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ACOUSTI C WAVE DEVI CE 5 Technical Field The present invention relates to a
surface acoustic wave device to be used as a part of resonat
resonator-formfilters, and oscillators used in snmall nobil eimm'm'm]mm”m
machi nes, and nmore particularly, 10 to a surface acoustic wave dgyjce
inproved in sealing structure. Background Art A surface acoustlc wave
device (also referred to as a "SAWfilter"d, whi ch |s to be used as a part
of 15 resonators, resonator-formfilters, and oscilla

el ectrodes formed on a piezoel ectric substrate. Si nce the surfaHHmﬂw mﬂﬁm
wave device is small and light, ik BEs$S UiRabl® ¥oP Nise i n nobil

comuni cati on nmachi nes such as cellular phones. 20 In this field, tdvaoz+

wei ght of the surface acoustic wave device is limted depending upon the

el ectronic device to be applied. Therefore, it _has been demanded to not
onl'y inprove the perfor manceSBRFAGESACPEEHEE WAYESDEY I&4Rd cost. 25 The
techni ques contributing to cost reduction have been described in

Donesti c-republication of PCT International Patent Publication No. 97/ 02596
and Jpn. ¢ 2 Pat. Appln. KOKAI Nosrec]horfizcza7l63Ff‘enPd 10- 64511.

The present invention relates to a surface
acoustic wave device to be used as a part of rescnators
resonator-form filters, and oscillators used in small
mobile communication machines, and more particularly,

10 to a surface acoustic wave device improved in sealing
structure.

Background Art

A surface acoustic wave device (also referred to
as a "SAW filter"), which is to be used as a part of

15 resonators, resonator-form filters, and oscillators,
has comb-like electrodes formed on a piezoelectric
substrate. Since the surface acoustic wave device is
small and light, it is suitable for use in mobile
communication machines such as cellular phones.

20 In this field, the weight of the surface acoustic
wave device is limited depending upon the electronic
device to be applied. Therefore, it has been demanded
to not only improve the performance but also reduce the
size and cost.

25 . The techniques contributing to cost reduction have
been described in Domestic-republication of PCT

International Patent Publication No. 97/02596 and Jpn.



In the nethods proposed in these docunents, a surface acoustic wave el enent
i s -bonded facedown onto a flat-plate substrate and fixed and covered with a
5 resin. In this technique, to prevent the resin fromgoing into the vacant
portion between a functioning portion (an inter digital transducer portion)
of the surface acoustic wave elenment and the fl at-plate substrate on which
the surface acoustic wave elenent is 10 to be fixed, the junction between
the flat-plate substrate and the resin is4provided outside the outer

peri phery of the surface acoustic wave el enent, thereby ensuring a relative
| arger area. FIGS. 11 and 12 show sectional structures of 15 conventi onal
surface acoustPatwaleprdevi KeKAIRIber ehBe2AidfBr ahd300déAbflés a fl at surface
substrate. Awring pattern is forned on the upper surface of the
flat-plate substratén3©hanmeébﬁdécpééppéeﬁhénuﬁgeﬁbyﬁ@gum@@¢spa@tern etc.,
via a through-hole 20 31. A surface acoustic elenent 40 is arranged above
the upper surfaegeliafet pecrphicprave sLpRerht és3bonpdegafarrepwnoopie apper

surface. The surface.acoustjc. deyice el ement 40 has a functionin ortion
(inter digital t7hrEUAESr SPBFEFORS 429 GARER PBIY GPKEASBNVAthsa © ©

i ezoel ectric rate, functionjn ortion 41 i.s arranged._so as to
Pace thggupperéggi%ace?%fggﬁg #Fé@ngﬁg?g ESbEFFXFQ 3636 t§s %vgggﬂt portion

50 is prOVidedg@%ﬁﬁf?ﬂt&h@hQPQQEggFS$h§%ESE BbcllensUr LapeagayaL] © e ement

40 and the fla e substrate IS IS because € surfacé dcoustic

wave el ement 4Q,bhasoa Raﬂcaheeéld§gEEagekkxnehuEE§n§§%§&%gg.%fS%ﬁéace

acoustic wave and therefore the opposed surfaces ca in contact with

each other. Thghetgare, atbesbondiyagePalEmehtt BRJORPRRS2d asuLfiages of the
surface acoustic wave el enent 40 and the flat-plate substrate 30 are

electrically l18ubsbpetéednbyhireAanshef saefduet bveubiips waleardedéntThe
vacant portion 50 is required to maintain airtight. Therefore, the surface
acoust iXOwave tbehenfir@d; stbevgnedtwbnhhbativardenhrgfiesi-plae The
hardening resin 60 is brought into contact with the upper outer 15

peri pheral surfuegtsptenang| sheprasénsibspravéded potmadst &he ohgevacant
portion 50 airtight, A conventional device shown in FIG 12 is an exanple
enpl oyi ng a coRBF1PBerH BfatBeofUrhacRaprGeHShRdCr UaVE 6deRERLt 0fBETERYVe. 20

In such an el ectronic part Sdgvice&, t he
ensuring a relatlve arger area.

FIGS. 11 and 12 show sectional structures of
15 conventional surface acoustic wave devices.

