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Technical Field

The present invention relates to the mounting of a surface
acoustic wave element, and particularly, to a sealing technique for a
surface acoustic wave device used for a mobile communication

10 apparatus such as a cellular phone.

Background Art
In recent years, to realize miniaturization and surface-mounting,
a surface acoustic wave device is made by flip-chip-connecting a

15 transducer face of a surface acoustic wave element to a base board
(circuit board) having wiring patterns and facing the transducer face.
To make mass production easy, the base board is made from a
multi-piece board (base-board aggregate) which is divided into
individual pieces after predetermined processes.

20 Sealing methods for surface acoustic wave elements include a
method of covering an element with a cap-like sealing material and
bonding the sealing material to a base board and a method of bonding
surface acoustic wave elements in a wafer state not individually
divided to a multi-piece board and collectively dicing the surface

25 acoustic wave elements in the wafer state, the base-board aggregate,



bondi ng the sealing material to a base board and a net hod of bondi ng
surface acoustic wave elenents in a wafer state not individually divided
to a multi-piece board and col |l ectively dicing the surface 25 acoustic wave
el enments in the wafer state, the base-board aggregate, 2 and an adhesive
bondi ng them together, into individual pieces. However, the former nethod
requires the cap-like sealing material to be prepared separately and newy
needs the bonding process on the base board. Further, a new process is

needed tgpdSahaddREsH@ bHRdaTHe e thgcbRBE, it Dedrvidvalssielcesg materi al
-and base board together. In this way, the former nethod increases extra

processes and HRWERS: P %“%'r‘rﬂ%%gﬁ’chtotﬂe ﬁé&@fre?anﬁle t@gpllgkgerse@{r{?d

needs a process 0 Si’mul t'aneous Icing the"surface acoustic wave
“elenents and ba

e boards_t hat involwve differ Ki f ter In
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breakage, chi pping off,  or f)eparati n bﬁtween arts, to provide q
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si t udt i ohaadeningeilus atddlq@rlbe/it@ebfanddrhﬁaéﬁp'bhﬁf%&%‘Jﬁﬁulﬁtaitﬁﬁlgluﬁpac ase
acousti c wave device capable of easily realizing sealing ability and
appropri bverflotogkther.hi plcothnectway, tde wiirmers meatdwods dotcxeasgs mexbodl 20
thereof. In order to acconplish the object, a first aspect of the present

processes and reduces productivity.
On the other hand, the latter method needs a process of
simultaneously dicing the surface acoustic wave elements and base
10 boards that involve different kinds of material. In this process, the
surface acoustic wave elements may have problems of breakage,
chipping off, or separation between parts, to provide insufficient

sealing property and deteriorate yield.

15 Disclosure of Invention

The present invention has been made in the above-mentioned
situation and intends to provide a compact, surface-mounting surface
acoustic wave device capable of easily realizing sealing ability and
appropriate for flip-chip connection, as well as a manufacturing method

20 thereof.

In order to accomplish the object, a first aspect of the present
invention provides a surface acoustic wave device having a surface
acoustic wave element with an interdigital transducer formed on a
surface of a piezoelectric substrate, a base board to which the surface

25 acoustic wave element is flip-chip-connected with a given space formed




I nvention provides a surface acoustic wave device having a surface

acoustic wave elenment with an interdigital transducer forned on a surface
of a piezoelectric substrate, a base board to which the surface 25 acoustic
wave- el ement is flip-chip-connected with a given space fornmed 3 between
them a base layer (first sealing matergal) applied to a back face of the
pi ezoel ectric substrate and hangi ng from edges of the piezoelectric
substrate to the base board to formbridging, and a clad |ayer (second

seal i ng pRi@eedl thapp! heas® 1hferb@eest! a¥8lingb feridingpipdiddiaot arsdck
-aspect of the present invention, the surface acoustic wave elenent is
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bet ween € pi'ezoel ectric and the base s it is.

“Nanely, no sealing nmaterjal, enters §he ace, .bepween t.he .pi ezqel ectyli
substratBl%ﬁftPalﬁﬁ a§\ég5t)‘"aﬂ't&, Q%ﬁbethﬁsgﬁg?%’&% tfo%oafé%[}yfliracgl v@%4 é’hﬁh&is
airtightly sealed with the space kept under the jnterdigital transducer.
Wien for Myer (secand sepding matedphdarpaiest ,tottll?@réaﬁﬁllﬁyﬁé' no misal i gnment
of the base layer and clad |ayer relative to the piezoelectric substrate.
Naneld, the badecbrding dadhecfinst hapeet af sharmresgad inglenttion, the yaface

pi ezoel ectric substrate in a 15 self-aligning manner, thereby inproving
product i agoukeicdwakecebament!iaysealedy whithftdrarelape ebthyisppaemfemnedehnl or
depositing vaporized netal, to seal the space between the piezoelectric
substr at ghanflip "hipPasa neRdich Ve fwee ke ethd piltreebd@péc the aohtasant the A

second aspect of the present invention provides a 20 manufacturing nethod
of a sur{3eg KELHP idep V&Y ¢t 96Vi Bfamiey) HEi ¥ ling material enters the space
between the piezoelectric substrate and the base board, and the surface
10 acoustic wave element is airtightly sealed with the space kept under
the interdigital transducer. When forming the base layer and clad
layer, there will be no misalignment of the base layer and clad layer
relative to the piezoelectric substrate. Namely, the base layer and
clad layer are arranged relative to the piezoelectric substrate in a
15 self-aligning manner, thereby improving production yield. The base
layer may be formed by spraying molten metal or depositing vaporized
metal, to seal the space between the piezoelectric substrate and the
base board while keeping the shape thereof as it is.
A second aspect of the present invention provides a
20 manufacturing method of a surface acoustic wave device, including:
(1) a process of forming an interdigital transducer on a surface
of a piezoelectric substrate;
(2) a process of flip-chip-connecting a plurality of the

piezoelectric substrates to an aggregate of base boards at

25 predetermined intervals;



(1) a process of formng an interdigital transducer on a surface of a

pi ezoel ectric substrate; (2) a process of flip-chip-connecting a plurality
of the piezoelectric substrates to an aggregate of base boards at 25
predetermned intervals; 4 (3) a process of emtting particulate first
sealing material from above back facesyof the piezoelectric substrates to
apply the first sealing material to the back faces of the piezoelectric
substrates and hang the first sealing material from edges of the

pi ezoel ectric (P substd@ls@of Om'i b nlpap erieal dee st Wonlbh gdghbgiiadfiond) a
‘process of depositing second sealing nmaterial on the first sealing

Tt cal APRVEHECRS thflel "6t SHEOICIBERER SHilstiates o) AUFIY | O fipkt

particul a i rst seall materical 1s emtte 0 ap the Tirst sealing

~10 i al,. he, b f f ' | I h
firat sehprhy kR aran toofiedgi dfcPh o Pe dife fiTle Bl Pted 3y, "°
b boajyds to f bridging. Th h f f by the .flip-chi

conmoot | BTt Wen TR 40 b atR GTARL harpile JO0F Gb1 PF ¢ Loy RieRaeledteeept

as it is, to seal the piezoelectric substrate and 15 interdigital
t ransducenbstratzddta tha badeebeardsro farsallivddgbng: ahdthe first and second
sealing materials relative to the piezoelectric substrates, to inprove
production yie(4). Buptbderss dhdebiosstingeaécomyd sealing ahatsrialkian ébe finst
t hereon, the dense second sealing material is deposited to secure a
suffici egéalay hiwterdaktion. As a result, the
According to the second aspect of the present invention, the
particulate first sealing material is emitted to apply the first sealing
10 material to the back faces of the piezoelectric substrates and hang the
first sealing material from edges of the piezoelectric substrates to the
base boards to form bridging. The shape of a space formed by the
flip-chip connection between the base board and the piezoelectric
substrate is kept as it is, to seal the piezoelectric substrate and
15 interdigital transducer. In addition, there is no misalignment of the
first and second sealing materials relative to the piezoelectric
substrates, to improve production yield. Further, the first sealing
material is emitted, and thereon, the dense second sealing material is
deposited to secure a sufficient sealing function. As a result, the

20 sealing process is realized with a reduced number of steps at low cost,

to provide excellent mass production ability and industrial merit.

