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=LCME-mAVE DEVI CE | NCLUDI NG THIN FI LM OF Ta OR W BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present inv re&ghﬁp to a Love-wave 5
davi ce maving a thin filmof Ta or Wforni'ng an”inférdigital transducer for
exciting a Love wave. 2. Description of the Related Art A prior art
.Love-wave device is shown in Fig. 8, where a thin film1lla of Au is forned
on a Y-cut 10  substrate 10 for X propagation. The substrate 10 is nade
from[err] Since this Au thin film1lla is only able to weakly adhere to
the Li NoO3 substrate 10, a thin film1lb of C is first forned on the

substrate 10. Then, the Au thin filmlla is formed on the Cr thin film
11b. '
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LOVE-WAVE DEVICE INCLUDING THIN FIIM OF Ta OR W

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a Love-wave
5 device having a thin film of Ta or W forming an
interdigital transducer for exciting a Love wave.

2. Description e Related Art
A prior art Love-wave device is shown in Fig.
8, where a thin film 1la of Au is formed on a Y-cut

10 substrate 10 for X propagation. The substrate 10 is made
from LiNbO,. Since this Au thin film 11a is only able to
weakly adhere to the LiNbO, substrate 10, a thin film 11b

~ of Cr is first formed on the substrate 10. Then, the Au
thin film 1la is formed on the Cr thin film 11ib.

15 Thereafter, an interdigital transducer 11 is formed by
photolithographical techniques. Heretofore, Love-wave
devices making use of Rayleigh waves have received wide

) " acceptance.
' _ Japanese Patent Application Ser. No.

20 004815/1993 discloses a structure obtained by forming an
interdigital transducer 21 comprising a thin film of Al
on a Y-cut X-propagation substrate 20 of LiNbO, and then
forming a film 22 of Zn0, as shown in Fig. 9. This
structure also excites a Love wave. More specifically,

25 this Love wave can be excited by forming on the LiNboO;
substrate a metal thin f11m hav1nq an SAW (surface
acoustic wave) velocity smaller than that of the
substrate. '



15 Thereafter, an interdigital transducer 11 is forned by

phot ol i t hographi cal techniques. Heretofore, Love-wave devices nmaking use of
Rayl ei gh waves have recei ved wi de acceptance. Japanese Patent Application
Ser. No. 20 004815/ 1993 di scl oses a structure obtained by formng an
interdigital transducer 21 conprising a thin filmof A on a Y-cut

X- propagati on substrate 20 of LiNbG3 and then formng a film22 of ZnQ as
shown in Fig. 9. This structure al so excites-a Love wave., Mre
specifically, 25 this Love wave can be excited by formng on the [err]
substrate a netal thin filmhaving an SAW (surface acoustic wave) velocity
smal l er than that of the substrate.

Also, in a device having periodic metallic
strips rather than a uniform thin film, a Love wave is
excited as described in the following articles: Shimizu
and Mizunuma, "Love Wave Type Elastic Surface Wave

5 Substrate of High Coupling (K2 is approximately 0.3)",
Report on Technical Research by Electronic Communications
Society of Japan, US82-35 and Suzuki and Shimizu,
"Propagation Characteristics of Love Wave Type Elastic
Acoustic Waves in Au-Strip-Array/YX-LiNbO; Structure and

10 its Application to IDT Resonator", Report on Technical
Research by Electronic Communications Society of Japan,
Uss8e6-37.

The prior art Love-wave devices using Au
-thin-film electrodes use a base made from Cr or other
15 material on the Au thin-film electrodes. Therefore, the
process for forming such a prior art Love-wave device is
complex. Furthermore, the use of Au makes the devices
expensive. |
on the other hand, Love-wave devices using
20 Rayleigh waves have small electromechanical coupling
factors k and thus, it is difficult to widen the
frequency difference between their resonant and
antiresonant frequencies.
In the articles discussed above, analyses of
25 Love waves are made where thin films of Ag, BGO
(Bi;GeOy) , Si0,, and Au are used. However, the prior art
does not disclose a Love-wave device having interdigital
t:ansducefs formed of a thin film formed of Ta or W.
30 e .Accordingly; it is an object of the present
invention to provide a Love-wave device comprising an -
interdigital transducer (IDT) made from:a'maferial (e.g.,