Reference numeral 30 denotes a flat surface
substrate. A wiring pattern is formed on the upper
surface of the flat-plate substrate 30 and connected to
the underlying lead pattern etc., via a through-hole

20 31. A surface acoustic element 40 is arranged above
the upper surface of the flat-plate substrate 30 in
parallel to the upper surface. The surface acoustic
device element 40 has a functioning portion (inter
digital transducer portion) 41, which is formed on a

25 piezoelectric substrate. The functioning portion 41 is
arranged so as to face the upper surface of the flat-

plate substrate 30.



ai.rtightness of the vagant portion 50 varies dependi ng upon the wdth (LI)
of .the joint portion 80 between the flat-plate substrate 30 and the resin
60 (or the cover 70). This is because the npisture goes into and cones 25
out of the vacant portion 50 by diffusion fromand to the outside primarily
through the interface between the flat-plate substrate 30 and the resin 60
(or the cover 4 70) rather than through the flat-plate substrate 30 and

t hrough the resin 60 (or the cover 70). Thérefore, to inprove the
airtightness of the vacant portion 50, it is conceivable to increase the
joint length between the 5 flat-plate substrate 30 and the resin 60. On the
other hand, it has Be&®adedi ek ttiomi 30 at urpreviadeld | hgbwveant hkeeel ect roni c
part (device) of this type. Wien the joint length is reduced, that is, the
| ength of the PRPESREcEUSE GRS jodi ithdrutinre Admiseiducetemene 40 and
airtightness deteriorates. To conpensate for the airtightness, it may be
concei vabl e to%?o?&&é'@@r@t SCRSF Aty el0 + o Thes fim e ooy soetion 41 of

t he acoustic surfgce wave el ement. However, the protection |ayer, if

nt .
provi ded, wi || SHEGP&Ge BCERESHHGp &A% £IGMaHe 4% T erent U@l ¢t ease t he
nunber of manuf rin teps, raisi.ng the cost. D sclosure of Invention In
vi ew of %he ci P%&héﬂrgﬁgé)?, %%ﬁngﬁ]lé%t”& d R rESe eI et i WV E 2R provi de
a surface acoust.i devi tured at |.ow cost and_ capabl e of
further being }S—L‘%%ge \éi%n%gﬁezg)\bg(r?%’ear&%grﬂfl%ncgessa5} Bt v A T gRt hess of

the vacant porieR. ofenabhdia? t heaf,u&mnt ic]:ce}{\}a:acbo%qg%, é@g_&ge ent

. . ) e
I nventi on provi des a surface acoustic wave ce rrsin surface

acoustic wave ebpaBEH LArFR¢Rf & RiRZQR]AGIId Cac%li’s%irflt&axr@véf&n%}bst Cate

functioning portion on one of the surfaces thereof; a flat-plate

5 having a surfacendr taRg€d a30pAS tled SiAdEd M@ SIy face onvhichine
functioning portion of the surface acoustic wave elenent 1s forned, with a

vacant borti oncbnhecpesesybeicseen dfhesidiaces miMbhai ntha@ $pnding 5 pad
whi ch is connected to a bonding pad of the surface acoustic wave el enent,
the flat-plate subsffhat altantngcartiong ¥ des dfeqiimadrtd assinea st epped
portion formed on an edge of the flat plate substrate and having a
difference in Reér§hohtromlhegedoriracehsf surd anehstaats;id Ovawe @l aover i ng
menber integrally covering the surface of the stepped portion and the outer
surface of the?8utfaeVaEsdstitdhnay&agidandmo &ies idoiatei diThe therdarsipped

ortion to ensure.the airtightness ,of the vacant portion.
P resin %O is E%oug%% into contact wf%h the upper outer

15 = peripheral surface of the flat-plate substrate 30 to
maintain the vacant portion 50 airtight.

A conventional device shown in FIG. 12 is an
example employing a cover 70 in place of the hardening
resin 60 mentioned above.

20 In such an electronic part (device), the
airtightness of the vacant portion 50 varies depending
upon the width (Ll1) of the joint portion 80 between the
flat-plate substrate 30 and the resin 60 (or the cover
70) . This is because the moisture goes into and comes

25 out of the vacant portion 50 by diffusion from and to
the outside primarily through the interface between the

flat-plate substrate 30 and the resin 60 (or the cover



15 By virtue of these features, the size of the substrate can be reduced

w t hout reducing the length of the interface between the flat-plate
substrate and the resin and w thout increasing the nunber of manufacturing
steps. Hence, an electronic part can be 20 mniaturized at |ow cost, while
mai ntai ning sufficient airtightness. Brief Description of Drawings FIG 1A
is a sectional view showing a structure according to an enbodi nent of the
present invention; 25 FIG 1B i's an enlarded sectional view, partially cut
away fromFIG |A FIG 1Cis a nodified exanple of the parti al 6
structure shown in FIG 1B; FIG 1D is another nodified exanple of the
partial structidle sioweribh@ Ghidugkl Ghe2filstappbar substahta SOr hade
acoustic wave 5 device according to the present invention, as viewed from
the back surfdderoydls thejseaineedi daul tgiﬂeﬂpvjferam@ndi Ayepadopert ton of a
surface acoustjc wave device according to the present invention; 10 FIG 4
is a sectionallMREWShoWe iyt atsghteesfeChcEbrdVaGans BesthAen &fpoditnent of
the present inyvention;, Fl is,a sectional VieM/shomﬁn%Oa structure

