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 - W@%% Q41 6 coRBATLcal%n qﬁ?%ﬁﬁﬁa%xﬁfqﬂﬁ%#¢%ﬂ$z%ne%%h%®ﬁ¥@étlon in

two or re s stens di_f ferent frequenc
refers ¥ IB& formed on a %1ezgglectr1c 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.



bands with one unit. In such dual -type radi o comruni cat i€ofctoberi20®4 vari ous
ki nds of conponents can be used in commobn. 8 Cctober 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 devi ce capabl e of
copin with such a dual-type radi o conmuni cation unit, one in which a
pl ural%qcip’fﬁpl It Y acEOERBESH FlhEy &PEniGES oS MPE ettt ual |y different
frequency bands_is accommpdated in one package can, be_used., As a result of
this, GOECH TRELoD adBhst Fe HATRAGET d8 et o Hadih Shar £ bndy FBe8s,
expensive. In a surface gcguitic wave deyvi ce oga%naril% surroundi ng an
&cols mo of

area tHeteoh G-sUrTA iaé WAV (?Widp Siger ted, * di ng pads are

dispoggqngfﬁ §ggféy%g9ikpput signals and ground potential to IDTs from

ext erna por?lons, Or “éxtracting output signals. These bondi ng pads and

term nals ofesbe,! Alscace connected wth honding msee, 4P Lhg,gase of

accomodating a plura surface  ‘acoustic wave chi ps as such in one

package; {10 DEERAL eyS01-Eghked mult i Gl RACKAAS, L4 8L M HAks; of L hgy! DTs are
3 e of eac d Y,

connected to a bonding pad on one si chip. " Accordi ng

dependi ng; @R 1 PEGL LBNS.PEaLRE aleTNA $0fe t&&pigﬁerégfﬂéefﬂt hs of the

bondi ng-wires can be different. As a result of int case of

arranghi@uflly different frequency bands is accommodated 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



plurality of IDTs along a main propagation direction of surface acoustic
waves such as in particular in a |ongitudinal node-coupl ed resonant
filter, an influence of a capacitance conponent parasitic on the bonding
wire and an inductance conponent is different for each ID -olaﬁg%b%xmit 8
October 2004 3 is likely to cause difficulty in adjusting frequency
characteristics. Further, when the bondying-wi re goes over the |DT,

el ectromagnetic coupling tends to occur between the bonding-wire and the

| DT. Sunmies Y1 i0feThecd nyandd o fhecpregeit Adyesting Fsegaentgd out for
inproving a surface acoustic wave device and has the follow ng objects.
(1) To prandme-tesigtiace acuusiHer WaNerdeHe & Rabihd+wi RACKRHE Nerdh a
mul ti-chip package. (2) To provide a surface acoustic wave devi ce having

| DTs( i nt erthedi 1T ,ale tacansducerdt iaf el iohartaatdr itsd i@scut Weaugden the
honopgeni zi ng parasite capacitance conponents and inductance conponents for

al | | DTs.bqm}inge-wirey emtd $ihgndlDTand noi se from m ngling due to

el ectromagneti c 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 pr Vpﬁéavaoguih§c§n§@8%§990 wave devi ce,

conprising a paekaoes £FQPrisidit folPase o4 PNEa NBhP BYET 8GErbheRgoL a
plurality of signal conductors and a ground conductor are
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



formed; and a plurality of surface acoustic wave chips disposed over the
base in a face down way, conprising a plurality of interdigital
transducers forned on one main surface of a piezoelectric substrate,
signal termnals disposed on opposing sides on the piezoe%e égkgr 5
substrate, wherein the plurality of signal conductors are elec oAl
Cct ober 2004 3a connected to the signal termnals of the plurality of
surface acoustic wave chips, the ground conductor is electrically
connected to the ground termnals of the plurality of surface acoustic
wave chips, and a plurality of portions of the ground conductor exi st

bet ween the adj acent signal conductor3a 4 8 Cctober 2004 In a surface
acoustic wave device of the present invention, power supply to and
extraction of output fromeach |[IDT termnal of nulti-chips nay be

i npl enented through a conductor on a base. Accordingly, the difference of
an i nfl ueerredied Heo paltass tgnahpeeinbmels cohporep buaabitheof | sidutzremce
conmponents due to locations of the IDIT termnals and an influence of

el ect r oneRFF el € HATE neh E%r behe g reyndt eendugtar resuptegtrigakly

mul ti - chi ackages can be manufactured with ease._ Further, on the base
signal c Ored o repoREr d t BeTRI DR L o F t Yho P EREMhI LY ephi PAF 5208 a

chip may be forped and op an arga be{mee .t hese adj acent signal conductors
part of acoustic wave chips, and a plurality of portions of “the

%y 8

ground conductor exist between the adjacent signal

conductors.



ground conductor may be forned. Thereby, since electromagnetic coupling
bet ween adj acent si.gnal conductors can be shielded by the ground conduct or
that is intervened therebetween, an influence of the el ectronagnetic
coupling between the signal conductor,can be alleviated. In ad%l ti 00% al |
of the IDTs may be disposed facing the ground conductor. Fhefs ﬁr é IDTs
can be prevented from being mngled with electrical signal and noi se.

