TITLE OF THE INVENTION FERROELECTRIC SINGLE CRYSTAL,
SURFACE ACOUSTIC WAVE FILTER COMPRISING THE SAME, AND
PRODUCTION METHOD THEREOF BACKGROUND OF THE
INVENTION 1. Field of the Invention [0001] The present invention relates
to a lithium tantalate single crystal and a lithium niobate single crystal,
which are mainly used as piezoelectric substrates, and to a surface
acoustic wave filter, comprising a piezoelectric substrate produced from
said single crystal, and a production method thereof. 2. Description of the
Related Art [00021 A surface acoustic wave (hereinafter abbreviated as

"SAW") filter, which h$é$-EURBCEREIIEHENIVERY comprises fine
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film, made of aluminum or the like, on the surfac a piezoelectric
substrate, and patterning the él&¢EB@ HIn film using photolithography to
form an electrode having a given shape. Specifically, the electrode thin
film is first formed on the piezoelectric substrate surface by, for example,

sputtering. ThengQrgant fﬁ’ﬁ‘ﬁ éadég Sll%af ééif 1 on the
electrode thin fi?r%gégn%t%%e electro eoﬁgrﬁis em t high
temperature. Subsequently, the electrode film is patterned by exposing it

to light using a stepper. Then, the electrode film is post-baked at high
1. Field of the Invention
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[0001] The present invention relates to a lithium tantalate single
crystal and a lithium niobate single crystal, which are mainly used as
ptezoelectric substrates, and to a surface acoustic wave filter, comprising

a piezoelectric substrate produced from said single crystal, and a

production method thereof,

2. Description of the Related Art

[0002] A surface acoustic wave (hereinafter abbreviated as “SAW™)
filter, which uses surface acoustic waves, comprises fine comb-shaped
electrodes formed on the surface of a piezoelectric substrate and is widely
used in televisions, mobile phones, ete.

[0003] The surface acoustic wave filter is produced by forming an
electrode thin film, made of aluminum or the like, on the surface of a
piezoelectric substrate, and patterning the electrode thin film using
photolithography to form an electrode having a given shape. Specifically,
the electrode thin film is first formed on the plezoelectric substrate surface

by, for example, sputtering. Then, organic resin (a photoresist) is applied



temperature and developed, and the photoresist is dissolved. Finally, the
electrode film is wet-etched or dry-etched, thus forming an electrode
having a given shape. [0004] Also, a lithium tantalite (LiTaO3) single
crystal (hereinafter abbreviated as an "LT single crystal") and a lithium
niobate (LINbO3) single crystal (hereinafter abbreviated as an "LN single
crystal”) are known as ferroelectric single crystals and are widely used in
piezoelectric substrates for surface acoustic wave filters (SAW filters),
superconductive sensors, various piezoelectric sensors, vibrating

actuators, etc. 0_005'51 Recently, with the increasingly high performance
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ferroelectric single crystals and are widely used in piezoelectric substrates
for surface acoustic wave filters (SAW filters), superconductive sensors,

various piezoelectric sensors, vibrating actuators, etc.

[0005] Recently, with the increasingly high performance and high band
frequency of mobile phones, the miniaturization or thinning of devices has
progressed. Also, with the demand for an increase in the sensitivity of
sensors and the like, the miniaturization and thinning of sensors and the
like has likewise progressed. Accordingly, there has been a strong
demand for thinning in single crystal substrates.

[0006] However, the LT single crystal substrate and the LN single
crystal substrate have shortcomings in that they have poor processability,
the cleavage crack of single crystals characteristically occurs, and
breakages occur throughout the substrates due to low stress shock. Also,
the LT single crystal and the LN single crystal have a characteristic in that

the thermal expansion coefficients thereof vary greatly in different

directions, and thus, when they are subjected to changes in temperature,



increased due to the increasingly high performance and high frequency
band of mobile phones. That is, in a process of producing the SAW filters,
the number of filters produced with a sheet of piezoelectric substrate
increases, and thus either the crack of the substrate caused by thermal
processes or the crack of the substrate caused by cutting processes leads
to a great loss. [0008] Also, due to the increase in the number of filters
produced with a sheet of piezoelectric substrate, the width to which the
piezoelectric substrate is cut needs to be narrow. In this case, when the
cut width is narrowed, chipping occurring at the cut plane will expand to
stresg debaiiRgOmtar e Breakiye il Beeuatiie ¢16ér6de Hittiondlbpreak
quick'i@? filter, leading to decreased yield. When the cutting rate is reduced in
order to prevent this phenomenon, additional time is required, leading to
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[0008] Also, due to the increase in the number of filters produced with
a sheet of piezoelectric substrate, the width to which the piezoelectric
substrate is cut needs to be narrow. In this case, when the cut width is
narrowed, chipping occurring at the cut plane will expand to the resulting
filter, and breakage will occur at the electrode portions on the filter,
leading to decreased yield. When the cutting rate is reduced in order to
prevent this phenomenon, additional time is required, leading to decreased
pr_oductivity. |
[0009] Various methods for such thinning and reduction in volume
have been examined.

[0010] For example, an Si or glass sheet is applied to a substrate to
increase the strength thereof, or taping or metal deposition are carried out
in the cutting or polishing process to prevent crack or chipping.

[0011] In the above-described method either of joining the Si or glass
sheet to the substrate to increase strength or of carfying out taping or

metal deposition in the cutting or polishing process to prevent crack or



chippings in the cutting, grinding and heating stages of the process of
producing the single crystal substrate, and there is also few cracks, flaws
or chippings and good productivity is achieved in the production of the
SAW filter. SUMMARY OF THE INVENTION [00121 Therefore, the
present invention has been made in view of the above-mentioned
problems, and it is an object of the present invention to provide a lithium
tantalate (LT) single crystal or a lithium niobate (LN) single crystal, which
has high stress shock resistance and thermal shock resistance, a surface
acoustic wave filter comprising a piezoglectric substrate produced from
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solve this problem and, as a res ave found that, when at least one
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(LN) single crystal at a ratio of from 0.002wt% or more to 4 0.1 wt% or
SAWIédsethe stress shock or thermal shock characteristics of the single
crystal is increased without causing any change in the piezoelectric
characteristics, thereby completing the present invention. (0014] <Lithium

tantalate single crys{al Qi RIgYAERINEK TION

[00121 Therefore, the present invention has been made in view of the
aboye-mentioned problems, and it is an object of the present invention to
provide a lithium tantalate (LT) single crystal or a lithium niobate (LN)
single crystal, which has high stress shock resistance and thermal shock
resistance, a surface acoustic wave filter comprising a piezoelectric
substrate produced from said single crystal, and a production method
thereof.

[0013] The present inventors have conducted many studies and
repeated trials and errors to solve this problem and, as a result, have found
that, when at least one additional element selected from the group
consisting of iron, copper, manganese, molybdenum, cobalt, nickel, zinc,
carbon, magnesium, titanium, tungsten, indium, tin, rhenium, scandium,
rhodium, ruthenium, palladium, silver, platinum, gold, yttrium, neodymium,
iridium, germanium, barium, cesium, strontium, gallium, cerium and other
transition elements is contained in a lithium tantalate (LT) .single crystal or

a lithium niobate (LN) single crystal at a ratio of from 0.002wt% or more to



crystal> The lithium tantalate (LT) single crystal or lithium niobate single
crystal of the present invention is characterized in that it contains at least
one additional element selected from the group consisting of iron, copper,
manganese, molybdenum, cobalt, nickel, zinc, carbon, magnesium,
titanium, tungsten, indium, tin, rhenium, scandium, rhodium, ruthenium,
palladium, silver, platinum, gold, yttrium, neodymium, iridium, germanium,
barium, cesium, strontium, gallium, cerium and other transition elements
at a ratio of from 0.002wt% or more to 0.1 wt% or less and has excellent

stress_shock characteristics and thermal shpck chara teri_stics..%015
01 B IS nes BRment i boferAbly Sop eI ot A AL O Ha of (he

sing19-0P2¥IY0 jar imeredodass than.@-03wtde: [D91e]s.geseiibrd latercthie dific

or LN single crystal contains a given additional element at the
charabevesSpeciflereditio cantbikéishdtle oharactérnistiecsand.thermal shock

characteristics are improved, and crack, flaw or chipping in the .
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Cryst[%)p/ﬂ] The LT or LN single crystal containing iron as the additional
element shows yellow or orange-colored in a wafer produced therefrom
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tungsten, indium, tin, rhenium, scandium, rhodium, ruthenium, palladium,
silver, platinum, gold, yitrium, neodymium, iridium, germanium, barium,
cesium, strontium, gallium, cerium and other transition elements at a ratio
of from 0.002wt% or more to 0.1 wt% or less and has excellent stress
shock characteristics and thermal shock characteristics.

[0015] Also, the additional element is preferably contained at a ratio of
from 0.002wt% or more to less than .01 wi%.

[0016] As described later, the LT or LN single crystal contains a given
additional element at the above-specified ratio, and the shock
characteristics and thermal shock characteristics are improved, and crack,
flaw or chipping in the processing thereof is inhibited, leading to an
increase in productivity.

[0017] The LT or LN singie crystal containing iron as the additional
element shows yellow or orange-colored in a wafer produced therefrom
and is easily distinguished from an LT or LN single crystal, which shows

white In a wafer in which the additional element is not contained, Also,



treatment in order to inhibit a pyroelectric effect. The reduced LT or LN
single crystal consists of a single crystal having an inhibited pyroelectric
effect. [0019] Also, the reduced LT or LN single crystal containing iron as
the additional element shows dark yellow or dark orange in a wafer
produced therefrom and is easily distinguished from an LT or LN single
crystal, which does not contain the additional element. Also, the dark
yellow or dark orange color of the reduced LT or LN single crystal is
uniform throughout the wafer, suggesting that the additional element is
uniformly dispersed in the wafer and that the reduction treatment is
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effeghore to 0.1 wt% or less and has excellent stress shock characteristics
and thermal shock characteristics. [0022] The LT or LN single crystal,
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produced therefrom and i1s easily distinguished from an LT or LN single
crystal, which does not contain the additional element. Also, the dark
vellow or dark orange color of the reduced LT or LN single crystal is
uniform throughout the wafer, suggesting that the additional element is
uniformly dispersed in the wafer and that the reduction treatment is
uniformly performed.

[0020] Also, a method of producing the reduced LT or LN single
crystal may comprise a single crystal producing step and a reducing step
of reducing the single crystal.

{00211 The single crystal producing step is a step of producing a
lithium tantalate or a lithium niobate, which contains at least one additional
element selected from the group consisting of iron, copper, manganese,
molybdenum, cobalt, nickel, zinc, carbon, magnesium, titanium, tungsten,
indium, tin, rhenium, scandium, rhodium, ruthenium, palladium, silver,
platinum, gold, yttrium, neodymium, iridium, germanium, barium, cesium,

strontium, gallium, cerium and other transition elements at a ratio of from



ratio, and thus the stress shock characteristics and thermal shock
characteristics are improved, and crack, flaw or chipping in the processing
thereof is inhibited, leading to an increase in productivity. [0023] As
described in the Examples below, the LT or LN single crystal reduced in
the reducing step can be efficiently produced, and consists of a single
crystal having an inhibited pyroelectric effect. [0024] A piezoelectric
substrate produced from the LT or LN single crystal can be used not only
in piezoelectric substrates for surface acoustic wave filters (SAW filters),
but also in various substrates which need to be thinned or miniaturized.
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consists of a single crystal having an inhibited pyroelectric effect.
[0024] A piezoelectric substrate produced from the LT or LN single
crystal can be used not only in piezoelectric substrates for surface
acoustic wave filters (SAW filters), but also in various substrates which
need to be thinned or miniaturized. Examples of the substrates may
include substrates for pyroelectric sensors, various piezoelectric sensors
and vibrating actuators.
[0025] {Surface acoustic wave [ilter>

The surface acoustic wave filter of the present invention is
characterized in that it comprises a piezoeléctric substrates produced from
a lithium tantalate single crystal or a lithiumn niobate single crystal, which
comprise at least one additional element selected from the group consisting
of iron, copper, manganese, molybdenum, cobalt, nickel, zinc, carbon,
magnesium, titanium, tungsten, indium, tin, rhenium, scandium, rhodium,
ruthenium, palladium, silver, platinum, gold, yttrium, neodymium, iridium,

germanium, barium, cesium, strontium, gallium, cerium and other transition



[0027] The piezoelectric substrate produced from the LT or LN single
crystal containing iron as the additional element shows yellow or orange-
colored, and thus is easily distinguished from a white piezoelectric
substrate which does not contains the additional element. Also, the yellow
or orange color of the piezoelectric substrate is uniform throughout the
substrate, suggesting that the additional element iron is uniformly
dispersed in the substrate. [0028] Also, the piezoelectric substrate may
consist of a piezoelectric substrate produced from the reduced lithium

tantalate single crystal or lithium niobate single crystal. The reduced
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containing iron as the additional element shows dark yellow or dark
[002@range Alchis gasihddistnglished from:a pezealedtric sybstrate preferably
produced from an LT or LN single crystal, which does not comprise the
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acoustic wave filter, the occurrence of failures
subsirate, suggesting that the additional element iron 18 uniformly

dispersed in the substrate.