5
accordi ng to anotH&re %eht LRCYRRSHr ERBNIC1BL| APBATIORStIEEN Shes a
sectional vie how a structure cordi to_anot her enbodi nent of the
present%l nven}t,\ﬁ];%t:_ff—'?%e f?]%sgr%é%ts nﬁ?gvpgﬁ/ §ﬁ8\31\11n38a structure 20
according to anot her e dipent of the.present invention;, FIG 8 is a
sectional view shovélsrrllg{rggs ?ﬁ% uﬁ%ng(:cégdﬁﬁﬁ FSegn fér Ent5Sdi ment of the

present inventjg iiéﬁﬁiééiﬁﬁhi?i€?§§ﬁt%Rga£l¥%€¥6§98r%ggta(%%%ﬁ%% &gﬁ is a

accor di ng to anot nmen e present | nventron,

sect i onal viewg§ﬂ9w$f@ba SHRASE L& fggggd'gg?£g ggo%?ghcggbOng%ngsof t he

present invention; G 10B is a sectional vfew parily cut’'away from5 FIG
10A; the length of the interface of the joint portion is
10 reduced, the airtightness deteriorates. To compensate

for the airtightness, it may be conceivable to provide
a protection layer to the functioning section 41 of the
acoustic surface wave element. However, the protection
layer, if provided, will degrade the properties of the
15 element and increase the number of manufacturing steps,
raising the cost.
Disclosure of Invention
In view of the circumstances, an object of the
present invention is to provide a surface acoustic wave
20 device manufactured at low cost and capable of further
being reduced in size and attaining satisfactory
airtightness of the vacant portion.
To attain the aforementioned object, the present
invention provides a surface acoustic wave device
25 comprising a surface acoustic wave element formed of a
piezoelectric substrate having a functioning portion on

one of the surfaces thereof; a flat-plate substrate



FIG 11 is a sectional .view showi ng the structure of a conventional surface
acoustic wave device; and FIG 12 is a sectional view show ng the structure
of a conventional surface acoustic wave device. 10 Best Mde for Carrying
Qut of the Invention Now, enbodinents of the present invention will be
explained with reference to the acconpanying drawings. FIG 1 is an

enbodi nent of the present invention. Reference nuneral 100 denotes a
flat-plate substrate. 15 On the upper surface of the flat-plate substrate
100, a wiring pattern is formed which is connected via a through-hole 101
to a lead pattern fornmed on the | ower surface thereof. Above the upper
surface of theh3VaRpl atsusfipser arsanged gosast &ce fassudtiec swafaasl @rent 40
20 is arranged inp parallel to the upper surface. The surface acoustic wave
el ement 40 hasVRlFuntR? oRPAGEpBPRELNENPREREER Ofgithel strdmsduesoyssii on) 41
formed on a piezoelectric substrate. The functioning portion 41 is arranged
so as to face Y%%eu%ﬁ%WeEEr%5cé°6?eghewéﬁhfPaﬁﬁﬁﬁéﬁeF§HH§#the 100. The

connection is made by sych an arr enent.. Such a connection is called as a
flip chip or fHUCHORRCEAnHEEEPER. ChegoREF2CRAY AOA P 56 i% Hersinded
be;aegn15hgrop osedh $ fn e f tge surface a ogstiL wav. IIenent 40 and

t he fIat-platégsubstrg%e§§0§9g? Fsegs% egaﬁgggﬁﬁg.86€0§5§€§ﬁ¢%ﬂﬁ£?%ﬁ t he
flat-plate SUb§é6@§€i&09aﬁeaQ§ ﬁQﬁﬁSUEBEC%lé%Qgigk% @%%%e%a%%fﬁhvi% cannot
be brought in contact wt eacﬁ ot hér "SInCe the Surface dacousti & Wwave

el ement 40 hasy a1 §46CEL QBab£PEORR bY QEsE“aQSEE%Fb%@ @o%%&%%g%c&ﬁgkﬁtic

wave. The bondi ng pads on the opposed surface the 10 surface acoustic

wave el ement 4&18&@_édﬂ'@efbﬁttﬁéaﬁfﬁaﬁugibﬁzét aubaQ rake %ln%cwaivqﬂdb% connect ed
by neans of conductive bunps 51 and 52. As the material of the bunps 51 and

52, cold or sidv¥eferéndéedn EbeghtodesmataeCenreaicad drhiolgh e weps by
transmtting an 15 ultrasonic wave to the side of the surface acoustic wave

el ementl0 The bamgpsa 5dcesdihgd merbpesihiegedlhet weer riviquahcbendimgepads of
t he opposed surfaces of the acoustic wave elenent 40 and the flat-plate
substrate 100.0R0tMé¢rs$hgpipedppontédnoantihéhtl attplratse rdalost reft & hk00.
Further, the printed wiring is electrically led to the rear surface side of
the flat-pl at eS$UHREP aR@OuBDiBywAMG 6femRnSughdheldrnedntiact $he21, 121. On
the rear surface of the flat-plate substrate 100, term nal 25 el ectrodes
131, 132 are fOFrHRREIFIPYEFHOBr LAl BRPHEM bRepattéiahpress vd. thee

t hrough-hol e contacts |2 122 are connected to the termnal el ectrodes 131
and 132, 9 r%%%%%?i@%Fé?o?hrough whi ch an input signal is supplied, earth

pOSTI L2 15910 b9 ROSHLATES! SOLIG BRLLOR.OT oo Ul she ggoust [ veve

substrate can be reduced without reducing the length of
the interface between the flat-plate substrate and the
resin and without increasing the number of
manufacturing steps. Hence, an electronic part can be

20 miniaturized at low cost while maintaining sufficient
airtightness.

