of el ectromagnetic coupling can be alleviated. As a result of
this, nul¢raretirpadekages shande teumimabs upbdthe thleeabit¥Fuef hevrfapet he
base signal conductors corresponding to a plurality of signal term nals of
a chi p mACPESEEF nEaVaneR 1% afhar o wed weerdegiedr helj abentrseyhhy
conductors part of ground conductor may be forned._ Thereby, since

electro GEERDUET i HeP bEEQRed ERIFBERALS P hnkte cohitrtbEE cEapupkace
shielded b the,ground conduct or .t hat_ i vened therebetmEen, an

S jnter
i nf | uencé@TTVe e éf%%?r%m%%%et?%dc%u%1?ﬁ@ilty of portions of the

ground conductor exist between the adjacent signal

conductors.



bet ween the signal conductor can be alleviated. In addition, all of the

| DTs may be di sposed facing the ground conductor. Thereby, the |IDTs can be
prevented from being mngled with electrical signal and noise. At |east
one of surface acoustic wave chi ps may,;be constituted of Bltur al i%o\mof
surface acoustic wave filters connected in a cascade connéctfom At I east
one of surface acoustic wave chips can be constituted of a | ongitudinal
node- coupl ed surface acoustic wave elenent. A |ongitudinal node-coupl ed
surface acousti cImay esBr fdohero 2O Svavesdmante fof t Eie PREsEXBNPI €
thereof, is normally constituted by arranging a plurality of |IDTs and

ref | ect orismwirspicssd @wiwe thatuprand s s amdivecttimeg ttikes eo i Riscput riovsn adadlg a
direction of propagation of .surface acoustic waves on a piezoel ectric
subst r at elDAS ermrigsl tobfmuiisschipsadaiy ilon irgp beremdadeth abughaze of
surface acoustic waves, a higher node thereof can be extracted. As a
resul t ofcAfiuctaer fontarbate a Hroaddinpard toeandid fepeaiaredf Wien nounti ng
this | ongitudinal node-coupl ed surface acoustic wave resonator as a

mul ti - chiiHRETERiHg T 1972 HHes 7P Hlet $R rcompere et | dRc ofh9al ue of
parasite capacitance and val ue i hduct ance of egcg | DT _can be

f .
al | evi at ed' S 3 e SAP e i ScfueSLﬁq HRWT i stiof tHFghR*LAnde can

be ef i cight L SHFARLEE d8 & QUG58 AG0HS 1L GRS, devl cg, of the present

alleviated. As a result of this, multi-chip packages can be
manufactured with ease.

Further, on the base signal conductors corresponding to
a plurality of signal terminals of a chip may be formed and
on an area between these adjacent signal conductors part of
ground conductor may be formed. Thereby, since
electromagnetic coupling between adjacent signal conductors
can be shielded by the ground conductor that is intervened
therebetween, an influence of the electromagnetic coupling
between the signal conductor can be alleviated.

In addition, all of the IDTs may be disposed facing the
ground conductor. Thereby, the IDTs can be prevented from
being mingled with electrical signal and noise.

At least one of surface acoustic wave chips may be
constituted of a plurality of surface acoustic wave filters
connected in a cascade connection.

At least one of surface acoustic wave chips can be
constituted of a longitudinal mode-coupled surface acoustic
wave element.

A longitudinal mode-coupled surface acoustic wave



i hvention, an external selection circuit may be di sposed d@obg@ophy i nput
-signal selectively to any one of a plurality of surface acoustic wave
chips, resulting in constituting a filter that can be sw tched. Propagation
characteristics of a piezoelectric substrate of at |east one chip of
surface acoustic wave chips may be different fromthat of other surface
acoustic wave chips. Wthout restricting to the propagation

char agtebhshicC¥ 110kt hersubstdmite tHiddessi ofnehrsl 1 pdeohisngenseand
constituent material of the electrode fingers (including conposition or

| ayer pgt Behbehg @ pduinalriady of Wimtdh 0fd are £ pbeedrodei fpaged/ dist ance

bet ween centers of electrode 8 Cctober 2004 6 fingers) of the el ectrode

fi ngepstharnbe maeelWdidHiatenthdsoniDEhose vivothbeongusfdteeacavat b€ wave
chips. An external dinmension of at |east one chip of the surface acoustic
wave elriopsgamy doe odi fharfente facsudtiat wiveotdiera chipsoeThet ey, the chips
can be distinguished with ease. Here, by designing the piezoelectric

subst sates rag et.heAsi Bi memuditnerfsitdd sredu relihi wadie fa |fwrdaméniatost and
i ght wei ght can be realized. Wen, as the external dinension, thicknesses
of t heavei edoehediade asubstt bt ecavee di fiikgkerinrdd tbevedfnganobehe ki nds
of the surface acoustic wave chips, the surface acoustic wave chips can be
convelixémaoredi-st Aagai gieed Wi taf Wdse durfiiddandhfa remidmy i hgnaf t he
chips. It is

can be obtained.

When mounting this longitudinal mode-coupled surface
acoustic wave resonator as a multi-chip, according to the
present invention, fluctuation of value of parasite
capacitance and value of inductance of each IDT can be
alleviated. As a result of this, surface acoustic waves of
higher mode can be efficiently extracted:

In a surface acoustié wave device of the present
invention, an external selection circuit may be disposed to
supply input signal selectively to any one of a plurality of
surface acoustic wave chips, resulting in constituting a
filter that can be switched.

Propagation characteristics of a piezoelectric
substrate of at least one chip of surface acoustic wave chips
may be different from that of other surface acoustic wave
chips.

Without restricting to the propagation characteristics
of the substrate, thickness of electrode fingers and
constituent material of the electrode fingers {(including

composition or layer structure), or duty ratio (width of an

electrode finger/distance between centers of electrode



preferable for the difference of the thicknesses of the g oubsér®iogs to be
20 gmor nore for easy distinction. In nmounting the chips on a package, the
chips can be nounted in order of thickness fromone that is thininits
substrate thickness. Thereby, a nounting tool and a surface acoustic wave
chip can be prevented frominterfering with each other, resulting in easy
mounti ng. Wien a thickness of a piezoelectric substrate of at | east one

chip offislydrace SLausd i€l deveoddi PendgsSreveen Bef hauentitremhbakrgf ot her
surface acoustic wave chips, according to bandwi dth and rise transition

characttgefdsd i€ ofteslifedf 08 dbeusespecivyecsupkace acoustic wave

el ements, the piezoelectric substrates of optinmmthicknesses can be

used. Surfacenr auglnessl afimertebsn soif facel st oheashipner8tRet ober 2004 7
chip of the surface acoustic wave chips can be nmade z'i-Eferent fromthat
of ot herurfdgs.adhesehy,wvdhe chips cap be didfsernghi $hed whoh edse. Bri ef
Description of the Drawings Fig. 1 is an expl oded perspective view show ng
a surf aosheacousipe. wane mbdgi,c & henvadl \gangcaon e e ndosit meqb 1 siied hei pin esent
invention. Fig. 2 is a cross-section show ng a surface acoustic wave

devi ce ¢anml viteg condyvedesdigramy dfhe e qraesemtrhventhohrateg. t@ALhs a pl an
vi ew showi ng a conductor formation surface of a base of a surface acoustic
wave deévirdignymy@ingpgion required by each filter, low cost and

lightweight can be realized.