Brief Description of Drawings
Fig. 1 is a cross-sectional view showing a surface acoustic wave

25 device according to an embodiment 1 of the present invention;



20 sealing process is realized wth a reduced nunber of steps at |ow cost,
to provide excellent mass production ability and industrial nmerit. Brief
Description of Drawings Fig. 1 is a cross-sectional view showi ng a surface
acoustic wave 25 device according to an enbodinent 1 of the present
tnvention; 5 Figs. 2A to 2D are views (part 1) explaining a manufacturing
nmet hod of the surface acoustic wave device according to the enbodinment 1
of the present invention; Figs. 3Ato 3C are views (part 2) explaining a

manuf act uri ng FpedTeR0go 05Dt Aee SHHWAE (paGeUS) iekplaYRivieVd G anadatth it g O
‘t he enbodi nent of the present invention; Figs. 4A and 4B are views (part

3 | aj ni ' of ' '
) X0l AR TRIIACTULLA, TELOAOSY! LGS UREaRe: acunkimyong o co

according to resent” i nvention; I'g. is a
“vi ew expl ai,ni osi.tipnal relationships of sealing material flying onto a
base boa?Hl,bqfﬁgt.‘g’Bgilsogtﬁ?d)s,rseﬁ%’étliné’r?dﬁlWéw showi ng an interval portion of
surface acoustic wave elenents with a fixed aspecgt . .ratio; Fig. .7 'i,:s a
cross- sect i onal'188-ewds figws Hgake stiemie dPagdut iexnlaining J@@&'l‘@éaﬁ LERE ng
to an enbodi nent 2 of the present invention; and Figs. 8A to 8C are views
expl & ni methodanof adther i ayrfatenodconstite wavieac desitersBicEONNE dégi cldhe
according to the enbodinent 2 of the present invention. 20 Best Mde for
Car ryi ngefdbodimee htivieof tha present invention;

Figs. 4A and 4B are views (part 3) explaining a manufacturing
method of the surface acoustic wave device according to the
embodiment 1 of the present invention;

10 Fig. 5 is a view explaining positional relationships of sealing
material flying onto a base board;

Fig. 6 is a cross-sectional view showing an interval portion of
surface acoustic wave elements with a fixed aspect ratio;

Fig. 7 is a cross-sectional view showing a surface acoustic wave

15 device according to an embodiment 2 of the present invention; and

Figs. 8A to 8C are views explaining a manufacturing method of

the surface acoustic wave device according to the embodiment 2 of the

present invention.

20 Best Mode for Carrying Out the Invention
With reference to the drawings, best modes of implementation
(hereinafter called "embodiments") of the present invention will be
explained. In the drawings, the same or similar parts are represented
with the same or similar marks. The drawings are typical and it must

25 be noted that relationships between thicknesses and plane dimensions,



Wth reference to the draw ngs, best nodes of inplenentation (hereinafter
cal l ed "enbodi nents") of the present invention will be explained. In the
drawi ngs, the sane or simlar parts are represented wth the same or
simlar marks. The drawi ngs are typical and it nust 25 be noted that

rel ationshi ps between thicknesses and pgane di nensions, 6 thickness ratios
anong |l ayers, etc., are different fromactual ones. Accordingly, specific
t hi cknesses and di nensi ons nmust be judged in consideration of the

bel ow megRickifd £ rakiAtdmMbag Nayeral bye., dieedidforait rfebat i astsilpsnasd
‘ratios differ fromone to another anong 5 the draw ngs. (Enbodi nent 1)
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t hereof, _bunps 2 connected to electrode pads. 6 pn the base bgard 1, a
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formed on a surface of a piezoelectric substrate 3, 15 and sealing

mat erd al the dragvBrgmschani cal |y connected to the base board 1 and covering
and sealing the surface acoustic wave elenent. On the back face of the base
board 1, there are fornmed termnals 9 to be connected to the outside, and

on the surface thereof, there are fornmed wiring patterns and the el ectrode
pads 6 cbptyddménttide 20 termnals 9. The bunps 2 are connection parts to

electrically and

Figure 1 is a cross-sectional view showing a surface acoustic
wave device according to the embodiment 1 of the present invention.
10 The surface acoustic wave device according to the embodiment 1 has a
base board 1 with predetermined wires and electrode pads formed on
front and back faces thereof, bumps 2 connected to electrode pads 6 on
the base board 1, a surface acoustic wave element with electrode pads 5
and a transducer 4 formed on a surface of a piezoelectric substrate 3,
15 and sealing materials 7 and 8 mechanically connected to the base board

1 and covering and sealing the surface acoustic wave element.
On the back face of the base board 1, there are formed terminals
9 to be connected to the outside, and on the surface thereof, there are
formed wiring patterns and the electrode pads 6 connected to the
20 terminals 9. The bumps 2 are connection parts to electrically and
mechanically connect the electrode pads 6 to the electrode pads 5. The
surface acoustic wave element has the piezoelectric substrate 3, the
transducer 4 formed on the surface of the piezoelectric substrate 3,

wiring (not shown) connected to the transducer 4, and the electrode

25 pads 5 connected to the wiring. The sealing materials 7 and 8 are



mechani cal | y connect the electrode pads 6 to the el ectrode pads 5. The
surface acoustic wave el enent has the piezoelectric substrate 3, the
transducer 4 formed on the surface of the piezoelectric substrate 3,

wiring (not. shown) connected to the transducer 4, and the el ectrode 25 pads
5 connected to the wiring. The sealing pmterials 7 and 8 are 7 applied to
the back face of the surface acoustic wave el enent and hang from edges of
t he piezoelectric substrate 3 to the base board 1 to form bridging. The

surface @ﬁgn%tdi fo WR¥EH £LIETRBE JfStIA EhLir8hdd ¥cbastRIwwvieneldienseald Mang
‘material s and 8 and the base board 1. 5 The surface of the piezoelectric
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surface of ase boar e the electrode pads 6 are formed. Nanely,

"the surface, acoustiec wave, device accordin ' t
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pads 5 a the el ectrode 10 _pad haye, a .hei ght of, about several tens of

m cr omet 1 seaking mpatemaly 7 %n§p§@@$§hf30b%%ed%8ﬁaérft he transducer 4 so
that the piezoelectric substrate 3 is fixed relative to the base board 1
with% given Bhp sunfecpefdhepiernelectritmsutrasrate g whege; the fzaesdurey and
second sealing material 8 forma 15 two-layer sealing material structure.
The first isdakimg] imberanged tanfhcestvosdréeed pAighedisasd hbaddpl mhedief flee ent
roles. Their common object is to seal the surface acoustic wave el enent.

The firsgle@abd8pddd 6ram formedi Nl ¥asesyesheos dade kidddgitig wawendielrécedges
of the piezoelectric substrate 3 to the base board 1.
according to the embodiment 1 has a flip-chip bonding structure. The
bumps 2 sandwiched between the electrode pads 5 and the electrode

10 pads 6 have a height of about several tens of micrometers, and
therefore, a space is formed under the transducer 4 so that the
piezoelectric substrate 3 is fixed relative to the base board 1 with a
given gap interposed between them.

The first sealing material 7 and second sealing material 8 form a

15 two-layer sealing material structure. The first sealing material 7 and
second sealing material 8 play different roles. Their common object is
to seal the surface acoustic wave element. The first sealing material 7
mainly serves to form bridging from the edges of the piezoelectric
substrate 3 to the base board 1.