Brief Description of Drawings
FIG. 1A is a sectional view showing a structure

according to an embodiment of the present invention;

25 FIG. 1B is an enlarged sectional view, partially

cut away from FIG. 1A;

FIG. 1C is a modified example of the partial



5-functioning portion. ,The through-hole contacts 121 and 122 are arranged
at -l east inside a stepped portion (projecting potion) 111 described | ater,
thereby contributing to mniaturization of the surface acoustic wave
device. 10 The vacant portion 50 nmentioned above nust be nmaintained
airtight. The surface acoustic wave elenent 40 is covered with a hardening
resin 60. The hardening resin 60 and the outer peripheral upper surface of
the flat-plate substrate 100 are connectedto each other, 15 thereby
ensuring the airtightness of the vacant portion 50. In the present
invention, in the outer periphery of the flat-plate substrate 100, the

st epped porti odtfpebpeet shgwpoiti d35-114Bsi s formed, which projects 20
upward | eading to a_higher portion. Since the stepped portion 111 is

provi ded around t heFffFat 1P dte asghderarwditfied arpmrld ahehaterfticsl

bet ween the hardening resin 60 and_the flat-plate substrate 100 can be

i ncreased in tRBrAEbUEEi ENRMPel8uFTSce 1B6vi ce of the 25 present invention.

More specifically, %f thg Lengﬁh of the contact interface is 0.4 nm or
less, noisture is | FkEFy4td5S 2 PFagntdre¥ Kdwev T 5are MEOEHEHRIi WA , as

h in FIGS. ;1B.to 1D if th 1 ni |1 thick of, the end
:u?rgc;q%f thedﬁg?agn?ﬁsogéggﬂléﬁ Fgﬁnb%égﬁaﬁﬁiﬂﬁ?W%ﬁﬂggﬁzﬂﬁi%ﬂﬁ*ace

acoustic wave §£$ﬂfﬁée48a kandrtfhe end surface of the substrate 100) is 0.4

mm the length o har enFHg P&Sin 60 in contact with the substrate can

o ner Srant oY, 2ol e e o3t SREHLAGEL R (L1 el o
portion of a surface acoustic wave device according to
the present invention;

10 FIG. 4 is a sectional view showing a structure
according to another embodiment of the present
invention;

FIG. 5 is a sectional view showing a structure
according to another embodiment of the presént

15 invention;

FIG. 6 is a sectional view showing a structure
according to another embodiment of the present
invention;

FIG. 7 is a sectional view showing a structure

20 according to another embodiment of the present
invention;

FIG. 8 is a sectional view showing a structure
according to another embodiment of the present
invention;

25 FIG. 9 is a sectional view showing a structure
according to another embodiment of the present

invention;



10 100. Because of the,structural feature, it is possible to increase the
ef fect of preventing noisture fromgoing into the vacant portion 50 from
the outside. In other words, the airtightness of the vacant portion can be
i mproved. 15 If the airtightness of the vacant portion 50 is insufficient
and thus noisture enters fromthe outside, an alumnumfilmused as the

el ectrode of the surface acoustic wave el enent 40 reacts wth a gold bunp
of the electrode portion to give rise to cbrrosion, |eading to 20
deterioration of durability and performance of the device. As described in
t he above, since the airtightness of the vacant portion 50 can be
satisfactorily mai nfdGned 0An itshe dedideorsfl thHewrssening nrvest rooture i s
possible to prevent the deterioration 25 of durability and performance of
the devi ce. NoRFCPKELIRPe§ReRdpthand savasidyrad thyp it Hhas mfemantacousti ¢ wave
devi ce accordingato the present invention 11 and the size of individual

portions of thelYEPEE8NI || be explained. The surface acoustic wave device
of the present invegﬁionli%Fapplied to a portion into which a signal 5
wi thin a radio-freqgliéficy 1CRF) Sh&nF St It Ry Fier#Ea v L E0M ddl e

frequency IS iEEgt-16§¢ surface acoustic wave device of the present
invention has a“Size ' of 3 x 3 mMmmor less, about 2.5 Mmx 2.0 mMmor 2.0 X

portion 113 formed ERGroi &Ra % 4 SSORCIRL A (TS Tl Beri fg" FEEP T i s

portion 111 formed therein and in

about 0.4 mm ghea! BofikBRSS oflaql Shih Rlelad HId bl ol b 865 Oy

Because of these features, e airtightness o evice can be narkedly

i nproved conpared terg, 19ocqRventdnalofaviEe,y [dhd qa§§zs@¥§@%£ﬁg t hat

at least the sane reliability as that of a conventional device 1s ensured

Wi th respect tefahrtbabbRessnaill s PRSI A d edise ddis qut er di nensi ons
of the flatplate substrate 100 fromthose of a conventional 20 substrate.

The suri@ce acousti c Baave MiRl i LS 160NSd rowet ese Wase Stbyeet e6nt 0 a
reliability test performed in high tenperature and humidity environnment. As
a result, at |east Nbe,sambadinealididy abet hatesehta xorarenidmnall 25pdevi ce
can be ensured with respect to reliability. The length L2 (0.4 mm) of the
portion of theedPbpriénedt vohbdrédeireacen tuhitdle taveompteenfiase dfawimgs.

flat-plate 12 substrate 30 is present can be further reduced to
FIG. 1 is an embodiment of the present invention.

Reference numeral 100 denotes a flat-plate substrate.