‘When, as the eéternal dimension, thicknesses of the
piezoelectric substrates are differentiated according to the
kinds of the surface acoustic wave chips, the surface
acoustic wave chips can be conveniently distinguished with
ease during and after mounting of the chips. It is
preferable for the difference of the thicknesses of the
substrates to be 20 unlorlmore for easy distinction.

In mounting the chips on a package, the chips can be
mounted in order of thickness from one that is thin in its
substrate thickness. Thereby, a mounting tool and a surface
acoustic wave chip can be prevented from interfering with
each other, resulting in easy mounting.

When a thickness of a piezoelectric substrate of at
least one‘chip of surface acoustic wave chips is made
different from that of other surface acoustic wave chips,
according to bandwidth and rise transition characteristics
regquired for the respective surface acoustic wave elements,
the piezoelectric substrates of optimum thicknesses can be

used.

Surface roughness of a rear surface of at least one



ohe enbodi nment of the present invention. Fig. 3B is a plsabctabhed\@gohowi ng an
-el ectrode formation surface of surface acoustic wave chip involving one
enbodi ment of the present invention. Fig. 4 is a perspective view seeing a
surface acoustic wave device invol ving one enbodi nent of the present

i nvention

froma rear surface of aPpackage with the surface acoustic wave

chips stood out. Fig. 57, and Fig. 5B are plan views show ng conduct or
formathop surfaces. -of 2bas e% s W fuage aqoUss | Canaye ey cestrekenme
enbodi ment of the present invention. Fic. w, is a plan view show ng an

el ect fedp LOLRABLIZOR-hHSW AGH L= @hsuebyse taeoustips wame edhi p i nvol ving one
enbodi nent of the present invention. Fic. 7 is a perspective view show ng a
sur f agesagaysitiise.=Wwavehdewdsee i nvol vi ng one enbodi ment of the present

i nventi on.

8 Cctober 2004 8 Fig. 8 is a perspective view show ng nounti ng

process of sem conductor chips involving one enbodi nent of the present

i nventi on.

i nvol vi ng one enbodiZnes

Fig. 9 is a block dlagran1of a radlo connunlcatlon uni t
3 ' ascription of the

Preferred Enbodi nents In the.fbllomnng, enbodlnénts of the present

i nvention

Wilel. Be —explnaiexed odad refspericeve ovide ghawingsa (Enbodi nent 1)

Fig. 1 is an exploded perspective view show ng a
surface accustic wave device involving one embodiment of the

present invention.

Fig. 2 is a cross-—-section showing a surface acoustic

wave device imvolving one embodiment of the present inwvention.

Fig. 3A is a plan view showing a conductor formation

surface of z ase of a surface acoustic wave device imnvolving

one embodimsnt of the present invention.

Fig. 35 is a plan view showing an electrode formation

surface of =z surface acoustic wave chip involving one

embodiment of the present invention.

Fig. 4 is a perspective view seeing a surface acoustic

wave device imvolving one embodiment of the present imvention

from a reazr surface of a package with the surface acoustic

wave chips stood out.

Fig. 5E and Fig. 5B are plan views showing conductor

formation surfaces of bases of surface acoustic wave devices

of one emktodiment of the present invention.

Fi¢g. % is a plan view showing an electrode formation

surface ¢f & surface acoustic wave chip involving cne

embodiment ¢f the present invention.

Fig. 7 is a perspective view showing a surface Zcoustic

=

wave devizz Znvolving one embodiment of the present invention.



surface acoustic wave device 1 involving a first enbodi gandtobarf2obhe present
i'nvention. In this enbodinent, a surface acoustic wave device 1 is
constituted as a dual-filter having two filters of a | ower band-pass
filter and a higher band- pass filter. As shown in this figure, two surface
acoustic wave chips 10 and 20 are adcommopdat ed i nsi de of a package 30 of
an external shape of rectangul ar parallel epiped. Here, the surface
acoustic waveighi gsiiOaapdr2fecanstl titeer asHowierg thand: paspfdodess and a

hi gher band-pass filter, respectively. A package 30 is conposed of a base
31, anoéxkemialonduictouncanescdnd larichg oep Sadisent ubingha bottom a
sidewal | and an upper plate, respectively. The base 31, the external

ci rcunpeecece 3vemd itme cap 33 are adhered to seal the package 30. A- a
result of this, the surface acoustic wave chips 10 and 20 are protected 8
Oct ober 2004 Fd.g.sdalied aabdicghidiigram athex pakisgecdonul ¢at Pon sumit
cross-section showing a s-_=face acoustic wave device | showmn in Fig. 1
with t hevedyiszg raepeadpodimentte Badd B P RASLRT aki €8NBEOPL astics, the
external circunference 32 is connected. On the base 31, the surface
acoustic wave chips 10 and 20 are nounted with a formation surface of |DTs
(inter digital transducers thereof dlrected domnmards Term nal s of the

| DTs are connect eg&# 3 & s ¥ lsur f ace of the base

31 through a bu . .
g Ip%e follow1ng, embodiments of the present invention

will be explained with reference to the drawings.

{Embodiment 1)

Fig. 1 is an exploded perspective view showing a
surface acoustic wave device 1 involving a first embodiment
of the present invention. In this embodiment, a surface
acoustic wave device 1 is constituted as a dual-filter having
two filters.of a lower band-pass filter and a higher band-
pass filter.

As shown in this figure, two surface acoustic wave
chips 10 and 20 are accommodated inside of a package 30 of an
external shape of rectangular parallelepiped. Here, the
surface acoustic wave chips 10 and 20 constitute a lower
band-pass filter and a higher band-pass filter, respectively.

A package 30 is composed of a base 31, an external
circumference 32 and a cap 33 constituting a bottom, a
sidewall and an upper plate, respectively.

