-1 SURFACE ACOUSTI C WAVE DeVI CEQQ Dﬁg THE
I'NVENTION 1. Field of the Invention ' The present in reI ates to
a surface acoustic wave devi ce havi ng an interdigital traﬁm
(hereinafter referred to
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SURFAC QUSTIC DEVIC L///

BACKGROUND OF THE INVENTION
. jeld of the enti
| Tl_xe present invention relates to a surface acoustic wave
~ device having an interdigital transducer (hereinafter referred to
as IDT) disposed on a surface acoustic wave substrate and, more
particularly, to a surface acoustic wave device using Love waves.

Descriptio the t t
. A variety of surface acoustic wave devices utilizing surface

N\ acoustic waves have been. proposed. For example, the Technical

Report of the Institute of Electronics, Information and

Communication Engineers (IEICE), pp. 7-14, US 82-35, 1982 discloses

a surface acoustic wave device in which a thin layer of a slow

acoustic speed material is formed on a rotational

Y~-cut, X-propagated LiNbO; substrate, wherein a pseudo surface

acoustic wave produced therein is a Love-wave type surface acoustic .

wave which is free from transmission attenuation.

The Technical Report of Institute of Electronics,
Information and Communication Engineers, pp. 31-38, US 86-37, 1986
discloses a rotational Y-cut, X-propagated LiNbO, substrate, which
has no single uniformly arranged film disposed thereon but has metal
strips intermittently arranged thereon to generate Love waves.

Japanese Laid-Open Patent Publication No. 63-260213
discloses a surface acoustic wave device which uses Love waves and
which comprises a rotational Y-cut, X-propagated LiNbO, substrate
having an IDT constructed of a heavy metal such as gold, silver,
or platinum. |



as [DT) disposed on a surface acoustic wave substrate and, nore

particularly, to a surface acoustic wave' devi ce using Love waves. 2.

Description of the Related Art A variety of surface acoustic wave

devi ces utilizing surface acoustic waves have been proposed. For exanpl e,

t he Technical Report of the Institute El ectronics, Information and

Comuni cati on Engineers (I EICE), pp. 7-14, US 82-35, 1982 di scl oses a

surface acoustic wave device in which a thin | ayer of a slow acoustic speed
X- prqopagat ed Li NbO3 substrate,

material is formed on a_rqtational Y-cut L

wherein a psedt@%‘?sr%g'@éc'%’?ﬁ%am%PHP&&Gé@&Weiawli@%i‘é%‘éckﬁﬁéstype
surface acowsface vaycustlc wave l d€ei¢é Ofhi¢RNESRS SLOVe Ard ¢S 24n@ Which

The Technical, Report of Institute of Electronics, Information and

Conmuni CEITRTHE5%i P cppstyuctsd of tngsten sus tantalygesprovidedi onal
Y-cut, a pEOrEgeé eshdudbid aidve SsiSsEAi€e. Whi ch has no single uniformy

arranged fil mdi sposed_thereon but has netal strips intermttently arranged
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Naves ar]éiomprises an IDT of two layers of Ta/Al provided on a surface
acoustic substrate. _

Although Technical Reports US 82-35 and US 86-37, and
Japanese Laid-Open Patent Publication.No. 63-260213 describe that
the surface acoustic wave device has an IDT constructed of gold,
silver or platinum, the device which was actually tested is a gold
IDT. To generate the Love wave, the use of the above-~-described heavy
metals having large mass is thought to be required, but the use of
a heavy metal is very costly. ' ' '

According to Japanese Laid-Open Patent Publication No.
8-125485, the IDT is constructed of Ta or W, which are less costly
than gold and which provide a low Q factor and a relatively high
specific resistance, and can still work in a resonator but
experiences greatldifficulties and disadvantages when used in a
filter.

According to Japanese Laid-Open Patent Publication No.
8-250966, the IDT is constructed of a two-layered structure of
Ta/Al, resulting in a decreased specific resistance. Even with the
IDT of the two-layered structure of Ta/Al, the specific resistance
is not sufficiently low, and satisfactory performance is not
achieved when such a éonfiguration'is used as a filter.

OF THE I NTIO!

To overcome the problems'described above, the preferred
embodiments of the present invention provide a surface acoustic
wave device including an IDT electrode and/or a reflector and which

has a low-cost construction without using an expensive heavy metal,



whifch conprises a rotational Y-cut, X-propagated LiNo(Qerr] substrate
having an IDT constructed of a heavy netal such as gold, silver, or

pl ati num - 2- Japanese
Lai d- open Patent Publication No. 8-125485 discloses a surface acoustic
devi ce whi ch uses Love waves and whi ch_conprises an | DT constructed of
tungsten or tantalum provided on a Suface acoustic wave substrate.

Japanese Lai d- Open Pat ent Publication No. 8-250966 discloses a surface

acousti c wave, devi.ce which uses [Love waves and whi ¢h ]
'~ provides a high Q factor and a fow speciaflc rescl;.stance, and achieves

an excellent performance when the device is constructed as a
resonator or a bandpass filter.

According to a preferred embodiment of the present invention,
a surface acoustic wave device includes a surface acoustic wave
substrate and an interdigital transducer provided on the surface
acoustic wave substrate, wherein the interdigital transducer
includes a tungsten layer and an aluminum layer. In such a preferred
embodiment, it is preferable that the laminated metal film has a
structure in which a tungsten layer and an aluminum layer are
laminated together to form an integral metal film.

The aluminum layer may be provided on the surface acoustic
wave substrate and the tungsten layer is then preferably provided
on the aluminum layer. Alternatively, the tungsten layer may be
provided on the surface acoustic wave substrate and the aluminum
layer is then preferably provided on the tungsten layer.

The surface acoustic wave device may further comprise a pair
of reflectors made of a laminated metal f£ilm in which a tungsten
layer and an aluminum layer are laminated, the pair of reflectors
being disposed on both sides of the interdigital transducer.

In another preferred embodiment of the present invention, a
surface acoustic wave device includes a surface acoustic wave
substrate, an interdigital transducer provided on the surface

acoustic wave substrate and reflectors disposed on both sides of

the interdigital transducer, wherein the reflectors include a
‘tungsten layer and an aluminum layer. In such a preferred
embodiment, it is preferable that the laminated metal film used to
form the reflectors has a structure in which a tungsten layer and
an aluminum layer are laminated together to form an integral metal
film. In this preferred embodiment, the interdigital transducer
may be preferably formed of aluminum or other suitable material.

The surface acoustic wave substrate in preferred embodiments
of the present invention is preferably a Y-cut,

wave



conprises an |IDT of two layers of Ta/Al provided on a surface acoustic
Substrate. Al t hough Techni cal Reports US 82-35 and US 86-37, and
‘Japanese Lai d-Open Patent Publication No. 63-260213 describe that the
surface acoustic wave device -has an I DT constructed of gold, silver or

pl ati num the device which was actually tested is a gold IDT. To generate
the Love wave, the use of the above-de%cTi bed heavy netal s having | arge
mass i s thought to be required, but the use of a heavy netal is very
costly. Accordi ng to Japanese Lai d-Open Patent Publication No.

8- 12548¥-prpPagptedsL. ¥ sukstrate, padthesugfiaae apeustis waye deviaen
gold aniswﬁbﬁggﬁhﬁ%bﬁetﬁ Lew Ebggchgyeggd a relatively high specific
resi stance, and can still work in a resonator but experiences great
difficulties Xhe gunrfacenaggustipevavecdevica mayt further compriseiag to
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-layer and an aluminum layeg are laminated together. '

Alternatively, the bonding electrode may have a top layer
made of aluminum. In this case, the bonding electrode includes a
single layer made of aluminum which is therefore a top layer, or
includes a top layer of aluminum diSpbsed on tdp “of a laminated
metal film including an aluminum layer and a tungsten layer
laminated together, such that the aluminum layer of the laminated

- metal layer is provided on the surface acoustic wave substrate and
the top aluminum layer is provided on the tungsten layer of the
laminated metal film. '

For the purpose of illustrating the invention, there are
shown in the drawings several embodiments and forms which are
presently preferred, it being understood, however, that the
invention is not limited to the precise arrangements and
instrumentalities shown therein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic plan view showing a surface acoustic
‘wave device according to a first preferred embodiment of the present
invention.