[0028] Also, the piezoelectric substrate may consist of a piezoelectric
substrate produced from the reduced lithium tantalate single crystal or
lithium niobate single crystal.  The reduced piezoelectric substrate
consists of a piezoelectric substrate having an inhibited pyroelectric effect.
[0029] Also, the piezoelectric substrate containing iron as the
additional element shows dark yellow or dark orange and is easily
distinguished from a piezoelectric substrate produced from an LT or LN
single crystal, which does not comprise the additional element. Also, the
dark yellow or dark orange of the piezoelectiric substrate is uniform
throughout the substrate, suggesting that the additional element iron is
uniformly dispersed in the subsirate and that the reducing treatment is
uniformly performed.

{0030] Because the surface acoustic wave filter of the present

invention comprises the piezoelectric substrate produced from the



caused by shock or thermal shock is reduced. [0031] <Method of
producing surface acoustic wave filter> A method of producing the surface
acoustic wave filter of the present invention comprises a piezoelectric
substrate-preparing step of preparing a piezoelectric substrate, produced
from LT single crystal or LN single crystal which contains at least one
additional element selected from the group consisting of iron, copper,
manganese, molybdenum, cobalt, nickel, zinc, carbon, magnesium,
titanium, tungsten, indium, tin, rhenium, scandium, rhodium, ruthenium,
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stress shock characteristics and thermal shock characteristics; an
incregleetholia thirefibm-formingestep of farodngtavi stectrode, thinfilm dretseorage
surface of the piezoelectric substrate; an electrode- forming step of and
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surface acoustic wave filter according to the present invention, the

[ 00 3uigzoeletWict Bulstrate-qtaduged fromr thedovenlive lithiufil fartalate
single crystal or lithium niobate single crystal is used, and an electrode is
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substrate produced from 9 the reduced lithium tantalate single crystal or
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crystal which contains at least one additional element selected from the
group consisiing of iron, copper, manganese, molybdenum, cobalt, nickel,
zinc, carbon, magnesium, titanium, tungsien,‘ indium, tin, rhenium, scandium,
rhodium, ruthenium, paliadium, silver, platinum, gold, vttrium, neodymium,
iridium, germanium, barium, cesium, strontium, gallium, cerium and other
transition elements at a ratio of from 0.002wt% or more to 0.1 wt% or less,
and has excellent stress shock characteristics and thermal shock
characteristics; an electrode thin film—forming step of forming an electrode
thin film on the surface of the piezoeleciric substrate; an electrode-
forming step of and subjecting the electrode thin film to photolithography
to form an electrode having a given shape.

[0032] Specifically, in the method of producing the surface acoustic
wave filter according to the present invention, the piezoelectric substrate
produced [rom the inventive lithium tantalate single crystal or lithium

niobate single crystal is used, and an electrode is formed on the surface of

the piezoeleciric substrate. Also, a piezoelectric substrate produced from



including cutting, polishing and thermal processing, can be inhibited, and
the failure rate can be reduced, leading to an increase in productivity.
Also, processes, including cutting and polishing, can be rapidly performed,
and the surface acoustic wave filter can be efficiently produced. [0034]
Also, the piezoelectric substrate-preparing step may comprise a reducing
step of reducing the piezoelectric substrate produced from the lithium
tantalate single crystal or lithium- niobate single crystal. When the

reducing step is carried out, a surface acoustic wave filter having an

inhibited pyroelectric effect can be produced. BRIEF DESCRIPTION OF
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may Rresent; invention will become apparent from the following description of a
preferred embodiment, given in conjunction with the accompanying
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[0034] Also, the piezoelectric substrate-preparing step may comprise
a reducing step of reducing the piezoelectric substrate produced from the
lithium tantalate single crystal or lithium niobate single crystal. When the
reducing step is carried out, a surface acoustic wave filter having an

inhibited pyroelectric effect can be pr_oduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and other objects and features of the present
mvention will become apparent from the following description of a
preferred embodiment, given in  conjunction with the accompanying
drawings, in which:

FIG. 1 is a perspective view showing an example of a surface
acoustic wave filter according to an embodiment of the present invention;

FIG, 2 13 a graphic diagram showing the comparison of deflective
strength according to the difference in thickness between an LT single

crystal wafer having an iron content of 0.02 wt% and an LT single crystal

wafer having no additional element;
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between a reduced LT single crystal wafer containing no additional
element and a reduced LT single crystal wafer having an iron content of
0.01 wt%. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS [00361 Various embodiments of the present invention
will now be described in detail with reference to the accompanying
drawings. [0037] The present invention is not limited by the following
embodiments. Those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
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excellent stress shock characteristics and thermal shock characteristics.

elen]8089nthe additional EIEment may-betahywveifer ofiiwie:gr anoieoseteciasht of
from among iron, copper, manganese, molybdenum, cobalt, nickel, zinc,
0.01cui8on, magnesium, titanium, tungsten, indium, tin, rhenium, scandium,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0036] Various embodiments of the present invention will now be
described in detail with reference to the accompanying drawings.

[0037] The present invention is not limited by the following
embodiments. Those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the accompaﬁying

claims.

[0038] <lithium tantalate single crystal and lithium niobate single
crystal >

The lithium tantalate (LT) single crystal or lithium niobate (LN)
single crystal of the present invention contains at least one additional
element selected from the group consisting of iron, copper, manganese,
molybdenum, cobalt, nickel, zinc, carbon, magnesium, titanium, tungsten,
indium, tin, rhenium, scandium, rhodium, ruthenium, palladium, silver,

platinum, gold, yttrium, neodymium, iridium, germanium, barium, cesium,
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rhodium, ruthenium, palladium, silver, platinum, gold, yttrium, neodymium,
iridium, germanium, barium, cesium, strontium, gallium, cerium and other
transition elements. [0040] The content of the additional element is the
weight of the additional element based on the total weight of the inventive
lithium tantalite single crystal or lithium niobate taken as 100 wt%. [0041]
When the additional element is contained at the above- specified ratio, the
single crystal has improved shock characteristics and thermal
characteristics. In order to obtain a single crystal having a more uniform
single crystal, it is preferable to add the additional element at a ratio of
StrorfFBi0 HORNIDe 6ERIBIR t510. P brdess.iMorlgretatably, theabontdnfrom

f additional ele tis from 0.002wt% or more to less than 0.01 wt%.
O'Oo%gt%] 2MmENEE o pr;a())(:T c%t%e%ﬁcgéfé’in@?edrc&%?ale;ﬁe BtHodgess s ock
charRFeSHSing:he sediuaed it anialitgsinglgeystal or lithium niobate

single crystal of the present invention comprises a step of preparing the
[003%igle ciibtal addifdcedlcirligsteptofineduding theysingle, coystalv§0a#3]more
The step of preparing the single crystal is not specifically 12 limited. It can

sele g HsureARaRSIdiRG 16 ARYKn R HERsSEs, TreltiBmen e CaddiFaRkigkel,
zmcE%%I,(?}%5183&%'8@‘!lymthﬁﬁ%{ﬂﬁl}%c@{%%'s?gﬁ‘ bss 1%?%% b}/hgf'ﬁ(in a;%gandium,

ing given faw matérials to form a raw material mixture, meﬁlng

rhodiaw Mateiial mbgusel amersing dseqd aivsial, i e, malt-ane, alewisshium,
___the seed crystal to grow. [0044] Also, the step of reducing the prepared
ridigingleesiystalugndearium, cesium, strontium, gallium, cerium and other

transition elements.
[0040] The content of the additional element is the weight of the
additional element based on the total weight of the inventive lithium
tantalate single crystal or lithium niobate taken as 100 wt%.
[0041] When the additional element is contained at the above-
specified ratio, the single crystal has improved shock characteristics and
thermal characteristics. In order to obtain a single crystal having a more
uniform single crystal, it is preferable to add the additional element at a
ratio 6f from 0.002wt% or more to 0.1 wt% or less. More preferably, the
content of the additional element is from 0.002wt% or more to less than
0.01 wt%.
[0042] <Method of producing reduced single crystal >

A method of producing the reduced lithium tantalate single crystal or
lithium niobate single crystal of the present invention comprises a step of

preparing the single crystal and a reducing step of reducing the single

crystal,

[0043] The step of preparing the single crystal is not specifically
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specifically limited, as long as it is a reducing step of inhibiting the
pyroelectric effect. For example, the wafer can be reduced by introducing
the additional element-containing lithium tantalate single crystal or lithium
niobate single crystal and an alkaline metal compound-containing
reducing agent in a treatment apparatus and maintaining the inside of the
treatment apparatus at a temperature of 200-1000 C in a vacuum. [0045]
<Surface acoustic wave filter > The surface acoustic wave filter of the
present invention comprises a piezoelectric substrate produced from a

.. lithium tantalate single crystal or a lithium niobate single crystal, which .
limitedniaint 4t18a8¢ oRECRAHRMD A CoISHSh T SeRdbie M tRadhays, ncluding

the C%Eﬁi?ﬂ@?ﬁﬁr&hoc&ppgb_é%&%ﬂﬁs%e’Q%Qe&%ﬁo@%ﬁb@%ﬁ ﬁ&r%% by

carbon, magnesium, titanium, tungsten, indium, ti enium, scandi

mixifBodiuin hekheniui.cpalaciummhSibes] s platifamnm Yy Hriviy needymilMnixture,
iridium, germanium, barium, cesiurm, strontium, gallium, cerium and other

meltipgntisohcetemartsiatl aVatioret fiom ey D02wWa%s er torsttad in wies vrelt and
less, %nd has, excellent stress shock characteristics and thermal shock

allo“@ﬁ%’é ?eﬁgﬁé%.cféﬁﬁ%i F?e%iﬂgfter, the surface acoustic wave filter
[ooAerording ie ong. embpdiment af hepresent-inventionaywill e desgrbed. ot

13 [0047] First, the construction of the surface acoustic wave filter
specatcatgindg el ardenlodimentaaf the present ihyeintiorswilb befdesbiibiethe the

FIG. 1 is a perspective view showing an example of the surface acoustic
DYI‘OW%@\férﬂﬁe?fg%brdih@&&md@i%%f@xs%m petyced hysurfaeducing

e BER S R A SR P T e
niohate single crystal and an alkaline metal clompeundmcontaining reducing
agent in a treatment apparatus and maintaining the inside of the treatment
apparatus at a temperature of 200-1000 T in a vacuum.
[0045] <Surface acoustic wave filter >

The surface acoustic wave filter of the present invention comprises a
piezoelectric substrate produced from a lithium tantalate single crystal or a
lithium niobate single crystal, which contains at least one additional
element selected from the group consisting of iron, copper, manganese,
molybdenum, cobalt, nickel, zinc, carbon, magnesium, titanium, tungsten,
indium, tin, rhenium, scandium, rhodium, ruthenium, palladium, silver,
platinum, yttrium, neodymium, iridium, germanium, barium, cesium,
strontium, gallium, cerium and other transition elements at a ratio of from
0.002wt% or more to 0.1 wt% or less, and has excellent stress shock
characteristics and thermal shock characteristics.