20 On the other hand, the second sealing material 8 mainly serves
to seal the surface acoustic wave element and separates the space
under the transducer 4 from an external space. Accordingly, the
second sealing material 8 is preferably a dense film (clad layer) grown

over the first sealing material (base layer) 7. For example, it is

25 preferably a plated film or a metal film formed by chemical vapor



20 On the other hand, the second sealing material 8 mainly serves to seal
the surface acoustic wave el ement and separates the space under the
transducer 4 from an external space. Accordingly, the second sealing
material 8 is preferably a dense film (clad layer) grown over the first
sealing material (base layer) 7. For exanple, it is 25 preferably a plated
filmor a netal filmformed by chem cal "vapor 8 deposition (CVD). The net al
filmcan be grown with the first sealing material 7 serving as a core. As

a resul tqo 88458 (GY M) cahe hetIPHinP¥ah bbofdvtwRRkhedifBd Sehting | N

-t his way, € Surface acoustic wave enment IS surrounded and seal ed by

the first agnd.segond sealing 5 materjals_7 and 8 t b The
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a film f@Y%&KByfIE%? 898 &wﬁquéﬁlaﬁetgﬁ 1S WYy H"F &H@acw%&%@gﬁ Ak
vaporized netal, and therefore, an 10 inner side face of the seali Tg

mat er i al elerhantnis therpundedineed sreled ahgdtker figst sapAciserend sraling
inclination is oriented froma start point served by the periphery of the

back & acmatleridks Pisardd entrthe babsthrostrel 3. tRhefirstdquding maberialisis
shifted froman intersection of a nornmal extended fromthe start point to

the base, FBROfoyHhéAY %B(ﬂa&m% as B ekb nborildos ur fidee fé xmaddby ke psdcingde
pad 6 al ong the base board surface. This is because netal particles flying

onto the Q?ﬁ?'i&%?ﬁjet]al(?one not only froma normal direction of the base
board 1 %u a’l rom predetermned angles relative to the nornal.

The first sealing material 7 is a film formed by spraying molten
metal or a film formed by depositing vaporized metal, and therefore, an
10 inner side face of the sealing material 7 facing the space under the
transducer 4 is inclined. The inclination is oriented from a start point
served by the periphery of the back face of the piezoelectric substrate 3
to an end point, which is shifted from an intersection of a normal
extended from the start point to the base board surface and the base
15 board surface toward the electrode pad 6 along the base board surface.
This is because metal particles flying onto the base board 1 come not
only from a normal direction of the base board 1 but also from
predetermined angles relative to the normal.
In the surface acoustic wave device, input/output signals
20 processed or generated by the transducer are passed through leads (not
shown), the electrode pads 5, the bumps 2, and the electrode pads 6
arranged on the base board 1 to the external connection terminals 9.
The space formed under the transducer 4 makes the transducer 4
properly generate surface acoustic waves.

25 Each view in Figs. 2 to 4 shows a manufacturing method of the




In the surface acoustic wave device, input/output signals 20 processed or
generated by the transducer are passed through |eads (not shown), the

el ectrode pads'5, the bunps 2, and the el ectrode pads 6 arranged on the
base-board 1 to the external connection termnals 9. The space forned
under the transducer 4 makes the transdgcer 4 properly generate surface
acoustic waves. 25 Each viewin Figs. 2°to 4 shows a manufacturing nethod
of the 9 surface acoustic wave device according to the first enbodi nent.

(1) First s shown i.n Fig, 2A. fery. 0 r h i ctric
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cer ani cspmresleatricrrthstante chds nepmaed. ( P'BIFPOEI)G,ZOPZ%FIW tS 2163 Ipnat e
(PbzrTiG3 (PZT)), or a solid solution thereof. (2) Next, as shown in Fig.
2B, for nad monbbeystallitee stbstentel Ompidez oef elithiemwataentalates (hifeQ),

pattern 11 including a transducer 4, electrode pads 5, and |leads to
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pattern 11 may be al um num (Al), copper (Cu), or an alloy thereof. Mre

preci sel %}?J%kgg?tcgféﬁﬁgiﬁ@tsmtr%e,eWIiQ)i?djsstiﬁlé Qb%ﬁaﬁm?aé diekzbebdctabout

sever al ( ~nanoneters thick on the piezoelectric wafer 10. On
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mask, hgirrcr:%tne}alte (PbZrTiOs (PZT)), or a solid solution thereof.

(2) Next, as shown in Fig. ZB, formed on the surface of the

10 piezoelectric wafer 10 is a metal pattern 11 including a transducer 4,
electrode pads 5, and leads to connect the transducer 4 to the electrode
pads 5. Material of the metal pattern 11 may be aluminum (A1),
copper (Cu), or an alloy thereof. More precisely, a sputtering method
is employed to form a metal film of about several hundreds of

15 nanometers thick on the piezoelectric wafer 10. On the metal film, a
resist film is formed, and a photolithography method is used to expose
and develop the resist film. With the resist film as a mask, the metal
film is selectively etched by a reactive ion etching (RIE) method, to
form the metal pattern 11.

20 (3) Next, as shown in Fig. 2C, conductive bumps 2 are formed
on the electrode pads 5. More precisely, the bumps 2 are vibrated with
supersonic waves and are pressed to the electrode pads 5. At this time,
the vicinities of the electrode pads 5 may be heated to improve adhesion

between the bumps 2 and the electrode pads 5. The bumps are

25 preferably gold (Au) bumps. The gold (Au) bumps 2 properly stick to



filmis selectively etched by a reactive ion etching (RIE) method, to form
the nmetal pattern 11. 20 (3) Next, as shown in Fig. 2C,  conductive bunps 2
are formed on'the electrode pads 5. Mre precisely, the bunps 2 are
vibrated with supersonic waves and are pressed to the electrode pads 5. At
this time, the vicinities of the elec dee pads 5 nmay be heated to inprove
adhesi on between the bunps 2 and the el'ectrode pads 5. The bunps are 25
preferably gold (Au) bunps. The gold (Au) bunps 2 properly stick to 10 the
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bridging. (4) Next, as shown in Fig. 2D, the piezoelectric wafer 10 is

di ced trensdueerpet Dydeteamsinesra 4gant between dbgl baser heardcdusnd the
wave el ements (piezoelectric substrates) 3. (5) Meanwhile, as shown in Fig.

3A, & Mupidzduleceribansbdteatd 3.agdisewallebd @ xipdapnepdneelr,spahaighy ifirde t he
pi ezoel ectric wafer 10. The aggregate 13 is nmade of a plurality of
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external cohnection 15 term na?s 9, and wiring to connect the el ectrode

BZSZ goggloatsﬂii%gye{)lgaleasqw%gﬁli Bpi&gqrnrg_nal s 9. The aggregate 13 of the
(4) Next, as shown in Fig. 2D, the piezoelectric wafer 10 is
diced transducer 4 by transducer 4 into individual surface acoustic

10 wave elements (piezoelectric substrates) 3.
(5) Meanwhile, as shown in Fig. 3A, a multi-piece base-board
aggregate 13 is prepared separately from the piezoelectric wafer 10.
The aggregate 13 is made of a plurality of concatenated base boards 1.
Each base board 1 includes electrode pads 6, external connection
15 terminals 9, and wiring to connect the electrode pads 6 to the external
connection terminals 9. The aggregate 13 of the base boards 1 may be
a ceramics board made of, for example, alumina (Al203), boron nitride
(BN), aluminum nitride (AIN), low-temperature-cofired alumina glass
ceramics (LTCC), or the like. On the surfaces of the metal patterns,

20 gold (Au) is plated.