FIG. 2A is an enlarged cross-sectional view showing part of
the device taken along a line A-A in FIG. 1.

FIG. 2B is an enlarged cross-sectionai view showing part of
the device taken along a line B-B in FIG. 1. '

FIG. 2C is an enlarged cross-sectional view showing part of .
the device taken along a line B-B in FIG. 1 according to a
modification of the first preferred embodiment.



SUMVARY OF THE | NVENTI ON To overcone the probl ens descri bed above
the preferred enbodi nents of the present’ invention provide a surface
acoustic wave device including an-l DT electrode and/or a reflector and
whi ch has a | owcost construction w thout using an expensive heavy netal,
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provides a high Q factor and a | ow specific resistance,

an excel |l ent perfornmance when the devitc® Ts constructed as a resonat or
bandpass filter.

FIG. 2D is an enlarged cross-sectional view showing part of
the device taken along a line B-B in FIG. 1 according to another
modification of the first preferred embodiment.

FIG. 3 shows the impedance-frequency characteristics of the
surface acoustic wave device of the first preferred embodiment.

FIG. 4 shows the impedance-frequency characteristics of a
first conventional device.

FIG. 5 shows the impedance-frequency characteristics of a
second conventional device.

FIG. 6 is a photograph taken by a scanning electron microscope
which shows the surface state of the IDT electrode of the surface
acoustic wave device according to preferred embodiments of the
present invention.

FIG. 7 is a photograph taken by a scanning electron miéroscope
which shows the surface state of the IDT electrode of the first
conventional device.

FIG. 8 is a equivalent circuit showing the ladder filter
according to a second preferred embodiment.

FIG. 9 shows the attenuation-frequency characteristics of
the ladder filter of the second preferred embodiment.

FIG. 10 shows, for comparison, the attenuation-frequency
characteristics of the ladder filter which is constructed of the
first conventional surface acoustic wave device.

FIG. 11 shows, for comparison, the attenuation;frequenéy
characteristics of the ladder filter which is constructed of the
second conventional surface acoustic wave device.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, preferred embodiments of the present invention
are explained in detail with reference to the drawings.

FIG. 1 is a schematic plan view showing the surface acoustic
wave device according to a first preferred embodiment of the present
invention, and FIG. 2 is an enlarged cross-sectional view showing

and achi eves

or

a



According to a preferred enbodi nent of the present invention, a surface
‘acoustic wave device includes a surface ‘acoustic wave substrate and an
interdigital transducer provided on the surface acoustic wave substrate,
wherein the interdigital transducer includes a tungsten |ayer and an
alum num |l ayer. In such a preferred eg‘oodl ment, it is preferable that the
| ami nated metal filmhas a structure 'n which a tungsten layer and an
alum num | ayer are |ami nated together to forman integral netal film

The al um rovided on the sur e acqQusti ve upst rat e
and ¢ g Ehe) sfEFacE falFHIEpava.fovire ket ot Sl aHE ARt or

Al terngigelly., the tungsten | ayer nay be provided on the surface acoustic
wave substrate an t he aIumnumI I § then .prqvided on the
tungsten | ayé ace ﬂ‘l’é"’ss&r"f:a&'@ SIL‘?&"F@ @avgeg@\rag’gyy M &P conpri se
a pair sirffié %‘dﬁﬂ:iﬁidﬁﬁ supstfaty eddfetaaly-fddﬁﬂnlmbml slibatkubgst en

| ayer and an aI um num | a are | am nat.ed,. t he pai ref | ectors being

f
- di sposed on qdr?e i Htsemltdﬁd ) &S’rP surface of; tdener

prefer rﬂﬁ:ﬁé@‘é’c@%&ﬁ::ﬂw&% SULHRSHtd VA WY ba a%ﬂ‘afr?fé?i FePBE I dopReE
devi ce includes, a surface acoustic wave subs rate an 1 nterdi $tal

t ransdtﬁ'&s‘iﬁ%&!ﬂé& At theanhar porddan ot the, subsikata @ andheidRt or s
di sposegh vt rsdd 35iA8Fu@és a comb-shaped electrode 3a having a plurality

of electrode fingers and a comb-shaped electrode 3b having a
plurality of electrode fingers, in which the two comb-shaped
electrodes 3a and 3b are interdigitated with each other. The IDT
electrode 3 is preferably subjected to apodization.

The plurality of electrode fingers of the IDT electrode 3
extend in a direction that is substantially perpendicular to an
X-axis so that Love waves, which are generated as the surface
acoustic waves in the device 1, propagate in the direction of the
X-axis on the LiNbO, substrate 2

Reflectors 4 and 5 are preferably arranged on both sides of
the IDT electrode 3 in the direction of propagation of the surface

- acoustic wave. Each of the reflectors 4 and 5 has a plurality of
electrode fingers which are short-circuited with each other:. The
reflectors 4 and 5 also extend in a direction that is substantially
perpendicular to the X-axis.

The surface acoustic wave device 1 of this preferred
embodiment is preferably constructed such that each of the IDT
electrode 3 and reflectors 4 and 5 is made of a laminated metal £ilm
in which an aluminum layer and a tungsten layer are laminated
preferably in that order. Specifically, the IDT electrode 3 is
preferably constructed of a laminated metal film 12 in which a
tungsten layer 11 is laminated on top of an aluminum layer 10, as
shown in a cross-sectional view of part of the IDT electrode 3 in
FIG. 2A.



thé interdigital transducer, wherein the reflectors include a tungsten
dayer and an alum numlayer. In such a preferred enbodinent, it is
preferable that the lam nated netal filmused to formthe reflectors has a

structure in which a tungsten |ayer and an al um num | ayer are | am nated

together to forman integral nmetal film In this preferred enbodi nent,
interdigital transducer nay be pref ér7ab‘ry formed of al um num or ot her

suitable materi al .

enbodi ments of the present invention is preferably a Y-cut,

X- pr opE@t eembrahped pleceredesnip tand o3b Mak rrRspegtivedy deevi ce
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connected to bonding electrodes 3c and 3d to which bonding wires
(not shown) are to be connected. As shown in FIG. 2B, the bonding

‘electrodes 3c and 3d are also preferably constructed of the
- laminated metal film 12. That is, the bonding electrodes 3c and

3d are preferably constructed to include the aluminum layer 10 on
the surface acoustic wave substrate 2 and the tungsten layer 11 on
the aluminum layér 10. |

It may be somewhat difficult for the connecting electrodes
3c and 3d to establish excellent contact or bonding with bonding
wires due to the existence of the tungsten layer 11 disposed at the
outer surface thereof. In such a case, it is preferable to construct
the bonding electrodes 3¢ and 3d so that each of the bohding
electrodes 3c and 3d has a top layer made of aluminum. For example,
as shown in FIG. 2C, the bonding electrodes 3c and 3d may have only
the aluminum layer 10 by not providing the tungsten layer 11 on the
aluminum layer 10. Alternatively, another aluminum layer 13 may