[0046] Hereinafter, the surface acoustic wave filter according to one

embodiment of the present invention will be described.
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of a rectangular parallelepiped box opened at the upper surface thereof.
The case body 2 is closed with a cover (not shown) at the opening of the
upper surface. [0049] The chip 3 is received in the case body 2. The chip
3 comprises a piezoelectric substrate 31, input electrodes 32a and 32b
and output electrodes 33a and 33b. The piezoelectric substrate 31 has a
flat shape. The piezoelectric substrate 31 is made of a lithium tantalate
single crystal containing iron at a ratio of 0.10 wt%. (0050] The input
electrodes 32a and 32b are made of aluminum and are comb-shaped.

e input electrpdes 32a and 32b are disposed.on the surface of the ..
1004 e oG et Dbt ot Err e (e G e V8 filter

accoriigelion, gHCh thgb e terthiherRofsagRAE WAEERRMOWRT. TR ibed.

electrodes 32a and 32b are electrically connected with an input terminal
FIG. 21 jembeadatittine cacw bodyw2ntrengtrconaletivlg Wires828ac aanbustic

320b. [0051] Likewise, the output electrodes 33a and 33b made of
Waveaﬁﬁﬁﬁuﬁ?%%d&?g é&nﬁﬁiéh%@d?drﬁ@%tp ele deé%ﬁ%n 33pSadace

acoudRP9REd o e surass Pt piezosleatic subisirate ff,opposite each

other in the short length direction, such that the teeth thereof engage with

[0044 eachlatheraAiso ke BUtpuielectipdes33acand B3matmdispesete shape
opposite the input electrodes 32a and 32b in the lengthwise direction.
of a TikeGuputaslceticd s 33aehd83b @pe efattitdiie connetisd Wiharnhereof.

e SUBUISISCTRE 20, chbeiied e oo bl & Pl conctng
uppellifAgeding to

[0049] | The chip 3 is received in the case body 2. The chip 3
comprises a piezoelectric substrate 31, input electrodes 32a and 32b and
output electrodes 33a and 33b. The piezoelectric substrate 31 has a flat
shape. The piezoelectric substrate 31 1s made of a lithium tantalate single
crystal containing iron at a ratio of 0.10 wt%.

{0050] The input electrodes 32a and 32b are made of aluminum and
are comb-shaped. The input electrodes 32a and 32b are disposed on the
surface of the piezoelectric substrate 31 opposite each other in the short
length direction, such that the teeth thereof engage with each other. The
input electrodes 32a and 32b are electrically connected with an input
terminal 21, embedded in the case body 2, through conducting wires 320a
and 320b.

[0051] Likewise, the output electrodes 33a and 33b are made of
aluminum ané are comb-shaped. The output electrodes 33a and 33b are
disposed on the surface of the piezoelectric subsirate 31 opposite each

other in the short length direction, such that the teeth thereof engage with
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the embodiment will now be described. First, voltage is applied to the
input electrodes 32a and 32b from the input terminal 21 through the
conducting wires 320a and 320b. Then, reverse distortion between the
input electrodes 32a and 32 b occurs due to the piezoelectric effect, and a
surface acoustic wave is excited. This surface acoustic wave is
transferred to the surface of the piezoelectric substrate 31. On the

surface of the piezoelectric substrate 31, distortion occurs due to the
transferred surface acoustic wave. Due to the distortion, electric charges
are produced. The gl‘r?oduced charges are outputted as electrical signals

cach rgHhe ouipiPeldcfodds B &SN Fougtrtn@tbnductint RirgssPosed
oppogﬁ%a{ Qdi ?8& %rﬂgcﬁf}%f%gp%tggﬂymﬁlg%[995@1@” fgﬁgat%?yi%%.direction.
empodai 1 the lithi

ment, the piezoelectric substrate is produced from um

The tantplatesinglecerystat gantainingdromas the: adilitional @emented with an
However, the additional element is not limited to iron, and may be

outpeleltetribm amongthedlssiendled slepseeds apptbpriatd ApsslupEng

. pigzaelectric strate may be produced from a lithium niobate single
eregr%@ﬁ @ﬂﬁ?&%‘a given additional element. For the inhibition of the

roosproelegtiic effect, ihepiszoglectia substrale SRy RieeL e RERAYCES- Bam o

an LT or LN single crystal containing a given additional element 15
the subjedtad:to redlictonitréatimienicAlsa] thefirateriabbbithe ispupplied to the
electrodes and the output electrodes is not limited to aluminum, but ma

inpubeelgHHAaE sudh asadit albhindra@IIdecopper oF@'&H?Ns&lintﬂﬁ@angéhe
con RIS Frve Rty sissramic el aed Honoi e
inpufQQedlMethad ofpradyeing suriace ALOYSIGWaYR Meletiric effect, and a
surface acoustic wave is excited. This surface acoustic wave is
transferred to the surface of the piezoelectric substrate 31. On the
surface of the piezoelectric substrate 31, distortion occurs due o the
transferred suriace acoustic wave. Due to the distortion, electric charges
are produced. The produced charges are outputted as electrical signals
from the output electrodes 33a and 33b through the conducting wires 330a
and 330b and the output terminal 22.

[0053] In the above embodiment, the plezoelectric substrate is
produced from the lithium tantalate single crystal containing iron as the
additional element. However, the additional element is not limited to iron,
‘and may be selected from among the above—noted elements as appropriate.
Also, the piezoelectric substrate may be produced from a lithium niobate
single crystal containing a given additional element. For the inhibition of
the pyroelectric effect, the piezoeiectfic substrate may also be produced

from an LT or LN single crystal containing a given additional element
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The method of producing the surface acoustic wave filter of the present
invention comprises a piezoelectric substrate-preparing step, an
electrode thin film-forming step and an electrode-forming step.
Hereinafter, each of the steps will be described. [0055] (1) Piezoelectric
substrate-preparing step This step is a step of preparing a piezoelectric
substrate produced from a lithium tantalate single crystal or a lithium
niobate single crystal, which contains at least one additional element
selected from the group consisting of iron, copper, manganese,
molybdenum, cobalt, nickel, zinc, carbon, magnesium titanjum, tungsten,

Subicifitfitim in, YREHFIR S cHTEH: “hodiub PuthiStiur paadiurd! siksr, input
electP{FHIAUTL 9. VUM, Qﬁe%cl}‘(?gt Q‘is“%%%lﬁh@@e@%"%m%ﬂﬁ{“ BTN be

strontium, gallium, cerium an er transition elements at a rati

a md02uth erxmaiedmhhwilordess @nsthasexgalent stessishogk above
characteristics and thermal shock characteristics. [0056] For example, a
embggafeenbbtdlfeddsne chftihy Brdene! of ehariivangbenitdium wantdlatelsinglesr,

the ch%sstﬁls or lithium niobate dc,ci%?le crystals to a given thickness alglgi < resin,

e G o G G AU ECUEAENGT
oosFzoeleciicspsiiRls: Alseieyen ANy 9f the gingle, Loarystals is used,

the ratio of the additional element is preferably from 0.002wt% or more to
0. Thet%mer tess. Mot piefenab|ythit is:frofm: ©.CR2ME ©r wore téilass thianhe
0.01 wt%. For the inhibition of the pyroelectric effect, a reducing step of

DPrespaduiiNg B LTCOMIN Sifig |6 chystalebomitaining sdradeivirnalsigentep, an

elec {pg ebe {;?airriedfﬁ%[._,féxclgo iin prtse;[geatmenn processes, gle%nigg or surfacet
reatment of the piezoefgc%%c b a an electrode-torming  step.

Hereinafter, each of the steps will be described.
[0055] (1) Piezoelectric substrate—preparing step

This step is a step of preparing a piezoelectric substrate produced
from a lithium tantalate single crystal or a lithium niobate single crystal,
which contains at least one additional element selected from the group
consisting of iron, copper, manganese, molybdenum, cobalt, nickel, zinc,
carbon, magnesium titanium, tungsten, indium, tin, rhenium, scandium,
rhodium, ruthenium, palladium, silver, piatinum, gold, yttrium, neodymium,
iridium, germanium, barium, cesium, strontium, gailium, cerium and other
transition elements at a ratio of from 0.002wt% or more to 0.1 wt% or less
and has excellent stress shock characteristics and thermal shock
characteristics.
[0056] For example, a wafer, obtained by cutting any one of the
inventive lithium tantalate single crystals or lithium niobate single crystals
to a given thickness and polishing both sides of the cut crystal, may be

prepared as the piezoelectric substrate. Also, even if any of the single
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substrate may be carried out. [0057] (2) Electrode thin film-forming step
This step is a step of forming an electrode thin film on the surface of the
piezoelectric substrate. The material of the electrode thin film may be a
metal, such as aluminum, an aluminum alloy, copper or gold. The metal
that is used as the metal of the electrode thin film is applied on the surface
of the piezoelectric substrate to form the electrode thin film. The film can
be formed using any known method, such as sputtering, vacuum
deposition or chemical vapor deposition (CVD). [0058] (3)

IFctrode-formi g step.This_step is a step of patterning the electrode thin

crys%

5. 16rHEabn e KiHRcalOE BREHOIBRIE KUBSHALSS URfsgerably from
0.0000RtRIIthPgraphy. 1@ fasm %%e%tlmqgsg?\/inglgr%ivé?e(jﬁ%%ghiﬁ is from

photolithography can be carried out in a convention er. For example,

0.002wngdhionesinaae atphdtaresistds anpliedvercthe eleetrage thinifilmedhen. the
the film is pre-baked at a temperature of about 70-90 'C. Then, the film is

PYToglessdl 5hight thisuli B pREtoNsicHading datemqsdeN abalnemystal
rode) formed.thereon. Subsequently, the film is post-baked at 130 C. .
Contgﬁﬁ%ﬂh@ém E|1s8 gdtg\(?a%peg ,ﬁ%rr?g e gg?p{)sek&ereéi%r%ﬁhe%ﬁotoreéﬁi% il
pretremawast binalbs &4 thedims wetgliched or-dnysaicheds thus farming an
electrode having a given shape. [0059] Also, in the present invention,

subsgfidethegléetroderis formed, the piezoelectric substrate may be cut to a
iven size and received.in the case. Then, the electrode may be

EO0 b hnected with digiden i fpiantps 8588 may be closed, thus
p@ﬁyg@%g %Jgag{aescgy ?})'Frx\{\{%\g/eafrllltggéctmde thin film on the surface of

the piezoelectric substrate. The material of the electrode thin film may be
a metal, such as aluminum, an aluminum alloy, copper or gold. The metal
that is used as the metal of the electrode thin film is applied on the surface
of the piezoelectric substrate to form the electrode thin film. The film can
be formed using any known method, such as sputtering, vacuum deposition
or chemical vapor deposition (CVD).
[0058] (3) Eiectrodewformin_g step

This step is a step of patterning the electrode thin film, formed on
the surface of the piezoelectric substrate, using photolithography, to form
an electrode having a given shape. This photolithography can be carried
out in a conventional order. For example, organic resin as a photoresist is
applied on the electrode thin film. Then, the film is pre-baked at a
temperature of about 70-90 T. Then, the film is exposed to light through
a photomask having a pattern (such as a metal electrode) formed thereon.
Subseque_n'tly, the film is post-baked at 130 C. Then, the film is

developed, and the exposed region of the photoresist is removed. Finally,
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[0060] Examples Based on the above embodiment, the lithium tantalate
single crystal of the present invention was prepared in various ways.
Various measurements were performed on the prepared lithium tantalate
single crystal, and the shock characteristics and thermal shock
characteristics of the single crystal were evaluated. Hereinafter, the
preparation, various measurements and evaluation of the lithium tantalate
single crystal will be described. Also, the lithium tantalate single crystal
will be abbreviated as an LT single crystal. [0061] An LT single crystal
containing 0-1,20 wi% of jron as an additional element was prepared .
the [ 5Lk i et a6 G LEarS) iR 2
givelfaihgguree, lithium carbonate (Li2CO3) as a lithium source, and a
tantalum oxide (Ta205) as a tantalum source, were mixed in prescribed
[00%@jount Wittveadch thibeprandithamrixtuienyvasihaket ate 1000 @dorsl@ormed,
hours to form a raw material mixture. Also, the lithium carbonate and the

the PIREABIAGERICHOS KaleapatPef 999998 Bhe thigeraudnagsrayed in the

mi laged in a crucible.made of iridium and was. melted by, high
S ey e e R R B A

the &ged iystakculdaaigivansdiecdionias inparsed i theiraw, 18 malgrial
mixture and grown while being revolved at a speed of 10 rpm at a lifting

[0064tk of Sitmanthp]eisus obtaining a single crystal having a diameter of about

8Q_ mm and a length of about 60 mm. [0062] Also, copper, cobalt, nickel,
m%ﬁ&r&egél, FIHROY GitS RGO hsbirad HH ERdiishalaR B £ Crystal

of RIEPYELLANYIR ENRIRS NOYIN 3 AREHONR SRMEN OWEPE " O Rrious
0. The single crystals were

measurements were performed on the prepared lithium tantalate single
crystal, and the shock characteristics and thermal shock characteristics of
the single crystal were evaluated. Hereinafter, the preparation, various
measurements and evaluation of the lithium tantalate single crystal will be
described. Also, the lithium tantalate single crystal will be abbreviated as
an LT single crystal.