(6) Next, as shown in Figs. 3B and 3C, the surface acoustic
wave elements are flip-chip (face-down)-bonded. Namely, the surfaces
of the piezoelectric substrates 3 where the transducers 4, electrode

pads 5, etc., are formed are faced to the surface of the aggregate 13 of

25 the base boards 1 where the electrode pads 6 are formed, and the




a ceram cs board made of, for exanple, alumna (A1203), boron nitride
(BN), alumnumnitride (AIN), |owtenperature -cofired alumna glass
ceramics (LTCC), or the like. On the surfaces of the nmetal patterns, 20
gold- (Au) is plated. (6) Next, as shown in Figs. 3B and 3C, the surface
acoustic wave elenents are flip-chip ﬁface-domn)-bonded. Nanel y, the
surfaces of the piezoelectric substrates 3 where the transducers 4,

el ectrode pads 5, etc., are forned are faced to the surface of the

S99 2 il S AR M S T R s o

-andhthe ill rro trode pads are ectrically and
mechani cally conpnected to, ea ot her .t hrough the bunps 2. At this tinme, a
gap bet weRRRER %it%ze@éﬁ’ee?b%%ga%gﬁa%%bé‘ R& Q‘t he gggregate of the base
"boards 1 is preferably 100 umor_shorter. 5 This is to prevent, en
sprayi ng nol t eAt nidtis| isne dapespt bativeapothe duieseelectrinsuhitzates ghand
entering into the space between the piezoelectric substrates 3 and the
aggr egat thd Sapgréguteaset wdrate bowaadshdr is ainedarably HOQ inmt ozeshoripr.
material 7 and wiring patterns. The gap between the piezoelectric

substy at §hig iand preverds) whenegaieyity afoltba mesal boateimsitmg vaperizedn or
greater. This is because an anplitude of surface acoustic waves is nearly

equal topfdiall, thebfadtal fith éitbrihgl tReOes Sphve e tvhser €ha sipanelectric
corresponding to the anplitude of surface acoustic waves under the

et Ao HUE B8 BREMED AL kvt oA enduige,
very hi glE'he first sealing material 7 and wiring patterns.
The gap between the piezoelectric substrates 3 and the
10 aggregate 13 of the base boards 1 must be 1 pm or greater. This is
because an amplitude of surface acoustic waves is nearly equal to that
(about 1 pm) and it is necessary to secure a space corresponding to the
amplitude of surface acoustic waves under the transducers 4. This
gap is the sum of the height of the bumps 2 and the thicknesses of the
15 electrode pads 5 and 6. The height of the bumps 2 is very high
compared with the thicknesses of the electrode pads 5 and 6, and
therefore, the gap can be changed by changing the height of the bumps
2.
The bumps 2 are pressed to the electrode pads 5 and 6, to
20 electrically and mechanically connect the bumps 2 to the electrode pads
5 and 6. At the time of pressing, the bumps 2 are collapsed and
deformed in a height direction. Therefore, to correctly set the gap
between the base boards 1 and the piezoelectric substrates 3, the
deformation of the bumps 2 due to the collapsing must be considered.

95 At the time of pressing, the bumps 2 may be vibrated with ultrasonic



conpared with the thicknesses of the electrode pads 5 and 6, and
therefore, the gap can be changed by changing the height of the bunps 2.
The bunps 2 are pressed to the electrode pads 5 and 6, to 20 electrically
and mechani cally connect the bunps 2 to the electrode pads 5 and 6. At the
time of pressing, the bunps 2 are coll§ ed and defornmed in a height
direction. Therefore, to correctly set ?ﬁe gap between the base boards 1
and the piezoelectric substrates 3, the deformation of the bunps 2 due to

the col l%%%ie@gﬂmw%ﬁ“gecocﬂ%iérhféxee%zat%Slét of R8et bi8e Bod¥ES I, D nidRe HBS 2

-mra:y ge Vi bratg ul'traso waves relative to the aggregate 13 of
the base boards 1, ta nmake the ess._connecti.on . LNGH

ef fect i VBY§%5} FTi’énﬁFQé’? %%%ectﬁﬁ?.%lpg ilg n&elcsgssezf?%?tlygfq%?o%yreseﬁtéﬁi cal
-connection, to |l eave. no coat such_,as sol der resist ,on the el ectrofe ds
6. For teemnecHesse [tols agicepsanys fRr NPP&&'e%feé‘?r‘t% ReFE98: ptgdfsiearr‘gei be
cl eaned by renover. This enbodi nent enploys Au bunps, d taerefore, t he
gap bet weercoathengh ezcwllder miesistubs tthe: elecirade nas ﬁasgbn%é t R¥TPOS90 to
30 umafter bonding. (7) Next, as shown in Fig. 4A particulate first

seal izg p@dietica thdGurfase eniftttade feaimodooyad s meay rd abeaned byt remaxes.
el ement side of the base board 13, to apply the first sealing material 7

ont o t hepaggr&ddba@imbhiobnifleyRade bean@s, hrahdheasdoid)etiie regxtp ded ern
material 7 fromedges of the piezoelectric substrates 3 to the aggregate

S T L "en P18 BORIASiclsub B eT PhdOLRG ba'sEBEA 10 3P 20 €30 gk afeéx
bonding.

(7) Next, as shown in Fig. 4A, particulate first sealing material

10 7 is emitted from above the surface acoustic wave element side of the

base board 13, to apply the first sealing material 7 onto the aggregate

13 of the base boards 1 and hang the first sealing material 7 from edges

of the piezoelectric substrates 3 to the aggregate 13 of the base boards 1

to form bridging. "Emitting particulate first sealing material 7"

15 includes spraying molten metal or depositing vaporized metal. The

thickness of the first sealing material 7 is easily adjustable by

changing an emitting time of molten metal or a depositing time of
vaporized metal.

When emitting molten metal, acetylene (C2H32) gas is emitted at

20 the same time. The metal used is aluminum. When the particulate

metal is emitted, the particle diameter of metal particles (first sealing

material) 7 flying onto the piezoelectric substrates 3 and base boards

13 enlarges to about 10 pm. As a result, the deposited material (first

sealing material)7 becomes coarse, and the metal particles 7 hardly

95 enter into the gap between the piezoelectric substrates 3 and the



15 includes spraying nolten netal or depositing vaporized netal. The

thickness of the first sealing material 7 is easily adjustable by changing
an emtting tine of nolten netal or a depositing tine of wvaporized netal.
When-enitting nolten netal, acetylene (C2H2) gas is enmitted at 20 the sane
time. The netal used is alum num Wen, the particulate netal is enmtted
the particle diameter of netal particles (first sealing material) 7 flying
onto the piezoelectric substrates 3 and base boards 13 enlarges to about

10 pm As_a resul t;qt pRsiL.e rihal i Li 7L
becones TRl e thE! Q?S%agtouggpgsn‘z R iszgﬁg}t she, et E?%ﬁ‘é

bet ween the pjezge] ectri¢ substrates and.the,1 3. 3
_boards 1mal.t)9é13ce109t ARES PR Pégege‘?ﬁ %hﬁ phesﬁo:e Fﬁﬁrlég%gﬁggﬁaf F%m3gg.§ggl%o1?ase

formed, but gaps between 5 particles will easily be generated. |f the
parti cl edidimeeterisi laxgeml bridgingiiwill rasily fbeufarmeds drh IBAPEG /G ™SEM
apertures in the bridging will be closed to inprove a sealing ability.
par tiscl ep s e Livilbyabily b gegedaltydcoriifridid pagteleldametar 94 smallolt
simul taneously realize the formation of bridging and the sufficient
seal i ng \Pg);m% rH%Tﬁ%ultlQoli}&Qﬁﬁ%%iﬂgi@ﬁ 1A apieebuspedd thé lbrmddime wié be

entering netal particles (into the space). On the other hand, if

deposi ti por.i al,, t.al; f I
i nexpens(fngggﬁe'?él F‘?@Eﬁsésgcégggr’{%rﬂéﬂt ] nﬁﬁenﬁﬁrpﬁﬂe Qia@X3BP! May be
changed by controlling a blown air flow, to simultaneously realize the
formation of bridging and the sufficient sealing performance.

10 Increasing an emission speed will reduce the entering of metal

particles (into the space).

On the other hand, if depositing vaporized metal, the metal to

use may be, for example, inexpensive metal such as copper or aluminum.

In this case also, increasing a vapor deposition speed may prevent the
15 entering of metal and a bad influence on the transducer 4 side of the
surface acoustic wave elements.