15 On the upper surface of the flat-plate substrate 100, a
wiring pattern is formed which is connected via a
through~hole 101 to a lead pattern formed on the lower
surface thereof. Above the upper surface of the flat-
plate substrate 100, a surface acoustic wave element 40

20 is arranged in parallel to the upper surface. The
surface acoustic wave element 40 has a functioning
portion (Inter digital transducer portion) 41 formed on
a piezoelectric substrate. The functioning portion 41
is arranged so as to face the upper surface of the

25 flat-plate substrate 100. The connection is made by
such an arrangement. Such a connection is called as a

flip chip or facedown connection.



0.3 mm Accordingly, when the lengths of the right and |l eft portions are
added, the size of the device can be 5 reduced by 0.2 mm conpared to the
af orenenti oned device. By virtue of the structure, the fixation effect of
the hardening resin 60 (cover 200) to the flat-plate substrate 100 is

i nproved, and especially, the fixation 10 strength against |ateral
vibration (i.e., in parallel with the flat surface) can be inproved. FIG 2
is a plan view of the surface acoustic wav device of the present invention
as viewed fromthe rear surface. The termnal electrodes 131 and 13la are
used 15 as a signal input ternmnal and a grounding termnal at the input
side. Simlarly, thd vacanfabogitdcry dde IE3Prawid8Rdbeivearsethas a si gnal
output terminal and a grounding termnal at the output side. This

enbodi nent sho%%p?ﬁ§dd§9Féécﬁ§vPﬁgth@uﬁWﬁﬁﬂﬁQHﬂCQﬂ&&ﬂQWﬁﬁﬁﬁ ieEngntever ,

the device of ége gresent invention is not limted to this. FIG 3 shows
anot her exanpl €0 ofehEPEr £FARGE ﬁf:eomsug’sl}'&ﬁﬁ%ioot hr Jge Hel asansct 122,

and termnal electrode 1 Al_t hough this figure _shows only the 25 portion
around the bun%h%ZOPPﬂéeétFHEFGFSF 8?r§h§e %t C-BlGied saisttiart & tﬂﬁ?ls

| t hi th . 52 d the th h
igglai{ éo h d p%EF?PSﬁeGCPBSFéSeWEJEh &FH@%Q ﬁpt%agﬁﬁgygF?agggnent

the run Iengtqb95%§h£lgg ?hhgggg % %%hfgk e %32%%{ e 100 é%%%beThe

reduced. FI G ano enbo

present invent4e8,ke; BOkalbMbiefleh? %'ﬁeh%f Ore'f%%tc'tgg%%leg%\%%re’%}o of S the

menber covering the surface acoustic wave el enent nmay be
used in place ofahbgibaidgnhngukeatB G@oukhilhiSvease, the contact portion

bet ween the cover 200 and the flat 10 plate substrate 100 has a shape
coinciding with thathef bonding pads on the opposed surfaces of the

10 surface acoustic wave element 40 and the flat-plate
substrate 100 are electrically connected by means of
conductive bumps 51 and 52. As the material of the
bumps 51 and 52, cold or silver is used. Electrodes
are connected through the bumps by transmitting an

15 ultrasonic wave to the side of the surface acoustic
wave element.

The bumps 51 and 52 are positioned between mutual
bonding pads of the opposed surfaces of the acoustic
wave element 40 and the flat-plate substrate 100.

20 Wiring is printed on the flat-plate substrate 100.
Further, the printed wiring is electrically led to the
rear surface side of the flat-plate substrate 100 by
way of through-hole contacts 121, 121. On the rear
surface of the flat-plate substrate 100, terminal

25 electrodes 131, 132 are formed of gold or aluminum by
pattern printing. The through-hole contacts 121, 122

are connected to the terminal electrodes 131 and 132,



t he stepped portion 1I1 previously nentioned. The contact portion between
the cover 200 and the flatplate substrate 100 may be adhered with an
adhesi ve agent. The same explanation as nmentioned with 15 reference to
FIGS. 1B-1D and FIGS. 2 and 3 may also fit in this enbodinent. FIG 5 shows
anot her enbodi mrent of the invention. In this enbodi mrent, a groove portion
121 (stepped portion) is fornmed around the entire periphery of the 20 upper
surface of a flat-plate substrate 300. Thetefore, the hardening resin 60
enters the groove portion 121 to execute fixation. Wth this structure,
since the groove 121 absorbs the hardening resin 60, the hardening resin 60
can be 25 preveaspdctivalygei hjrongb the chaeanti npartt isdryrz] tis cause a
problem FIG 6 is_an exanple enploying a flat-plate 14 substrate 300
shown in FIG SvuBRdiadeogerthoposentiind ds giveveriongheerfherctionitty s case,
the shape of the edge portion of the substrate is designed such that the
surfaces of thRPEBYER 260tBRdSERE2FRaRCPUSE CsWeder &tlemerd0at(,n aswht act
with each other, nmutual |y, coi ncide., The same effects as those explained in
FIGS. 1-3 can bRT8BeR| HBLCPn2BnBYEPHEN S I8R IFiES takes otGIrPHEWS anot her
enbodi t of the jnvention. |n this enbodi nent, the edge portion around

t he upg§$ 10 surfact°Bt"d PPatiprate substrate 400 is appropriately reduced

in thickness (having,a L:letter sectional sha up tq.an appropriate

t hi ckness to fornlagg?eEBgauﬁgrppgﬁ f§f%af%€?g$%TéV“{Héﬁgé?ggéﬁP ic
wave el ement 40,1 ered.w.t hardeni ng,.r.esin 60.. In.15 the ,state where
t he hardeni ng %%s?%ggg ?gg%ﬁgcgn 5€ p%ﬁtﬁo ﬁéogugngénglP@éFﬁgFﬁ’ ing