[0061] An LT singlé crystal contamning 0-1.20 wt% of iron as an
additional element was prepared using the Czochralski method. For this
purpose, iron oxide (Fez03) as an iron source, lithium carbonate (LisCO3) as
a lithium source, and a tantalum oxide (TaO3) as a tantalum source, were
mixed in prescribed amount with each other, and the mixture was baked at
1006 C for 10 hours to form a raw material mixture. Also, the lithium
carbonate and the tantalum pentoxide had a purity of 99.99%. Then, the
raw material mixture was placed in a crucible made of iridium and was

melted by high frequency induction heating. The melting temperature was

1700 T. A seed crystal cut in a given direction was immersed in the raw
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prepared in the same manner as in the method of using iron as the
additional element, except that an oxide of each additional element was
used in place of iron oxide. [0063] A crystal block having a thickness of 1
mm was cut at positions 5 mm and 60 mm from the upper end of each of
the obtained crystals, respectively. As used herein, the term "upper end
of a single crystal" means the end of the seed crystal in the axial direction
in the single crystal, that is, the end that was lifted first. Then, one side of
the cut crystal block was polished to produce wafers. Specifically, two

j A rs, for each of the prepared LT single crystals, which had
mate?%ﬁ?é%%%ﬁn%mgggi ions vgfq { %qﬂ%ﬁg“’r E%Yt?éxeaiaﬁﬁ)éﬁgﬁv%ﬁlvﬁértm rRjgrat a
littingregticed. Alson/the Waler ARG CHURGROSHEN A S HRPel RO r of

was designated "upper crystal wafer", and the wafer having a cutting

abousgHtisrrantie dolwee thborlicrbwal Glésignated "lower crystal wafer". [0064]

[00 Iso, the, wafers had thick%?efsses of 350 um, 300 um, 250 um, 200 um, .
um Ant 156PHRC SN G W& inati5difhilg HreREsS Svak AR Bt isnym

was &4eCHRNOShEIERPASIBINOC Y SOIR S, O0GSL T 1o

iron-containing LT single crystal showed red in the mass s & wardr 2%

addiprodiceddroanthe biltsingle erydtaDshewed yelioh: orsikhQ erargegalaredere
and it turned orange-colored with an increase in the iron content. [0066]
prepridyafierdipréditedirenitie preparddie Troridledrydtalishagingimonas the

.contents of 0.001 wt%. 0.002 wt%. 0.005 wt%. 0.01 wt% .and 0.02 wt%,
addi o o A SR 8GR theE s avas

use St bavingdrop.gartents of 0.10 wt%. 0.50 wt%,

[0063] A crystal block having a thickness of 1 mm was cut at positions
o mm and 60 mm from the upper end of each of the obtained crystals,
respectively. As used herein, the term “upper end of a single crystal”
means the end of the seed crystal in the axial direction in the single crystal,
that is, the end that was lifted first. Then, one side of the cut crystal
block was polished to produce wafers. Specifically, two kinds of wafers
for each of the prepared LT single crystals, which had different cutting
positions at the upper portion and the lower portion, were produced. Also,
the wafer having a cutting position at the upper portion was designated
“upper crystal wafer”, and the wafer having a cutting position at the lower
portion was designated “lower crystal wafer”.

[0064] Also, the wafers had thicknesses of 350 m, 300 mm, 250 m,
200 pm, 180 /m and 150 im, and the final polishing process was carried out
using a mechanochemical polish method by colloidal silica.

[0065] The iron-containing LT single crystal showed red in the mass

state. The wafer produced from the LT single crystal showed vellow or
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1.00 wt% and 1.20 wt%, respectively, showed orange-colored. Also, the
wafer produced from the LT single crystal containing no additional
element showed white. [0067] The yellow or orange color of the wafers
was uniform throughout the wafers, suggesting that the additional
element iron was uniformly dispersed in the wafers. [00681 Also, wafers
were produced from the iron-containing LT single crystals subjected to
reduction treatment. Herein, the reduction treatment was carried out
using an antistatic treatment apparatus comprising a treatment container,
Oranaeh_e&'g?r and a vacuym pump. In the antistatic treatment apparatus, a
foe Wl COnABGEY 131 sIG RE the tHOA T N  CoAthiliish Gt the iron
cont¥aguum pump was connected to the pipe. Through the connected pipe,
gas was vented from the treatment container. [0069] In the treatment
[ 00 &®htainel heachafiefer was deceived; @onghwithrbthiuadchlarios powderastal
.a reducing agent. Each wafer was supported %/ a wafer cassette case

having HOBIRIARELTRE Rters Wefe 4 iRehed o md) (0 aiamer dndd.57t%

. in thick . 50 sheets .of wafers were disposed at an interval of
and gk?(;zut rﬁfn?glgﬁée ﬁ%\ljl?nsf eRioriE Cpf&wgi\{ T Wad Te ?vgvcf%léséjé‘ dGfigdgom
the DfuAnZglass,saparatalyfomdhe wafers 207 e RMQues of tes i
received lithium chloride powder was about 100 g. [0070] The heater was
1.00dvsifs eat S U thattitsureourdeds allysicés ofe the teeaimentlcoat@ineklso, the
0071].An e(\asi;ﬁmple of antistatic treatment using the antistatic treatment
[

waled BERUHIERNT 50 BE deScHBELE KRS iedABideronhaOredditianal element
Sho&gatajﬂge\_/vas set to a vacuum atmosphere of about 1.33 Pa

[0067] The yellow or orange color of the wafers was uniform
throughout the wafers, suggesting that the additional element iron was
uniformly dispersed in the wafers.

[0068] Also, wafers were produced from the iron-containing LT single
crystals subjected to reduction treatment. Herein, the reduction treatment
was carried out using an antistatic treatment apparatus comprising a
treatment container, a heater and a vacuum pump. In the antistatic
treatment apparatus, a pipe was connected to one side of the treatment
container, and the vacuum pump was connected o the pipe. Through the
connected pipe, gas was vented from the treatment container,

[0069] In the treatment container, each wafer was received, along with
lithium chloride powder as a reducing agent. Each wafer was supported
by a wafer cassette case made of quartz. The wafers were 4 inchés (100
mm) in diameter and 0.5 mm in thickness. 50 sheets of wafers were
disposed at an interval of about 5 mm. The lithium chloride powder was

received in a Schale made of quartz glass, separately from the wafers.
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using the vacuum pump. Then, the treatment container was heated using
the heater, and the temperature within the treatment container was
elevated to 550 "C after being heated for 3 hours. When the temperature
within the treatment container reached at 550 'C, the treatment container
was maintained for 18 hours in that state. Then, the heater was stopped,
and the inside of the treatment container was passively cooled, thus
obtaining each of reduced wafers. [0072] The wafers produced from the
reduced LT single crystals having iron contents of 0.002-0.01 wt% and
The séhowin tr%e Qri inal ﬁ{ellﬁw color, respectively, showed dark yellow. The

WRRHET D0 e oY G P S gl SritaRON St Tish Hontd ks Bre-
[001b95-1.2@yi% and showing e, Qriginal.-arange oo, 1e &;%Y? b sides of

showed dark orange after the reduction treatment. [0073 e wafer
the {reduced fromtthiedsT single crystal containing no additional element and
reduced in the same manner as described above, changed from white to

[00hdck duetto thEFEMIEtoRfredfieitiD0 TaG FHRAIPper Eiystal WaferaHdtatic
reaffEIRVEL SR, VRIRTPIOGNCEd, T cagnol e LT Snalg Sy stal Were ihe

subjected 1o various measurements fter, measu 8itg}ﬁ§

treabgedaseripediand Rddhe-measurepmpent resuits, aagieualugtiogyyillithens p,

_ be described. [0075] (1) Curie point measurement The Curie points of the
usingper gactalnvafernand thedowererystatmeaieroveraimeasunedhaibeal using
the cgiﬁerential thermal analyzer (DTA). The Curie point was measured at a

t

f‘eﬁt&rfiv.é‘ s_iﬁb‘ﬁsF%Rﬁﬁﬁﬂlg@ceﬁﬂﬁ}%o%ﬁ)ntéﬂEtH@%éife‘?@h@i@af was
elevB%&'%%'@(?”d“%?{e%dﬁ&ég”h@aﬁ%%ﬂfg? rg hours. When the temperature

within the treatment container reached at 550 C, the treatment container
was maintained for 18 hours in that state. Then, the heater was stopped,
and the inside of the treatment container was passively cooled, thus
obtaining each of reduced wafers.

[0072] The wafers produced from the reduced LT single crystals
having iron contents of 0.002-0.01 wt% and showing the original vellow
color, respectively, showed dark vellow. The wafers, produced from the
LT single crystals having iron contents of 0.05-1.20 wt% and showing the
original orange color, respectively, showed dark orange after the reduction
treatment.

[0073] Also, the wafer produced from the LT single crystal containing
no additional element and reduced in the same manner as described above,.
changed from white to black due to the reduction treatment.

[0074] The upper crystal wafer and the lower crystal wafer produced

for each of the LT single crystals, were subjected to wvarious

measurements. Hereinalter, measured items will first be described, and
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the edge of the wafer. Also, the difference between the Curie point of the
upper crystal wafer and the Curie point of the lower crystal wafer was
calculated. In the calculation of the difference of the Curie point, the value
measured at the central portion of each of the wafers was used. [0076]
(2) Segregation of additional element Whether the additional element in
the upper crystal wafer and the lower crystal wafer (hereinafter
abbreviated as "wafer") was segregated was visually observed. Also, the
inside and outer circumferential portions of the wafers were visually

observed under a white flyorescent lamp, and whether crystal defects,
the g %B%I%%%ﬁ&%ﬁdi%@?s&l@ Efbgﬁr(g?éﬁf iR%fe wafers

cnt re
Including cracks,

[0o3s examined- (007 h3)aueaess rate of crystal growth and good product
rate of wafer The success rate of crystal growth was expressed as the

pérbentage cobihia rrumbehef sppeessegahitrystdbgrawth with kespectistal
the number of crystal growth attempts. [0078] Also, the good product rate

wale) ¥ Gefermied iR olttify & 1WA ambR crikearmocrirdivarsidgibshystdine
: i f it duct ith t to 100
e & B W (S R

products. As use erm "good

positiatermhanving searited thicknessityRyah craningraBdROSIRG apart from
processes experience no crack, flaw and chipping, and thus can be used

the gdgsredudts. ToO'r] THe sesulte ofi fiemsure rhentvarch abse fratienmefitheof the

above s ctio%gl)-%é meaéure_d for the LT single crystals containing iron
HUPPELs G HAitToHe e RS e SHB WP i 451 A e A $hel ragifies ovas

calculated. In the calculation of the difference of the Curie point, the
value measured at the central portion of each of the Wafe.rs was used.
[0076] (2) Segregation of additiona!l element

Whether the additional element in the upper crystal wafer and the
lower crystal wafer (hereinafter abbreviated as “wafer”) was segregated
was visually observed. Also, the inside and outer circumferential portions .
of the wafers were visually observed under a white fluorescent lamp, and
whether crystal defects, including cracks, bubbles and twin crystals, were

present in the wafers was examined.