The base 31, the external circumference 32 and the cap
33 are adhered to seal the package 30. Az a result of this,

the surface acoustic wave chips 10 and 20 are protected



In this flip-chip nmounting, gold is used for the bunp 3% 0ctgedrdobei ng abl e
.to connect by use of ultra-sound. Here, solder also can be used as
material of the bunp 35. The conductor 40 is connected to electrical
wiring leading to a rear surface of the base 31 through through-holes. The
details of the present enbodi nent are shown in Figs. 3A and 3B and Fig. 4.
Fig. 3Ais a plan view show ng a conductor formation surface thereon the

condugggéeéoag}tgﬁgt_g§§%i%16h% forned . EVQ. 3B is a plan view that shows
an ele or el ect

ctrode tion surface ere rodes of the surface acoustic

wave chips ggggng 24 ar%r%grsm%%-ct'iioqr chdwiirly Perspectd Ve yiew seeing the

package 30 eln the surtface acoustic wave chips 10 and 20 are

| ncor porat gdvhrama shegh isUNHiace 1t hengpfe yi tdug he; chis,d®. and 20 stood
out. F-g. 4 shows an overturned state of Fig. 3A and obtai ned by

super posi ngrEi ghe3faaRd 3 @r IBr AT SN dib i g8, kidrough-4a1the base 31
is a rectangular plate. The base 31 is conpose- of ceram cs or 8 Cctober

2004 &9Qrcphastiese Her s dasedl on phevigded with tHy eugirdial es  at

four corners and at a center of each side. In the neighborhood of a center

of a swbhaeadt hereorhigh NV &Rl MRl whuhted basen 3 sosmadushor 40
consisting of a layer of netallic conductor is formed. The conductor 40 is

const stuittfadeofo fSiI@PTa  ([Gonductdirg &l torddsdnce Bs grchwte sdndiictoted5. The
signal conductors 41 and 42 are conductor of input signal for inputting
Si gnabswnaaddshe si gnal
Terminals of the IDTs are connected Tz a conductor 40
formed on an upper surface of the base 31 through a bump 35.
In this flip-chip mounting, gold is used for the bump 35,
gold being able to connect by use of ultra-scund. Here,
solder also can be used as material of the bump 35. The
conductor 40 is connected to electrical wiring leading to a
rear surface of the base 3i through through-holes.
The details of the present embodiment are shown in Figs.
3A and 3B and Fig. 4. Fig. 3R is a plan view showing a
conductor formation surface thereon the conductor 40 of the
base 31 is formed. Fig. 3B is a plan view that shows an
electrode formation surface thereon electrodes of the surface
acoustic wave chips 10 and 20 are formed. Fig. 4 is a
perspective view seeing the package 30 thersin the surtface
aéoustic wave chips 10 and 20 are incorporzted from z rear
surface thereof with the chips 10 and 20 stood out. Fig. 4
shows an overturned state of Fig. 3A and i= obtained by
superposing Fig. 3A and Fig. 3B.
As shown in Figs. 1 through 4, the bzase 31 1s a

rectangular plate. The base 31 is composed of ceramics or



conductors 43 and 44 are conductor of output signal for g @itbita00ag
signals. These conductors 41 to 45 are conposed of the sanme |ayer each
other and are separated insulated in the plain through slits 46A through
46D where the conductor is not fornmed. The signal conductors 41 through 44
are formed at four corners of the engire conductor 40. The ground
conductor 45 is forned in cross and part thereof is disposed intervened

bet weep; L be;skgn n ors-41-t hrpu 4 h 0 $ - en t he
signalB%oggﬁgkdrgﬁiggiﬁ?ﬁ%gﬁ“ﬁ%,B%hgggggﬁﬁédegoﬁgﬁgtgp%%g%expgﬁggeThereby,

the sigpakogonductais 4hq through 44 ace shiel dadd rom each other. As a
result of this, signals on the signal conductors 41 through 44 are

prevented framcRngki BELERARAL RS & TRALSIIRH Londuds Siblrddy ough 44
are electrically connécted to conductors fornmed in through-holes with

Wi ringch4ph bheow@nrd el orespectiaeel 81 FO ddieigitmindt @ onstuci ofirdkp, of Wi i ng
47E through 47H are connected. The wiring 47E through 47H are electrically

conneched al/@ rligfe ne@Rduclocsfaugmad: iin fdienddr otgle- helremictioasgectisvel y. 8
Oct ober 2004 11 As shown in Figs. 1 through 4, he surface acoustic wave
chi ps &@natd t2Q s @ fdisigosad comdir-deaze 431 t30'44 hatd eacdrowmd si de t her eof
is in approximate parallel with the other. These surface acoustic wave
chi ps tOnamtt2(d ddnst That eianallowendbahdrpadd finld &2 antk adndyromNand- pass
filter, respectively.

of input signal for ipputting signals, and the signal

conductors 43 and 44 are conductor of output signal for

outputting signals. These conductors 41 to 45 are composed

of the same layer each other and are separated insulated in

the plain through slits 46A through 46D where the conductor

is not formed.

The signal conductors 41 through 44 are formed at four

corners of the entire conductor 40. The ground conductor 45

is formed in cross and part thereof is disposed intervened

between the signal conductors 41 through 44. Thus, on areas

between the signal conductors 41 through 44, the ground

conductor 45 exists. Thereby, the signal conductors 41

through 44 are shielded from each other. As a result of this,

signals on the signal conductors 41 through 44 are prevented

from mingiing each other.

The signal conductors 41 through 44 are electricaily

connected to conductors formed in through-holes with wiring

47A through 47D, respectively. To the ground conductor 45,

wiring 47E through 47H are connected. The wiring 47E through

47H are electrically connected to ti.e conductors formed in

the through-holes, respectively.



The | ower band-pass filter is constituted by connecti ng8 d¢ogerta0diina

-node- coupl ed surface acoustic wave resonant filters 11 and 12 in a cascade
connection. On the other hand, the higher band-pass filter is constituted
by connecting |ongitudinal node-coupl ed surface acoustic wave resonant
filters 21 and 22 in a cascade connegtion. Here, in the |ongitudinal

node- coupl ed surface acoustic wave resonant filters 11 and 12, three |IDT

are arrangegd Nsh&@Ws i @y Pr opagat b @by di r ect i on,ptasHr haggsagousti c waves
and at both ends of the rowreflectors are disposed to constitute a three

| DT stied Wieipd M6 hehd 0ngi 4 pdi aabphpee- soupkedpaglr Bacecaenyst kachave
resonant filters 21 and 22, seven ?DT are arranged in rows in a

propagid o ¢k resd bt of s Sun f @gproacasst i = vaveslandtat thbeobath.ends of
the rowreflectors are disposed to constitute a seven |IDT structure. On

the respectdver s faceagcousthcenangpehiPs=28 aodcdbstihese EDTs are
di sposed so that nmain propagation directions of surface acoustic waves are
in parladvet hand-peash Hiheesr dndt Aehlighgrtudhdapasedéitaeapl ed surface
acoustic wave resonant filters 11 and 12, signal termnals 13 and 14 are
connecteetheatespeyi vel y, and to both around termnals 15 are connected. To
t he | ongi tudi nal node-coupl ed surface acoustic 8 COctober 2004 12 wave
resonant filTeesl@dearth2@;pasgnbilterninatengBisutegddbyacenveniieciged,
respectively, and to both ground termnals 25 are connected. Here, signal
t er m nedrsgiiBudinga 23nede~covpakd serfihnal sctvetinpweriengesiogaalts and si gnal
term nal s and '

filters 11 and 12 in a cascade connection. On the other hand,

the higher band-pass filter is constituted by connecting

longitudinal mode-coupled surface accustic wave resonant

filters 21 and 2Z in a cascade connection.