resin 60 is joipedysyehibbat 1bteksS gpgggg Wb%QrH%%t?ﬁ?f?%f portion 13l

FIG 8 is an exanple of a device enploying the same ate substrate

400 ShOWhil1Fﬁihiit@ﬂﬂz@tEQnC@Y?EthQu%§aE@ea%%ﬁ%&ﬁﬁgw%?%bﬁ%vﬂ this
case, the shape of the edge portion of the substrate is designed such that

t he suriftaces of theTheveacanl paédttibe Floamepltaion ubsidatl endd0 i cont act
wi th each other nutually coincide.
maintained airtight. The surface acoustic wave element
40 is covered with a hardening resin 60. The hardening
resin 60 and the outer peripheral upper surface of the
flat-plate substrate 100 are connected to each other,
15 thereby ensuring the airtightness of the vacant
portion 50.
In the present invention, in the outer periphery
of the flat-plate substrate 100, the stepped portion
(projecting portion) 111 is formed, which projects
20 upward leading to a higher portion. Since the stepped
portion 111 is provided around the flat-plate
substrate, the length of the interface between the
hardening resin 60 and the flat-plate substrate 100 can
be increased in the acoustic wave surface device of the
25 present invention.
More specifically, if the length of the contact

interface is 0.4 mm or less, moisture is likely to



25 The sane effects as.,explained with reference to FIGS. 1 to 3 can be
obtained in enbodi ments of FIGS. 7 and 8. 15 FIG 9 is another enbodi nent
of the present invention. The shape of the stepped portionis not limted
to those shown in the aforenmenti oned enbodi nents and vari ous shapes may be
enpl oyed. The 5 enbodi nent of FIG 9 provides an exanple of a stepped
portion 12l1a having a plurality of grooves arranged in parallel. Like
reference nunerals designate |ike structuffl elenments throughout the
drawings. In the present invention, the stepped portion to 10 be provided
to the flat-plate substrate may have a plurality of steps. The outer side
of the steppedepbeti onHaEGVEE, high&hier enbwelimemdn talse shesirdeln
Alternatively, part of the_ stepped portion may be depressed or project. The
flat-plate subEf%t elBstaotDi5eVeni téd the mandmual saddch hdskrersariaf and
plastic. A substrate fornmed of an inexpensive resin may be used. FIGS. 10A
and 10B show an'@nBBdi ABAt2GR0SE SPPuBRGCENiESt ke sdan® Daslathdth&hown in

FIG 1 or FIG ,3 gxcept, that a groove 1 has plurality of cut-away 20
portions 122. %&Sg?PFgebﬁ w?ﬁpsgéFrﬁBF RES BFEMSH-G W& VRarcdEMSF rissin 60

enters the gro n Qones to flow from.th roagqve 121, it is

rel ease frgn1%%§ %ﬁ%-%ﬁgygﬁgﬁ Fon® ; 5elﬁwpﬁﬁ§aﬁ§nﬁg%) ttfe %rat #Hi ng resin
i vented f j i ko e . porti . \Wen t.he ., unt of
har den ng. resi goceaden B nrhEGnHaBBRs RO RIR B 3F atiiRane Thount o
the hardening Eﬁé'EuHEYrQEeSFEnrngﬁkﬁreé§e@ Fﬁi?h?bn?hé§¥$QQyﬁﬁﬁ§ur'ng can

be made easily. The technical 1dea can be app plate

substrate 300 shewené8 §EGa dtepBeB! 86€tAbnt Q%h%uthe%% R tegg‘as'%%dgsre As

absorbing the overflow, a pot nay be provided to the ™5 si

expl ai ned above, gt heopeeg@nt at n¥aBt cagemaes et PaESHhle o @yRAuGa & he cost
and size while good airtightness of the vacant portion is naintained. Mre
speci fildal 'y, 10e@.siBecatisthefsuhst satractamrale feadueed 1@ vid MyHsira@uci ng
the length of the interface between the substrate and the resin and w thout
i ncreasi ng t hetaumhereasentheaf atfacingfspepyentding medultturd tfrcen possi bl e
to mniaturize electronic garts whil e mai ntaining sufficient airtightness
at | ow cost. 1%°ipdustEpaFhapphreabi Pty ithe 59r dsomt thevemtisdnls.s dsed as a
part of resonators, resgnator-formfilters, and oscillators. The part
according to tPEPF e¥@RES| ntRAt pdRELghtness of the vacant portion can

be improved.

15 If the airtightness of the vacant portion 50 is
insufficient and thus moisture enters from the outside,
an aluminum film used as the electrode of the surface
acoustic wave element 40 reacts with a gold bump of the
electrode portion to give rise to corrosion, leading to

20 deterioration of durability and performance of the
device. As described in the above, since the
airtightness of the vacant portion 50 can be
satisfactorily maintained in the device of the present
invention, it is possible to prevent the deterioration

25 of durability and performance of the device.