[0077] (3) Success rate of crystal growth and good product rate of
wafer

The sdccess rate of crystal growth was expressed as the percentage
of the number of successes of crystal growth with respect to the number of
crystal growth attempts.
[0078] _Also, the good product rate was determined by cutting a 1 mm
thick crystal block from a single crystal and expressing the percent of

good quality products with respect to 100 products. As used herein, the

22



measurement and observation of the above section (2) and wafer good
product rate, measured for the LT single crystals containing copper,
cobalt, nickel, manganese, yttrium or titanium as an additional element,
are shown in Table 2 below. Also, the results of measurement of wafer
good product rate of the LT single crystal subjected to reduction
treatment are shown in Table 3-below. 23 [0080] [Table 1 ] Iron content O
0.001 0.002 0.005 0.01 0.02 0.10 0.50 1.00 1.20 (wt%) Curie point of
602.0 602.5 602.9 603.1 603.2 603.4 608.4 625.3 647.3 654.1 upper

Qrtion of crystal (C) Curie,point of 602.5 602.4 602.4 603.0 603.4 603.6
ternfogoog At %%.%f@é@.%t%ov\}é?%tf&ﬁwv& t3 ROy BiftereAtd feloBigipess

throg&oéeoagiggz(gr?dzﬁaﬁél%% 8%&88&!33 %%Wgﬁ@#(p@%opg[‘%%%,a@gw and

lower portion™ ("C) Segregation of None None None None None None

chiphiene NahelNeneiRresemnteionsGrystaldefects None None None None
None None None None None Present Good product 95 96 98 100 99 99
[0098139 72ldw results of measurement and observation of the above

sections {1)-(3), measured for the LT single crystals containing iron as an
additional element, are shown in Table 1 below. Also, the results of
measurement and observation of the above section (2) and wafer good
product rate, measured for the LT single crystals containing copper, cobalt,
nickel, manganese, yttrium or titanium as an additional element, are shown
in Table 2 below. Also, the results of measuremént of wafer good product

rate of the LT single crystal subjected to reduction treatment are shown in

Table 3 below,
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rate of 350 thick wafers (%a) Good product 79 82 82 99 99 98 97 76 69
60 rate of 200 to thick wafers (%a) Good product 58 60 75 94 95 93 91
71 67 55 rate of 150 #rn thick wafers (%) 24 [0081] [Table 2] Additional
None Cu Co NiMn Y Ti element Content 0 0.10 0.10 0.10 0.10 0.10 0.10
(wt%) Segregation None None None None None None None of additional
element Good product 79 97 93 89 91 90 89 rate of 200 am thick wafers
(%) Good product 58 91 89 88 87 85 80 rate of 150 um

[0080] [Table 11

Iron content 0 0.001 0.002 0.005 0.01 (.02 0.10 0.50 1.00 1.20
(wi%)

Curie point of } 602.0 | 6026 | 6029 | 803.1 | 803.2 5803.4 | 608.4 625.3 G47.3 654.1
upper  portien

of crystal ('C)

Curie point of | 6025 | 6024 | 8024 | BO3.0 | 603.2 | 603.6 | 6082 | 627.7 650.8 660.3

lower portion

of erystal {C)

Difference  in 0.5 0.1 0.5 0.1 0.2 0.2 0.2 2.4 3.5 8.2
Curie point
between upper
portion and

lower portion

{T)

Segregat.ion of | None None None None None None None .None None Present
iron |

Crystal defects None None None None None Nene None None None Present
Good  product 95 96 a8 100 99 99 98 89 72 68
rate of 350 mm

thick wafers

(%)

Good  product 78 82 82 g9 99 98 g7 78 69 &0
rate of 200 (m .

thick wafers

(%}

Good  product 58 60 75 94 85 93 91 71 67 b5

rate of 150 mm
thick wafers

{%)
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thick wafers (%) [0082] [Table 3] Iron content 0 0.002 0.005 0.009 0.01
0.02 0.022 (wt%) Good product 75 80 96 93 95 92 95 rate of 200 um
thick wafers (%) Good product 56 73 94 94 94 93 92 rate of 150 gm thick

wafers (%) [00831 The uniformity of composition of the prepared LT

single crystals will now be described. The uniformity of composition can

be evaluated by the difference between the Curie point of the upper

crystal wafer and the Curie point of the lower crystal wafer, which are cut
from the LT single crystal. [00841 That is, a smaller difference between

[008h@ Curi¢Palints ©f the upper portion and lower portion of the single

Adagrystal can indicate thatthe 25 goympasitiag; is morg yniform iR the aXial
slenglifgction of the single crystal Also when the camposition is uniforr
Configither the segregdtion ofthe a,? |ona| %@ g grysta 8%-301 0.10
(widdECur. Also, the LT|single cryst or LN single cr ystaﬂcon aining iro
‘Segrega 10 UVK] Or 014 II%OL,UIU frrthe vv%locrllepluuUCDer%flL|||Etf"ggeau| eNone
o Shystal Jk e color of theWafer is URfform
element
Good product 79 97 93 39 91 S0 39
“rate of 200 mm
thick wafers
(%)
Good product 58 91 89 38 87 8b 80
rate of 150 um
thick wafers
(%)
[0082] [Table 3]
Iron content 0 0.002 0.005 0.009 0.01 0.02 0.022
(Wt%)
Good product 75 80 96 93 95 82 95
rate of 200 m
thick wafers
(%)
Good product 56 73 94 g4 94 93 92
rate of 150 um
thick wafers
(%)

[0083]

crystals will now be described.

The uniformity of composition of the prepared LT single

The uniformity of composition can be

evaluated by the difference between the Curie point of the upper crystatl

wafer and the Curie point of the lower crystal wafer, which are cut from

the LT single

[0084]

crystal.

That is, a smaller difference between the Curie points of the

upper portion and lower portion of the single crystal can indicate that the
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throughout the wafer, suggesting that iron is uniformly dispersed in the
wafer. [0085] As shown in Table 1, in the LT single crystal containing no
additional element, the difference of Curie point between the upper portion
and the lower portion of the single crystal was 0.5 C. That is, because
there was little or no difference in Curie point between the upper and
lower portions of the single crystal, it can be seen that the composition of
the LT single crystal, containing no additional element, was uniform.
[0086] Meanwhile, in the LT single crystal containing an iron content of
1.20 wt%, the difference in Curie point between the upper and lower

COMBERBRE oFHE WG Y5 Wadtis2aasiafnili sijéentethareinsimgler crystal.
AlsoSinglg-crysial haying aa jron %OWE%?%P%%ZQ Wi, th gomboS Itio i%%ghgf the

upper and lower portions of the single crystal was not uni o Shis

addisispavidentdromthe segregadiofcernersearegation ofthe additienal o ysial
element. If the additional element is not uniformly contained in the crystal,

or Lins i gatishrbromptaitmisnapelshenswit ippear, antheystad defettn the

ill tend.to qccur. In.the LT single crystal having an iron content of 1.20
watgh ) gcs%%r%é)é%otﬁ %fsfﬁlg%dgﬁ?’oﬁ%ﬁele R vistBBsERkSd, ngniform

throgmma{@ctﬁr@éé?,0§Eg§§§tilpé)8t?ﬂak” %LTSSW%EP}{?}&'&[)Q%)?W&%HO% the

contents of 0.002-1.00 26 wt%, the difference in Curie point bétween the
wafempper and lower portions of the crystals was 0.1-3.5 C. This suggests that
the composition of the LT single crystals having iron contents of

[0083J02-1.06 it Was Oniterre [JosE] IthaddifosnetRedrTsiahleanyatalsg no

: -faving in tents af .0.002-1.0Q wt%, the segregation of iron was not .
addlo \sﬂéir%é%%%a%%‘qh Otig—gy%{% Erence o \efurze_ pom{J %egtween the upper portion “

and the lower portion of the single crystal was 0.5 CT. That is, because
there was little or no difference in Curie point between the upper and
lower portions of the single crystal, it can be seen that the composition of
the LT single crystal, containing no additional element, was uniform.,
[0086] Meanwhile, in the LT single crystal containing an iron content
of 1.20 wt%, the difference in Curie point between the upper and lower
portions of the single crystal was 6.2 T. This suggests that, in the LT
single crystal having an iron content of 1.20 wt%, the composition at the
upper and lower portions of the single crystal was not uniform. This is
also evident from the segregation or non-segregation of the additional
element. If the additional element is not uniformly contained in the crystal,
the segregation of the additional element will appear, and crystal defects
will tend to occur. In the LT single crystal having an iron content of 1.20
wt%, the segregation of the additional element iron was observed, and
crystal defecté also occurred.

[0087] In the LT single crystals having iron contents of 0.002-1.00
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defects also occurred. Because the single crystals, in which the
difference in Curie point between the upper and lower portion thereof is in
the above-specified range, have a uniform composition, they are also
suitable for the production of piezoelectric substrates for surface acoustic
wave filters. [0089] Particularly, the composition of the LT single crystals
having iron contents of 0.002-0.1 wt% is more uniform, and thus these
single crystals are more preferably used to produce piezoelectric
substrates for surface acoustic wave filters. [0090] Also, as can be seen

il iRl gses ety mn s m b e e L o

the &-09%s{d Ly the:ggoet progyet rate of the 400 vm. Nk ANGHR0 YMhe 1T

thick wafers was greatly increased, compared to the case of the LT single
singrystak talstaining naradditenahelenienO{A9N DAIse, 4s wanr he geemin
the results of good product rate in Table 2 above, in the case of the LT

E008%gle criystaldhtoig 18 cospér i cabatie nieratataiyanage iNatiiments of

0.00B2NIHm %P[%e'}}@fg ]g‘%é’v b dhe good, pvrvoadsu%é)&a%eogg%%gl?%#@r%@%%@tal
and 150 um thick wafgrs Was greatly increased, compared to‘the case

defethe LEIsingle crystalcontainingne: adgitionsl glemenfs27140092] Al$ReRS the
can be seen in the results of good product rate at various thicknesses of

diffeenetiveddyiienpcontaisiig denisihgleippstaath Table 1B above; theagdod in
product rate Vé?% éreatly increased even in the single crystals reduced for

the {RIMABRRST Of Pyroatic Metts! (0099 ThedAIERASIE FBqUIREY b fioh SO
suit%%ée%Wﬁelbqgc{H&i&Ptdf piezoelectric substrates for surface acoustic

wave {ilters.

[0089] Particularly, the composition of the LT single crystals having
iron contents of 0.002-0.1 wt% is more uniform, and thus these single
crystals are more preferably used to produce piezoelectric substrates for
surface acoustic wave filters.