In any case, metal patterns such as wiring must not be formed in
areas of the aggregate 13 of the base boards 1 other than areas facing
the surface acoustic wave elements. If wiring patterns are formed in

20 the areas not facing the surface acoustic wave elements and if the
wiring patterns are signal lines instead of grounding signal lines, they
will short-circuit to the first sealing material 7 to which ground
potential is applied. It is necessary, therefore, to arrange the wiring
patterns 6 such as leads on the base boards 1 under the shades of the

95 substrates 3 in terms of positional relationships between an emission

t he piezoelectric substrates 3 to the _aggregate 1 f the,b boar.
form briaggregatef 18hefpdra ihkase bd’iaé.'ﬁ‘étérg‘? sf%%g% klﬁsﬁ)ﬁiagi ﬁj S‘fe |Pag’ér§?feylbteo

The




In this case also, increasing a vapor deposition speed may prevent the 15
entering of nmetal and a bad influence on the transducer 4 side of the
surface acoustic wave el enents. In any case, netal patterns such as wiring
nmust. not be fornmed in areas of the aggregate 13 of the base boards 1 other
than areas facing the surface acoustic wave elenents. If wiring patterns
are formed in 20 the areas not facing ﬁ% surface acoustic wave el enents
and if the wring patterns are signal lines instead of grounding signal

li nes, the W}l shert-ciycuirt toth L.rst .seakiAE: i 7 i£h
-ground %‘b‘%(’é“rﬁ i%# P@qgeplbl Pg%%éll totri sé ng%éis'ése;r?/? %E?glf%?fe,efntegbér ¢ gﬁgﬂf\e
wring patterns 6 sugh as. |eads on the base boards 1 under the shades of

the 25 shipgoedeelrig SUPSEALRS & positional rel ationships between an

-em ssion 14 source of nolten netal or a source of vaporized metal and the
pi ezoel ectri c Bigwte & &s 8B VigWgexrelsining posaliongd 58 'th@ngba?% Jjeen

rel ati onshi ps between emnm ssion sources A and B and piezoel ectric

subst r at emisdiorB3ouands 38,and Bimhdisagoeledtic sadstbatas 31, vihdr andnddi i r st
sealing material 7 and patterns 6 are arranged. Here, the em ssion sources

A ang B 2hf RPEAE orb QUECBAse Ganardlll wheard shedfirspseatmgpmiatdmali karhve
expanse, and the characteristics of the expanse can be deened to be a

col | ecti BQBﬁErnsoeidFe SPHE86d. | tHéfe, NS bAAkET A Ralurass ovanidaB ofe pbént
em ssion 10 characteristics of the two point sources A and B indicates the

por nt sotd B 2GsheYallY i ST SBIreOLTARL (hIC TN LATGe cRERIRED arldie
the characteristics of the expanse can be deemed to be a collection of
point sources. It is considered that an overlap of the emission
10 characteristics of the two point sources A and B indicates the
characteristics of a standard emission source. The distance between
the point sources A and B can represent the size of a standard emission
source. The emission source A forms so-called diffraction areas Al
and A3 of the first sealing material 7. The emission source B forms
15 diffraction areas Bl, B2, and B3 of the first sealing material 7. A
positional relationship between the emission source A and the
piezoelectric substrate 32 causes no diffraction. The emission source
B causes diffraction even on the substrate 32, to produce diffraction on
all piezoelectric substrates 31, 32, and 33. Generally, the size (the
20 distance between the point sources A and B) of an emission source and
the like is considered to be greater than the size of a piezoelectric
substrate, and therefore, it seems that all piezoelectric substrates
suffer from diffraction. On the other hand, the patterns 6 must be

arranged in areas excluding the diffraction areas A1, A3, B1, B2, and

95 B3. The reason why the molten-metal emitting method or the



source. The em ssion source A forns so-called diffraction areas Al and A3
of the first sealing material 7. The em ssion source B fornms 15 diffraction
areas Bl, B2, and B3 of the first sealing material 7. A positional

rel ati onship between the em ssion source A and the piezoelectric substrate
32 causes no diffraction. The em ssionyspurce B causes diffraction even on
the substrate 32, to produce diffraction on all piezoelectric substrates
31, 32, and 33. Generally, the size (the 20 distance between the point

sources {,angiR)d-afe ] &P Sty 0 KS] 38@ mpleydd ke besatsesildey envolvae
-greater f‘ﬁgn the size oﬁgé% pi gg%el ectric su g?,rate, and ther}g?gre, It

seems t hﬁetdssa'figfeﬁggﬁ%ﬂ %8&@%631@5%%“8&9&%0%% dinet haaki #eh Qs the

ot her hand, erns arranged in areas excluding the

"diffractipn areas A, A3, Bl, B 25,8 r

nol Iten- g‘é_ﬁ%’f“t:ﬁﬁftvtaipr?ﬁh@%‘??\%%i%? %ph@hngta}b%;ia;q;‘g?ngﬁgﬂbg\éggsﬂé?%dhet hod is
enpl oyed i s because_they invol ve, ss qdjffraction c ar W t:h ot her, film
form ng met hodég%suN?Xd?s as showm iy F1gadd %I’éﬁ)dktielri%‘ff%ﬁ)eid%? Aeaosid,
sputtering nethod. (8) Next, as shown in Fig. 4B, an outer _rfacF of the
deposi t eliasé loxse (feypérse@lingtmeaseriadl Tnig é?@@l@ W‘.lthsmﬁlk&tléywtt(’n Hi |
(Ni) to forma surface |layer (second sealing material) 8. The plating may
be el eckusfdad i luyear (eleeohdolse&slimgammpria%st&ad Gthel plating imayayboe

di pped in conductive paste and heat-treated. Wth this, a conductive
(metal) piddtrbpldfingeédr bledtholdnsglasieg. 7 Insteadevfl plating, dt fay be

I nexpensive plating nethod is enployable to forma dense netal film
serving gsnh88 fUebAAGCEANCDabEL 3hd BAID- t Ak dATPT WiEhSERs|, N conductive
(metal) film is formed. _If the base layer 7 is a metal film, an
10 inexpensive plating method is employable to form a dense metal film
serving as the surface layer (clad layer) and improve sealing
performance. In the sealing material formed with this method, the
surface layer has a lower porosity (pores) and denser than the base
layer, to provide proper sealing. The porosity can be determined by

15 observing a cross section with an optical or electronic microscope.

Figure 6 is a structural view showing th.e peripheries of end
areas of the piezoelectric substrates 3 of Fig. 4B with an aspect
enlargement ratio and an enlargement ratio of all components being
fixed. A distance d1 between the base board 1 and the piezoelectric
20 substrate 3 is about 25 pm, and a thickness d2 of the piezoelectric
substrate 3 is about 850 pm. A thickness of the first sealing material
7 is preferably 10 to 100 pm, and this time, it is 100 pm. In terms of
manufacturing efficiency, it is preferable to be 10 to 50 nm in the case
of vapor deposition and 50 to 100 um in the case of molten metal

25 spraying. However, the thickness of the first sealing material 7 has




performance. In the sealing material fornmed with this nethod, the surface
| ayer has a | ower porosity (pores) and denser than the base |ayer, to
provi de proper sealing. The porosity can be determ ned by -15 observing a
cross section with an optical or electronic mcroscope. Figure 6 is a
structural view show ng the peripheriegs of end areas of the piezoelectric
substrates 3 of Fig. 4B with an aspect enlargenent ratio and an
enlargenent ratio of all conponents being fixed. A distance dl between the

base boagdidot3apyt Ao diL£2NERALES Cd@0isSubstutahalB the aboeknebs pdi3. althe
-t hi ckness d2 of "the piezoelectric substrate 3 is about 350 pm A thickness

f the fj | i i f Lve: . . X ,
of the éécfjéﬁ]léﬁga'tlfe}%s@%ﬁﬁﬂ 8 mdde B ﬁgﬁfeft?.dyfﬂ-ﬂ }ov QR sPRicknéskBs 4 | e

it is 10 manufacturin iciency, It is preferable to be
10 to 50 ' he case .of v deposi tion and .50 100 ' ase
of nol teﬁga]e‘bglt&’?g Lt 5%%5?“2@%1%&‘&%@0 teﬁlcglk%tg%esr é?‘ 4 hseap ?]rug?l ds(gzllrﬁhg
material _7 has 16 anjsotropy and a.thickness d8}éi s abo .h%\lpf th€06hi ckness
d3. The IEachsganealdhetween the pipaeriestric subaRtes 45 APAURO0 nm,
t hi cknesses d4 and d9 that are substantially equal to each other and 'is
abouts 108 width dfl Gaofiastpansesasdpdchednbe tiee pn dheesegand sealing material j g
about 600 um 5 a width d10 of a space sandw ched between the second
seal i ng heyers @ isl apens B00 @nout A3idiin d6 wifdieh bdedef 24 wfade di¢ing a
dicing apparatus for the base board aggregate 13 is 60 um and if a dicing
wi dth rraaﬁbamuabwﬁ thBeh 88 o dr € Wgeablzatkd1 B iss60bpui, 1201 dfnarkiicing i s
smal l er than the width d10. Accordingly, the sealing naterial 8 10 forned
al ong si gdgq¢a! % r@intileaiPd §Z 0REEGIHES aSERBTAMEALR W Abo0e!15® um which
is smaller than the width d10. Accordingly, the sealing material 8
10 formed along side walls of the piezoelectric substrates 3 will not be
damaged.