| east one of surface acoustic wave chips may be constituted of a pIurallty
of surface acousti ca vavefddd trsustonnest€dddni @e cascale gpaseati on. At

| east one of surface acoustic wave chips can be constituted of a

| ongi t udiinatemuide:,c guptead ss1pflac & caGous taxtt ramniere |l cefirenitpuik | fagh tasdimal
node- coupl ed surface acoustic wave 8 COctober 2004 5 resonant filter, one
exanpl e tH8F dofrmina horfratd bt corsips mad boyimplangiiped atiptomghi ay of | DTs
and reflectors disposed at both ends sandw ching these IDTs in rows along
a direct |Q911Q’3#C PF opagatbane of Asaprdérgabousbic ddies emeea qff ervel ectric
substrate. aresult of this, |n additjon to a fundanmental = wave of
surface alébﬂé%eil}:c%éiﬁ%st % Rt SroeRPa Rt e c%emwe%&% rakdeheAs a

resul t of t a filter of a broader band , can obt ai ned. When pounti ng

this |ondi t;‘f"aﬂ R e el© %ﬁ:ib’t%??c e r Edbnke prindls

nU|t'-ChEﬁki%§Cor ﬁé@tg¥3electromagnetlc coupling can be

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



present invention, fluctuation of value of parasite capadbdterecead val ue
-of inductance of each IDT can be alleviated. As a result of this, surface
acoustic waves of higher node can be efficiently extracted: In a surface
acoustic wave device of the present invention, an external selection
circuit may be disposed to supply ishput signal selectively to any one of a
plurality of surface acoustic wave chips, resulting in constituting a

filtepeckBatneamine oW tihed x MPRAGAHd b Char aci 6Fhsl 1 $ScOhsaiphesael ectric
substrate of at |east one chip of surface acoustic wave chips my be

di ff epgntarfreemitiata @l watdlert v wf aoer acousttef Weweor € hilpspo¥etihaut
restricting to the propagation characteristics of the substrate, thickness
of el pethodads R@edsiaing ofisdsd U s i erdwd afotdpea eieedcodenf biiger s
(including conposition or |ayer structure), or duty ratio (width of an
el ect padeakganden/ difstanck detavenscentwease of ol @cpiodeeBeCrtradber 2004 6
fingers) of the electrode fingers can be nade different from those of
ot her ssisfraee eacolst ac re@wd tchifpLhisn ext exdwhlt idimensionfwidameheast one
chip of the surface acoustic wave chips may be different fromthat of
ot her welviepo.f Bverfelng adwushi psvaees bea di stheygurstedtheraofegsa. beere, by
desi gning the piezoelectric substrates to the m ni num di nensi on requi red by
each fiMto@cted.onhsost rgs@ilt of this, a filter of a broader band
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 acoustic 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



| irght wei ght can be realized. Wen, as the external dimessheBbertdvogknesses
of the piezoelectric substrates are differentiated according to the Kkinds
of the surface acoustic wave chips, the surface acoustic wave chips can be
conveniently distinguished with ease during and after nounting of the
chips. It is preferable for the différence of the thicknesses of the
substrates to be 20 gmor nore for easy distinction. In nounting the chips

on a patkags:sit her dHdSe Ladk Pede MPUNGSEs | FaRr ger mabtiet Riiekaesst f kepmone t hat
is thininits substrate thickness. Thereby, a nmounting tool and a surface

acoust ithosy & £ b thenns hef e eveddesk f ¢ omvat erfipsing with- each other,
resulting in easy nounting. Wen a thickness of a piezoelectric substrate
of at | east ronextemall Sidracomcofisdt Clawye ohepship sBdehedi fferent
fromthat of other surface acoustic wave chips, according to bandw dth and
ri se transidaconochastact erasd i clsips equy rieed ddf fehentespent ktietsutf ace
acoustic wave elenents, the piezoelectric substrates of optinum
t hi cknesdesr canibe. OhedekSur ftace groyghness nd diseangsisiedtevofhat | east
one 8 Cctober 2004 7 chip of the surface acoustic wave chips can be made
z'i-Ef @asgw. fheom,t ot defs igtiery i ichmaiebytrihesehipsattan be the
di stingui shed with ease. Brief Description of the Draw ngs
minimum dimension required by each filter, low cost and
lightweight can be realized.

When, as the external 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 #m or more 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



Fig. 1 is an expl oded perspective view show ng a surface @aowstio4wave

-devi ce invol ving one enbodi nent of the present invention. Fig. 2 is a
cross-section showi ng a surface acoustic wave device invol ving one

enbodi nent of the present invention. Fig. 3Ais a plan view show ng a
conductor formation surface of a base of a surface acoustic wave device

i nvol ving one enbodi nent of the present invention. Fig. 3Bis a plan view
show pg;igncel ectr ede shoemaldRn t isunface @fisdirédaceracaugti €: waveeahi p

i nvol ving one enbodi nent of the present invention. Fig. 4 is a perspective
Vi ew geemnghatSurf acecaceustdst. WwavecHgYi ¢dd Glpd nghrons: enbodi nent of the
present invention froma rear surface of a package with the surface
acousglietiwave sehizpsrishoedseut . Fig. 57, and Fig. 5B are plan views show ng
conductor formation surfaces of bases of surface acoustic wave devices of
one enbodi nment of the present invention. Fic. w, is a plan view show ng an
el ectrode formation surface c= a surface acoustlc wave chip involving one
enbodi ment of the pReserft Henmenipiion G f pegspective view showi ng a
surface acoustic wave device |nvoIV|ng one enbodlnent of the present
invention. §iGct chbers 2004xplddayl Bispeciperspecewvehevencshow ng nounti ng