Here, in the longitudinal mode-coupled surface acoustic

wave resonant filters 11 and 12, three IDT are arranged in

rows in a propagation direction of surface acoustic waves and

at both ends of the row reflectors are disposed to constitute

a three IDT structure. In the longitudinal mode-coupled

surface acoustic wave resonant filters 21 and 22, seven IDT

are arranged in rows in a propagation direction of surface

acoustic waves and at the both ends of the row reflectoxrs are

disposed to constitute a seven IDT structure. On the

respectivé surface acoustic wave chips 10 and 20, these IDTs

are disposed so that main propagaticon directions of surface

acoustic waves zre in parallel with =ach other.

To the longitudinal mode-couplz=c surface acoustic wave
resonant filters 11 and 12, signal terminals 13 and 14 are

connected, respectively, and to both grouna terminals 15 are

connected. To the longitudinal mode-coupled surface acoustic



24 are signal termnals for outputting signals. The sig@abctbiesraonal s 13 and
23 and signal termnals 7-4 and 24 are disposed so as to |line on two
opposi ng sides of the base 31, respectively, arrangenent of the signal
termnals 13 and 23 and arrangenent of signal termnals 14 and 24 being in
approximate parallel. The termnals b input signals 13 and 23 or the
termnals of output signals 14 and 24 of two chips are disposed to be on

one sigevef rthenhaser3irerespechinveby., sihelabite -conners ion it hzan
external selection circuit can be inplenmented with ease. Wien connecting
these fiétepankBeseari akspebhifetlhe apaCckagdoth t@fddmal tofmimypud 35 gnal of
one filter and a termnal of output signal of the other filter are

di sposgdeseoasectel.neHoret heigaat seédminklshe3base 2B taxecannecti by a
conductor on the base 31. The surface acoustic wave chips 10 and 20 are
bondedt epmihhésbdse Ibpuntanbace ghaiwrs wayd tsd grainttedhatals, - 4 hensi gnal
termnals 13, 23, 14 and 24 of the surface acoustic wave chips 10 and 20
are cobfesredstignthe teirginaklesofiduc tcorrputk irtchrougte Uk, respectively. Both
of the ground termni--s 15 and 25 of the surface acoustic wave chips 10
and 20 are ®baneduedlt serhéngisuidd covdlct emdizigndl clonreiotd oh béet ween
the signal termnals 13, 23, 14 and 24 and the ground 8 Cctober 2004 13
term nahd 24 am¢ 2ESpas¢ct Be sisgial ldored it oy LIPReS bughsudes ol t he

ground conductor 45 is inplenmented through bunps as ]
the base 31, respectively, arrangement of the signal

termiﬁals 13 and 23 and arrangement of signal terminalis 14
and 24 being in approximate parallel.

The terminals of input signals 13 and 23 or the
‘terminals of output signals 14 and 24 of two chips are
disposed to be on one side of the base 31, respectivelw.
Thereby, connection with an external selection circuit can be
implemented with ease.

When connecting these filters in serizal within the
package, a terminal of input signal of one filter and z
terminal of output signal of the other filter are disposed so
as to line on the same side of the base 31 to connect by a
conductor on the base 31.

The surface acoustic wave chips 10 and 20 are bended on
the base 31 in a face down way to mount. That is, the signal
terminals 13, 23, 14 and 24 of the surface acoustic wzve
chips 10 and 20 are connected to the signal conductors £1
through 44, respectively. Both of the grecund termina_s 15
and 25 of the surface acoustic wave chips 10 and 20 are
connected to the ground conductcr 45. All connection between

the signal terminals 13, 23, 14 and 24 and the grounc



nmenti oned above. Here, as shown in Fig. 4, all |DTs, th&tOdtshert2084

-l ongi tudi nal node-coupl ed surface acoustic wave resonant filters 11, 12,
21 and 22, are forned facing the ground conductor 45. That is, all the

| DTs does not overlap with the signal conductors 41 to 44 on a plane. As a
result of this, electrical signalsigan be prevented frommngling with

the respective IDTs. If there is an |IDT facing any one of the signal

condugt phsndlst Asough 44, hetmeen theshgnalnacanductor andihe 4 DT facing
to each other, electromagnetic coupling occurs directly, the signal being

likel ynforhe gibnghedorEherground jcongyntiietid St f5n@d hilngs c49Ss on the
base 31 so that the extensions thereof are sandwi ched between the adjacent

Si gnahepOndHeos 4L t0 44. Accordingly, in a dual-node filter, even when
the input to one filter is cut off frombeing inputted in the other

filter, el egtrenagrethewncawplriing ket waan 10w sigiat Londted or of one
filter and the signal conductor of the other filter can be shiel ded due to
the glotgdtodigadt aoddScodplad esidtaced dduustan wabd ueasenawnt
el ectromagneti c coupling between the conductor 40 to 44 can be alleviated
to resilters dlsunflacelacoustiz; wawe fiewmeae fatitgwhaseround | oss. In a
surface acoustic wave device involving the present enbodinent, tw surface
acoustbodwatercHisps TBaands20ahavichg IDsgidoed medt mode:=loguptigth r esonant
filters as such are bonded 8 Cctober 2004 14

the signal conducteors 41 to 44 on a plane. As a result of

this, electrical signals can be prevented from mingling with

the respective IDTs. If there is an IDT facing any one of

the signal conductcrs 41 through 44, between the signal

conductor and the IDT facing to each other, electromagnetic

coupling occurs directly, the signal being likely to be

mingled.

The ground conductor 45 is formed in a cross on the

base 31 so that the extensions thereof are sandwiched between

the adjacent signal conductors 41 to 44. Accordingly, in a

dual-mode filter, even when the input to one filter is cut

off from being inputted in the other filter, electromagnetic

coupling between the signal conductor of one filter and the

signal conductor ¢f the other filter can be shielded due to

the ground conductor 45. As a result of this, an influence

of electromagnetic coupling between the conductor 40 to 44

can be alleviated to result in a surface acoustic wave device

cf low insertion loss.

In a surface acoustic wave device involving the present

embodiment, two surface acoustic wave cnips 10 and 20 having

longitudinal mode-coupled resonant filters as such are bonded



on the base 31 in a face down way to nount. Accordinglyg dhieperaopgs of
capacitance parasitic to each IDT and inductance of the | ongitudinal-node
resonant filter can be alleviated in fluctuation. As a result of this,
surface acoustic waves of higher node can be efficiently extracted to
result in a filter of wde band. (Enbpdi mrent 2) Figs. 5A and 5B are pl an
vi ews showi ng respectively states of planes of base 31A and 31B of which

CoNdUCLOr S, A1, s 00Yi 1 7051 BaLBCLELANARES coTREuRSES S1A and S1B shown in
t hese Tigures constitute part of a surface acoustic wave device involving

a second enmbodigBAinQf v NEnBr 880k si BYEBREPAR: taheePRakiaklltic A% shown in
Fig. 5A, on the base 3{A a conductor 40A "consisting of signal conductors