-2- Also, in a device having periodic netallic strips rather than a uniform
thin film a Love wave is excited as described in the follow ng articles:
Shim zu, and M zunuma, "Love Wave Type El astic Surface Wave 5 Substrate
of- High Coupling (K2 is approximately 0.3)", Report- on Technical Research
by El ectronic Communications Society of Japan, US82-35 and Suzuki and
Shi m zu, "Propagation Characteristics of Love Wave Type El astic Acoustic
Waves in Au-Strip-Array/ YX-Li NoO3 Strucgyge_and 10 its Application to

| DT Resonator", Report on Techni cal '

Ta or W) different from the above-described conventional
Love wave excitation IDT materials, whereby the device is
capable of exciting a Love wave.

One embodiment of the invention provides a

5 Love-wave device comprising a ¥Y-cut substrate for
X-propagation and an interdigital transducer for exciting
a Love wave. The substrate is made from LiNbO,. The
interdigital transducer is a thin film of Ta located on
i the substrate.

10 Another embodiment of the invention provides a
Love-wave device comprising a Y-cut substrate for
X-propagation and an interdigital transducer for exciting
a Love wave. The substrate is made from LiNbO,. The
interdigital transducer is a thin film of W located on

15 the substrate. _

In the present invention, an interdigital
transducer is made of a thin film of Ta or W on a ¥-cut
LiNbO, substrate for X propagation. Large
electromechanical coupling factors k are obtained in a

20 wide range of film thicknesses of Ta or W, and Love waves
can be excited. Also, the Love-wave devices according to
the embodiments of the present invention are easier to
manufacture and less expensive than prior art devices
because no base rates such as a Cr is required and the

25 use of W or Ta costs less than Au used in the prior art
devices.

Other objects and features of the invention
will appear in the course of the description thereof,
which follows.

30 ON OF T WINGS



Research by El ectroni c Comruni cations Soci ety of Japan, US86-37. The prior
art Love-wave devices using Au thin-filmelectrodes use a base made from Cr
ofr. ot her 15 material on the Au thin-filmelectrodes. Therefore, the
process for formng such a prior art Love-wave device is conplex.
Furthernore, the use of Au nmakes the devi ces expensive. On the other hand,
Love-wave devi ces using 20 Rayl ei gh waves have snall| el ectronechani cal
coupling factors k and thus, it is difficylt.to wden the frequency .

di fference between their resonant and antiresonant frequencies. In the
articles discussed above, anal yses of '

Fig. 1 is a fragmentary cross section of a
Love-wave device used for analysis of Love waves
according to the invention;

Fig. 2 is a graph showing the relation of the

5 SAW velocity V to normalized film thickness Hp/A of a
first embodiment of the invention;

Fig. 3 is a graph showing the relation of the
electromechanical coupling factor k to normalized film
thickness Hp, /A of the first embodiment of the invention;

10 Fig. 4 is a schematic cross section of the
first embodiment of the invention;

Fig. 5 is a graph showing the impedance
characteristics of the first embodiment of the invention;

Fig. 6 is a graph showing the relation of the

15 SAW velocity V to normalized film thickness H,/A of a
second embodiment of the invention;

Fig. 7 is a graph showing the relation of the
electromechanical coupling factor k to normalized film
thickness H,/\ of the second embodiment of the invention;

20 Fig. 8 is a schematic cross section of a known
Love-wave device; and

Fig. 9 is a schematic cross section of another

known Love-wave device.