‘be provided on the tungsten layer 11 which is disposed on the

aluminum layer 10, as shown in FIG. 2D, such that the tungsten layer

11 is disposed between the two aluminum layers 10, 13. -
According to the first preferred embodiment of the present

invention, since the surface acoustic wave device 1 has the IDT

electrode 3 and reflectors 4 and 5 each having the laminated metal

film having the construction described above, a surface acoustic
wave device with a high Q factor and a small resonance resistance
is provided when a voltage is applied to the IDT electrode 3 for
generating resonance. This operation is now discussed referring
to a specific example. | |
An example of the preferred embodiments of the surface

acoustic wave device 1 was manufactured according to the following
procedure. An Al layer having a thickness of about 50 nm and a
tungsten layer having a thickness of about 300 nm were formed in
that order along the entire top surface of the surface acoustic wave

t he

The surface acoustic wave substrate in preferred



is ‘constructed to use Love waves. The surface acoustic wave device
may further conprise a bonding el ectrode provided on the surface acoustic
wave substrate and connected to the interdigital transducer. The bondi ng

el ectrode may include a lamnated netal filmin which a tungsten | ayer and
an alum num | ayer are | am nated togetjer. Al ternatively, the bonding
el ectrode may have a top layer made of alumnum In this case, the bonding
el ectrode includes a single |layer nade of alum numwhich is therefore a top

| ayer, or includes a_.top.layer of alym num di sposed on top of a | am nated
ot ol | FRPREZALELAI Mads D5 thE Hneut oAt etiaks S5 ing @ SpuktaEing

t oget hgechaighel.hah phctotellistiMdsaupblakdt 6 tRe Nalathted dletlady €ilms
prOV|degHon the surface acoysti c wave substrate and the top al um num. ayer

i's prorPHEEBRmeA g ing & SR1PLRATIAT RChniques 8RdHEaS, then fubjectedr,,

the pukpoegpekuirkl 4al" develophentNu8RhigOR phBebMagks shown in the draw ngs
several enbodi nents and forns which aré presently preferred, |t_be|n8
underst ood, ABwebehant wasipsed i\ Kemave Lheypqrtian@f Shendapinate

‘arrangaERahs f3ish btherUFREhApbteens anereehe’ #pT electrode 3 and
reflectors 4 and 5 were to be formed. The etchant that was used
in the etching operation was a mixture of hydrofluoric acid of 63%
by weight, nitric acid, and pure water, mixed by a weight ratio of
1:2:1.
The width of each electrode finger and the pitch between the
electrode fingers in the IDT electrode 3 were designed so that the

Love wave héd a wavelength A of about A=12 um, and the number of
pairs of electrode fingers in the IDT electrode 3 was set to be 50,
and the weighted interdigital coexténsive lengths were set to be
generally rhomboid as shown ih FIG. 1. The reflectors 4 and 5 had
the electrode finger width and electrode finger pitch for the same
wavelength of the IDT electrode 3, and the number of electrode
fingers was 10 in each reflector.
The impedance-frequency characteristics of the surface

acoustic wave device 1 of this example of preferred embodiments thus
constructed are shown in FIG. 3. As shown, the impedance at a

resonance frequency is 2.73 Q, while the impedance at an anti-

resonance frequency is 2.13 kQ.

For comparison, two types of conventional surface acoustic
wave devices, having an electrode material and construction that
are different from the electrode material and construction for the
surface acoustic wave device 1, were manufactured so that the
remaining physical characteristics, compositions and conditions
were the same as that in the example of the preferred embodiments
described above.

A first conventional device was manufactured in the same
manner as the above surface acoustic wave device;according to an



.BRI'EF DESCRI PTI ON OF THE DRAW NGS FIG-1 is a diagramuatic plan view
showi ng a surface acoustic wave device according to a first preferred
enbodi ment of the present invention. F1G 2A is an enlarged
cross-sectional view show ng part of the device taken along a line A-Ain
FIG 1. FIG 2B is an enlarged &r oss-sectional view show ng part of
the device taken along a line B-Bin FIG 1. FIG 2C is an enlarged
cross-sectional view show ng part of the device taken along a line B-B in

FIG 1 according to a nodification of the first preferred epbodi nent.
example of preferred embodiments of the present invention, except

that a tantalum layer was formed via a sputtering technique, instead
of the tungsten layer in the above-described example of preferred
"embodiments of the surface acoustic wave device, with the tantalum
layer in the first conventional device having the same thickness
as that of the tungsten layer of the example of preferred
embodiments of the present invention. The impedance-frequency
characteristics of the first conventional device are shown in FIG.
4. |

A second conventional device was manufactured by sputtering
tungsten on a surface acoustic wave substrate to form a tungsten
layer of 350 nm. The IDT electrode 3 and reflectors 4 and 5 were'
formed of only a tungsten layer in the second conventional device.
The impedance-frequency characteristics of the second conventional
device are shown in FIG. 5.

As seen from FIG. 4 and FIG. 5, the first conventional device
in which the IDT electrode 3 and reflectors 4 and 5 were constructed
of Ta/Al laminated metal film provided a resonance resistance of

5.46 Q@ and an anti-resonance resistance of 2.42 kQ, and the second
conventional device provided a resonance resistance of 7.73 Q and

an anti-resonance resistance of 1.51 kQ.

As understood from the comparison of the impedance-frequency
characteristics of the surface acoustic wave device of the example
of the preferred embodiments shown in FIG. 3 with the
impedance-frequency characteristics of the conventional devices
shown in FIG. 4 and FIG. 5, the IDT electrode 3 and reflectors 4
and 5, which are constructed of the laminated metal film of W/Al
according to the example of preferréd embodiments of the present
invention, provides a lower resonance resistance than any case of
the Ta/Al laminated metal film structure and the tungsten-only
structure according to the conventional examples. By constructing
the IDT electrode 3 and reflectoré 4 and 5 of the laminated metal
film in which the aluminum layer and the tungsten layer are



-5-° FIG 2D is an enlarged cross-sectional view showi ng part of the
device taken along a line B-Bin FIG 1 according to another nodification

of the first preferred enbodi nent. FIG 3 shows the _
I npedance-frequency characteristics of the surface acoustic wave devi ce of
the first preferred enbodi nent. loG 4 shows the inpedance-frequency

characteristics of a first conventional dévi ce. FIG 5 shows the
i npedance-frequency characteristics of a second conventional device.

FIG 6 i . h Kk b capnin | ectron roscope which shows
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FIG 8 |dealequuvabeotdﬁzngctlbtpﬁéﬁétﬁédt émbbasifentsi brethacppeseng to a

second pref%& ggnegg prg¥erably used for a piezoelectric resonance
component such as a resonator and a bandpass filter using Love
waves.

Generally speaking, the reflectors 4 and 5 constructed of a
large mass electrode material increases the reflection coefficient
per reflector, and the reflectors 4 and 5 constructed of the W/Al
laminated metal film in such a case as this example of preferred
embodiments, reduces the number of electrode fingers in each
reflector. With this arrangement, a compact surface acoustic wave
device including a reflector is thus provided.

The IDT electrode 3 constructed of the W/Al laminated metal
film according to preferred embodiments of the present invention
provides a low resonance resistance compared with the IDT electrode
of the Ta/Al laminated metal film according to the conventional

device, because the specific resistance of Ta is 12.3 Qm while the

specific resistance of W is as small as 4.9Qm. It is also considered
unlikely that side etching occurs during wet etching when the IDT
constructed according to preferred embodiments of the present
in'ventiori is formed through'photolithography. This is discussed
referring to FIG. 6 and '
FIG. 7.

FIG. 6 is a photograph taken by a scanning electron microscope
showing major portions of the IDT electrodes of the surface acoustic
wave devices constructed according to preferred embodiments as
described above, and FIG. 7 is the photograph taken by the scanning
electron microscope of the IDT electrode of the first conventional
device that uses the Ta/Al laminated metal film.

As seen from the comparison of FIG. 6 with FIG. 7, a small
surface irreqularity is observed on the surface of the tungsten



FIG 9 shows the attenuation-frequency characteristics of the | adder filter
of the second preferred enbodi nent. * FIG 10 shows, for conpari son,
the attenuation-frequency characteristics of the |adder filter which is
constructed of the first conventional surface acoustic wave devi ce.

FIG 11 shows, for conparison, the atégnuation-frequency characteristics of
the | adder filter which is constructed of the second conventional surface
acoustic wave devi ce. DETAI LED DESCRI PTI ON OF PREFERRED ENMBODI MENTS

Her ei nafter referred eppodi nents of _.the present ipvention are ex | ned
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irregularity is substantially less on the surface of the IDT
electrode of the Ta/Al laminated metal £film. Because of its surface
irregularity, the IDT electrode of the W/Al laminated metal film
according to preferred émbodiments of the present invention
increases the adhesive strength of the photoresist thereby
preventing side etching from occurring during the wet etching
process, and the side surface of each electrode finger is closer
to the surface acoustic wave substrate in a direction that is
substantially perpendicular to the surface acoustic wave
substrate.