41A t . 44h BPpE Andr 9HAct apPRAYE! @he4IBnkS than MR -mideee raddriieit  showi ng
wiring on the base 31A only conductor 40A is shown. As obvious from

conpar f $pfe ff ckhOpe5A128diFtad 3A fidcRua@iiewnd senduebsnl458s these are
rectangul ar cuts at four corners of a square of a vertical direction in a

paper phangcecanstistiti Rgvpar bfohigherogsdel Raspidee oFff itdiese lout s, the
surface acoustic wave chips 10 and 20 can be simlarly disposed with al
| DTs, é&éhatatsedtbe kesgiltudnnal finder oduplied ®wrfdce acoustic wave
resonant filters 11, 12, 21, and 22 faced to the ground conductor 45A. As
aresult of this, as identical with the first enbodinment, the ground
conductor 45 shields the |ongitudinal 8 October 2004

{(Embodiment 2)

‘Figs. 5A and 5B are plan views showing respectively
states of planes of base 31A and 31B of which conductors are
modified in their shapes. The bases 31A and 31B shown in
these figures constitute part of a surface acoustic wave
device inveolving a second embodiment of the present invention,
respectively.

As shown in Fig. 5A,‘on the base 312 a conductor 40A
consisting of signal conductors 41A to 44A and a ground
.conductor 45A is formed. Here, without showing wiring on the
base 31A only conductor 40A is shown.

As obvious from comparison of Fig. 5A and Fig. 3A, in a
ground conductor 45A, there are rectangular cuts at four
corners of a square of a vertical direction in a paper plane
constituting part of a cross. In spite of these cuts,‘the
surface acoustic wave chips 10 and 20 can be similarly
disposed with all IDTs, that is, the longitudinal mode-
coupled surface acoustic wave resonant filters 11, 12, 21,
and 22 faced to the ground conductor 45A.

As a result of this, as identical with the first

embodiment, the ground conductor 45 shields the longitudinal



15 node-cc fled surface acoustic wave resonant filters8lQctoldgt 20021 an"' 22
to result in prevention of noise frommngling. Gher than this being
identical with the first enbodi nent, explanation is omtted. As shown in
Fig. 5B, on the base 31B squared signal conductors 41B to 44B are forned
separated from each other and on ar@as between the signal conductors 41B
to 44B there is a ground conductor 45B. Here too, w thout show ng wring

on thehase 3L ol o, e £ ondyss 0L 408y b S:oboMan | 31 besi gnal jsonduct or s

41B to 44B, three sides of a square except one side are adjacenf to the

groung 1elsect rode: o 4eBurespechiyebyr i bR 9ENgh; War ¢sont Rengi kYNt erences of
the signal conductors 41B to 44B are al nost surrounded by thé ground

conduct or 45810 rgs teHis e Dngefadnevest i eeaf thei rgkkpg of external
noi se and signals than the first enbodinent. Here, the ground conduct or

45B camderiiewtad desgsl anecidhaisi smiotegd by adding four square conductors
451 to 454 cut by chain lines to a conductor of a cross. Az shown in Figs.

3B, 5A and 5B alidwug thiey grimindon condusiss Bsef vadapeat sl fpafiormed in a
cross, but a little bit of addition or elimnation of the cross can be
al | onedgreducchhres IR hso of 4B hervefvroad asdabhatedoftraln eachabghes
constituting a cross are not required to be the sane. (Enbodinent 3) In a
t hi r d sevtbadi rergaofbat warrl aclee asbusal ccoadecteviscdlB ap a8 thipeone
| ongi t udi nal node-coupl ed resonant filter is
is a grcund conductor 45B. Here too, without showing wiring
on the kase 31B only the conductor 40B is shown.
Ir the signal conductors 41B to 44B, three sides of a
square except one side are adjacent to the ground electrode
45B, respectively. 1In other words, the circumferences of the
signai conductors 41B to 44B are almost surrounded by the
ground conductor 45B to result in stronger prevention of
minglinc of external noise and signals than the first
embodiment.
Here, the ground conductor 45B can be considered one
that is formed by adding four square conductors 451 to 454
cut by chain lines to a conductor of a cross.
Az shown in Figs. 3B, 5A and 5B although the ground
conductcr is fundamentally formed in a cross, but a little
bit o =ddition or elimination of the cross can be allowable.

The wid-hs of the vertical and horizontal rectangles

constit:zting a cross are not required to be the same.

{Embodiment 3)
In a third embodiment of a surface acoustic wave device,

on oneé Thip one longitudinal mode-coupled resonant filter is



8-Cctober 2004 16 formed. A plurality of |ongitudinal gmoo@ssowpbed
resonant filters is disposed on a base to Terma multi-chip package. Fig.
6 is a plan view showing a 51 DT structure as an exanple of a | ongitudinal
node- coupl ed surface acoustic wave resonant filter. For exanple, the

| ongi tudi nal node-coupled surface aggustic wave resonant filters, as
identical with the |ongitudinal node-coupl ed surface acoustic wave

resonant fil.t 1 .12 h - ti i h i
g 3BOTREH Do CBRRERL S 1 B ol CAEE KA Bonndet EoROE TS BT or - on one
mai n syt <Oof, [ | i te 50, ' 18 5 h 55

i Spostl PRES FowC AT SREth Clnde PR (150 10 3 BT (R ugh S5 S ot [ ectors
o6 and 57 are; i §pased. TS WA aald ed stinie Jdih Sluuetay oy Vet al |1 c
strips consti £ ati ng el &cbrode fi ngers and the reflectors of —these |IDTs are

conpos h JRLiakldi 6 5ha J Q- s tancs cal L Pead&i nly
consi s%gﬁg&%}‘e %Ifaa\r/rvﬁt h t%ilkllglglgr%s%ﬂﬁdu% icgfnu,' teﬁzg I ongi%%d%%?é%%e-%{gﬁpl ed

surf acecacouslt &iWaws resgpagkafiphker ¢hanisxhhaclinkageidie-cigied he
fundanmental wave of surface acoustic waves, waves of higher node of third

order apgrhidd b Qderic aRdCar Retards @i1Iddd eraofi adglei bandwidhergkect rode
fingers of the right-hand side of the |[|DTs 52 and 53 in the figure are

Connecu%ﬁtglirtlmmn_ntdaea&odm@a Signade targidal c 6lavdheesbesht ode fingers
of the left- hand side of the IDTs 51, 54 and 55 in the figure are
filters 11 and 12 of Fhe surface acoustic wave chip 10 shown
in Fig. 3B, can be connected in a cascade connection to form
a filter.

On one main surface of a piezoelectric substrate 50,
five IDT 51 through 55 are disposed in a row. At both ends
of the five IDT 51 through 55, reflectors 56 and 57 are
disposed. This is a so-called five IDT structure. Metallic
strips constituting electfode fingers and the reflectors of
these IDTs are composed of the same metallic layer, for
instance, alloy strips mainly consisting of Al.