[0080] Also, as can be seen in the results of good product rate at
various thicknesses in Table 1 above, in the case of the LT single crystals
having iron contents of 0.002-0.1 wt%, the good product rate of the 200 im
thick and 150 ¢ thick wafers was greatly increased, compared to the case
of the LT single crystal containing no additional element,

[0091] Also, as can be seen in the results of good product rate in
Table 2 above, in the case of the LT single crystals having a copper, cobalt,
nickel, manganese, yttrium or titanium content of 0.10 wt%, the good
product rate of the 200 mm thick and 150 m thick wafers was greatly

increased, compared to the case of the LT single crystal containing no

additional element.
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was recently reduced to 0.3-0.1 mm according to the requirement for
thinning. So, the good product rate above mentioned can be worth
practical use. [0094] Also, dicing tests were carried out on the LT single
crystal wafer having a thickness of 0.25 mm and a diameter of 4 inches
(100 mm) and containing no additional element, the reduced LT single
crystal wafer containing no additional element, the LT single crystal wafer
containing 0.01 wt% of iron, the reduced LT single crystal wafer
containing 0.01 wt% of iron, and the reduced LT single crystal wafer

contalnl 0005 wt% of iron. [0095] In the dic ngt t, each of the wafers
L00%gs cut fitg 42600 diemdRd Ikt Havicg 1'b°1a8 ao‘?f(? Yl 2t

van@u%%ﬁ‘f‘@l&%%%degf 3P0 dNAIEEL. AndLHe-RUmBber A PIRGeS WhEIe GRS s in

larger than 10 gm are formed and observed on the cut plane, was

Tableounteish As, ahestddl chipped places wergrehsbrvedtin hed Tesinglén the
crystal wafer containing no additional element, and 15 chipped places

singlgerExsBakiatitrer FeaibednhibsinglebySEpNariCEntaRing no
{003 éiltlonaﬁle%enkn h%:laas mg/d%leglcérlgg % ce was oiossr ed |nt eth o

uced LTSingie ¢ry8 arer “ContaiRing '0.065W% 6t iron, daRd ho”

-wascbmﬁw@seg@%%r&etﬂomt@eﬁ single Lrystaliwafercontaining -0 wido for

of iron and in the reduced LT 28 single crystal wafer containing 0.01 wt%
thinofrigon. [6096]romdhdsaresults, itcauldbeseemthdipuslikecthe e worth
single crystal wafer containing no additional element, the LT single crystal
pra r&5€ontaining 0.005 wt% or 0.01 wt% of iron and the reduced single

[oo‘rén%’]ztr?ér")ﬁﬂfseé,s CRPAINDID ORI - QP SAN:RE dced i 21900 sl
wafer having a thickness of 0.25 mm and a diameter of 4 inches (100 mm)
and containing no additional element, the reduced LT single crystal wafer
containing no additional element, the LT single crystal wafer containing
0.01 wt% of iron, the reduced LT single crystal wafer containing 0.01 wt%
of iron, and the reduced LT single crystal wafer containing 0.005 wt% of
| iron.
[0095] In the dicing test, each of the wafers was cut using a #600
diamond blade having a blade width of 0.2 mmT, at a cutting speed of 10.0
mm/sec, and the number of places where chips larger than 10 mm are
formed and observed on the cut plane, was counted. As a result, 11
chipped places were observed in the LT single crystal wafer containing no
additional element, and 15 chipped places were observed in the reduced
LT single crystal wafers containing no additional element, whereas only
one chipped place was observed in the reduced LT single crystal wafer
containing 0.005 wt% of iron, and no chipping was observed in the LT

single crystal wafer containing 0.01 wt% of iron and in the reduced LT
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without chipping on the cut plane. [0097] (4) Measurement of deflective
strength and elongation modulus The wafers having the respective
thicknesses produced from the LT single crystals containing iron were
measured for deflective strength. The measurement of deflective strength
was carried out using a three- point bending test by the Shimadzu
Autograph machine (A G S-1000B). The test conditions were as follows:
a base length of 55 mm, room temperature, an air atmosphere, and a
crosshead speed of 0.5 mm/min. Also, the maximum load of the machine

. as 150 N. [0098] Also, the measurement of elongation modulus was
Smg@a?ﬁéﬁ%"‘%ﬁfﬁtg %%ﬁ&gﬁér\ﬁigw&@z@fof@@mmxm mmXO.2 mm, cut
[oodem theFV\t?irf?r&Q%'_'?%éﬁ?t%‘?qtdv(‘?oﬁl'&kt@§5§8§np{}?9ﬂCSQI%%”%@‘EH single

single crystals containing iron. In the same manner as in the
crysmadasafement afirdefiectivedstieogth, dhermeeastiienentsivas €aiFied AUk afers
using a three-point bending test by the Shimadzu autograph machine

contpira1906E). Whe st o wersws flbwee ar didtmeck piomlecrrystal

' 3.0 t ir at here, and head
e SO L R et i G40 SRS e G Waarner

withbluThei glgngadian heediklus.was calculated from bend at break or
maximum load in the results of the three-point bending test. 29 [0099]
[009hk meddurbinentiresuits taré ghblwntinE Srerant Fable bnFatitednodulus
shaqws the kgending strength at break, elongation modulus and elongation

modditisFatio Br EatR it lie ICP AN e AR RTERS cvinditneg fromn ithe LT

N ET TG N
The measurement of deflective strength was carried out using a three-
point bending test by the Shimadzu Autograph machine (A G S-1000B).
The test conditions were as follows: a base length of 55 mm, room
temperature, an air atmosphere, and a crosshead speed of 0.5 mm/min.
Also, the maximum load of the machine was 150 N, |

[0088] Also, the measurement of elongation modulus was carried out
on test samples having a size of 18 mmx10 mmX*0.2 mm, cut from the
wafers having respective thicknesses, produced from the LT single
crystals containing iron. In the same manner as in the measurement of
deflective strength, the measurement was carried out using a three-point
bending test by the Shimadzu autograph machine (AGS-1000B). The test
conditions were as follows: a distance between points of 3.0 mm, room
temperature, an air atmosphere, and a crosshead speed of 0.5 mm/min.
Herein, the maximum _loaé of the machine was 50 N. The elongation

modulus was calculated from bend at break or maximum load in the results

of the three-point bending test.
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[00100] In FIG. 2, the symbol indicates the results of the LT s?ng!e _
crystals having an iron content of 0.02wt%, and the symbol A indicates the
results of the LT single crystal containing no additional element. [00101]
[Table 4] Bending strength Young's modulus Young's_modulus at_t_)reak
(N/mm2) ratio LT single crystal 30N 18006.0 1 containing no addlt_lonal
element LT single crystal 32N 18001.1 1 containing 0.001wt% of iron LT
single crystal 45N 17892.3 0.99 containing 0.005 wt% of iron LT single
crystal >50N 17851.6 0.91 containing 0.02 wt% of iron not bquen [00102]
[oogAg'ﬁ clearilyhshown in FIG. 2, the deflective strength of the LT single crystal

Containing 00354t ST EH nAS D el AHonSRR te ffckriesaTf thable 4.
Tablwatersppd was greatlydnseased, m%f%%%ﬁﬂeéﬁn%&%'é?x}c%%éhhues and

containing no additional element. Although not shown i the igure,.t
@§0ﬁ§@fi@@tivw§nnétmgmmf ttfeda'Elssin@Iézeriéhbﬁ@@l@iﬁh@ﬂa@}vﬁ%soédﬁ?@ining
) and the reduced LT single crystal containing 0.01 Wt%_of iron were also
ll’on-médas%iédgrﬁ S BRI IR L Sigler adigistaind the y-

axis GRAIRNINY §; 9T wiPe Qi e rslgqgt Hggcedgﬁt ;ﬁ%rguqqu% c%ﬁgeg_ \{%e?)vcx)raf ers.
[00100]1 In FIG. 2, the symbol @ indicates the results of the LT single
crystals having an iron content of 0.02wt%, and the symbol & indicates the

results of the LT single crystal containing no additional element,

[00101] [Table 4]
Bending strength | Young's modulus | Young's modulus

at break (N/mm2) ratio
LT single crystal 30N 18006.0 1
containing neo  additional
element
LT single crystal 32N 18001.1 1
containing  (0.001wt% of
iron
1T single crystal 45N 17892.3 0.99
containing 0.005 wt% of
iron
LT single crvstal >50N 17851.6 0.91
containing 0.02 wt% of iron not broken

_ .[00102} As clearly shown in FIG. 2, the deflective strength of the LT
single crystal containing 0.02 wi% of iron has no relationship to the
thickness of the wafer, and was greatly increased compared to the LT
single crystal containing no additional element. Although not shown in the
figure, the deflective strengths of the LT single crystal containing 0.01
wt% of iron and the reduced LT single crystal containing 0.01 wt% of iron
were also measured. The deflective strength of the reduced LT single

crystal containing 0.01 wt% of iron was not different from the deflective
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strength of the non-reduced LT single crystal containing 0.01 wt% of iron,
and was increased compared to the LT single crystal containing no
additional element. [001031 As clearly shown in Table 4, the bending
strength of the LT single crystal containing iron was higher than that of
the LT single crystal containing no additional element. Particularly, the LT
single crystal containing 0.02 wt% of iron did not break up to the
maximum load of 50 N. The elongation modulus of the LT single crystals
containing 0.005 wt% or 0.02 wt% of iron was lower than that of the LT

single crystal containing dditional element. [00104] (5) Observation of
Stfe%%%%ﬁ@%ﬁ@ﬂf@ﬁ@ﬁ%@ﬁﬁs AR EEREirtP R HHER A e RERTene AH@n.

and e LT single.crystal water containip t% of iron were cut with a
#600 (ljliamond blade hgvineg ang)?ar:je%v?é‘?ﬁg\fé ﬁ%q%mc:ll,yas? %Tjtt?r?gnm{saﬁgén no
addiobhd) gtenieec.and 10.0 mm/sec, and the cut planes were observed with

a_microscope. The cutting was carried out using a DISCO model
[00K@D oHts alRelhicrsseupicdebteRatidn Wis baniddeutisingtkEYENEE T

. odel VE- 7500..[00105] The micrograph of the observed plane is
sing S ST A gLred BH b T At (R @?ﬁtiﬂgtd%‘é‘ Brirvstal

cont&higdgft sidedndhien 3 isadhhetagraph.efihe cut plang. of the Eﬂ'hﬁ'l%gl%ry tal
crystal containing no additional element and the right side isap otograpﬁ

contefithregcutlame’f dherbf sinbtectrijstallwafertsantainiagitO2Wtadbir 3 N,
Also, in both the left side and the right side in FIG. 3, the upper portion

TheigifogadqRe e SRt e ttin g SFae b7 510 mrpadaining HdRwert% or

0.02%%”3@%%%%2}9%%1er than that of the LT single crystal containing no
additiona! element.
[001041 (5) Observation of cut plane

The LT single crystal wafer containing no additional element and the
LT single crystal wafer containing 0.02 wt% of iron were cut with a #600
diamond blade having a blade width of 0.2 mmT, at cutting speeds of 5.0
mm/sec and 10.0 mm/sec, and the cut planes were observed with a
microscope. The cutting was carried out using a DISCO model DAD-2H/6.
The microscopic observation was carried out using KEYENCE model VF-
7500,
[00105] The micrograph of the observed cut plane is shown in FIG. 3.
In the figure, the arrow indicates the cutting direction. The left side in
FIG. 3 is a photograph of the cut plane of the LT single crystal Containing
no additional element énd the right side is a photograph of the cut plane of
the LT single crystal wafer containing 0.02 wt% of iron. Also, in both the
left side and the right side in FIG. 3, the upper portion indicates the results

at the cutting speed of 5.0 mm/sec, and the lower portion indicates the
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results at the cutting speed of 10.0 mm/sec. Herein, the cut width
observed in the left side in FIG. 3 was 0.25 mm on average, and the cut
width observed in the right side in FIG. 3 was 0.21 mm on average.
[00106] As shown in FIG. 3, in the LT single crystal wafer containing no
additional element, chipping occurred even when it was cut at a cutting
speed of 5.0 mm/sec. At a cutting speed of 10.0 mm/sec, large chipping
was observed throughout the wafer. On the contrary, in the cut plane of
the LT single crystal wafer containing 0.02 wt% of iron, little or no

ipping was observed at any of the cutting speeds. [00107] With respect,
fes@%hétcmid‘th{%%nftﬂé%&é M&@Mf@nm,%ﬁé%m’plm SitheWidth

obsdrisingle grystakwafgr coniaiping, n@aasd@?@@%r%'e%g&gigg&d £havt

h kie cut
width of 0.26 mm on average, and the cut plane of single crysta
widtivafbs eontainingt®: G2akt%idtireniaitovwed-a<c Ot 2Widthnoh Q. 2k dnazen
average. It was confirmed that the LT single crystal wafer containing 0.02

L0064 of irdfi SHEWE gBbd Brocessanil i ittty proskas verfecambtaining

with precision. [00108]. Although not shown in the figure, the cut plane .
o T R R P G A 64 o oA otting

spedadsENRA. Hdectedused,Ld single grystal Wf%.gomﬁwmpﬁ%g%%}ﬂbping

iron, little or no chipping was observed, as in the reduced LT sing
was copstal Wederhcongiinintg tO.© 2wat4rof ifom.tAs a cesudiy it wasthentitmedane of

tgqagt the reduced LT single crystal wafer containing 0.01 wt% of iron
the dhbwsig8Ha procbdsabiityin GORlMRGBrdedss, Whdca bient vithle or no

o R, SEAE o Bt 102
[00107]  With respect to the cut width, when the blade width was 0.2
mm, the cut plane of the LT single crystal wafer containing no additional
element showed a cut width of 0.26 mm on average, and the cut plane of
the LT single crystal wafer containing 0.02 wt% of iron showed a cut
width of 0.21 mm on average. [t was confirmed that the LT single crystal
wafer containing 0.02 wt% of iron shows good processability in a cutting
process, and can be cut with precision.