When the aggregate 13 of the base boards 1 is diced, the first
sealing material 7 is exposed along a cut face. There was no
deterioration of sealing effect due to the exposure. This may be

15 because a distance of 200 pm or over is secured from the exposed face of
the first sealing material 7 to the sealed space. To improve the safety
of sealing, the exposed area of the first sealing material 7 may be
reduced, and thinning the film thickness of the first sealing material 7
may reduce the exposed area.

20 A diffraction amount d7 is about 20 pm which is smaller than the
distance d1. A distance from a side face of the piezoelectric substrate
3 to the electrode pad 6 is set to be about 80 pm, and therefore, the first
sealing material 7 will not be brought into contact with the electrode

pad 6. Further, when the first sealing material 7 forms an inner side

25 wall for the sealed space, the side wall is completed before the film




damaged. Wien the aggregate 13 of the base boards 1 is diced, the first
sealing material 7 is exposed along a cut face. There was no deterioration
of sealing effect due to the exposure. This may be 15 because a di stance of
200 um or over is secured fromthe exposed face of the first sealing
material 7 to the seal ed space. To inpjove the safety of sealing, the
exposed area of the first sealing material 7 may be reduced, and thinning
the filmthickness of the first sealing material 7 nay reduce the exposed

area. 20t cliddssa6t ithe AFeNeading Smakerial2 dxoeddscbhesdistanicerdlphamd he
-di stance dl. A distance froma side face of the piezoelectric substrate 3

to the e{}?{ierﬂ%?g, gﬁs\jsi@fsh?s eeftegaB?e appst A UNmanhitkaess obe, tHdefik st St

seal ing materia not rought 1nto contact wth the el ectrode pad
For the SesiBy Bargtial fas SRR AN s ickaderTi e the riim1 7
theref ore. 1t @BenbasibndmmnBernesia 1 #1 Fht tsacheasasi inaivided o
sealing material 7 is greater than the distance dl. (9) Lastly, the_,
aggr égat mdiyidual hpidsesebyoar dicingi sppavatud, ian ondsvidialipseds diveding py a
di ci ng apparatus, an individual-piece dividing apparatus, or the like.
Thi s enahpparhbasagar ehat ki3 oThikeehabbes bdwr deggiregatioe 18i wif ddee i age many
chips, to realize mass production. Through the processes nentioned above,
the surfpggr@soustd GenadieidéteVinge &hove dhiplsi gto keladizwonphes geroduction.
Through the processes mentioned above, the surface acoustic wave
device shown in Fig. 1 is completed.
10 The surface acoustic wave device produced in this way seals the
space formed by the flip-chip connection between the base board 1 and
the piezoelectric substrate 3 as it is, to provide a small structure
appropriate for surface mounting. There is no misalignment of the
first sealing material 7 and second sealing material 8 relative to the
15 piezoelectric substrate 3. The first sealing material 7 and second
sealing material 8 are arranged relative to the piezoelectric substrate 3
in a so-called self-aligning manner, to improve production yield.
The first sealing material 7 is formed by spraying molten metal
or by depositing vaporized metal, and on the surface thereof, metal
20 plating (second sealing material) 8 is made, to easily improve sealing
performance. This is achievable with a small number of processes at
low cost, to facilitate mass production and improve industrial merit.
Although the embodiment 1 has been explained in connection

with the surface acoustic wave device, the present invention is not

25 limited thereto and is generally applicable to electronic devices. In



10 The surface acoustic wave device produced in this way seals the space
formed by the flip-chip connection between the base board 1 and the

pi ezoel ectric substrate 3 as it is, to provide a small structure
appropriate for surface mounting. There is no misalignment of the first
sealing material 7 and second sealing ggjerial 8 relative to the 15

pi ezoel ectric substrate 3. The first sealing material 7 and second sealing
material 8 are arranged relative to the piezoelectric substrate 3 in a

so-cal | eﬁg?ﬁkhl?f,i i 1até ok NP WNR sPK AGLEE imOvibes harEeestich sds
.seal i ng terral 7 1is forned by spraying nolten nmetal or by depositing

vapori zed {Tptc%l ?g@g?émn;‘ggyggrfacFOFheé)pﬁ{Iglgretiaﬂ 120 apiALé a8l el SE60nth

seal i ng I"al 0 easl'ly 1'nprove sealing performance. This is

-achi bl i th | : I L
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has been expl ained_ in connection wth, the_surface acoustjc,wave device, the
present IRAIHIPEN 1S eaPable | jof ¢ eastler £PLMARE | & g@ﬁ%ieaq | PP i &bte to
el ectronic devices. In 1 8 particular, it is appropriate for. devjces.having
movaldl e pecimnsedating asmovabde pegtsm thewpase OPre% ﬁ@bﬁlfz‘?i%e“ce
applicable to an acceleration sensor having a plumb body. This is because
the presehiractesgsticen i s capable of easily formng a seal ed space and 5
accommodating a novable part in the space to provide stabilized device
characteristics. (Enbodinent 2) Figure 7 is a cross-sectional view show ng
a surface acoustic

(Embodiment 2)
Figure 7 is a cross-sectional view showing a surface acoustic
10 wave device according to the embodiment 2 of the present invention.
The surface acoustic wave device of the embodiment 2 also has a base
board 1, bumps 2, and a surface acoustic wave element, which have the
same arrangements as the base board 1, bumps 2, and surface acoustic
element of the device of the embodiment 1. A sealing material is
15 mechanically connected to the base board 1, and together with the base
board 1, covers and seals the surface acoustic wave element. The
structure of the sealing material differs from that of the embodiment 1
and has a three-layer structure.
According to the embodiment 2, the sealing material consists of
20 insulating resin 22, first sealing material 7, and second sealing
material 8. The insulating resin 22 is, for example, polyvinyl alcohol
resin. Employing the insulating resin 22 prevents short circuits
between metal wiring such as wiring pads 6 and the first sealing
material 7. The insulating resin 22 is naturally intended to provide