With this constitution, the longitudinal mode-coupled
surface acoustic wave resonant filter can extract, together
with the fundamental wave of surfzsce acoustic waves, waves of
higher mode of third order and fifth order, and can act as a
filter of‘wide band.

The electrode fingers of the right-hand side of the
IDTs 52 and 53 in the figure are connected in common to an
input signal terminal 61. The electrode fingers of the left-
hand side of the IDTs 51, 54 and 55 in the figure are
connected in common to an output signal terminal 62. In

addition, the electrode fingers of the IDTs 51, 54 and 55 on



connected in comon to an output signal term nal 62. |ng @sdehdrioong t he

el ectrode fingers o the IDTs 51, 54 and 55 on 8 Qctober 2004 17 the
right-hand in the figure and the electrode fingers of the IDITs 52 and 53 on
the left-hand side in the figure are connected to ground termnals 63

t hrough 67, respectively. In the pregent enbodi nent, the ground termnals
63 through 67 are fced as isolated termnals, respectively. As a result

Of (LNl B HCGNG S001 8 SUD. ¢ %gﬁ@ SR Lhe 1889-6A Berdebected with

ease groun ermnal s can be connected integrally on

the chid.y, B‘%Lﬁrsou?ﬂ 32 nals 63 tfé@%'gﬂaﬁg §aRebendicprog8dud $placed

froma dlrectlon arrangenent o lters. Thereby, bonding pads can be

Formed.dff, ed%agf&%ttéémlﬁgw GBhEh%Q?HdGUe“ﬂeI& ezt iky.ough 67 and
t he groun conductor 45 can be connected with higher reliability.

(Enbodi ment 4) dH.predsh@ LRSSREREAYE YhEWySBAWHNGeamSHElACH3ACOUSE C
wave device relatlng to the fourth enbodi ment of the present invention. As

shown dxydilith fd DU £ PP-Bebase Bdolhvedchiepmindl sande&peastiwlgh
pi ezoel ectric substrates are different in their thicknesses are fornmed to

constigdite BSurf ase @cossthbe cueyridevistaglW chipyclvhd doridtd tig i on, the
surface acoustic wave chips of different characteristics can be forned in
mul ti ey Asn sbereddogeoéd npiuthi agssuchTiodi gsoohddibimienils ©Bi cknesses,
t he mounting nmethod shown in Fig. 8 is.

through 67 can be connected integrally on the chip.

The ground terminals 63 through 67 can be disposed
displaced from a direction of arrangement of filters.
Thereby, bonding pads can be formed larger. As a result of

this, the ground terminals 63 through 67 and the ground

conductor 45 carn be connected with higher reliability.

{Embodiment 4}

Fig. 7 is a perspective view showing a surface acoustic
wave device relating to the fourth embodiment of the present
invention. As shown in the figure, on a base 31, two chips
71 and 72 of which piezoelectric substrates are different in
their thicknesses are formed to constitute a surface acoustic
wave device. With such a constitution, the surface acoustic
wave chips of different characteristics can be formed in
multi-chip.

As a methci of mounting such chips of different
thicknesses, the mounting method shown in Fig. 8 is
preferable. That is, first a chip 71 of a substrate of a
thinner thickness (for instance 0.35mm) is mounted by flip-

chip method wit: z tool 80. Thereafter, a chip 72 of a



preferable. That is, first a chip 71 of a substrate of 8 Qdtétiennenst hi ckness
(for instance 0.35nm is nounted by flip- chip nmethod with a tool 80.
Thereafter, a chip 72 of a 8 October 2004 18 thicker substrate (for
instance 0.5mm) is nounted. it this tine, as an exanple, bunps are Au bunps
of a thickness of approximately 3018rn, the chip size is 1mm X 1.5mm and
atip end of the tool is 1.5nmc. The tool 80 has a tip end that can cover

an entyie x4PRAMHL POFAtON( B r thestdhPe Themhpok s8Ro0htedCh ac stEesi S
aligned with a chip and is contacted theremmth. As a result of this, the

chi p gameotadeschipprcl of fhutite &0e ancoptimes of anthdgenekst be tool . Force
exerting on the chip is even to result in even bunp connection. The Au
bump efpi-dliaretery 050 3R wsed chid Kise arbadinrent 1 . Biwhi ngnaoaneghi on,
col | apses to approximately 20 gm Here, the difference of thicknesses of
the chify & thed tHes assubstmat.e of a thickness of 0.5mmand is nounted
second by flip-chip nethod and the chip 71 that is connected first and
has a subst ridie wfoh $hilkknesstigf On@s5ohatscOnlsawer Asoordicagley, in
mounting the chip 72, even when 20 It m of allowance of the thickness of a
waf er wnknlponahee of thanpkipre Wonhsicek B0 eheswoll 288iaAdiche chip 71
can be spaced with a sufficient gap. Accordingly, even in nounting the
secondchnped 2vbyh #| chiphapdnes heantepéed phepgvwafththe t ool 80 does not

contact wth the previouslg mounted chip 71. As a result of this,
As a result of this, the chip can not be chipped off

due td a contact of an edge of the tool. Force exerting on
the chip is even to result in even bump connection.

The Au bump of a diameter of 30 im used in this
embodiment, during connection, collapses to approximately 20
itm. Here, the difference of thicknesses of the chip 72 that
has a substrate of a thickness of 0.5mm and is mounted second
by flip-chip method and the chip 71 that is connected first
and has a substrate of a thickness of 0.35mm is 0.15mm.

Accordingly, in mounting the chip 72, even when 20 Um
of allowance of the thickness of a wafer and allowance of
bumps are considered, the toocl 80 and the chip 71 can be
spaced with a sﬁfficient gap.

Accordingly, even in mounting the second chip 72 by
flip—chip‘method, the tip end of the tool 80 does not contact
with the previously mounted chip 71. As a result of this,

the previously mounted chip is not damaged in its cecnnection.

{Embodiment 5)
Fig. 9 is a block diagram showing a radio~communication

unit involving the fifth embodiment of the present invention.



the previously nounted chip is not danmaged in its conne@t@aober(BGHodi ment
.5) Fig. 9 is a block diagram show ng a radi o-conmuni cation wunit involving
the fifth enbodi ment of the present invention. 8 October 2004 19 In this
enbodi nent, a surface acoustic w=-,",e device is assenbled in a

radi o- comuni cation unit -,-0 procegss radio signals including two
frequency bands. Signals inputted through an antenna 110 are inputted

Lhrough 8ndupLexet ihefclo.asietelod e didid.c aud argedpitied  through
3 and

anpliTiers corfesponding to the respective requency s to a

_receLubipnilt eh 1405 dThomoahanAls - sl RELLEG Dy Kdiged #ORbi Qg T | Ter 140,

si gna one equency band are selected by a swtch 150. The sel ected

s 9“%§gﬂ%§s‘ wenedihy apd @r@d@@icﬁl e digquency by a mixer 160 and
inputted Into a signal” processor 170. On the other hand, the signals

outputted fkopnhaisi §ARLttREOGRSSRIGHIEG it LRvert@thidt thshgnads of
transmtting “frequency by a m xer 190, signals of one frequency band being

sel ect g oRynha =S Wulpalex2Q0 10® itkPW dAdHOiBidd ansé ftang didt efipu@d8d The
signals that are outputted fromthe transmtting filter 210 are outputted

t hr ough rwih oS fA20: sCarespondisibnding heo respecsspectfequency bands and
a dupl exer 120 froman antenna 110. The swi tches 150 and 200 of the
pr eseffirecerddedi MRmMdCarsta e exiey nEd 1 tset ec4 @ on Kiane Ui tgna Her e,
oscillation signals that are outputted froma synthesizer 230 are inputted
t hr oughitpfitldceby?24heorremefiiitrey filter 140, signals of one

frequency band are selected by a switch 150. The selected

signals are lowered to an intermediate frequency by a mixer

160 and inputted into a signal processor 170.