In the IDT electrode of the Ta/Al laminated metal film
according to the conventional example, such irregularity is so.
small as to be negligible, and the adhesive strength of the
photoresist is low such that side etching is likely to occur during
the wet etching process. As a result of such side etching, the
electrode side surface is tapered at a large angle with respect to
a direction that is substantially perpendicular to the surface
acoustic wave substrate. Consequently, the electrode finger
becomes substantially trapezoidal in cross section.

Thus, the surface acoustic wave device of preferred
embodiments of the bresent invention having the IDT electrode
constructed of the W/Al laminated metal film prevents side etching
from occurring, thereby increasing the Q factor and lowering the
resonance resistance.

The surface acoustic wave device of preferred embodiments of
the present invention can be applied not only in a surface acoustic
wave resonator but also in a large number of piezoelectric resonance
components such as a bandpass filter. A second preferred embodiment
is an embodiment in which the present invention is implemented in
a ladder filter shown in FIG. 8. FIG. 8 shows the schematic diagram



- 6- part of the surface acoustic wave device taken along a line A-Ain
FIG 1. A surface acoustic wave device 1 preferably includes a
surface acoustic wave substrate 2 of a Y-cut LiNoO3 substrate. An | DT
electrode 3 is provided on the top surface of the surface acoustic wave
substrate 2 and nmay be arranged to bg_ifqgted substantially at a center
portion of the substrate 2. The |IDT el€ctrode 3 includes a conb-shaped

el ectrode 3a having a plurality of electrode fingers and a conb-shaped

el ectrode havi a rali of. el ectrode fingers. in whigh the,t
Con. shith he SpSroe PLELE, ymards e RRe fert a I Sonadotll 1 sbr83 488,
| DT el ec¢tommsctied dns et besithya sekjiestar tonapodingtaminput to anhsutputal ity
of eIect#ode finger,s of th el ectrode 3 ex eg in a d.rection that is
L
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gener at egh A Hd Grid@ pBtential. Specifically, threes-type filters are

#  provided in a ladder filter, in which each =n-type filter is made
up of a single serial resonator and two parallel resonators on both
sides of the serial resonator.

The ladder filter in the second preferred embodiment uses the
surface acoustic wave device 1 shown in FIG. 1 for the serial
resonators Sl to S3 and the parallel resonators Pl to P6, which are
configured as shown in FIG. 8. The ladder filter thus constructed
provides the attenuation-frequehcy characteristics as shown in
FIG. 9. |

For comparison, FIG. 10 shows the attenuation-frequency
characteristics of a ladder filter using the first conventional
device, namely, the surface acoustic wave device that is
constructed of the IDT electrode and reflector, each formed of the
Ta/Al laminated metal film. FIG. 11 shows the attenuation-
frequency characteristics of a ladder filter incorporating the
second conventional device, namely, the surface acoustic wave
device that includes the IDT electrode and reflector, each formed
of the tungsten layer only.

As clearly seen from FIG. 9, the ladder filter of the second
preferred embodiment of the present invention results in a minimum
insertion loss of 1.17 dB. In contrast, the ladder filter
incorporating the first conventional surface acoustic wave device
has a minimum insertion loss of 2.69 dB, and the ladder filter
incorporating the second conventional surface acoustic wave device
has a minimum insertion loss of 3.14 dB.

The ladder filter incorporating the surface acoustic wave
device 1 according to preferred embodiments of the present
invention achieves a significantly lower insertion loss, compared
with the ladder filters respectively incorporating the first and



acoustic waves in the device 1, propagate in the direction of the X-axis on
the LiNoQerr] substrate 2 Reflectors 4 and 5 are preferably arranged
on both sides of the IDT electrode 3 in the direction of propagation of the
surface acoustic wave. Each of the reflectors 4 and 5 has a plurality of

el ectrode fingers which are short-circ éted wi th each other. The reflectors
4 and 5 also extend in a direction that”i3 substantially perpendicular to

t he X-axis. The surface acoustic wave device 1 of this preferred

enbodi nent is_preferably constructed such that each of the | DT el ectrode 3
and r ef | 8e¢end conyeational gurfage aconstis wavadeniqes .mIhisisdreeause

al um nuNEh@ygr £Adeo S éf”mél?rsdf’ﬁ’é‘ée %&dsﬁﬂd‘%}% Méfféé‘@é’fiﬂhﬂ#"aéhé” der .

SpeC|f|caII% the I DT electrode 3 gre erably constructed of am nat ed
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el ectrode 3
embodlments of ‘the present invention.

The insertion loss is thus efficiently lowered by
constructing a bandpass filter 6f a plurality of surface acoustic
wave devices arranged according to preferred embodiments of the
present invention. |

As already described, when the'reflectors 4 and 5 are
constructed of a large mass electrode material, the reflection
coefficient per reflector is increased, reducing the number of
electrode fingers required in each reflector. Since a resonance
filter such as the above ladder filter works with a reduced number
of electrode fingers in the reflector, the entire filter is
constructed to be much more compact than conventional filters.

The surface acoustic wave device 1 of the first preferred
embodiment incorporates the laminated metal film in which the
aluminum 1aYer and the tungsten layer in that order are laminated
on the surface acoustic wave substrate 2, but the IDT electrode may
be constructed of the laminated metal film in which the tungsten
layer and the aluminum layer in that order aré laminated on the
surface acoustic wave substrate, and it was also discovered that
such a surface acoustic wave device increases the Q factor and -
decreases the resonance resistance. In such a case, although the
surface of the laminated metal film is made of the aluminum layer,
the tungsten layer having a small irregularity on its surface causes
an irregularity on the surface of the aluminum layer disposed on
top of the tungsten layer, increasing the bonding strength of the
photoresist, and thereby preventing side etching during the wet
etching. .

The ratio of the thicknesses of the tungsten layer and the
aluminum layer is preferably as follows: the tungsten layer



-7 The conb-shaped el ectrodes 3a and 3b may respectively be
connected to bonding el ectrodes 3c and 3d to which bonding wires (not
shown) are to be connected. As shown in FIG 2B, the bonding el ectrodes 3c
and 3d are al so preferably constructed of the lamnated netal film 12. That
I's, the bonding electrodes 3c and 3d afg preferably constructed to include
the al um num |l ayer 10 on the surface acoustic wave substrate 2 and the -
tungsten layer 11 on the alum num | ayer 10. It may be sonmewhat

di fficulgn{Oknéd® €OUIRC H1NGIAACLAGeLStREcRAEs S 0= 11 &Shakbi gby &xekd |t
contact or_bonding with bonding wreés due to the existence of the tungsten
layer 11tRASRARe) Lhe gangs: of Sherrakie He oot depesdentaonakich laxer
mf gg;’;‘ﬁ#ﬁ dPr &AGEd 6 Ibd e i dadert! eaheOdeamPfuR"Yayer §0if NGB0 Aafik1Of
ané?outside of the above range, fails to fully exploit the effect
of the lamination of the tungsten layer for improving the Q factor,
and conversely, the aluminum layer, if too thin and outside of the
above range, fails to fully exploiﬁ the resonance resistance
lowering feature.

The reflection of the surface acoustic wave from the
electrode finger of the IDT electrode may be utilized to increase
the trapping efficiency of the surface acoustic wave in the IDT
electrode 3, and in such a case, the reflectors 4 and 5 are dispensed
with. In other words, the reflectors 4 and 5 are not necessarily
required in the surface acoustic wave device of preferred
embddiments of the present invention.

In such a preferred embodiment, the IDT electrode 3, having
a structure including the laminated film of tungsten and aluminum,
is provided on the substrate 2 without being surrounded by any
reflectors.