Now, the frequency band employed by the surface

acoustic wave device according to the present invention



effectively used as a surface acoustic wave device (SAW20 filter). The
surface acoustic wave device is suitable for use in el ectronic devices

i ncl udi ng nobi |l e comuni cati on nachi nes such as cel |l ul ar phones. 17 CL A
I MS 1. A surface acoustic wave device conprising a surface acoustic wave
el ement forned of a piezoelectric substrate having a functioning portion on
5 one of the surfaces thereof; a flat-plate substrate having a surface
arranged so as to face the surface on whith functioning portion of said
surface acoustic wave elenent is forned, with a vacant portion interposed
bet ween the surfaces, and 10 having a bonding pad which is connected to a
bondi ng pad ofarshittheuizeecbicbndivedwalepekéiens, ofaittief Hatvigleawd 11
substrate having a long side of 3 nmor less; a stepped portion formed on
an edge of saiRf f$ER1PIRREY: substrate and having a difference in height from
15 the surface of the substrate; and a covering nenber integrally covering
the surface of the SRRpPLBIPSRt AEALERAC WBVEBUFEN 166r PAcENSH PLRSERt f ace
acoustic wave el enent and coin ed portion to ensure_the

iding the ste )
airtightness<ﬂnY?ﬁF¥Rva%aﬁﬁpgb??igﬂ.a porelon ihto which a signal

5 within a radio-frequency (RF) band of 800 MHz or more
in terms of a middle frequency is input. The surface
acoustic wave device of the present invention has a
size of 3 X 3 mm or less, about 2.5 mm X 2.0 mm or
2.0 X 1.5 mm in a plan view. The size of the portion

10 having the stepped portion 111 formed therein and in
contact with the hardening resin 60 is about 0.4 mm.
The thickness d of the stepped portion 111 is < 0.4 mm.

Because of these features, the airtightness of the

device can be markedly improved compared to a

15 conventional device. 1In this case, provided that at
least the same reliability as that of a conventional
device is ensured with respect to airtightness, it is
possible to reduce the outer dimensions of the flat-
plate substrate 100 from those of a conventional

20 substrate.

The surface acoustic wave device thus constructed
was subjected to a reliability test performed in high
temperature and humidity environment. As a result, at
least the same reliability as that of a conventional

25 device can be ensured with respect to reliability. The
length L2 (0.4 mm) of the portion of the aforementioned

device in which the interface of the flat-plate



2: A surface acoustic wave device according to claim1l, wherein a plan-view
shape of said flat-plate substrate is a rectangle having a |ong side of
about 2.5 mmor less. 25 3. A surface acoustic wave device according to
claim2, wherein a signal to be supplied to the surface acoustic wave
elenment falls within a frequency range of 1B 800 MHz or nore. 4. A
surface acoustic wave device according to claim1, wherein said covering
menber is a hardening resin. 5 5. A surfaéé acoustic wave devi ce accordi ng
to claiml, wherein said stepped portion has a projection provided around

t he periphery of the edge of said flatplate substrate so as to stand from

t he substrat e. SBPSAraef 8fe 1gc Prssien tnped deyifor tduoriduraed 4® claim 1,
wherein said stepped portion is a groove forned around the edge portion of
t he flat-plateos b8 rate and in the upper peripheral surface. 7. A surface
acoustic wave devic accondiqghto claim1l1, wherein said stepped portion has

a step formed 15 by FEQFGIRG e HCKis S B9t Futldre st eded porti on

f the flat-plat bstrate. 8. A f ti i di t
Claim or 7 GRGFoPRISAAd S PESpaa S5t (o S A1 \IBsiar ki -ppe
Eﬁﬁ%;ggi iﬁhégréFUéEdA%§A%:éU%h€fEU%%&@%%?%%%%%éﬁéfgééﬁég¥ié§%é¥)
}xsnid_Z]ca]ca%gg-gg]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] caJ caJca] ca] cTa] ca] cTa! [ A

"Z*/ YQgsSuhN~% xsni dB,}] GakG c@%gh@]s%uﬁuﬂlca%@]ﬁ@lﬂ&g]gﬂg@ cgﬁ caj ca

] ca] ca] ca] ca] ca] ca] ca] ca] caj caj caj a) cal
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;;;<<}xsnid_Z]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]lcalca]calc
a] ca] cal€a] ca] sareapth] eghdaktallezkcal<i2trabion>>32227? @BGRRARIFEE( FUFF
) GAHHI gl } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cafsaciheaféakcsphcdpes) caprabgl limprivad. M MOOTPPPPQRQQSRORRRR
6S0SSSSS

T9TqTT} xsni d_Z] ca] cdfl&a] aficalc #lea) valesalafalde calnfa am)as]wsH] va]vwajea] ca]
ca]ca]ca]ca]caé;ggca]ca]ca]ca]ca]ca]qa!TTTOUUUUUV7vwwﬂAFVWVwWMMXXKXXXX:Y\T
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15 as a signal input terminal and a grounding terminal at
the input side. Similarly, the terminal electrode 132
and 132a are used as a signal ocutput terminal and a
grounding terminal at the output side. This embodiment
shows the device having four terminal electrodes.

20 However, the device of the present invention is not
limited to this.

FIG. 3 shows another example of the arrangement of

a bump 52, through-hole contact 122, and terminal
electrode 132. Although this figure shows only the

25 portion around the bump 52, the structural arrangement
around another bump is similar to this. In this

embodiment, the bump 52 and the through-hole contact
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FIG. 4 shows another embodiment of the present
5 invention. The present invention is not limited to the
aforementioned embodiment. As the member covering the
surface acoustic wave element 40, a cover 200 may be
used in place of the hardening resin 60. 1In this case,
the contact portion between the cover 200 and the flat-
10 plate substrate 100 has a shape coinciding with that of
the stepped portion 111 previously mentioned. The
contact portion between the cover 200 and the flat-
plate substrate 100 may be adhered with an adhesive
agent. The same explanation as mentioned with
15 reference to FIGS. 1B-1D and FIGS. 2 and 3 may also fit
in this embodiment.
FIG. 5 shows another embodiment of the invention.
In this embodiment, a groove portion 121 (stepped
portion) is formed around the entire periphery of the
20 upper surface of a flat-plate substrate 300.
Therefore, the hardening resin 60 enters the groove
portion 121 to execute fixation.
With this structure, since the groove 121 absorbs
the hardening resin 60, the hardening resin 60 can be
25 prevented from going into the vacant portion 50 to
cause a problem.