On the other hand, the signals outputted from a signal
processor 180 are converted into signals of tfansmitting
frequency by a mixer 190, signals of one frequency band being
selected by a switch 200 té input into z transmitting filter
210. The signals that are outputted from the transmitting
filter 210 are outputted through amplifiers 220 corresponding
to the respective freguency bands and a duplexer 120 from an
antenna 110. The switches 150 and 200 of the present
embodiment constitute external selection circuits.

Here, oscillation signals that are outputted from a
synthesizef 230 are inputted through & filter 240 or a filter
250 to mixers 160 or 190.

In the present embodiment, in the aforementioned
receiving filter 140 and transmitting filter 210, signals of
two frequency bands are processed. Accordingly, as a band-

pass filter in each frequency band, the surface acoustic wave

device shown in the first embodiment is used.



250 to mixers 160 or 190. In the present enbodi nent, i ngtdwomir@oeqenti oned
receiving filter 140 and transmtting filter 210, signals of two frequency
bands are processed. Accordingly, as a band- pass filter in each frequency
band, the surface acoustic wave device shown in the first enbodinent is
used. 8 Cctober 2004 2C The surfacelfacoustic wave device involving the
present invention can be used as a duplexer 120. (O her Enbodi nents)

Enbodi ment of-&heupfasentcbngenti @aves ceeti ceednvicdtvachg tthhet meessnc

af orenenti oned enbodi ments. As long as being within the range of the

t echni talendear.ofathbepunesentisi avempilanzr tLl20can be extended and nodi fi ed.
These extended or nodified enbodinents are also included in the present

i nvention. As exanples of extension and nodification, the follow ng can be
cited. (1) Though two chips are used to constitute a surface acoustic wave
devi ce (PhheheZubodémentssdi nents, three or nore chips can be used to
constitute. In this case too, all of the IDTs on the respective chips is
preferabl e tBebaddmens gfolihG PEREGEIOL WSS ATheS PiYle IFP IS Hs$% 0 prevent
signals and noise frommngling. Further, on the area _between signal
conducter §hg1aferemensd opggl BIFat- oftSt RENGr GEnPESTdHCESrT45 i s
preferable to exist. Furthernore, the signal conductors 4JjCIo 44,  except
for on&hg garge %et@@géeﬂl?é‘rjé?@fl, igdes ﬁ’rfe%g}@atﬂréeﬁ%“tbemven ton, It '

can be extended and modified. These extended or modified
embodiments are alsolincluded in the present invention.

As examples of extension and modification, the
following can be cited.
(1) Though two chips are used to constitute a surface
acoustic wave device.iﬁ the above embodiments, three or more
chips car be used to constitute.

in this case too, all of the IDTs on the respective
chips is preferable to face the ground conductor 45 on the
base 31 so as to prevent signals and noise from mingling.

Further, on the area between signal conductors 41 to 44
on the base 31 part of the ground conductor 45 is preferable
to exist. Furthermore, the signal conductors 41 to 44,
except for one side or one edge thereof, are preferable to be
surround=ed in a state adjacent to the ground conductor 45.
(2} When surface acoustic wave chips of characteristics
different to each other are us=d, the following methcds czan
be considered for differentiating characteristics.

a. Substrate material of a piezoelectric substrate or
a cut sucface thereof is made different accoerding to

characteristics required for the respective chips.



surrounded in a state adjacent to the ground conductor #13ctobdr200¥hen
"surface acoustic wave chips of characteristics different to each other are
used, the follow ng nethods can be considered for differentiating
characteristics. a. Substrate material of a piezoelectric substrate or a
cut surface thereof is nmade differedt according to characteristics required
for the respective chips. 8 Cctober 2004 21 For instance, o= piezoelectric
subs:rates suvehiastdh¥eand64Y tfodlidi@ AndhiE6Y, = 42y anch Xad 12Yyof Li TaCs,
or quartz and Li2B405, an appropriate conbi nati on can be selected. b.

Ext eraal $Uxes fofliNm®,chnhgs3are ralkeaddf Kenadty. sEn tilli=0.case, a plurality
of chips different length or different wwdth can be used. ¢c. Conformng to
char agueritgt ikesl 16gbjd.edahoapachpatiiape ddntckrress anthmutersaleotethe
nunber of -aye-- is nade different. d. The duty ratio (wdth of electrode
fingers/pitbh oExtkevttodezeEngér $heokthdlpscaredesfisngbrisfersentVade
different. (3) The surface roughness of the rear surface of the substrate
can be nadeIdi tihdisemtasel n at Milginsdsiy tdhfe ahips cancibeedénti Aguotshed with
ease. 8 Cctober 2004 22 What is clained is: 1. A surface acoustic wave

devi cer €afgeirsinig viglthacieagdecoid sing a base on one main surface thereof

a plurality of signal o i ]
c. Conforming to characteristics required to each chip,

thickness and material or the number of Zaysr is made
differént.

d. The duty ratio (width of electrods fingers/pitch of
electrode fingers) of electrode fingers Is made different.
(3) The surface roughness of the rear surizce of the

substrate can be made different. In this cz=se, the chips can

be distinguished with ease.



conductors and a ground conductor are forned; and a pl umabé¢tbyerdoogur f ace
acoustic wave chips di sposed over the base in a face down way, conprising
a plurality of interdigital transducers forned on one nain surface of a

pi ezoel ectric substrate, signal term pals disposed on opposing sides on
the piezoelectric substrate, and a ground term nal disposed on the

pi ezoel\}gﬁttrl G sueﬁ]strate wherein the plurality of signal conductors are

el ectri I?/ E0NMetted to the signal termnals of the plurality of surface
acoust ifc Avawrtaceldcpestictweveglevicadcanaprisingt or is el ectrically connected to the

ol urali vy "ot eackedt b hBada o B Bl DfBeR TRRY e BURE R ol ncen
i: gin?r: 1@\?\%ﬁ§mﬂ a;?ogflmr?écg?am%fam;mm:&l; vvave d%%cé a%()zg;di fé)‘;ret h in