Although the surface acoustic wave substrate 2 is preferably
constructed of the Y-cut, X-propagated LiNbO, substrate in the above
preferred embodiments, the material of the surface acoustic wave
substrate 2 is not limited to this, arid other piezoelectric single
crystal substrates with other cut angles and other propagation
directions, for example, rotational Y-cut, X-propagated LiNbO,,
rotational Y-cut, X-propagated LiTaO,, and rotational Y-cut
crystal, may be used.

Although the surface acoustic wave device 1 of the first
preferred embodiment has the IDT electrode 3 and reflectors 4 and
5, each of which is constructed of the laminated metal film in which
the aluminum layer and the tungsten layer are laminated in that
order, the surface acoustic wave device 1 may have the reflectors

4 and 5 constructed of the above-~described laminated metal film but



el ectrodes 3c and 3d has a top |l ayer made of alum num For exanple, as
shown-in FIG 2C, the bonding electrodes 3c and 3d nmay have only the

al um num | ayer 10 by not providing the tungsten |ayer 11 on the al um num
layer 10. Alternatively, another alum numlayer 13 may be provided on the
tungsten layer 11 which is disposed on _the alum num|layer 10, as shown in
FIG 2D, such that the tungsten Iayer‘llf' i di sposed between the two

al um num | ayers 10, 13. According to the first preferred enbodi nent
of the pre since the surface acoustic wave device 1 has the

t
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300 nmwere fornmed 1 n that or op sar
surface Reoterstrygted of the lam1nated metal f11m including the tungsten

and aluminum layers. In this case, the reflection coefficient of
the reflectors 4 and 5 of the above laminated metal film is
increased, permitting a 6ompact design and arrangement of the
reflectors 4 and 5, and thereby permitting a compact design and
arrangement of the entire surface acoustic wave device.

When only the reflectors 4 and 5 are constructed of the
laminated metal film as described above, the tungsten layer and the
aluminum layer may be formed in that order on the surface acoustic
wave substrate.

Since the reflector, constructed of the laminated metal film
of the aluminum layer and the tungsten layer, produces a high
reflection coefficient, permitting a compact design and
arrangement of the reflector and consequently, of the surface
acoustic wave device, the reflector has applications not only in
the surface acoustic wave device 1 shown in FIG. 1 but also in known
conventional surface acoustic wave devices with reflectors. For
example, a surface acoustic wave filter with a reflector utilizing
the Rayleigh wave may be made much niore compact by constructing the
reflector of the above-described laminated metal film.

In yet another preferred embodiment, only the IDT electrode
3 may have the laminated metal film construction including the
laminated tungsten and aluminum layers, and the reflectors 4, 5 may -
be formed of some conventional material such as aluminum only.

As has been explained above, since the surface acoustic wave
device of preferred embodiments of the present invention has the
IDT electrode that is constructed of the laminated metal film in



-8-" substrate 2 made of the Y-cut LiNbQerr] nmaterial, using a sputtering
technique. A photoresist was applied on the lamnated netal filmthus
formed using a spin coating technique, and was then subjected to exposure
and devel opnent using a phot omask. An etchant was used to renove the
portion of the lam nated nmetal filmgther than portions where the |DT

el ectrode 3 and reflectors 4 and 5 were to be forned. The etchant that was
used in the etching operation was a m xture of hydrofluoric acid of 63% by

Yo 0oyl e EhlogsBA BUGEF 3 shfl Kifnihef, SRELL b8! panthated -
together, the surface acoustic wave device achieves an increased
Q factor and a low resonance resistance. This arrangement provides
a surface acoustic wave device which has applications in a variety
of piezoelectric resonance components including a piezoelectric
resonator and a bandpass filter, using Love waves. Since the use
of the laminated metal film results in an increased reflection
coefficient of the electrode finger, the IDT electrode has a
substantially reduced and thin thickness compared with the IDT
electrode of Al only, and machining of the electrode finger is easy.
The cost of the surface acoustic wave device is reduced, because

"~ there is no need for the use of expensive and heavy metals such as
gold, silver and platinum.

The laminated metal film of the tungsten layer and the
aluminum layer may be formed through reactive ion etching.
Specifically, it is very difficult to form the tantalum layer
through reactive ion etching, while the tungsten layer is
preferably formed in a plasma of fluorine-based gas through
reactive ion etching, and the Al layer is preferably formed in a
plasma of chlorine-based gas through reactive ion etching. In order
to construct the IDT electrode of the tungsten layer and the
aluminum layer, the same vacuum chamber may be used with the gas
'replaced, and the laminated metal film is easily formed through
reactive ion etching. According to preferred embodiments of the
present invention, the IDT electrode is efficiently formed through
reactive ion etching while a wide choice of electrode forming
techniques is available.

In the case where the surface acoustic wave substrate has
thereon the IDT electrode in which the aluminum layer and the
tungsten layer are preferably laminated together in that order, the
tungsten layer has, on its surface, a small irregularity. Thus,
the adhesive strength of the photoresist in photolithography is
increased by the small irregularity, effectively preventing side



el ectrode fingers in the IDT electrode 3 were designed so that the Love
wave had a wavelength [err] of about [err]=12 [err]m and the nunber of
~pairs of electrode fingers in the IDT electrode 3 was set to be 50, and the
wei ghted interdigital coextensive |lengths were set to be generally rhonboid
as shown in FIG 1. The reflectors 4.,and 5 had the el ectrode finger width
and el ectrode finger pitch for the E&ﬁe'wavel ength of the IDT el ectrode 3,
and the nunber of electrode fingers was 10 in each reflector. The

| npedance- f,r equeng aracteristics of the syrface gcoustiic wave device 1
of t hi SERIAG THHIGFERNTT Ftahiod R O AR Mo e THRRGRP LS LOCREORSTn Fi G
3. As ahgMihet ResbiiRfganeesakstanceseBanhasf 16qeeaay is 2.73 [err], while

t he i npedance at_ an anti-_ resopance frequencg is 2.13 \If\gerr% For
conpari son, fRothFpeassrwRERFehhPoRUFLaGFT AERUAELTSYRES BIRS HERFR 43S havi ng
an el eghepdonmeher o andceenger iat wWhichh@heatngstefi! eayetr @NAt tRe

el ectrode nmaterjal and construction for the surface acoustic wave device 1,

vere nAAURABER 8YSE A¥RlamHAAtadtRgeE ey incEhat nRdRL e the FuBgsSten
CONpPOoSitialy@Rs hakd ng0Rdsh2MS iﬁ@é@ulﬂﬁiﬁ?r@naif,hhﬁhrEHcéhéaﬁéégpéﬁ of the
preferred enmbodi ménts descri bed above.
irregularity on the surface of the aluminum layer disposed on top
of the tungsten layer. Therefore, the adhesive strength of the
photoresist is significantly increased, thereby controlling side
etching during the wet etching. As a result, the Q factor is thus
increased and the resonance resistance is thus lowered.

When the reflector constructed of the laminated metal film
in which the tungsten layer and the aluminum layer are laminated
together in that order is further provided, the reflection
coefficient is significantly increased and the number of electrode
fingers in the reflector is significantly reduced. Thus, the
surface acoustic wave device with the reflector is extremely

. compact, compared with the conventional surface acoustic wave
device.

In addition, when the surface acoustié wave substrate is made
of the ¥Y-cut, X-propagated LiNbO, substrate, a surface acoustic wave

- device having a low resonance resistance using Love waves can be
provided. _

While preferred embodiments of the invention have been
disclosed, various modes of carrying out the principles disclosed
herein are contemplated as being within the scope of the following
claims. Therefore, it is understood that the scope of the invention
is not to be limited except as otherwise set forth in the claims.



A first conventional device was manufactured in the same manner as the
above surface acoustic wave device according toam————————————

-9- exanpl e of preferred enbodi nents of the pr pvention, except
that a tantalumlayer was forned via a sputterin Ei,!“ F m,ead of the
tungsten layer in the above-descri be gxarrpl e of ments of
the surface acoustic wave device, the tantalum |l ayer in the first
conventional device having the sane th| ckness as that of the tungsten |ayer
of the exanple of preferred enbodi nents of the present invention. The

| npedance=S Frefrey=crraraect eri stics of the first conventional device are
shown in FIG1, A surface acoustic wave device, comprising:

a surface acoustic wave substrate; and
an interdigital transducer provided on the surface acoustic
wave substrate and including a tungsten layer and an aluminum layer.