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



present invention. Fig. 9 is a block diagram of a radi ogcosipagri2gesi on unit
i‘nvol vi ng one enbodi nent of the present invention. Description of the
Preferred Enbodiments In the foll ow ng, enbodi nents of the present
invention wll be explained with reference to the drawi ngs. (Enbodi nent 1)
Fig. 1 is an expl oded perspective vi &w showing a surface acoustic wave
device 1 involving a first enbodi nent of the present invention. In this
enbodi ment, @igurBade aapewspiectware vdew cthdwirsy constting gur@sess

dual -filter having two filters of a | ower band-pass filter and a higher
band- pdssehiildoeruchs rskbvmpsi drviily ifniggumes dmimodiméacecficost i ¢ wave
chips 10 and 20 are accommpbdat ed i nsi de of a package 30 of an external
shape pfesecttanguwesnt ipar.al | el epi ped. Here, the surface acoustic wave chips
10 and 20 constitute a |lower band-pass filter and a hi gher band-pass
filter, respé&dugi.vél ys A packigei3@rag cuhposeiicl eomageRi GALiam exier nal
circunference 32 and a cap 33 constituting a bottom a sidewall and an
upper phatodvings paet iepslodinFnd ses & lee prgrerikt BRH@NtEPReunf erence 32 and
the 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 Cctober 2004 9

sealed airtight within the pac%age 30. ,
m

In the following, 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



Fig. 2 is a cross-section showng a s-_=face acoustic \wygosgwvooe | shown
.in Fig. 1 with the cap 33 renoved. To the base 31 of ceram cs or plastics,
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 irected downwards. Term nals of the

| DTs are connected tc a conductor 40 fornmed on an upper surface of the base

31 tth%gQBeFQEQE ﬁ% Wikl s flié%égg nyinting, gold is used for the bunp

ng afl's t'0 connec of " ultra-sound. Here, solder also

Ca” be usedp %@I gt eLi .c%stsh%e@m 3%hoi$g gaforgd_tkc_we %%a&ﬁf@nect ed to

el ectrical eading to a rear surface the base 31 through

throanVQOHQ%lthq @%fownl SanfFltr_f'e Presenteigihodi rent. ar & shown in Figs.  3A
and 3B and Fig. 4. Is a plan view showng a conductor formation

surface the*reoehteh%a%%n@ch AL i ddher hasesdiled s diy nBgkeFhg 3B is a

pl an view that shows an electrode formation surface thereon el ectrodes of

the sgitaghredepust 3o vavedtHds . ane 20 camRsformgd.tted Gurkdde a
perspective view seeing the package 30 therein the surface acoustic wave

chi psa&Buand c2Qadke dhiges N afrell 40 afta fieaitegurfacea thermot ivht h the
chips 10 and 20 stood out. F-g. 4 shows an overturned state of Fig. 3A and

obt ai pedfhye spaDIGSi itk 9.didA &l HahsAiceds) stiovredh & gsctddt hrough

4, the base 31 is a rectangular plate. The base 31 is conpose- of ceramcs

or downwards.

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



8 Cctober 2004 10 plastics. Here, the base 31 is provi dadctobdri2004

t hrough-holes at four corners and at a center of each side. In the

nei ghbor hood of a center of a surface thereon chips are nounted of the
base 31 a conductor 40 consisting of a layer of netallic conductor is
formed. The conductor 40 is constituged of signal conductors 41 to 44 and
a ground conductor 45. The signal conductors 41 and 42 are conductor of

I nput %g@@kcfsqr hOput ting si ggaﬁ,i@ngrab@dé@jgngkh ;&%@u%omé% and 44

are co ctor of output signal for “outputting signals. These conductors 41

to 45 arercanPesedeQf ahRe-sane dayer eachQihey; and are separated
insulated in the plain through slits 46A through 46D where the conductor

is not formed, The $kgfRbocABAUCLEr & 4bnitlRrOueh A4 @ dOriRd-«dn four
corners of the entire Conductor 40. The ground conductor 45 is forned in

cross apdpRaktret ARfieREd ©rdisROIRGd eV eRREudRIMesm ddres Bdgited of
conductors 41 through 44. Thus, on areas between the signal conductors 41

t hrough 44yeirhe foneund 1 icorducien AdS iexifsiisedlhemahy corfiiticsiognalo denduct or s
41 througﬁ 44 are shielded fromeach other. As a result of this, signals
on thecsngrak @dWwdt eigndl Humlighods arie tor eendredl a fgoommd ngl i ng each
ot her. The signal conductors 41 through 44 are electrically connected to
conductensivicfored 5i.n Theosdgbrhal esnduthowsr kAg ardl7 A2 gl tor
respectively. To the ground conductor 45,

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.