FIG. 6 is an example employing a flat-plate
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10 10! ""#$8ReXgatradbe 30016hpwal1d%RFIS~46 and a cover 200 serving
I#}O%&'()-4(}.I#lO@&t&f()-4(!.|#10%&'§?-4 L#lO@ﬁZ&f()-4(%MMU&'K'C‘foh%:!!lo
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109@}&1()_109@g&zfaces of the cover 200 and the flat-plate substrate
5 300 in contact with each other mutually coincide.
The same effects as those explained in FIGS. 1-3
can be obtained in embodiments of FIGS. 4-6.
FIG. 7 shows another embodiment of the invention.
In this embodiment, the edge portion around the upper
10 surface of a flat-plate substrate 400 is appropriately
reduced in thickness (having a L-letter sectional
shape) up to an appropriate thickness to form a stepped
portion 131. Therefore, the surface acoustic wave
element 40 is covered with a hardening resin 60. 1In
15 the state where the hardening resin 60 is in contact
with the substrate, the hardening resin 60 is joined
such that it is engaged with the stepped portion 131.
FIG. 8 is an example of a device employing the
same flat-plate substrate 400 shown in FIG. 7 and a
20 cover 200 as the covering member. In this case, the
shape of the edge portion of the substrate is designed
such that the surfaces of the cover 200 and the flat-
plate substrate 400 in contact with each other mutually
coincide.
25 The same effects as explained with reference to

FIGS. 1 to 3 can be obtained in embodiments of FIGS. 7

and 8.
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invention. The shape of the stepped portion is not
limited to those shown in the aforementioned
embodiments and various shapes may be employed. The

5 embodiment of FIG. 9 provides an example of a stepped
portion 12la having a plurality of grooves arranged in
parallel. Like reference numerals designate like
structural elements throughout the drawings.

In the present invention, the stepped portion to
10 be provided to the flat-plate substrate may have a
plurality of steps. The outer side of the stepped
portion may be higher or lower than the inside.
Alternatively, part of the stepped portion may be
depressed or project. The flat-plate substrate is not
15 limited to materials such as ceramic and plastic.
A substrate formed of an inexpensive resin may be used.
FIGS. 10A and 10B show an embodiment whose
structure is the same as that shown in FIG. 1 or FIG. 3
except that a groove 121 has plurality of cut-away
20 portions 122. By virtue of this structure, even if the
hardening resin 60 enters the groove 121 and comes to
overflow from the groove 121, it is released from the
cut-away portion 122. 1In this manner, the hardening
resin is prevented from going into the vacant portion
25 50. When the amount of hardening resin 60 is

determined in the manufacturing step, the amount of the

hardening resin may be set roughly. As a result,
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5 side of a groove.

As explained above, the present invention makes it
possible to reduce the cost and size while good
airtightness of the vacant portion is maintained. More
specifically, the size of the substrate can be reduced

10 without reducing the length of the interface between
the substrate and the resin and without increasing the
number of manufacturing steps. As a result, it is
possible to miniaturize electronic parts while
maintaining sufficient airtightness at low cost.

15 Industrial applicability

The present invention is used as a part of
resonators, resonator-form filters, and oscillators.
The part according to the present invention is
effectively used as a surface acoustic wave device (SAW

20 filter). The surface acoustic wave device is suitable
for use in electronic devices including mobile

communication machines such as cellular phones.
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a surface acoustic wave element formed of a
piezoelectric substrate having a functioning portion on

5 one of the surfaces thereof;

a flat-plate substrate having a surface arranged
so as to face the surface on which functioning portion
of said surface acoustic wave element is formed, with a
vacant portion interposed between the surfaces, and

10 having a bonding pad which is connected to a bonding
pad of said surface acoustic wave element, said flat-
plate substrate having a long side of 3 mm or less;

a stepped portion formed on an edge of said flat
plate substrate and having a difference in height from

15 the surface of the substrate; and

a covering member integrally covering the surface
of the stepped portion and the outer surface of the
surface acoustic wave element and coinciding the
stepped portion to ensure the airtightness of the

20 vacant portion.

2. A surface acoustic wave device according to
claim 1, wherein a plan-view shape of said flat-plate
substrate is a rectangle having a long side of about
2.5 mm or less.

25 3. A surface acoustic wave device according to

claim 2, wherein a signal to be supplied to the surface

acoustic wave element falls within a frequency range of
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4. A surface acoustic wave device according to
claim 1, wherein said covering member is a hardening
resin.
5 5. A surface acoustic wave device according to
claim 1, wherein said stepped portion has a projection
provided around the periphery of the edge of said flat-
plate substrate so as to stand from the substrate.
6. A surface acoustic wave device according to
10 claim 1, wherein said stepped portion is a groove
formed around the edge portion of the flat-plate
substrate and in the upper peripheral surface.
7. A surface acoustic wave device according to
claim 1, wherein said stepped portion has a step formed
15 by reducing the thickness of the outer-side edge
portion of the flat-plate substrate.
8. A surface acoustic wave device according to

claim 6 or 7, wherein said stepped portion partially

has a cut-away portion.