[00108]  Although not shown in the figure, the cut plane of the reduced
LT single crystal water containing 0.01 wt% of iron was observed. In the
reduced LT single crystal wafer containing 0.01 wt% of iron, little .or 1o
chipping was observed, as in the reduced LT single crystal wafer
containing _0.02 wt% of wron. As a result, it was confirmed that fhe
reduced LT single crystal wafer containing 0.01 wt% of iron shows good
processability in a cutting process, and can be cut with precision.

[00109] (6) Thermal impact test

100 sheets of 0.2 mm thick wafers, stored at room temperature
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(20 C) and containing iron, was placed on a hot plate heated to 200 'C.
After the wafers had been placed on the hot plate for about 5 minutes,
they were taken off of the hot plate and rapidly cooled to room
temperature. After a series of processes, the number of broken wafers
was counted, and the breakage ratio was calculated. When the wafers
were placed on the hot plate, they were heated at a rate of about 90
'C/min. Breakage ratio (%) = number of broken wafers/100 wafers x 100
[00110] As a result, the breakage ratio of the LT single crystal wafers

containing no additional element was 17%, whereas the breakage ratig.of .
(20 (g PG s EBaiiti BIB6IVYR &t Hoh WL vgatidl 10 200 .
AftePragkaggratooidhe LT single Lostalwalnrs centaining, 0,008 Wikels, they

iron was 4%, the breakage ratio of the LT single crystal wafers containing

wer§.00kbant%of ronhwak @%qland thedbreakdpe ratidsdfihe bdmingmperature.
crystal wafers containing 0.01 wt% of iron and the LT single crystal
AftafFEesntaining O %080 BrareHWess 0deb[otrer PascdssEifseaaBtes, and

he thermal shock characteristics, of LT sinale crystal wafer
the B o ity Wy AR AE R aceq, on the

hot npreved: {0REE2] iisee thethermal shask testwas parfprmed on the

reduced wafers. This was carried out using a modification of the
abBveadespribetiontéihed. j0011:3] 200 shieets whdach BEthe 8{25smml 00
thick LT single crystal wafers, stored at room temperature (20 'C) and

[00¢dfthininghd dGditbnaRelerrét fheliRiced 1 dingi8 BRjsiwatalsvalers
conéfﬁ%ﬁ%ﬁ@?ﬁ%%ﬂ?éiggg}?p%%e Hopinglg Sustel Wl containing o of
the LT single ¢rystals containing 0001 wt% of iron was 10%, the
breakage ratio of the LT single crystal wafers containing 0.002 wt% of
iron was 4%, the breakage ratio of the LT single crystal wafers containing
0.005 wt% of iron was 2%, and the breakage ratios of the LT single
crystal wafers containing 0.0} wt% of wron and the LT single crystal
wafers containing 0.1 wt% of iron were 0%.

[00111] As described above, the thermal shock characteristics of the
LT single crystal wafers containing 0.002-0.1 wt% of iron as an additional
element were greatly improved.

[00112] Also, the thermal shock test was performed on the reduced
wafers. This was carried out using a modification of the above-described
method.

(001131 100 sheets of each of the 0.25 mm thick LT single crystal
wafers, stored at room temperature (20 C) and containing no additional
element, the reduced LT single crystal wafers containing no additional

element, the LT single crystal wafer containing 0.01 wt% of iron, the
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reduced LT single crystal wafers containing 0.01 wt% of iron, and the
reduced LT single wafers containing 0.005 wt% of iron, were placed on a
hot plate heated to 300 C. Immediately after each of the wafers was
placed on the hot plate, it was taken off of the hot plate and rapidly cooled
to room temperature. After a series of processes, the number of broken
wafers was counted, and the breakage ratio was calculated as described
above. [00114] As a result, the breakage ratio of the LT single crystal
wafers containing no additional element was 24%, and the breakage ratio

of t duced LT single crystal wafers containing no additional element
mCm\(/:veaﬁl,1 j 7EA) S ’g%n?r%?%ﬁeﬁimg@ HAgEREthe T Sihdile @fySianwarars the
reduceatainngrQ:AL wa%e.af ikan e reduaes T sinale anvstal wafer

containing 0.01 wt% of iron, ané the reduced LT single drys%ﬁgwﬁg%(‘fgd on a
hot péitaitingt®00% WO ofiron!wene ¢tk 0% [A0LE5E As:describedalrove, was

the thermal shock characteristics of the reduced LT single crystal wafers

placed fRitiHy BV D% of 0V665 Min o9 fren Baeheidalabmarernaiidnoted

) n nt were_ subjected to reduction treatment, and the
o rc%??al?ggmgm%\réa?tlgg\qggreo%%%% ov%?rf&(%lf A T8t e Féecfmﬁﬁﬁitﬂ?g roken

wafepyroetectic effeets e volume-rasisiviies ang surface potentials gktheiheq

reduced LT single crystal wafer containing no additional element and the
abovieduced LT single crystal wafer containing iron were measured. [001171
The volume resistivitiegl and surface potentials of the 0.25 mm thick LT

190%hidle e flodddifienal @emaHt, e tebiiagleTesingid wafers
cont§rysi@! W@f%’cﬁgﬂ%%ip%l%%%%qiqggg le a,e%éhﬁq'éTbsingi?ag S}g%i(;) 40f the
reduced LT single crystal wafers containing no additional element was 17%.
In contrast, the breakage ratios of the LT single crystal wafers containing
0.01 wt% of iron, the reduced LT single crystal wafers containing 0.01
wt% of iron, and the reduced LT single crystal wafers containing 0.005
wt% ol iron were all 0%.
[00115] As described above, the thermal shock characteristics of the
reduced LT single crystal wafers containing 0.01 wt% or 0.005 wt% of
iron as an additional element did not change, even when they were
subjected to reduction treatment, and the breakage ratio thereof was low,
[00116] (7) Test of effect of inhibiting pyroelectric effects

The volume resistivities and surface potentials of the reduced LT
single crystal wafer containing no additional element and the reduced LT

single crystal wafer containing iron were measured.

(001171  "The volume resistivities and surface potentials of the 0.25 mm
thick LT single wafer containing no additional element, the reduced LT

single crystal wafer containing no additional element, the LT single crystal
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containing 0.01 wt% of iron, the reduced LT single crystal wafer
containing 0.01 wt% of iron, and the reduced LT single crystal wafer
containing 0.005 wt% of iron were measured. [00118] The volume
resistivity was measured using model DSM-8103 (manufactured by TOA
DKK). Also, the surface potential was measured by placing each wafer on
a plate maintained at 85 C and measuring the change in the surface
potential from room temperature (20 'C) to 85 C, and the peak was
expressed as the surface potential value. [00119] Volume resistivity,

surface ntial and wafer color are shown in Table 5 below. [00120]
contErLEg, 5@ (Lﬁi sintl%Ore Vtcé’boﬂ"l' IRSSingie eGtcet LT ?é‘b%}@edclf’-l"sﬁil_st‘éﬂafer
contSHGIE avstal gipgle singls,wales cpystal wafer grystal gﬁ{%ﬁgl QYD o fer

wafer containing wafer wafer additional containing 0.01 Wwt% of containing
contoomainidi0eleméntaioadditienal ien £.008.wt% 0.01 wt% of element of
iron iron_Color White Gray Yellow Dark yellow Dark yellow Volume E+

100112 ) 5 2 1AEV PIUNSORISK 1Y b Evat0 B sk 10 resismit (GempSM-8103
er A RO ASRIONI g oG e el
placiag aglgitionahelement hadlow velkim&ined at 85 T and measuring the
change in the surface potential {from room temperature (20 T) to 85 C,
and the peak was expressed as the surface potential value,

[00119]

Volume resistivity, surface potential and wafer color are shown

in Table 5 below.

[00120]1 [Table 5]

LT single reduced LT LT single reduced LT | reduced LT
crystal single crystal single single
wafer crystal wafer crystal crystal

centaining wafer containing wafer wafer

additional containing 0.01 wt% of containing containing
element no additional iron 0.005 wt% 0.01 wt% of
element of iron iron
Color White Gray Yellow Dark yellow | Dark vellow
Volume E+14~15 2.13E+11 4. 50E+13 7.60E+ 10 8.2E+ 10
resistivity
(Qrem)
Surface ~-4.5 -0.25 ~3.5 -0.10 ~(3,10
poteniial (kv)

[00121] As shown in Table 5 above, the LT single crystal wafer

containing 0.0l.wt% of iron as an additional element had low volume
fesistivity and low surface potential compared to those of the LT single
crystal wafer containing no additional element. |

[00122]  Also, the reduced LT single crystal wafers contalning 0.005

wt% or 0.01 wt% of iron had low volume resistivity and low surface

35




resistivity and low surface potential compared to those of the LT single
crystal wafer containing no additional element. [00122] Also, the reduced
LT single crystal wafers containing 0.005 wt% or 0.01 wt% of iron had low
volume resistivity and low surface 35 potential compared to those of the
reduced LT single crystal wafer containing no additional element. Thus, it
was observed that the reduced LT single crystal wafers containing 0.005
wt% or 0.01 wt% of iron had the effect of inhibiting pyroelectric effects
due to reduction treatment. [00123] In addition, the 0.25 mm thick wafer

¢ o&é%e reduced LT single cr stag wafer containing 0.01 wt% of iron and the
POl &P PP Ehidle Wry afet ofthe tRERGF el dontiisily 156 Sedtionarer

contglement wereameasyred farthe Cﬁm?%éwéu%ﬂ)% eYstvity.and syrfact e q

potential before and after thermal treatment. In the thermal treatment,

LT sagheotthetuiafers avas roaintaingsd 008 ok platerat QDL 'Gyion 1doen had
and was then cooled to room temperature, and the volume resistivity and

the efifstofpsRmiinRassedadrirasirets o la) mvsioménesistivity

‘ measured.with the a -described_model DSM-8103 .

too smainufa?: uarlgg %&O?O%B%A%g t{ﬁqé%uWaagg TootettruTaY fedabretnsle

cryswith e sleface pateitial matar. Whes\wifage pofantiakefl each wafer, peforg: .
thermal treatment and after thermal treatment cooled to room

cry semperatureywtsemidastired dfg placing eaoly wafercatithe platdement were
maintained at 85 'C and measuring the change in surface potential from

meaghrechol85 ' ant RSk Al pres568 85 Y safdcs pdrefiapotential
befoa g'%)ﬁlo&nog%%gé]tp;g%ﬁ%qL{lc”g%tlﬁ-{e%iggleinc %Séatl}\{{\!z?‘fr%%f?%aaipri{l] nr%?each of the
wafers was maintained on a hot plate at 300 C for 1 hour, and was then
cooled to room temperature, and the volume resistivity and surface
potential thereof were measured.

[00124] The volume resistivity was measured with the above-described
model DSM-8103 (manufactured by TOA DKK). Also, the surface
potential was measured with a surface potential meter. The surface
~potential of each wafer, before thermal treatment and after thermal
lreatment cooled to room temperature, was measured by placing each
wafer on the plate maintained at 85 T and measuring the change in
surface potential from 20 T to 85 C, and the peak was expressed as the
surface potential value.