wi'ring 47E through 47H are connected. The wiring 47E t hisgahgbber&DBdar e

-el ectrically connected to Lire conductors fornmed in the through-holes,
respectively. 8 Cctober 2004 11 As shown in Figs. 1 through 4, he surface
acoustic wave chips 10 and 20 are di sposed on he base 31 so' that each one
side thereof is in approxinmate paraliliel with the other. These surface
acoustic wave chips 10 and 20 constitute a |ower band-pass filter and a

hi gher Nand-pass, diid ti‘?{’Fid]?.SpF_CEIixﬁ/@JuXh dhe- ovenrband- passsfiktter is

constituted by connecting ongi tudi nal node-coupl ed surface acoustic wave

resongiifve fdligs sidlarhd 2248 @i sg858dec€onpeckhan. 3 sbhenat herchand,
t he hi gher band-pass filter is constituted by connecting | ongitudinal

node- el £itH S U &E€o BCDISTh CappvexiRso8ant =t i bterstBltaadoRBeirn a cascade
connection. Here, in the |ongitudinal nmode- coupl ed surface acoustic wave
resonaMedd |4 ef sadd adwhidRicthsaee tPiparesasrdngedcbAstiowiei B a
propagation direction of surface acoustic waves and at both ends of the
row r éfdvest dssnd@¥eask spobedrt andoashithée cantihpaesl BIlserycture. In the
| ongi t udi nal node-coupl ed surface acoustic wave resonant filters 21 and
22, senepddiiveate.arranged in rows in a propagation direction of surface
acoustic waves and at the both ends of the row reflectors are disposed to
constitute d'seveewéDbatdtpsaselfilbherhes cespedititedsbyf acenactasyi c wave
chips 10 and 20, these |IDTs

longitudinal mode-coupled surface accustic wave resonant

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 filiters 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



are di sposed so that main propagation directions of suriaB&che@008ti c waves
are in parallel with each other. To the |ongitudi nal node-coupl ed surface
acoustic wave resonant filters 11 and 12, signal termnals 13 and 14 are
connected, respectively, and to both around termnals 15 are connected. To
t he | ongi tudi nal node-coupl ed surfack acoustic 8 Cctober 2004 12 wave
resonant filters 21 and 22, signal termnals 23 a-_ 24 are connected,

respectivel ¥esaRdntorhotBrar oundntenni nalign2h are comeci®ed- Heze, si gnal
termnals 13 and 23 are s-oral termnals for inputting signals and signal

term nats aBfned4eal erskghakivenid, nalnsl frer bathpuitdurgd sigmadrsz - Shes si gnal
termnals 13 and 23 and signal termnals 7-4 and 24 are disposed so as to
| i ne oAr&éweonppesiedy shdes, ofighle basmililsraespeet @8 wrearsramgsnent of
the signal termnals 13 and 23 and arrangenent of signal termnals 14 and
24 bei ngrmbnappr dxirmaheupaiall elignBie terdrisiagrs ofrémpitaks ghalsnd3 and 23
or the termnals of output signals 14 and 24 of two chips are disposed to
be on pheasktdeighattheehasealds, frespediputdliyng sSheraby, connection with an
external selection circuit can be inplenented with ease. \Wen connecting
these filter%hensigniadl teirtthnalehd 3 package arg trgriankl tofmimpig 54 gnal of
one filter and a termnal of output signal of the other filter are
di sposeddsgdasreo diispeserd slee asark diide ofn thee FaaROSIng ostdpmeet by a
the base 31, respectively, arrangement of the signal
terminals 13 and 23 and arrangement of signal terminals 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



conductor on the base 31. The surface acoustic wave chi g 0d&6bear2d020 are
-bonded on the base 31 in a face down way to nount. That is, the signal
termnals 13, 23, 14 and 24 of the surface acoustic wave chips 10 and 20
are connected to the signal conductors 41 through 44, respectively. Both
of the ground termni--s 15 and 251®f the surface acoustic wave chips 10
and 20 are connected to the ground conductor 45. All connection between

the sigpgl ,tgsmAal %ol§r ,23nal4rand i2h AN ounds B Getohar 2004 13
terminals 15 and 2E, and'the signal conductors 41 through 44 “and the

gr oungdngopHECHRbuMR corikiRierensed 4 QUGN mS @srob@th above. Here,
as shown in Fig. 4, all IDTs, that is, the |ongitudinal node-coupled

surf agenfgedsHi gpwae resonant filters 11, 12, 21 and 22, are forned
facing the ground conductor 45. That is, all the IDTs does not overlap

with the sihgral, eenduetersni¥ild 44 onla Wmne. cist aigesthdé of this,
el ectrical signals can be prevented frommngling with the respective
| DTs. 1bfigihesgniad adeBE digicry samf afe afoudthec signal resmduet ors 41

t hrough 44, between the signal conductor and the IDT facing to each other,
el ect falagmet i1d, d@yplZiingrec@l,s adig ebdingd tiwc sngnahe bgrogndi kel y to be
m ngl ed. The ground conductor 45 is forned in a cross on the base 31 so
t hat thedextemsiddns Thetedf, arélsahdwlItied doetsvest overlap with

the signal conductorsl41 to 44 on a plane. As a result of

this, électrical 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 conductorr45 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