S PTIO HE E BODIMEN
25 A first embodiment of the invention
demonstrates that a thin film of Ta can excite a Love
" wave. An interdigital transducer is made of a thin film
of Ta. A Love-wave device is fabriqated, using the
interdigital transducer formed of the thin film of Ta.
30 Fig. 1 shows a structure for analyzing Love
waves. This structure comprises a ¥Y-cut substrate 1 made
from LiNbo, for X propagation and a uniform thin film 2a



25 Love waves are nmade where thin filns of Ag, B& [err] [err] and Au
are used. However, the prior art does not disclose a Love-wave device
having -interdigital transducers forned of a thin filmforned of Ta or W

SUMVARY OF THE | NVENTI ON 30 ' Accordingly, it is an object of
the present invention to provide a Love-wave device conprising an
interdigital transducer (IDT) nade froma material (e.g., -3- Ta or W

different fromthe above-descri bed conventg anal Love wave excitation |DT
materials, whereby the device is S

of Ta on the substrate 1. The thickness H; of the Ta
thin film 2a is normalized with the wavelength A of
surface wave, thus resulting in normalized film thickness
Hy /. ,

5 In Fig. 2, the normalized film thickness H;/A
is plotted on the horizontal axis, while the SAW velocity
V is plotted on the vertical axis. 1In Fig. 2, the broken
line drawn at the position of a SAW velocity of 4079 m/s
indicates a slow transverse wave velocity propagating in

10 the X-direction of the LiNbO; substrate. 1In the range in
which the SAW velocity is greater than this transverse
velocity, the wave is a pseudo SAW. In the range in
which the SAW velocity is smaller than this transverse
velocity, the wave is a Love wave.

15 ' Since the present invention is not directly
related to extinction and advent of the pseudo SAW and
the Love wave, these waves will not be described further.
With respect to the advent of a Love wave in an open
state, it can be seen that excitation of a Love wave is

20 started at Hp/A (normalized £ilm thickness) = 0.03. 1In
the structure shown in Fig. 1, as the thickness of the Ta
thin £ilm 2a is increased, the SAW velocity V decreases.
Oon the other hand, a Love wave in ‘a shorted state is
started to be excited at H;/A (normalized film

25 . thickness) = 0.

Fig. 2 also shows the SAW velocity of a
Rayleigh wave. The phase velocity of the Rayleigh wave
in an open state is substantially the same as the phase
velocity of the Rayleigh wave in a shorted state. The

30 electromechanical coupling factor k which is indicated by
the difference between these open and shorted-state
Rayleigh waves is almost zero. This means that
interdigital electrodes excite almost no Rayleigh waves.



capabl e of exciting a Love wave. One enbodi nent of the invention provides a
5 Love-wave device conprising a Y-cut substrate for X-propagation and
an. interdigital transducer for exciting a Love wave. The substrate is made
from Li NbG3. The interdigital transducer is a thin filmof Ta | ocated on

t he substrate. 10 Anot her enbodi nent of the inventi.on

provi des a Love-wave device conprising a Y-cut substrate for X-propagation
and an interdigital transducer for excitipg_a Love wave. The substrate is
made from Li NbO3. The interdigital transducer is a thin filmof WI ocated
on 15 the substrate. In the present invention, an interdigital

The SAW velocity of Love waves is very different from. the
SAW velocity of Rayleigh waves and, therefore, when Love
waves are used, Rayleigh waves are less likely to cause
spurious signals.

S The open and shorted states described above are
now described in further detail. The fundamental
formulas for piezoelectricity are given by

: T, = C;S; = Cniky
Dl = e“sh + emEﬂ
10 where T, is a stress, c; is an elastic constant, S; is a

strain, e, is a piezoelectric constant, E, is an electric
field, D, is an electric flux, e, is a piezoelectric
constant, S, is a strain, and €, is a dielectric
constant. Therefore, in an open state, E, # 0 in the

15 fundamental formulas described above. 1In a shorted
state, E, = 0 in the fundamental formulas described
above.

In Fig. 3, the normalized film thickness Hp/A

of the structure shown in Fig. 1 is plotted on the

20 - horizontal axis, and the electromechanical coupling -
factor k is plotted on the vertical axis. As can be seen
from the graph of Fig. 3, the electromechanical coupling
factor k assumes the greatest value of 0.54 when the
normalized film thickness H;/\ is 0.04. In the wide

25 range from 0.03 to 0.15 of H;/A, the relation k > 0.4
(40%) is true. In a wide range of the film thickness of
Ta thin film 2a, if a VCO (voltage-controlled oscillator)
is constructed, the variable frequency range can be made
broader.