' t si dt ”E? & ¢ ol BNg Ray 2
agjr ?1119 ﬁgdtomsp:aisgg rqilurdlity pbnéatdigita tlppdtmermfntreeq' on pae ;ahre$urtaue ehs Ipleabgigt?tnc
ter m nab S S8R e Bl a s S o thBbERE R et & Nt g bRtk A8
each otdreund t@rml alej|s;1msé¢aoeﬂm:pnamﬁlemtrwrmmsmm\el ce as set fort hinclaim1l:
ads acent to MstRR uF B O SoneF KRRl Spre oy bt o B SR Vave "
devi ce tesnisas of hetphurality of surfacd acoustic @iane ahipb ghs grquadtcoodfludidrds gleotinally
oot ek ded AT P MRTEp B TP P50 BEQURE Yo BNy SRS
t he gr aifipdrticon dithe ground.comtiectenemdsd betvacaulse adam\teigdemm:lduetsrsset forth in
claim1l1l: wherein at |east one chip of the surface acoustic wave chips

conprises a plurality of surface acoustic wave el enments connected in a
cascadée. cimnauoiace acoBtiOpaeb devig® 8g s@Jorth inTdmsur f ace acoustic wave devi ce

as set fort rlr.lﬂler;'c-ziﬁ [U?é &rlga:ce acoustic wave chips are disposed, so that adjacent sides of the
- surface acoustic wave chips thereon the signal terminals are not disposed are approximately
parallel o each other; .
wherein the signal terminals are disposed, so that rows of the signal terminals disposed

on each opposing side are approximately paraliel to each other.

3. The surface acoustic wave device as set forth in claim 1:
wherein the signal conductors, except for one side thereof, are surrounded adjacent to

part of the ground conductor.

4. The surface acoustic wave device as set forth in claim 1:

wherein at least part of the ground conductor is formed in a cross.

5. The surface acoustic wave device as set forth in claim 2:
wherein all the interdigital transducers are facing to the ground conductor.

6. The surface acoustic wave device as set forth in claim 1:
wherein at least one chip of the surface acoustic wave chips comprises a plurality of

surface acoustic wave elements connecied in a cascade connection.



wherein at |east one chip of the surface acoustic wave &MD@sbar@ipsi ses a
| ongi tudi nal node-coupl ed surface acoustic wave el enent. 8. The surface
acoustic wave device as set forth in claim7: wherein a | ongitudinal
node- coupl ed surface acoustic wave el e@8nt conprises a plurality of
interdigital transducers of the sanme shape. 9. The surface acoustic wave

devi ce ASTRSLurfaRb dRoldlioWab Botice bLLNBn GAURK £1 N0, an external sel ection

circuit supplying input signals selectively to one of the plurality of
surface acoudhgreingileastengenip of the surfare angpticcavecahins sampriseeadengitudnals set

forth ifegd-abupidd Sm%%b&g%mg@;én%tchar acteristics of a piezoelectric

substrate of at |east one chip of the surface acoustic wave chips is
different fromthat of piezoelectric substrates of the other surface

acoustig Tﬁé’ﬁ.wf“a'&él%%ouéné anB%e&HéB@%@tf@ﬁl@HﬁéléaFn yave device as set forth in
claim1: wherein a thickness of electrode fingers constituting interdigital

transducer s Werah 4 leagitudinghwiodercpuried swtacs @cpasie wave glament ®aweriessi ps i s
di 1 er enpiufaigrariakigh PARALEAYS: hbRaReInageNSti tuting the other surface

acoustic wave chi ps. . The surface acoustic wave device as set forth in
claim1l1l: wherein el ectrode finger material constituting interdigital

t ransdugerie Qfriadb abSastit waRE delibd as 9bt bl iSMAiRPE Qu@fé?\ééﬁlts:ﬁsuﬁ\@ve chips is
different fromthat constituting the other surface acoustic™ wave chips.

13. The sur f 8 &xigis selpelioRpireuitieynrncigpuaigrat setedtively faena af-thevalaralitynofa

duty rajifac®bchlsaswaosenips.ngers constituting interdigital transducers of at
feast one chip of the surface acoustic wave chips is different fromthat of

el ectrode fingers constituting the other surface acoustic wave chips. 14.

The surfacheahPded bEolBY RalUbGse 88 s&t¥brt Brddimi claim 1. wherein an
external di rren5| on of at least one chip of the surface acoustic wave chips

is differehareiBprenagetion characteisies oky pieaealediesufistrate ik legh . chip @ct ober
2004 the surface acoustic wave chips is different from that of piezoelectric substrates of the other

surface acoustic wave chips.

11. The surface acoustic wave device as set forth in claim 1:
wherein a thickness of electrode fingers constituting interdigital transducers of at least
one chip of the surface acoustic wave chips is different from that of electrode fingers

constituting the other surface acoustic wave chips.

12. The surface acoustic wave device as set forth in claim 1:

wherein electrode finger material constituting interdigital transducers of at least one chip
of the surface acoustic wave chips is different from that constituting the other surface acoustic
wave chips.

13. The surface acoustic wave device as set forth in claim 1:

wherein a duty ratio of electrode fingers constituting interdigital transducers of at
least one chip of the surface acoustic wave chips is different from that of electrode fingers
constituting the other surface acoustic wave chips.

14. The surface acoustic wave device as set forth in claim 1:
wherein an external dimension of at least one chip of the surface acoustic wave chips is
different from that of the other surface acoustic wave chips.



24 15. The surface acoustic wave device as set forth ingcdadsar 2404 wherein a
t hi ckness of a piezoelectric substrate of at |east one chip of the surface
acoustic wave chips is different fromthat of the piezoelectric substrates
of the other surface acoustic wave chigas. 16. The surface acoustic wave
device as set forth in claim1l: wherein surface roughness of a rear surface
of a piezoelectric substrate of at |east one <chip of the surface acoustic
wave chips is different fromthat of the piezoelectric substrates of the
ot her sif.f Besutasasroustinavare davips as setSURFNGHRINCAUSTI C WAVE DEVI CE Abst r act
of the D scl C

o ae wﬁéifgﬁes cghﬁs‘%néffagi ?éolé%cﬁfc%ﬁﬁgt}?t{: BYEﬂéémnb%mg%f% %{ergease and
t hat i saegustisra@vte giipseis giftérent from-thatraftthepiezoeleatid substratge of the dherengace ut i on
of the presglal M_%gl on, a filter conprises a package conprising a base
on one Mai R SUrface thereof a conductor is for med, and a plurality of
surfaceﬂiacﬁnﬁssurfacmveuatsn“medewm ps petdorh pl chaiel 1:ty of i nterdigital
transducers r '

o1 anal t or i DR et RRoRRLG T TLA Trke B Pepd B AL LitSa NGt eBhine,
and gr othipiot tee ﬁurﬁ@qesacoastgpm!ms is Hifepsng froml tbattqfrth,e siatsiachicsubsisates of he

pluraligy ot@rsﬁr‘!’éc‘f ﬁ%ﬁve chips, at the signal termnals and the

ground term na onded to e conductor in a face down way. Figure 4