25 sealing but its primary object is to form bridging between the base




10 wave device according to the enbodi nent 2 of the present invention. The
surface acoustic wave device of the enbodinent 2 also has a base board 1,
bunps 2, and a'surface acoustic wave el enent, which have the sane
arrangenents as the base board 1, bunps 2, and surface acoustic elenment of
the device of the enmbodinent 1. A sealing material is 15 mechanically
connected to the base board 1, and together with the base board 1, covers
and seals the surface acoustic wave el enent. The structure of the sealing

materialy gl fgef Syhgom e cirie Sibodistns. 1 TRAGMAasidHrReihageris
[ the e

-structure. ‘According t odiment 2, the sealing material consists of

20 insulgating,resin 22.. first sealli rkal. 7 : |
mat er | af‘g}mgﬂe&'nﬁ%aﬁﬁ (]re&}n@;?%as,ra%#)(;%rsagi?gn%fegﬁgp%ﬁggpﬁlyrf%glsgo orllt
*resin. Enploying the jinsulati resin,22 prevents short _ci.rcui e, en
recal i RRAGPEUCHAISZARE (HHG BANSTE: andormElinEIE, AaLARPRg Sidel e ot e
insulating resin 22 is naturally intended to provide 25 seali.ng. but i&s
primary bbjwlating resimod facog fy SPACRe 8 dafe apHERNY uﬁ%’ér‘{j 1§ Hh‘ghae :

pi ezoel ectric substrate 3. The insulating resin 22 is formed by spraying
(j et ts ngThanichddépasion ixgorrsite dsfriomed staxt pointeserveshbyhhe ppainhe G0t he
sol vent. Accordingly, an inner side face of the insulating resin 22 facing

a space HnEgEk Falceans dheepidzielectitici sebstiatehd tman ratd eoing, whieht sl
froma start point served by the periphery of a back face of the

pi ezoel et {f€ qStd%h ' Gndetse @lo8NYT A d¥matiixtbnided Sfurhitite stam point
I ntersection of a nornal extended fromthe start point to the base board
surface %-'dtﬁgebggéebggfl&dsﬁi’fz{@eceaﬁ(‘?v‘@ﬁg bHSe board surface toward the
electrode pad 6 along the base board surface. This is because the
10 sprayed solvent, etc., fly to the board 1 not only from a normal direction
of the base board 1 but also from directions other than the normal
direction.
Like the embodiment 1, the first sealing material 7 is a base
layer formed by spraying molten metal or by depositing vaporized metal.
15 However, the object of arranging the same differs from that of the first
sealing material 7 of Fig. 1 of the embodiment 1. A bridging object of
the embodiment 1 is diluted, and a main object is to improve sealing
property and provide a base layer for forming the second sealing
material 8 by plating. The second sealing material 8 is metal made by
20 plating. A main object of the second sealing material 8 is sealing.
Figures 2, 3, and 8 are views showing a manufacturing method of
the surface acoustic wave device according to the embodiment 2 of the
present invention. Compared with the manufacturing method of the

embodiment 1, the manufacturing method of the surface acoustic wave

95 device of the embodiment 2 involves the same operations as those of




el ectrode pad 6 along the base board surface. This is because the 10
sprayed solvent, etc., fly to the board 1 not only froma nornal direction
of the base board 1 but also fromdirections other than the normal
direction. Like the enbodinent 1, the first sealing material 7 is a base
tayer forned by spraying molten netal gryby depositing vaporized netal. 15
However, the object of arranging the same differs fromthat of the first
sealing material 7 of Fig. 1 of the enbodinment 1. A bridging object of the

enmbodi mepf,l i$ diplqut £d ?@&a 1dnRBiceCt wilH the | fRTioved saald ndiff rt
-and prowg%'a %ase a‘%e’rW or fgg?ﬁ nth r?e s‘gcll:lcs)lnd&seal ilntg;@d rraterigll gfegge d

plating. The second I+ ter| | S, 4 I 20 plating. A main
obj ect (ﬁ?p?%tlgé'@o%fgggla{ggg};%?gFﬁg}&%ﬁi%‘élrns%é%l?EE. Il—l:%)gl)res 2, 3, gnd 8 are
“views show ng manuf act uri met h of, surface..ac tig vj ce
acco][dl ng to t(ﬁ«g ﬁﬂ“gﬁ%’r?e%ﬁﬂgwd’f 11 d&- 8rcei‘£ﬁ?vﬁeﬁ\/€%ﬁ%h%%aﬂ£%§qemg&q}#the
manuf acturing nmethod of the _enbodi nent, 1, .the nufacturi ng nethod of th
surface resinsfila e és Aoraned by e posation S meAbose; ik spelace, A codiflic ©
operations as those of 20 Figs. 2 and 3 whose explanation will be omtfted
and di f f wrmamet eloperdsi ofishenbake hemtd pr.ocdberevprenisdlyl ipsubahing Kesn (1)
First, as shown in Fig. 3Cfollowed by Fig. 8A an insulating resin film

22 is fopswdeyi«epesisoload fihom kbtueol herwing ase achwsti.c Thisdiguel ésrent s
of the base board 1. Mre precisely, insulating resin powler is first

:3'r ¥:gei é;%galgﬁ ?%%Zﬁéél/fnlggtﬁégﬁé&&yﬁ@twaW! sldim@witdside, serdemakitr e t he
e, to deposit the
insulating resin film 22.
The thickness of the insulating resin film 22 is easily adjustable
10 by changing a spray time. At this moment, it is preferable to face a
surface of the surface acoustic wave element on the transducer 4 side
toward the ground surface and spray the liquid from the back face side
of the surface acoustic wave element. Properly adjusting the ratio of
the solvent to the resin may control viscosity. In addition, selecting a
15 solvent may provide a quick-drying property. In this way, the
insulating resin film 22 may be deposited without entrance to the
transducer 4 of the surface acoustic wave element or badly affecting the
same.
(2) Next, as shown in Fig. 8B, molten metal is sprayed or
20 vaporized metal is deposited from above the surface acoustic wave
element side of the base board 13, to deposit first sealing material 7.
A forming method of the first sealing material 7 is the same as that of
the embodiment 1. Since the insulating resin film 22 is present, there

is no restriction of the embodiment 1 that no metal patterns 6 such as

25 wiring must be formed in areas other than the areas of the base board 1



insulating resin film22. The thickness of the insulating resin film22is
easily adjustable 10 by changing a spray tine. At this nonent, it is
preferable to face a surface of the surface acoustic wave el enent on the
transducer 4 side toward the ground surface and spray the liquid fromthe
back face side of the surface acoustig wave el ement. Properly adjusting
the ratio of the solvent to the resin may control viscosity. In addition,
selecting a 15 solvent nay provide a quick-drying property. In this way,

the insg@highgheeshpfddd McddstRy waveegemért] wnidhahkerefdreanesrimg tdam
-transducer 4 of the surface acoustic wave el ement or badly affecting the

same. (Zgrelgq?tqe %a(gg_own. in Fig. 8B, molten nmetal is sprayed or 20
vapori zed nmetal " i's deposited from above the surface acoustic wave el ement

"side of the b board, 13, to depaqsit..fir al i eri 7 AarA I Ng
met hod of thea@ﬁrs ag Qf’i?hﬁ Sﬁ’ﬁt“é‘?iléll TF?gI gﬁ’hégs%?re{&aggé%aotfa%}e dteﬁ’gswédn
enbodi nent 1. Since_the ipsulating resin film?22 i resent,, .ther 1§ no
restri ct fads paé gnﬂ%dpﬂ%trﬁ‘fllwt‘ tnh‘i}‘%t(m pg?tgc? & %@ﬁegs fggl Wléf’i ng
must be formed in areas other than the areas of the base board 1 2 1 facing
the durfRBrecessasthatiellow theenlating arneachinved Wkq kgecRrocesses {hak
made. (3) Lastly, as shown in Fig. 8C, an outer face of the deposited
met al pafdllowi shelpdaerh gvof lthei eldlodiMént d.forma plated film8. 5
Processes that follow the plating are achieved |ike the processes that
foll ow the pl afhesswifalcbe @it Weide Bevice manufactured in this way seals

a space formed by flip-chip connection between the substrates 1 and 3

as it is, and therefore, provides a compact structure suitable for surface

10 mounting. There is no misalignment of the sealing materials 22, 7,
and 8 relative to the piezoelectric substrate 3. The sealing materials
22, 7, and 8 are arranged relative to the piezoelectric substrate 3 in a
so-called self-aligning manner, to improve production yield.

The first sealing material is formed by spraying and depositing

15 an insulating resin layer and by spraying molten metal or by depositing
vaporized metal, and the second sealing material is formed by metal
plating, to easily improve sealing performance. This is achievable
with a small number of processes at low cost, to facilitate mass
production and improve industrial merit.

20 As explained above, the embodiment 1 and embodiment 2 of the
present invention easily provide a miniaturized surface-mounting
surface acoustic wave device capable of easily achieving sealing
function and suitable for flip-chip connection, as well as a

manufacturing method thereof.