30 As shown in Fig. 4, an interdigital transducer
4 comprising a thin film of Ta is formed on a Y-cut
substrate 3 for X propagqtion.' In a preferred



transducer is made of a thin filmof Ta or Won a Y-cut Li NbG3 substrate
for X propagation. Large el ectromechanical coupling factors k are obtained
in a.20 "wide range of filmthicknesses of Ta or W and Love waves can
‘be excited. Al so, the Love-wave devices according to the enbodi nents of the
present invention are easier to manufacture and | ess expensive than prior ’
art devices because no base rates such as a C is required and the 25
use of Wor Ta costs less than Au used iin the prior art devices. O her
objects and features of the i nventi on ~wi’l I” appear in the course of the
description thereof, which follows. 30 BRI EF DESCRI PTI ON OF THE

DRAW NGS

embodiment, the substrate 3 is made from LiNbO; and has a
length of 2.0 mm, a width of 1.8 mm, and a thickness of
0.5 mm. The number N of pairs of the interdigital
electrodes of the transducer 4 is 25. The pitch between
5 the interdigital electrodes is 9.9 um. The adjacent

interdigital electrodes overlap by about.495 um with each
other. The thickness of the interdigital electrodes 4 is
0.7 um. The impedance characteristics of the Love-wave

| device having these dimensions are shown in Fig. 5.

10 A second preferred embodiment of the invention
demonstrates that a thin film of W can excite a Love
wave. This thin film of W forms an interdigital
transducer, which in turns forms a Love-wave device.
Instead of the thin film 2a of Ta used in the first

15 examble shown in Fig. 1, a thin £ilm 2b of W is used.

The thickness H, of this W thin film 2b is normalized
with the wavelength A\ of a surface wave, thus obtaining
normalized film thickness H,/A. In Fig. 6, the
normalized film thickness'H,/k is plotted on the

20 horizontal axis, while the SAW velocity V is plotted on
.the vertical axis. The graph of Fig. 6 corresponds to
the graph of Fig. 2. Since the principle used in the
description of Fig. 2 can be similarly applied to the
graph of Fig. 6, the graph of Fig. 6 is not described in

25 detail below. It can be seen from the graph of Fig. 6
that a Love wave can be excited in the range in which the
normalized film thickness H, /A is greater than 0.028.

In Fig. 7, normalized film thickness H;/X is
plotted on the horizontal axis, whereas electromechanical

30 coupling factor k is plotted on the vertical axis. It
can be seen from the graph of Fig. 7 that the coupling
factor k assumes the greatest value of 0.52 if normalized-
film tﬁickness H,/\ is 0.04. In the wide range from



-4- Fig. 1 is a fragnentary cross section of a Love-wave device used for
anal ysis of Love waves according to the invention; Fig. 2 is a graph
showi ng..the relation of the 5 . SAWvelocity V to nornmalized film

t hirckness [err] of a first enbodinment of the invention; Fig. 3 is a graph
showi ng the relation of the el ectromechanical coupling factor k to
normal i zed filmthickness [err] of the first enbodi nent of the invention;
10 Fig. 4 is a schematic ciogs_section of the

0.028 to 0.15 of H,/\, the relation k > 0.4 (40%) holds.
In a wide range of the film thickness of the W thin film,
the frequency difference between the resonant and
antiresonant frequencies can be made broader.

S In the present invention, an interdigital
transducer is formed of a thin film of Ta or W on a ¥-cut
LiNbO, substrate for X propagation. Consequently, with a
relatively simple structure, large electromechanical

i coupling factors k can be obtained in a wide range of ,

10 film thicknesses of Ta or W. Furthermore, cost reduction
can be accomplished, because Ta and W are cheaper '
materials than Au. '



first enbodiment of the invention; Fig. 5 is a graph show ng i
characteristics of the first enbodi ment of the invention; Fijﬂﬂiﬂﬂﬂﬁﬁﬂﬁ"ﬂﬁ»"ﬂ
showi ng the relation of the 15 SAW vel ocity V to normali nos
t hi ckness [err] of a second enbodi nent of the invention; Fig. 7 is a graph
showi ng the relation of the el ectronmechanical coupling factor k to

normal i zed filmthickness [err] of the second enbodi nent of the invention;

20 Fig. 8 is a schematic grgss section of a known Love-wave
device; and Fig. 9 is a schematic cross section of another known Love-wave
devi ce. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

WHAT IS CLAIMED IS:
1.. A Love~wave device comprising:
a Y-cut substrate for X propagation; and
an interdigital transducer for exciting a Love
5 wave;
said transducer comprises a thin film of Ta
located on said Y-cut substrate.