of 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



t he adj acent signal conductors 41 to 44. Accordingly, i@ @ctoitdlpppode
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 of the other filter can be shiel ded
due to the ground conductor 45. As @@ result of this, an influence of

el ectromagneti c coupling between the conductor 40 to 44 can be alleviated

to resylteid g.surbace,acopstioavhyeydevicenohel.ow insertion loss. 'In a

surface acoustic wave device Involving“the present enbodinent, tw surface

acoustic wave-chipsndPyandneO,haybador! enghtydinak prdesGeyp! ¢ resonant
filters as such are bonded 8 COctober 2004 14 on the base 31 in a face down

way t . Joynt prAGRAT dhAgkYankBec¥akues 16hggapag nbaneR ARSI Iriamtt 0 each | DT
and inductance of the |ongitudinal-node resonant filter can be alleviated

in flugtuptioBanABeali@sulibtell thi $iuctuhtaes .acpyshi eewavesoaf thiigher node
can be efficiently extracted to result in a filter of w de band.

(Enbodéienic@) aEbgst iBAwandsbBrane ghkan moidewsash®s rg friesipeatliwel y st ates
of planes of base 31A and 31B of which conductors are nodified in their
shapesexThecbadeso3tAsand 3IhBashaowmeirn oft hagle fdagur.es constitute part of a
surface acoustic wave device involving a second enbodi nent of the present
i nvention, respectively.
{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



As shown in Fig. 5A, on the base 31A a conductor 40A c@r3disheérdPosf si gnal
conductors 41A to 44A and a ground .conductor 45A is formed. Here, w thout
showing wiring on the base 31A only conductor 40A is shown. As obvious
from conparison of Fig. 5A and Fig. 3A, in a ground conductor 45A, there
are rectangul ar 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

SUr f AGRALQUSLIG daue: U Sy 40 il 20a 68N DEALAL! 21 ¥ erdi gpOSEY Wi Lh al
| DTs, that is, the Iongltudlnal node- coupl ed surface acoustlc wave

resongnt Ard ter sdlreshdit 2ln pROP-R2ibACEH £9;LRergrpuURdngoRdyctor 45A. As
aresult of this, as identical with the first enbodinent, thé ground

conduct or 45 st eldar fteus)ngéirugilf@én@lgionb@thQ% 15, sode-cc fl ed

surface acoustic wave resonant filters 11, 12, 21 an"' 22 to result in

preve@mmeJﬁcjtm!%kﬁléﬂﬁﬁﬂ@@liﬁg@m£lh@ﬁ.than this being identical with the
first enbodi nent, explanation is omtted. As shown in Fig. 5B, on the base

31B squar ed 7si gitadwn cianduiog or’38 A1éh t ohd4baes e3ipr sgdasepasaggdlf rom each
ot her and on areas between the signal conductors 41B to 44B there is a
gr ounctccehduct-or 4BB.tdlet 4B tave fbthedt sshankngdwifi-ongeaeh bhiaekase 31B
only the conductor 40B is shown. In the signal conductors 41B to 44B, three
si des agfd @ st e lExtoeptn onlee sstlgnat ecadgacent st d 1BheoghaBndhelrect r ode
is 2 grcund conductorl45B. Here too, without showing wiring
on the.base 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 oI addition 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



45B, respectively. In other words, the circunferences o ddigverdognal
conductors 41B to 44B are al nost surrounded by the ground conductor 45B to
result in stronger prevention of mngling of external noise and signals
than the first enbodinent. Here, the ground conductor 45B can be
considered one that is fornmed by adggng four square conductors 451 to 454
cut by chain lines to a conductor of a cross. Az shown in Figs. 3B, 5A and

>B al ! houqh L hep of oyady s £0NGUCI £F oL 2, LROAMRALAL LY LILERY IS0 6 0SS, but a

little of e on-o e ¢ross can be allowabl e. The

wi dt hs -0f . Lhe vertj, é%g%go%?nﬁ%?&?'tor _u%%‘ngl €51 .??r%’{%én;t%)%@?% cross are

not required to be't nment I'n at i of a
surface acousti.c evhce, o 1 hi p -0 i i =coupl ed
resonant fil t%r%rg'i \s@aé%ogt %%%?1 5(}%% %g%@?rgﬁdg%gqg{%gﬁ%ofﬁg%i tugi nal
ode- Cagabgqef %%p%arltoqgfi'tlutcﬁlh%l' fHSROALd QN & bARE tacJesm @ WabEi - chip
package. g. 6 1s a pllan view show ng a5 DT structure as an exanple of a

| ongi t udispal FOd816UP! eflosUELaRB1BCOUSREI EoaY @ udiesanaidd-iddugfredor
exanpl e, the |ongitudi nal node-coupled surface acoustic wave resonant

filtergyrdadadededli Wakret B sdrii tdi il s hede- cauipt edasukfeseragoustic
wave resonant filters 11 and 12 of the surface acoustic wave chip 10 shown
in Fi g10381iteRike cmeciedlidd & oostade camecd ivivé oré 6nant