25 In these embodiments, it is preferable to make the thickness of




The surface acoustic wave device manufactured in this way seals a space
formed by flip-chip connection between the substrates 1 and 3 as it is,
and therefore, provides a conpact structure suitable for surface 10
mounting. There is no misalignment of the sealing materials 22, 7, and 8
relative to the piezoelectric substratg 3. The sealing materials 22, 7,
and 8 are arranged relative to the piezoelectric substrate 3 in a
so-cal l ed self-aligning manner, to inprove production yield. The first

seal i ng PR ¢fdR) 1dyer 05UBY tBYoS RraY L&Y tRAR SGRAS bleitidenlBhapiersuladtirig
-resin |layer and by spraying nolten netal or by depositing vaporized netal,

and the se seal in i f b t) t; i
prove SRAFRRYR BN RETDERE Hodd, 86 FHACK A, LYl bFthn liRetARLI
-processes at |low cost, to. facilitaie nass roduction _and,inpr.ove

i ndust ri BYHer$eIVIsg AS o ;]??1% , e ﬁﬁbdpﬁgﬂ?rlbﬁ}%&%odi%ﬁt 2
of the present invention easily provide a mniaturized iurface - mount i ng
surface examdle; whoa Aayvbumpsnns emyrloyad; i iscRrelanaplecthatghesRase i on
and suitable for flip-chip connection, as well as a mnmanufacturing, nethod

t her eof . 1Fed ms tA0egan eriioli omethsckér. | En peetns of e anm fagkaring efficiamess of
22 the base layer equal to or greater than a gap between the piezoelectric
subst r at gndndldviee basimiboarikationt hat ia petfdrdidgertoobearl 00 uhat,i myorée ayer
serving as the base |ayer may form proper bridging. For exanple, when Au

burps ar grefadaed 5000t pind oRr@fighady. € Abahit hemase deporytion shidkmess b ck
or thicker. In terns o? manuf acturing efficiency
the base layer can be represented with a deposited thickness on the
piezoelectric substrate.

10 In the above-mentioned embodiments, the metal layer serving as
the surface layer (base layer) may be clad with a still another layer (for
example, an epoxy resin layer formed by screen printing or stamping).
For example, these layers may be used for a marking of device

identification.

15



and device mniaturization, it is preferable to be 1000 pm nore
preferably, 500 urn or thinner. At this time, a deposition thickness of
t he base | ayer can be represented with a deposited thickness on the
pi ezoel ectric substrate. 10 In the above-nentioned enbodi nents, the netal
tayer serving as the surface |ayer (bgz,g | ayer) may be clad with a still
anot her | ayer (for exanple, an epoxy in layer formed by screen printing
or stanping). For exanple, these |ayers may be used for a marking of
device identification. 15 23 CLAl I\/Qéﬁémsurface acousti c wave device
-conprising: a surface acoustic wave with an interdigital transducer
5 fornmed on a surface of a piezoelectric substrate; a base board to which
the surface acoustic wave elenment is flip -chip -connected; a base |ayer
“applied to a back face of the piezoelectric substrate and hanging from
edges of the plezdeburfadaagonsticavavieode vicepe@@PIdSH e’ 10 to form
bridging; and a clad | ayer applied to the base layer. 2. The surface
acousti c wave aevirfacefachmitic vavhelementhwithan liayerdigital fegesdyeeser
than the base layer. 15 3. The surface acoustic wave device of claim]1,
wher g n fd¥@neldash a surface of a piezoelectric substrate;

a base board to which the surface acoustic wave element is

flip-chip-connected;
a base layer applied to a back face of the piezoelectric substrate
and hanging from edges of the piezoelectric substrate to the base board
10 to form bridging; and

a clad layer applied to the base layer.

2. The surface acoustic wave device of claim 1, wherein the clad
layer is a layer denser than the base layer.
15

3. The surface acoustic wave device of claim 1, wherein the clad

layer is a metal layer.

4. The surface acoustic wave device of claim 1, wherein the

20 base layer is a metal layer.

5. The surface acoustic wave device of claim 1, wherein the

base layer is an insulating layer.

25 6. The surface acoustic wave device of claim 1, wherein a




| ayer is a netal layer. 4. The surface acoustic wave device of claim1,
wherein the 20 base layer is a netal layer. 5. The surface acoustic wave
device of claim1l, wherein the base layer is an insulating layer. 25 6. The
surface acoustic wave device of claim1, wherein a 24 distance between the
surface acoustic wave el enent and the base board is 100 pmor smaller. 7. A
manuf acturing nmethod of a surface acouét? ¢ wave device, 5 conprising:. a
process of formng an interdigital transducer on a surface of a

pi ezoel ectiric substrate;,a process of fl.i p-chipycannecti Lural of
‘the pi ezZGHt@OCE; etv%ﬁ%’%tthgtg‘ér%ﬁ‘ﬁoa%%u%tdﬁr%ﬁg?@%F‘%tsgnagg}aedgag?%déyd
predetermned intervals _ 10 through bunps; a process of emtting

parti cul i 80Piwey ossmalgrmaterial from above back faces of the

-pi ezoel ectric substrates to apply the first sealing naterial to the back
faces of the piezoelectric substrates and hang the first sealing materi al
fromedges of the piezoelectric 15 substrates to the base boards to form
bridging; and A ppoeessupictianag mdthod d€nseuzdsond craticgy awe atdvdkepn
the first sealing material. 8. The manufacturing nethod of a surface
acousti Coyyaypeisigy:ce 20 of claim5, wherein emtting the first sealing
material 1s spraylng

a process of forming an interdigital transducer on a surface of a
piezoelectric substrate;
a process of flip-chip-connecting a plurality of the piezoelectric

substrates onto an aggregate of base boards at predetermined intervals

10 through bumps;

a process of emitting particulate first sealing material from
above back faces of the piezoelectric substrates to apply the first
sealing material to the back faces of the piezoelectric substrates and
hang the first sealing material from edges of the piezoelectric

15 substrates to the base boards to form bridging; and

a process of depositing a dense second sealing material on the

first sealing material.

8. The manufacturing method of a surface acoustic wave device
20 of claim 5, wherein emitting the first sealing material is spraying

molten metal or depositing vaporized metal.

9. The manufacturing method of a surface acoustic wave device
of claim 5, wherein the process of depositing second sealing material 1s

25 a process of forming a metal film by plating on the first sealing



nolten netal or depositing vaporized netal. 9. The manufacturing nmethod of
a surface acoustic wave device of claim5, wherein the process of
depositing second sealing material is 25 a process of formng a netal film
by plating on the first sealing 25 material. 10. The nmanufacturing nethod
of a surface acoustic wave device of El imb5, wherein, before emtting the
first sealing nmaterial, a 5 process is“carried out to spray or jet
insulating resin fromabove the back faces of the piezoelectric substrates
to apply th insulating resin to the back faces of the piezoelectric
-subst r at B&%Efang the insulating resin fromedges of the piezoelectric
substrates to the base boards to formbridging. 10 11. The manufacturing
nmet hod of a surface acoustic wave device of claim5, wherein, before the
‘process of flip-chip-connecting a_ plurality of the piezoelectric
substrates, a B@oce bej anapufpetnvimg twethpdi @ aheugifaceenreeustic wave
substrates for every interdigital transducer. 15 12. The manufacturi ng

met hod ofleqicuof ateimchushiereinybefais eoatoing therfifst shaligignm atferaal,the
process of depositing the second sealing naterial, a process is carried

out tg dpyhéesd he @EFiEIV & b sy oM HIsnEolating vepirefpsieaboie the
substrate. 20
back faces of the piezoelectric substrates to apply the insulating resin
to the back faces of the piezoelectric substrates and hang the insulating
resin from edges of the piezoelectric substrates to the base boards to
form bridging.
10
11. The manufacturing method of a surface acoustic wave
device of claim 5, wherein, before the process of flip-chip-connecting a
plurality of the piezoelectric substrates, a process is carried out to
divide the piezoelectric substrates for every interdigital transducer.
15
12. The manufacturing method of a surface acoustic wave
device of claim 5, wherein, after the process of depositing the second
sealing material, a process is carried out to divide the aggregate of base

boards for every piezoelectric substrate.

20