.2. A Love-wave device according to claim 1,
wherein said Y-cut substrate is formed of LiNbO;.

3. A Love-wave device comprising:
a Y-cut substrate for X propagation; and
an interdigital transducer for exciting a Love
wave;
5 _ said transducer comprises a thin film of W
located on said Y-cut substrate.

4. A Love~wave device according to claim 3,
wherein said Y-cut substrate is formed of LiNDbO;.
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[aerr] 5 In Fig. 2, the normalized filmthickness L r{j] i'7

plotted on the horié&n% %%g%lnﬁ; he dSAerI ocity M is HOtte dh/ t H4)
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Wth respect to the advent of a Love wave in an apen state, it can be seen
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Rayl ei gh waves is al nost zero. This means that interdigital electrodes

excite al nost no Rayl ei gh waves.
di fferent fromthe SAWky

L n | 7 Jr Raylleigh Wlves and, the:
, Rayl ei
\{\'ﬁ\éegpgaeazzes hord \éd'?éggi \géavgé_gg

The SAWvel ocity of Love vave¥ i(s 1&ty14)
ef or e, when Love

re |ess I] L o€ ausaeenullif94b1¢/ii§nal % 12518
I PPbed ab Eejﬁg%/%HE%&;@gscri bgd in further
detail. The fg_nydarrenta_l_ formul as for pie by ven by [)err] 10
where [err] %€ % st_;_'eésste-rﬂ-i'sl%‘n 2rastTC constt - Terr]~is~a~ 30— ———~~
a-F (®7]1-% :
- -“«
A A=Y S
AR
S o8 T T T T T
S X ,Pfeudo furface wave
I B |
3 = 0. 6f RHLERETA /Love- wave -
<
3 3; eF:
:
"g 0. 4F
-0- 2 2 L 2 . ] . ¢ 5 N '
Q ©0.028 0. 1 0.5 .o
FU&{LE Hy/ A .
$ig- Drormalized )L;/’" Aicknes H‘" A )
a-F (®8)
4A=Y
11b 11a
\ 11
=l g
<{ (Y=X) LiNbO %{“‘0.
Sis.
a-F [(B9)
ARX=Y 21
R
B R Y
20
(Y=X)LiNbO s
R

heet Has Been Reilaced

T



~

strain, [err] is a pirezeelectric constant, [err] is an electric field,
[err] is an glegtric flux, [err] is a piezoelps onstant [err] is a

Strain, and | ot €. laes@gt ri C const ant. en state,
[err] O in thgw ‘I ” mental formul as dé a shorted
state, [err] danment al fornul as "O0est : Fig. 3,
the normalized filmthickness [err] of the structure éEBGﬁ‘“-- g. 1is
plotted on the 20 horizontal axis, and the el ectronechani cal coupling

factor k is plotted on the vertical axis. As can be seen from the graph of
Fig. 3, the electromechanical coupling factor k assunmes the greatest val ue
of 0.54 when the normalized filmthickness [err] is 0.04. In the w de

VE- CE_INCLUDING N FI OF Ta OR W
o S S
An inexpensive Love-wave device having a wide
frequency difference between its resonant and
-1 antiresonant frequencies includes a Y-cut substrate made
from LiNbO, for X propagation. An interdigital

transducer including a thin film of Ta or W is located on
the substrate for exciting a Love wave.