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



afilter. On one main surface of a piezoelectric substrat®@i&sbr20biive | DT 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 electrode fingers and the
_reflectors of these IDTs are conpoged of the sane netallic |ayer, for

i nstance, alloy strips mainly consisting of Al. Wth this constitution, the

| ongi tudi nal qf{ﬁ%egnc | ed ; surface; Qgsgaa E‘ﬁ%ee&%%@_%@lfe fei; I fIr <can
oéqe er ta

extract, t With the fundane wave of surface acoust’ic waves,

waves of ¢l ghery fﬁgﬂeazﬂ_ﬂf dhigd ondef-apdnbhft Biaeden, t@i@d'f(igfﬁr_%ctaz%s a
filter of Wi de band. The el ectrode fingers of the right-hand side of the

| DTs %%rﬂ{é%t\cé%i ¢ theodd GUE & 82 £8NBECERECHANCENMD Rt i vidlut si gnal
termnal 61. The elc%%\?ode fi nge?s of the Ioe?t- handes?)de olf the I DTs 51,

54 and 55 inf hed i g eensonngshed tReCEPPRACL @ e2imioElRUE3SI gnal
termnal 62. In addition, the electrode fingers o the IDTs 51, 54 and 55

on 8 QuQheth 2904k Ad thensd 0hs - haplatBdt berhigune ,and sheteledty.ode fingers
of the IDTs 52 and 53 on the left-hand side in the figure are connected to

grounchd ef @b Bt 63f tHE Dughb$7cheespagt siabye khiphe wriesemDdEnizodi nent ,
the ground termnnals 63 through 67 are fced as isolated termnals,
r especitore} Yean Ase adeestt édofithi sasby cheekgngusdngkeméhips Wiich IDT 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



wrong can be detected with ease. The ground term nals 68 Qdtébepgtd 67 can be
connected integrally on the chip. The ground termnals 63 through 67 can be
di sposed displaced froma direction of arrangenent of filters. Thereby,
bondi ng pads can be forned larger. As a result of this, the ground
termnals 63 through 67 and the groa®d conductor 45 can be connected with
hi gher reliability. (Enbodinent 4) Fig. 7 is a perspective view showi ng a

sur f age, jaaRUStd b s avee devbeei kel atddgot Smhhei boretihteghbodi frephiof the
present invention. As shown in the figure, on a base 31, two chips 71 and

72 of paldech J1 ezl estple, sehs ates Auebdhbsepent thickheiss blfi cknesses
are forned to constitute a surface acoustic wave device. Wth such a

const ia‘;jf{iﬂ&&ma_tﬁ@l§u3@aﬂﬂl,a¢:@x@sbﬁﬁp wave Ghi psuofx di f fmmentnahar agperi stics
can be formed in nulti-chip. As a method of nmounting such chips of

di fferei off ilcknessesist hesmmgnti ng nmethod shown in Fig. 8 is preferable.
That is, first a chip 71 of a substrate of a thinner thickness (for

i nstance 0. 3FmMtosl nblntes dHytipipadchhpt meahodowetrhaa £ochr80.

Thereafter, a chip 72 of a 8 Cctober 2004 18 thicker substrate (for

i nst angep e pagtisnnofinted. chipt hithe iteol 80 apf exadlpl @, shaApssare Au bunps
of a thickness of approximately 30 Urn, the chip size is 1nm X 1.5mm and
a tipalkmhed whehtaofhis angnwpccontacted therewith.

As a result of this, the chip can not be chipped off
due td a contact of ag 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 tool 80 has a tip end that can cover an entire upp@rOgiodri2004of the
.chip. The tool 80 of such a size is aligned with a chip and is contacted
therewith. As a result of this, the chip can not be chipped off due to a
contact of an edge of the tool. Force exerting on the chip is even to
result in even bunp connection. Thejé&u bunp of a dianmeter of 30 mused in
this enbodi nent, during connection, collapses to approximtely 20 gm

rere. 1hnendb! L %gggﬁeﬂft 'R SKAReREs ol SR Tadie DS S e

a thIC ness o 4 s “mount ed secon by f p nmethod and the

chi p géSERgﬁfgslﬁO%n?%hgg Ebﬁﬂﬁnf%g%fgﬁ;&Ef%“xgrﬁ%&béﬁsfkéﬁﬂ&kness of

0. 35mMnm ccordingly, 1n nounting the chip 72, even when 20 It m

of al 59%@@% Qinctll&%ﬂn chBess Rfut Mafinand all owance of bunps are
consi dered, the tool 80 and the chip 71 can be spaced with a sufficient

gap. ACCOVd'srlgh)éise‘!_%ﬁuhlﬂe@olt'?ltﬂ&ﬂ;ht% s8ed Lhi [ 72edyinpht Peghi p met hod,
the tip end of the tool 80 does not contact wth the previously nounted

chip ZhroAgna of espilex@fr tibics to the-duemi nisl yindunied £hé pihsuboéddamaged
in its connection. (Enmbodinent 5) Fig. 9 is a block diagram showi ng a

radi otG@HHgH GHP1QFicy LI\ midipdriding fitd embodéspatt dbet he present
i nvention. 8 Cctober 2004 19 1In this enbodi nent, a surface acoustic

W_;_- , freqievise bahdsassenrblred d inviang afhi DeeonmMi catien winjials -0 process
h IOoutputted by the receiying 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 to input into & 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.