2. A surface acoustic wave device according to claim 1,
wherein the tungsten layer and the aluminum layer are laminated
together to define an integral laminated metal film.

3. A surface acoustic wave device according to claim 1,
wherein the aluminum layer is provided on the surface acoustic wave
substrate and the tungsten layer is provided on the aluminum layer.

4. A surface acoustic wave device according to claim 1,
wherein the tungsten layer is provided on the surface acoustic wave
substrate and the aluminum layer is provided on the tungsten layer.

5. A surface acoustic wave device according to claim 1,
further comprising a pair of reflectors disposed on both sides of
the interdigital transducer.

6. A surface acoustic wave device according to claim 5,
wherein at least one of the reflectors includes a tungsten layer
and an aluminum layer.

7. A surface acoustic wave device according to claim 6,
wherein the tungsten layer and the aluminum layer of the at least
one of the reflectors are laminated together to define an integral
laminated metal f£ilm.



4. - A second conventional device was manufactured by sputterin

tungsten on a surface acoustic wave substrate to: ' ungsten | ayer of

350 nm The IDT electrode 3 and reflectors 4 and 5 ‘ nly a

tungsten layer in the second conventional device. Eﬂﬁi mm “ﬁquency
own M nsFl & 5.

characteristics of the second conventjonal device
As seen fromFIG 4 and FIG 5, the'f]ifs'f conventional device in whi ch t he
| DT el ectrode 3 and reflectors 4 and 5 were constructed of Tal/Al | am nated
nmet al filn]prOVideSgﬁgﬁ sonance resi stance_of,5.46[errl,and a

anti-resonanée res é"&f agopstir yaye deyice aceey ﬂn‘éo?f?/é?‘?t?maﬁ'

devi ce wHere e eatl e el dctors A udes’ a/ TunystlernNhyern atid iarf esonance
resi stance of 1.51 k[err]. As understood fromthe conparison of the

|npedaﬁﬁﬁmﬂ*4Rﬂu%ﬂXF haracteristics of the surface acoustic wave device of
the exanple of the preferred enbodi nents shown in FIG 3 with the

| npedance- frequenc¥¥character|st|cs of the _conventional devices shown in-
FIG 4 and FI%G Furfarecpeeufrbie waypdeviracrerrdingqdte clpmivBare

const r ueéb g tHee ﬂu@i@s’%@neﬁa?éi:ahn&' tAeCA1 MhfhuRCERyEF NS tadh o £ ap! e of
preferred enbodi nents “of the present
reflectors are lamlnated'together to define an integral laminated

metal film.

10. A surface acoustic wave device according to claim 1,
wherein the surface acoustic wave substrate is a Y-cut,
X-propagated LiNbO, substrate.

11. A surface acoustic wave device according to claim 10,
wherein the surface acoustic wave device is adapted to use a Love
wave. '

12. A surface acoustic wave device according to claim 1,
further comprising a bonding electrode provided on the surface
acoustic wave substrate and connected to the interdigital
transducer, the bonding electrode including a tungsten layer and
an aluminum layer.

13. A surface acoustic wave device according to claim 12,
wherein the tungsten layer and the aluminum layer of the bonding
electrode are laminated together to define an integral laminated
metal film.

14. A surface acoustic wave device according to claim 1,
further comprising a bonding electrode provided on the surface
acoustic wave substrate and connected to the interdigital
tfansducer, the bonding electrode having a top layer made of
aluminum.



I nvention, provides a | ower resonance resistance than any case of the Ta/A

Jlamnated netal filmstructure and the tungsten-only—strueture—aceording to
the conventional exanples. By constructing the IDT el e

reflectors 4 and 5 of the laminated metal filmi n”“‘“‘m“m ml.rlmﬂum I ayer
and the tungsten |ayer are o

| am nat ed together according to preferred enbodrnents of the present
invention, a high Qfactor and a significantly |ower resonance resistance
are achieved. The surface acoustic wave device 1 according to preferred

enbodi nents of the present invention is preferably used for a piezoelectric
resonance "15. A surface acoustic wave device according to claim 1,

further comprising a bonding electrode provided on the surface
acoustic wave substrate and connected to the interdigital
transducer, the bonding electrode including a top layer made of
aluminum and a laminated metal film in which an aluminum layer and
a tungsten layer are laminated together and arranged such that the
aluminum layer of the laminated metal film is provided on the
surface acoustic wave substrate and the top aluminum layer is
provided on the tungsten layer of the laminated metal film.

16. A surface acoustic wave device, comprising:
a surface acoustic wave substrate; |
an interdigital transducer provided on the surface acoustic
wave substrate; and
at least two reflectors disposed on opposite sides of the
. interdigital transducer, at least one of the least two reflectors
including a tungsten layer and an aluminum layer.

17. A surface acoustic wave device according to claim 16,
wherein the tungsten layer and the aluminum layer are laminated
together to define an integral laminated metal film.

18. A surface acoustic wave device according to claim 16,
wherein each of the at least two reflectors includes a tungsten
layer and an aluminum layer.

19. A surface acoustic wave device according to claim 18,
wherein the tungsten layer and the aluminum layer of each of the
at least two reflectors are laminated together to define an integral
laminated metal film.



conponent such as a resonator and a bandpass filter using Love waves.
Ceneral |y speaking, the reflectors 4 and 5 constructed of a large ness

el ectrode material increases the reflection coefficient per reflector and
the reflectors 4 and 5 constructed of the WAl | ani MIHMHHIH Mll h'such -
a case as this exanple of preferred gc? di nent s, re

el ectrode fingers in each reflector. h this arrangenent a conpact
surface acoustic wave device including a reflector is thus prOV|ded

The 1 DT el ectrgde 3 _constructed o m nat ed di ng
to preferred odi AeRRIIgFe; ﬂ'é°B?E§%n‘t’aY?nﬂ§W1%aﬁF8€HEB§ 5°I%£§ ‘étcjg;{ance
resi st anfereimaesl intdrdiwitdll randuskr dis el ¥/f\aluniinui.cd metal
filmaccording to the conventional device, because the specific resistance
of Tais 12.3 [errlmwhile the specific resistance of Wis as small as 4.9
[err]m It is also considered unlikely that side etching occurs during wet
et chi ng when the | DT constructed according to preferred enbodi nents of the

present invention is formed through photolithography. This is discussed
referring to FIG 6 and FIG 7.




FIG 6 is a photograph taken by a scanning el ectron m croscope show ng
.major portions of the IDT el ectrodes of the surface acoustic wave devices
constructed according to preferred enbodi nents as descri bed above, and FI G
7 is the photograph taken by the scanning el ectron m-croscope of the IDT
el ectrode of the first conventional dewice that uses the Ta/A |am nated
metal film As seen fromthe conparison of FIG 6 with FIG 7, a
smal|l surface irregularity is observed on the surface of the tungsten

eIectroé@sgpagﬁebﬁlﬁﬁztgﬁﬁﬁgbégﬁﬁetaIl?rigsgggoggfﬁg Iglg}LPeﬁrngEW

A surface acoustic wave device includes a surface acoustic
wave substrate and an interdigital transducer provided on the
surface acoustic wave substrate and including a laminated metal
film in which a tungsten layer and an aluminum layer are laminated.
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enbodi nents of the present invention. In contrast, such irregularity gq,,qu
Substantially | ess on the surface of the IDT electrode of the Ta/Al

| am nated nmetal film Because of its surface irregularity, the IDT

el ectrode of the WAl lamnated netal filmaccording to preferred

enbodi nents of the present invention increases the adhesive strength of the
phot oresi st thereby preventing side etching fromoccurring during the wet
etching process, and the side surface of each el ectrode finger is closer to
t he surface acoustic wave substrate in a direction that is substantially