25‘” range from O. 03 to 0.15 of [err].the relation k > 0.4 (40% is frue.
In a wide range of the filmthickness of Ta thin film2a, if a VCO :

(voltage controlled oscillator) is constructed, the “Efc Feguerey)

range can -be nade broader. 30
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0.5 nm The nunber N-of pairs of the interdigital electrodes of the
transducer 4 is 25. The pitch between 5 the interdigital elerrrodpq |s

99 [err]m The adjacent interdigital electrodes over BoPYcet
[err]mwith each other. - The thickness of the interdi ? ?EKHMéR?
IR 9 121 (- I e Tt SR

0.7 [err] The inpedance characteristics o§ the Love-

t hese di nensions are shown in Fig. 5. 10—

embodi ment -of the I nEAgt 8 ONn denonstrates that a th|n filmof Wcan ex0|te a
Love wave. This thin filmaof Wforms an interdigital transducer, which in
turns forns a Love-wave devjice. Instead of the thin film2a of Ta used in

the first 15 exanple sfown in Fig. 1, a thin film2b of Wis used. The
t hi ckness [err] of this Wxhin film2b is nornallzed
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W th the wavel ength X of a surface wave,

t hus obtaining normalized film
thickness [err] In Fig. 6, the normalized filmthickness [err] is plotted
on the 20 hori zontal axis, while the SAWvelocity Vis plotted on the
vertical axis. The graph of Fig. 6 corresponds to the

Since the principle used in the description of Fig. 2
applied to the graph of Fig. 6,

detail bel ow.

on the hori zont al

is plotted on the verti cal

It can be seen fromthe graph of Fig. 6 i

be excited in the range in which the nornmalized fiIﬁ]t
greater than 0.028.
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the graph of Fig. 6 isjnot
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| riki 6 7, normalized filmthickness [err] is plotted
axi s, whereas el ectronechanical 30
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cf"én be seen fromthe graph of Fig..7 that the coupling factor k assunes the
greatest value of 0.52 if normali zed filmthi ckness_[err] .i.s-0-04.-=4n, the

wi de range from 0.028 to 0.15 of [err] the rela’| 0. kcg>-§@§_;4f'649% hoI ds.
In a wide range of the filmthickness of the Wthi i j

. ' e
di fference between the resonant and antiresonant fnlegys

broader. 5 - In the present igvention, |
~transducer is fOrnEd of, athin filmof Ta or Won a Y—cut L| NbCB substrate

for X propagati'on.e—éhgequently, with a relatively sinple structure, |arge
‘el ectronechani cal o S :
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coupllngfactors k can be obt ai ned in a.w de range of 10 film -
t hi cknesses of Ta or W __Ft nmore, cost reduction can be accorrpl | shed
because Ta a € cheaper nmaterials than Au. - ~CEAFVED=} S

1., A Love-wave Ylee?ﬁas% ¢eﬁg a Y-cut sub 'EFWE%T]Shand
‘an interdigi taTh excit sal d eram%gg :
‘conprises a th| : ”

OVE-WAVE DEVICE INCLUDING THI OF Ta OR W

C SC
" An inexpensive Love-wave device having a wide
frequency difference between its resonant and .
5 : ant:.resonant frequencies includes a Y-cut substrate made
from I.iNbO, for X propagatlon. An mterd:.gital
transducer including a thin film of Ta or W is located on’
‘the substrate for exciting a Love wave.

Figure 4 _



-substrate 2. A Love-wave devi ce accordin to claim

| Tt

1 Ao, DS0TEEE- Tce
cf gﬁ‘&mg m@g:f gépg%a%atol on; and ﬁfﬂ‘—ﬁPEP'ﬁ i 'ﬂe

t or exciting a Love wave] 5 sal d t

CEEEMes a thin film-ofWleeated—6ar—sad—Y—cut—stbst I‘g—ﬂ """ —

L pMFd&WEé@%ﬁé‘l ng to claim3, wherein said Y=cut substrate i s

f_““”' of—trNBTS"

LOVE-WAVE DEVICE INCLUDING THIN FILM OF Ta OR W

An inexpensive Love-wave device having a wide frequency difference between its resonant
and antiresonant frequencies includes a Y-cut substrate (3) made from LiNbO; for X
propagation. An interdigital transducer (4) including a thin film of Ta or W is located on the
substrate for exciting a Love wave.

Fig. 4.
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