signals including two frequency bands. Signals inputtedstduieneglzoan ant enna
110 are inputted through a duplexer 120 to a receiving line, and are
inputted through anplifiers 130 corresponding to the respective frequency
bands to a -receiving filter 140. Fromsignals outputted by the receiving
filter 140, signals of one frequencdf band are selected by a switch 150.
The selected signals are |lowered to an internedi ate frequency by a m xer
160 and i npurtedsuntaca acgnakipreeessaevice. iOvallvdngt lére hmemed=rtthe
signals outputted froma signal processor 180 are converted into signals
of trafhswehting chnebrmensydbysaandopl <k@d, 1i0gnal s of one frequency band
being selected by a swtch 200 to input into a transmtting filter 210.
The signals that are outputted fromthe transmtting filter 210 are

out putted through anplifiers 220 corresponding to the respective frequency
bands &fAthardopbedémen28)from an antenna 110. The switches 150 and 200 of
t he present enbodi nent constitute external selection circuits. Here,
osci | | ati on Eigraizenhapiatdcoprpsendd FWEmtd oyt HEY Z&SY3F <% i nput t ed
through a filter 240 or a filter 250 to mi xers 160 or 190. In_the present
enbodi fenthej aLpRengnGiemsst icgmedinessaivi A§ LPPCePS1A61a5d ¥Er&ndni tti ng
filter 210, signals of two frequency band%]are rocessed. Accordjngly, as
2 bandthBasangl Odr T SESRTHPHuSRSF Fandhe HF ST ac ST ¢ Yave

deVICecggO%g ggt%g%ég %%% %Eﬂﬁ_jﬂﬁﬂt %ie%%e%xﬁzﬂggé”§?’ﬁ%§% ied

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.



2C The surface acoustic wave device involving the presé@ctomareddion can be
"used as a dupl exer 120. (O her Enbodi nents) Enbodi nent of the present
invention is not restricted to the aforenentioned enbodi nents. As |ong as
being within the range of the technical idea of the present invention, it
can be extended and nodified. TheseZéxtended or nodified enbodinents are
al so included in the present invention. As exanples of extension and

modi fi cati oFprt hestheldeQwordg pdaz dea edteick {ubs ~Hrough $woh chspglare used to
constitute a surface acoustic wave device in the above enbodi nents, three
or noaad 6HiYpsfcarniNp®,used B6Yconglti buteX-1N2thiss cased.poprall of the IDTs
on the respective chips is preferable to face the ground conductor 45 on
the bGQaset?lasnd 4s.,BE.prenepppsioprdlat earmbridirse ifrroman nog | sygle&uether, on
t he area between signal conductors 41 to 44 on the base 31 part of the
ground condibct oExd8xrnglpsétesablfetheo cédipst arkfumneher rbrig e tdret si gnal
conductors 41 to 44, except for one side or one edge thereof, are
preferabl e #o Bé@isswassundedlivrad idtatel adjaeemt 1@ f herghbuhdngshduct or
415. (2) \Wen surface acoustic wave chips of characteristics different to
each Bthéd ffegandedidthe dagl asnidREdet hods can  be considered for
differentiating characteristics. a. Substrate material of a piezoelectric
substrate of-a toPfefriBEetPhEREERCTS Ikidd (§ FrEemehdcOrfFy eipr.

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.



characteristics required for the respective chips. 8 Cctgabgober@dd421 For
I nstance, o= piezoelectric subs:rates such as 41Y and 64Y of Li NbG3 and
36Y, 42Y and X-112Y of LiTaQ3, or quartz and Li2B405, an appropriate
conmbi nation can be selected. b. Exterpal sizes of the chips are male
different. In this case, a plurality of chips different length or
dlffere‘}\} atlSdlth n be used. c. Conformng to characteristics required to
each Chlb Pﬁln?: i8ss and material or the number of -aye-- is nmade

di f f er ehtA surtace Hreustictwaveateviwe ( vandirisingt el ectrode fi nger s/ pitch of

cur face. r oudAEase PPRETILE PSS b BRERaK e e Tty sl hae
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Fown veybs gl R MER ittt By Spporhy st B b S Rlec i ie, ik on one
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terminals of the plurality of surface acoustic wave chips, the ground conductor is electrically
connected to the ground terminals of the plurality of surface acoustic wave chips, and a plurality

of portions of the ground conductor exist between the adjacent signal conductors.

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

wherein the surface 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 the plurality of signal conductors are el ectric& Qgtolpa28éted to
the signal termnals of the plurality of surface acoustic wave chips, the
ground conductor is electrically connected to the ground term nals of the
plurality of surface acoustic wave chips, and a plurality of portions of
t he ground conductor exist between the adjacent signal conductors. 2. The

sur f acer apRUSidee YEYRIERALE BodBe 36 Lol B ddinfl a1 m L wherein the surface

acoustic wave chips are sposed jacent sides of the surface
acousti ¢ waherRing leastenraehip AEthg isyiage acopsiawave chins wRmPriges pdengituding

appr oxi gty piRPs Rt lact @ tig e @ nt. Wherein the signal termnals are
di sposed, so that rows of the signal term nals disposed on each opposing

side are approxinmately parallel to each other. 3. The surface acoustic wave

devi ce @STﬁ@;‘.urfa‘ééta'Eoué?cha@é@b@ice‘é@géﬁbﬁh t@aifti gnal conductors, except for