perpendi cul ar to the surface acoustic wave substrate. In the IDT

el ectrode of trq(g | am nated netal filmaccording to the conventi onal

exanpl e, such gularity is so snall as to be negligible, and the

adhesive strength of the photoresist is | ow such that side etching is

likely to occur duri the wet etching process. As a result of such side

etching, the electr side surface |S'$§fered at a large angle with
ﬁsrpendl cu%ar to Dhe surface

respect to a directioqﬁth$t i s subsant
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enbodi nents of the present invention having the |IDT el ectrode constructed
‘of the WAI lamnated netal film prevents side etching from occurring,
"thereby increasing the Q factor and | owering the resonance resistance.
"The surface acoustic wave device of preferred enbodi nents of the present

i nvention can be applied not only in a surface acoustic wave resonator but
also in a large nunber of piezoelectric resonance conponents such as a
bandpass filter. A second preferred enbodi nent is an enbodi nent in. which
the present invention-i's inplenented in a |adder filter shown in FIG 8.
FIG 8 shows the schematic di agram
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of the ladder filter, wherein three serial resonators S1 to S3 are
connected in series in a series armconnecting an input to an output. Six
parall el resonators P1-P6 are connected between the series arm and the
ground potential. Specifically, three [err]-type filters are provided in
a-ladder filter, in which each [err]-type filter is made up of a single
serial resonator and two parallel resonators on both sides of the serial
resonat or. The | adder filter. in the second preferred enbodi nent uses
the surface acoustic wave device 1 shown in FIG 1 for the seria

resonators S1 to S3 and the parallel resonators P1 to P6, which are
configured as shown in FIG 8. The |ladder filter thus constructed provides
the attenuation-frequency characteristics as:shown in FIG 9. For
conparison, FIG 10 shows the attenuation-frequency characteristics of a

| adder filter using the first conventional device, nanely, the surface
acoustic wave device that is constructed of the |IDT el ectrode and
reflector, each forned of the Ta/Al lam nated netal film FIG 11 shows the
attenuation- frequency characteristics of a |ladder filter incorporating the
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~ second conventional device, nanely, the surface acoustic wave device that
includes the IDT electrode and reflector, each fornmed of the tungsten | ayer
only. As clearly seen fromFIG 9, the |ladder filter of the second
preferred enbodi nent of the present invention results in a mninmm
insertion loss of 1.17 dB. In contrast, the |adder filter incorporating the
first conventional surface acoustic wave device has a mninuminsertion

| oss of 2.69 dB, and the ladder =filter incorporating the second
conventional surface acoustic wave device has a nininuminsertion | oss of
3.14 dB. The | adder filter incorporating the surface acoustic wave
device.l according to preferred enbodi nents of the present invention
achieves a significantly |ower insertion loss, conpared with the | adder
filters respectively incorporating the first and
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-13- second conventional surface acoustic wave devices. This is because
the Q factor of each surface acoustic wave device defining the |adder
filter is increased and because the resonance resistance of each surface
acoustic wave device is decreased in the preferred enbodi nents of the
present invention. The insertion loss is thus efficiently | owered by
constructing a bandpass filter of a plurality of surface acoustic wave
devi ces arranged according to preferred enbodi nents of the present

i nventi on. As al ready described, when the reflectors 4 and 5 are
constructed of a large mass el ectrode material, the reflection coefficient
per reflector is increased, reducing the nunber of electrode fingers
required in each reflector. Since a resonarice filter such as the above

| adder filter works with a reduced nunber of electrode fingers in the
reflector, the entire filter is constructed to be nuch nore conpact than

conventional filters. The surface acoustic wave device 1 of the first
preferred
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enbodi nent i ncorporates the lam nated netal filmin which the al um num
layer and the tungsten layer in that order are |lam nated on the surface
_acoustic wave substrate 2, but the IDT el ectrode may be constructed of the
| am nated netal filmin which the tungsten |ayer and the alum numlayer in
that order are lam nated on the surface acoustic wave substrate, and it was
al so di scovered that such a surface acoustic wave device increases the Q
factor and decreases the resonance resistance. In such a case, although the
surface of the lamnated netal filmis nade of the alum numlayer, the
tungsten layer having a small irregularity on its surface causes an
irregularity on the surface of the alum num | ayer di sposed on top of the
tungsten | ayer, increasing the bonding strength of the photoresist, and

t her eby prgﬁ;iég side etching during the wet etching. The ratio of
the thickn f the tungsten layer and the alum num | ayer is preferably
as follows: the oS LeNaL Ve . .
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-14- t hi ckness to the alum num | ayer t-hickness =10 : 1 to 2:1, and in
this case, the range of the ratio is not dependent on which |ayer is
arranged to be a top layer. The alum numlayer, if too thick and outside of
t he above range, fails to fully exploit the effect of the | am nation of the
tungsten layer for inproving the Q factor, and conversely, the alum num

| ayer, if too thin and outside of the above range, fails to fully exploit

t he resonance resi stance | owering feature. The.refl ection of the
surface acoustic wave fromthe el ectrode finger of the IDT el ectrode may be
utilized to increase the trapping efficiency of the surface acoustic wave
in the IDT electrode 3, and in such a case, the reflectors 4 and 5 are

di spensed with. In other words, the reflectors 4 and 5 are not necessarily.
required in the surface acoustic wave device of preferred enbodi nents of
the present invention.
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In such a preferred enbodi nent, the |IDT electrode 3, having a structure
including the lamnated filmof tungsten and al um num is provided on the
substrate 2 without being surrounded by any refl ectors. Al t hough the
surface acoustic wave substrate 2 is preferably constructed of the Y-cut,
X-propagated Li Nb(err] substrate in the above preferred enbodi ments, the
material of the surface acoustic wave substrate 2 is not limted to this,
and ot her piezoelectric single crystal substrates with other cut angles-and
ot her propagation directions, for exanple, rotational Y-cut, X-propagated
LiNoJ err], rotational Y-cut, X-propagated LiTa(err], and rotational Y-cut
crystal, may be used. Al t hough the surface acoustic wave device 1 of
the first preferred enbodi nent has the I DT els'ectrode 3 and reflectors 4 and.
5, each-of which is constructed of the lamnated netal filmin which the
al um num | ayer and the tungsten |layer are lamnated in that order, the -
surface acoustic wave device 1 may have the reflectors 4 and 5 constructed
of the above-described | am nated netal film but
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-15- with the IDT electrode 3 constructed of a material other than the
above-described | am nated netal film having the | am nated arrangenent of
the tungsten layer and the al um num | ayer. The | DT el ectrode may be
formed of a single netal |ayer such as al um numwhich is conmonly used as
an electrode material in the surface acoustic wave device, and only the
reflectors 4 and 5 may be constructed of the lam nated netal filmincluding
the tungsten and al um num |l ayers. tn this case, the reflection coefficient
of the reflectors 4 and 5 of the above |am. nated nmetal filmis increased,
permtting a conpact design and arrangenent of the reflectors 4 and 5, and
thereby permitting a conpact design and arrangenent of the entire surface
acoustic wave device. When only the reflectors 4 and 5 are
constructed of the
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“lam nated netal film as described above, the tungsten |ayer and the

al umi num | ayer may be forned in that order on the surface acoustic wave
substrate. Since the reflector, constructed of the | am nated neta
filmof the alum numlayer and the tungsten |layer, produces a high
reflection coefficient, permtting a conpact design and arrangenent of the
refl ector and consequently of. the. surface acoustic wave device, the
reflector has applications not onIy in the surface acoustic-wave device 1
shown in FIG 1 but also in known conventional surface acoustic wave
devices with reflectors. For exanple, a surface acoustic wave filter with a
reflector utilizing the Rayleigh wave may be made much nore conpact by
constructing the reflector of the above-described |aninated netal film

In yet another preferred enbodinent, only the IDT el ectrode 3 may have the
| am nated nmetal filmconstruction |nclud|ng t he | aminated tungsten and

al um num |l ayers, and the reflectors 4, 5 may be fornmed of sone conventi onal
mat eri al such as al um num only. As has been expl ai ned above, since
the surface acoustic wave device of preferred enbodi nents of the present
invention has the IDT electrode that is constructed of the | am nated netal

filmin
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- 16- whi ch the tungsten |ayer and_ the alum numlayer | a

together, the surface acoustic wave device achi eves an n% gazQ% c-t—o
and a | ow resonance resistance. This arrangenent provides a surface
actousti c wave device which has applications in a variety of pi ctric
resonance conponents including a piezoelectric resonator and afa?@dgass
filter, using Love waves. Since the use of the lamnated netal filmresults
in an increased reflection coefficient % the el ectrode finger, the IDT

el ectrode has a substantially reduced ahd thin thickness conpared with the
| DT el ectrode of Al only, and machining of the electrode finger is easy.

The tost of the surface 3§L?k'§ibﬁ %@JMECQAW "rﬁyi@g, because

!

ABSTRACT OF THE DISCLOSURE

A surface acoustic wave device includes a surface acoustic
wave substrate and an interdigital transducer provided on the
surface acoustic wave substrate and including a laminated metal
film in which a tungsten layer and an aluminum layer are laminated.
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there is no need for the use of expensive and heavy netals such as gold,
si'lver and platinum The lam nated netal filmof the tungsten | ayer
and the alum num | ayer nay be formed through reactive ion etching.
Specifically, it is very difficult to formthe tantalum |l ayer through
reactive ion etching, while the tungsten layer is preferably formed in a

pl asma of fluorine-based gas through reactive ion etching, and the Al | ayer
is preferably fornmed in a plasnma of chlprine-based gas through reactive ion
etching. In order to construct the | DFetectrode of the tungsten | ayer and
the al um num | ayer, the sane vacuum chanber may be used with the gas

repl aced, andE[&lam nated netal filmis easily fornmed through reactive

i on et ching. dlng to preferred enbodinents of the present inventfon,
the IDT electrode is efficiently forned through reactive ion etching while’

a W de choice of electrode form ng techniques is avail abl e. In the
case where the surfate acoustic wave substrate has thereon the |IDT
el ectrode in which al,um num | aser gkﬁ t tungsten ayer Eie preferably
| am nat ed together inyNtH3At order, Yhe tyungsten | ayer has, s surface, a
smal | irreqgularity. e ot *h“npbetc e5+5t i n
phot ol i t hography is J
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increased by the small irregularity, effectively preventing side

-17- etching during the wet etching. The Q factor is therefore increased
and the resonance resistance is thus |owered. - In the case where the
surface acoustic wave substrate has thereon the IDT el ectrode in which the
tungsten |l ayer and the alum num |l ayer are | am nated together in that order,
the tungsten | ayer having a small irregularity on its surface causes an
irregularity on the surface of the alumnum|ayer disposed on top of the
tungsten layer. Therefore, the adhesi we—strength of the photoresist is
significantly increased, thereby controlling side
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etching during the wet etching. As a result, the Q factor is thus increased
and the resonance resistance is thus |owered. When the refl ector
constructed of the lam nated netal filmin which the tungsten |ayer and the
al um num | ayer are |lam nated together in that order is further provided,
the reflection coefficient is significantly increased and the nunber of

el ectrode fingers in the reflector is significantly reduced. Thus, the
surface acoustic wave device with the tgigector is extrenely conpact,
conpared with the conventional surface ustic wave device. - . In

addi tion, when the surface acoustic wave substrate is nmade of the Y-cut,
X-propagated Li Nb(JQerr] substrate, a surface acoustic wave device having a
| ow resonance resistance using Love waves can be provided. Wi | e
preferred enbodi nents of the invention have been discl osed, various nodes
of carrying out the principles disclosed herein are contenpl ated as being
within the scope of the followng clains. Therefore, it is understood that
the scope of the invention is not to be limted except as otherw se set
forth in the clains. '
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-18- What is clained is: 1. A surface acoustic wave devi ce,

conpri si ng: a surface acoustic wave substrate; and an
interdigital transducer provided on the surface acoustic wave substrate and
including a tungsten | ayer and an al um num | ayer. 2. A surface

acoustic wave device according to claim1, wherein the tungsten | ayer and
the al um num | ayer are | am nated together to define an integral |am nated
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3. A surface acoustic wave device according to claim1l, wherein the

al um num |l ayer is provided on the surface acoustic wave substrate and the
tungsten layer is provided on the alum num | ayer. 4, A surface
acousti c wave device according to claim1, wherein the tungsten |ayer is
provi ded on the surface acoustic wave substrate and the alum num |l ayer is
provi ded on the tungsten | ayer. 5. A surface acoustic wave device
according to claim1, further conprisimg a pair of reflectors disposed on
both sides of the interdigital transddcer. 6. A surface acoustic
wave device according to claim5, wherein at |east one of the reflectors

I ncl udes a tungsten | ayer and an al um num | ayer. 7. A surface
acoustic wave device according to claim®6,
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wherein the tungsten | ayer and the alum-num | ayer of the at |east one of
the reflectors are | am nated together to define an integral |am nated netal

film - 19 - 8. A surface
acoustic wave device according to claimb5, wherein each the reflectors

I ncludes a tungsten | ayer and an al um num | ayer. 9. A surface
acoustic wave device according to claim@8, wherein the tungsten | ayer and
the al um num | ayer of each of the 6
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reflectors are |lam nated together to define an integral |am nated netal
film 10. A surface acoustic wave device according to claiml,
wherein the surface acoustic wave substrate is a Y-cut, X-propagated

LiNog err] substrate. 11. A surface acoustic wave devi ce according
to claim10, wherein the surface acoustic wave device is adapted to use a
Love wave. 12. A surface acoustic wave device according to claim
1, further conprising a bonding eJectrgﬂF provi ded on the surface acoustic
wave substrate and connected to the inTerdigital transducéer, the ‘bonding

el ectrode including a tungsten | ayer and an al um num | ayer.
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13. A surface acoustic wave device according to claim 12, wherein the
tungsten |l ayer and the alum num | ayer of the bonding el ectrode are

lam nated together to define an integral |amnated nmetal film 14.
A:surface acoustic wave device according to claiml1, further conprising a
bondi ng el ectrode provided on the surface acoustic wave substrate and
connected to the interdigital transducer, the bonding el ectrode having a
top |ayer made of alum num : 8 - 20-
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15. A surface acoustic wave device according to claim11, further
conprising a bonding el ectrode provided on the surface acoustic wave
substrate and connected to the interdigirtal transducer, the bonding

el ectrode including a top layer made of alum numand a lam nated nmetal film
in which an alum num | ayer and a tungsten |ayer are |am nated together and
arranged such that the alum num | ayer of the lamnated netal filmis

provi ded on the surface acoustic wave sypstrate and the top al um num | ayer

is provided on the tungsten |ayer of t | am nated netal film : 16.
A surface acoustic wave device, conpri sing: a surface acoustic wave
substrat e; an interdigital transducer provided.on the surface
acoustic wave substrate; and at least two reflectors disposed on

opposite sides of the interdigital transducer, at |east one of the |east
two reflectors including a tungsten |ayer and an al um num | ayer-.
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17. A surface acoustic wave device according to claim 16, wherein the
tungsten |layer and the alum num | ayer are | am nated together to define an
integral lamnated netal film 18. A surface acoustic wave device
according to claim 16, wherein each of the at |least two reflectors includes
a tungsten layer and an al um num | ayer. 19. A surface acoustic
wave device according to claim 18, wherein the tungsten | ayer and the

al um num | ayer of each of the at Ieastlgwo reflectors.are | am nated
together to define an integral |am nat tal film '
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[TEXT OF THE ABSTRACT | -

SURFACE ACOUSTIC WAVE DEVICE

A surface acoustic wave device includes a surface acoustic wave substrate (2) and an
interdigital transducer (3) provided on the surface acoustic wave substrate (2) and including a
laminated metal film (12) in which a tungsten layer (11) and an aluminium layer (10) are
laminated.

Figure 2A.
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