one side thereof, are surrounded adjacent to part of the ground conduct or.
4. The surf aeereibRjepgitidingl wodegpurledisuriase acavstis Wave dlemment compriessei n at

| east papibrally dffiReQMUNFarRADEUE bPloisinkbQhaBY 10 a cross. 5. The surface

acoustic wave device as set forth in claim2: wherein all the interdigital
transducers are facing to the ground conductor. 6. The surface acoustic

vwave deyi e afias8lach @it havd deligs Bk det fwﬁﬁrrﬁemnﬂ furﬁ%?(coﬂﬁﬁ?lﬁég' p of the

surface acoustic wave chips conprises a plura e acoustic wave
el enents confA&xerd ﬁefaf?f@&s%fﬁk!ésWﬁfr&'ﬂp@rﬁ@@l%&ﬁ{%éﬁly fooe gi3he plureiity of

sur f aces ees 8l stivaude BRps.ce as set forth in claim1: wherein at |east one
chip of the surface acoustic wave chips conprises a |ongitudinal

node- coupl ed surface acoustic wave el enent. 8. The surface acoustic wave

devi ce @gs 'tf’rﬁetsufrﬁbé Bodutié Wal&tdvic\Be E&tirbrttinl @i 4 udi nal  mode- coupl ed surface
acoustic wave el enment conprises
wherein propagation characteristics of a piezoetectnc substrate of at least one chip of
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.



a plurality of interdigital transducers of the same shapectSherBbes surface
acoustic wave device as set forth in claim1l: further conprising, an
external selection circuit supplying input signals selectively to one of
the plurality of surface acoustic waves4chips. , 10. The surface acoustic
wave device as set forth in claim1l: wherein propagation characteristics of
a piezoelectric substrate of at |east one chip of the surface acoustic
wave chips is different fromthat of piezoelectric substrates of the other
sur f acelacthsssurtaceaveustiniwawe detice I eetdarth ioedaiscblist i ¢ wave device as set
forth in cl afrbin MARIALG & A RLAKAERR QbsPhESH EOHE OGRS RANGHELY! I N0
interdigital transducers o eas one chip o he”surface acoustic wave
chi ps i acalistid waenehips isifferent frofm thheaftthepiezddlendr substrates tof thetatingy sufacet her
surfac_ea&%?ﬁts‘;vg\gewse_ chips. 12. The surface acoustic wave device as set
forth in clarm 1: erein electrode finger material constituting

i nt er di tfi-t Bie surtace dgeustis walve devibeas setdorh inhilgm ©f t he surface acoustic wave
chips is dif t t] i I wave
chi p. 13, ThAER o0t Rhocs i Brbr bt SRR o3 bR A Bk one
wher ei nchip alithg sudadecacsbistisl waverahis i$ difigeant fromribat of the pigzdeieobiakupstratis of
transd r hip of the surface acoustic wave chips is

di ffergﬂr:lltS Oﬁeg%]uﬁcaetécgg%ﬁ@%ﬁ%' es'fi ngers constituting the other surface
acoustic wave chips. 14. The surface acoustic wave device as set forth in
claim11: wherein an external dinmension of at |east one chip of the surface
acoustic wave chips is different fromthat of the other surface acoustic
wave chips. 8 Cctober 2004 24 15. The surface acoustic wave device as set
forth in claim14: wherein a thickness of a piezoelectric substrate of at

| east one chip of the surface



acoustic wave chips is different fromthat of the piezoelectric subdibeabes
of the other surface acoustic wave chips. 16. The surface acoustic wave
device as set forth in claim1l: wherein Egrfaoe 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 surface acoustic wave chips. SURFACE ACOQUSTI C WAVE DEVI CE Abstract
of the Disclosure An obj t 1)V i is to provide a

filter that enables to ﬁgﬁiggé d&gmﬁﬁﬁg?gi'ﬁﬁ_ia? 8%ackage wi th ease and
that is of small size and nmulti-function or nulti-node. In a constitution
of the present inventionAastfiidt erf conpriseslaspaekage conprising a base
on one main surface thereof a conductor is forned, and a plurality of
surface acousticoRagetchifpsheonpessnhgiavpntrari iy ¢ Hustrecd it al
transducers fornmed on one nain surface of a piezoelectric substrate,

si gnal fétkfhalBali spabagsoitof AenH§acsinges ion ot e lpileLddifectadk@dsubst r at e,
and ground term nals disposed on the piezoelectric substrate. Here, the

pl ural i ¥ytPoe288r pREe tRASUdtS €tnale ldhispee andt He ldilgralndeam wal s and  the

ground termnals, is_bonded to the conductor in a face down way. Figure 4
multi-mode. 1In a constitution of the present invention, a

filter comprises a package cdmprising a base on ons main
surface thereof a conductor is formed, and a plurzlity of
surface acoustic wave chips comprising a plurality of
interdigital transducers formed on one main surface of a
piezoelectric substrate, signal terminals disposed on facing
sides on the piezoelectric substrate, and ground terminals
disposed on the piezoelectric substrate. Here, the plurality
of surface acoustic wave chips, at the signal terminals and
the ground terminals, is bonded to the conductor in a face

down way.

Figure 4