[00125] The reduced LT single crystal wafer containing no additional
element was measured at n=1, and the reduced LT single crystal wafers

containing 0.01 wt% of iron were measured at n=3,

[00126] The measurement results are shown in Table 6 and FIG. 4.
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element was measured at n=1, and the reduced LT single crystal wafers
containing 0.01 wt% of iron were measured at n=3. [001261 The
measurement results are shown in Table 6 and FIG. 4. 36 [001271 [Table
61 Before thermal treatment After thermal treatment Volume Surface
Volume Surface resistivity potential (kv) resistivity potential (kv) (QCHI)
(Q cm) reduced LT single 2.34E+11 -140 1.30E+12 -330 crystal wafer
containing no additional element reduced LT single 1.50E+ 11 -95 7.98E+
11 -145 crystal wafer 1 containing 0.01 wt% of iron reduced LT single
[00IR78E+104MB:IBE+11 -120 crystal wafer 2 containing 0.01 wt% of iron

reduced LT single 6.2kEtc1@erbaB:32hneal -95 crystal watekBireatment
containing 0.01 wt% ofjfen [00128%IxEIG. 4, thesgymBol indicaigs:the
measurement reSU|t§JQ5tivity potential (kv) resistivity potential (kv)
{Q-cm) (Q-cm)

reduced LT single 2.34E+ 11 ~140 1.3CE+ 12 =330

crystal wafer

containing no

additional element

reduced LT single 1.50E+11 ~-G5 7.98E+11 ~145

crystal  wafer 1

containing 0.01 wi%

of iron

reduced LT single 8.78E+10 - 40 6.88E+ 11 =120

crystal wafer 2

containing .01 wt%

of iron

reduced LT single | - 6.21E+10 -25 3.32E+ 11 -95

crystal wafer 3 '

containing 0,01 wt%

of iron

[00128] In FIG. 4, the symbol A Indicates the measurement results for
the reduced LT single crystal wafer containing no additional element, and
three kinds of circle symbols indicate measurement results for the
reduced .LT single crystal wafers containing 0.01 wt% of ron,
respectively. In the figure, the circle symbo! of the arrow indicates
values before thermal treatment, and the arrow symbol of the arrow
indicates values after thermal treatment.

[00129]  As shown in Table 6 and FIG. 4, the reduced LT single crystal
waflers containing 0.0l wi% of iron had low volume resistivity and low

surface potential as in the reduced LT single crystal wafer containing no

additional element.
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the reduced LT single crystal wafer containing no additional element, and
three kinds of circle symbols indicate measurement results for the
reduced LT single crystal wafers containing 0.01 wt% of ron, respectively.
In the figure, the circle symbol of the arrow indicates values before
thermal treatment, and the arrow symbol of the arrow indicates values
after thermal treatment. [001291 As shown in Table 6 and FIG. 4, the
reduced LT single crystal wafers containing 0.01 wt% of iron had low
volume resistivity and low surface potential as in the reduced LT single

crystal wafer, containing no additio aI element. 37 [00130
100 et ot SURAEE Botetalg Be T A AP HEAN R, f s dbgrmal
treath@titheiregycedbt %HQJ%}%YF@%%@rLCP@ﬁi%'Fégcpy%%e}’}’t\@a%F%Héﬂnmc -
low surface potential and showed little variation in the surface potential

0.0 1aftefthefmab trdadrhénty comfparedio tinet red ueeld dhb wing & ictystad vicafiem in
containing no additional element. r% 0131] In the comparison of the volume
t

the jpsfenntiesasithafteal thermadnt apimas e Ranss rieitbegretuced LT

n taI aferc ntalnln %oflr n had ow volume
sing é 9}‘ c;{v g?o tﬁe r

{ AT 1 nal quicH
resistivity, and tha compar educe smgre crystal wafer

[ooTentaining noaddilianakelement, e velimadesisidtwaftes thawmal thermal
treatment was difficult to increase, that is, the conductivity of the wafer

treaiyagrhaihtained csugdestinhahatdheavalel hazbehigh shatistatieffentiaining
O 01[001 2] Tg1e increase in volume resistivity is.thought to occur due to

oxidatioR! FRETEMRIEES T Y e rySRIENHILY cominiy ocomwmecst to the
re ddrcoéh f?‘ﬁth'ﬁﬁ%ﬁéogr%&%ld wg'f&l OC%%&%%&'HOGX%QL‘Q{%%%F Wfi ment the

volume resistivity after thermal treatment was difficult to increase, that is,
the conductivity of the wafer was maintained, suggesting that the wafer
had a high antistatic effect.

[00132] The increase in volume resistivity is thought to occur due to. |
oxidation. The reduced LT single crystal wafer containing 0.01 wt% of
iron, for this reason, was difficult to oxidize again, even when it was
exposed to a high temperature of 300 T.

[00133] This indicates that the use of the LT single crystal wafer in
surface acoustic wave filters will provide a great effect.

[00134] Processes of producing surface acoustic wave filters include
several processes causing changes in the temperature of piezoelectric
substrates, for example, the formation of an electrode thin film on the
surface of the piezoelectric substrate, and pre-baking or post-baking in
photolithography. I—Iowe_ver, the LT single crystal or the LN single
crystal, which are materials for the filters, are Chéracterézed in that they

have high pyroeleciric coefficients and high resistance. For this reason,
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exposed to a high temperature of 300 G. [00133] This indicates that the
use of the LT single crystal wafer in surface acoustic wave filters will
provide a great effect. [00134] Processes of producing surface acoustic
wave filters include several processes causing changes in the
temperature of piezoelectric substrates, for example, the formation of an
electrode thin film on the surface of the piezoelectric substrate, and
pre-baking or post-baking in photolithography. However, the LT single
crystal or the LN single crystal, which are materials for the filters, are

r.charagt rized in that they have high pyroelectric coefficients and high

sur %égs%é%geﬁoratﬂ?s geea%%{r??%(g sgu r?age% ch ‘ré@% gﬁéaﬁgﬁéraﬂdtgﬁ%&%ramr €.

Alsoslight chrngefindemperatusec 15, 1B8.gleglric chargesones aenergiedn.
are accumulated, and the charged state persists as long as external

charghdrgdaempeabirsatrentdsgnetcarriechoit. (0@t 86) Femthisfeasenment is

not when the LT single crystal or the LN single crystal is used as a
© sziiérz‘g &8fic substrate in a process of producing a surface acoustic wave

fiter, th ati atj ctricity it iez ric substrate.due
[Oojito%e cﬁagr?g%%irlr% tgiﬁﬁiﬁkﬁéﬁp:@%gﬁgﬂ%&%ﬁeﬁgg Siecfoéqjé%?gl“z\l Sibgle

crystibstratedd edectiiqaity chargadc theldisehasgemoh siageclecticipriiingns 2
piezoelectric substrate occurs, thus causing crack or breakage. Also, the
surfg)8ci6aE o aRER the iSurfdde olthree pitizoeloftrid stibskrhte irarifye in the

. . short-circuited due to static electricity. Moreover, fine metal powder, )
pie i UM N TR ok e LERBI(da. S bR iompiablasatic

Wheﬁaﬂqgf%\f@?&@5@%&’@58@@5{{@0i§u9§é@¥%c§g5tagﬁa(}%%é? HGischarge of
electricity, the electrode can be short-circuited due

static electricity in the piezoelectric substrate occurs, thus causing crack
or breakage.  Also, the electrode formed on the surface of the
plezoelectric substrate can be shert-circuited due to static electricity.
Moreover, fine metal powder, waste, dust and the like, which are generated
in the production process, can gravitate to the piezoelectric substrate
surface due to static electricity, the electrode can be short-circuited due
to these particles, and the electrode can be opened, such that it can be

broken.

[00136] Recently, it has been necessary to carry out the process of
producing surface acoustic wave filters at high temperature.

[00137] As described above, the volume resistivity of the reduced LT
single crystal wafer containing 0.01 wt% of .iron is difficult to increase
even after thermal treatment at 300 T, unlike the reduced LT single
crystal wafer containing no additional element, that is, the conductivity
thereof is maintained, leading to a high antistatic effect, Thus, it is

thought that the use of the reduced LT single crystal wafer containing 0.01
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to these particles, and the electrode can be opened, such that it can be
broken. [00136] Recently, it has been necessary to carry out the process
of producing surface acoustic wave filters at high temperature. [00137] As
described above, the volume resistivity of the reduced LT single crystal
wafer containing 0.01 wt% of iron is difficult to increase even after thermal
treatment at 300 'C, unlike the reduced LT single crystal wafer containing
no additional element, that is, the conductivity thereof is maintained,
leading to a high antistatic effect. Thus, itis thought that the use of the
reduced LT single crystal wafer containing 0.01 39 wt% of iron in surface
W R S R e TR A (MR e trect
[001iB¥gNtioRhaR heen shewnANd Aeseribed iR resRedk L IR Arelfiied spect
embodiments, it will be understood by those skilled in the art that various
to thenangbs and modifidationssmiyvbel rhadenditive ut akd frarting Seosk thedspirithe
nd scope oféﬂe invention as defined. in the following claims. 40 CLAIMS
art. tha ko AHEE Sitlgfe OSSR Tt il bt dgtd gataleparting
fromiE Gantalns allBat oneaddilangl Hement ARSI (oIS IR 4ims,
consisting of iron, copper, manganese, molybdenum, cobalt, nl&e, Inc,
carbon, magnesium, titanium, tungsten, indium, tin, rhenium, scandium,
rhodium, ruthenium, palladium, silver, platinum, gold, yttrium, neodymium,
iridium, germanium, barium, cesium, strontium, gallium, cerium and other
transition elements at a ratio of from 0.002wt% or more to 0.1 wt% or less,
and has excellent stress shock characteristics and thermal shock
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characteristics. 2. The lithium tantalate single crystal or lithium niobate
single crystal of Claim 1, wherein the additional element is contained at a
ratio of from 0.002wt% or more to less than 0.01 wt%. 3. The lithium
tantalate single crystal or lithium niobate single crystal of Claim 1 or 2,
wherein the additional element is iron, and the single crystal shows yellow
or orange-colored in a wafer produced therefrom. 4. The lithium tantalate
single crystal or lithium niobate single crystal of any one of Claims 1 to 3,
which is subjected to reduction treatment. 5. The lithium tantalate single
crystal or lithium niobate single 41 crystal of Claim 4, wherein the
additional element is iron, and the- Bed single crystal shows dark

ye{low or dark grange; in, a.yaferpr Pé’%q%s%qr%fxm 13 ﬁl@%%’é’%&% single

producing a reduced lithium tantalate single crystal or lithium nio

cryssinglelciystalonompsisingltae isteps ok grepanng kelitivmdJantalate siogle the
crystal or a lithium niobate single crystal, which contains at least one
grougdafisHal BB neniresle GRBHFSM THEKROEPG oSG Ot iion, auppér, nickel,
manganese -molgbdenu cobalt, nickel, zinc, carbon, m%f%nesium
n

R i, tisten. et B Thehfef. SEantitHT ot HitRergadium

anium, tun

rhodPaHRdRImheSitVER, DitInLML GO Yitriupl, NG MDY I(AILM, 06 MANUE, Y,
barium, cesium, strontium, gallium, cerium and other transition elements
iridiatia gatiorafrfrom, 0lR02wito crghore tet bl titdh o ldssirand didsexealienither
stress shock characteristics and thermal shock '
transition elements at a ratio of from 0.002wt% or more to 0.1 wt% or less,

and has excellent stress shock characteristics and thermal shock

characteristics.

2. The lithium tantalate single crystal or lithium niobate single
crystal of Claim 1, wherein the additional element is contained at a ratio of

from 0.002wt% or more to less than 0.01 wt%.

3. The lithium tantalate single crystal or lithium niobate single
crystal of Claim 1 or 2, wherein the additional element is iron, and the

single crystal shows vyellow or orange-colored in a wafer produced

therefrom.

4. The lithium tantalate single crystal or lithium niobate single

crystal of any one of Claims 1 to 3, which is subjected to reduction

treatment,
5. The lithium tantalate single crystal or lithium niobate single
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characteristics; and reducing the prepared single crystal. 7. A surface
acoustic wave filter comprising a piezoelectric substrate produced from a
lithium tantalate single crystal or a lithium niobate single crystal, which
contains at least one additional element selected from the group
consisting of iron, copper, manganese, molybdenum, cobalt, nickel, zinc,
carbon, magnesium, titanium, tungsten, indium, tin, rhenium, scandium,
rhodium, ruthenium, palladium, silver, platinum, gold, yttrium,
neodymium, iridium, germanium, barium, cesium, strontium, gallium,

cerium and other transition elements at a ratio of from, 42 0.002wt% or
CrYSTRbIY ty G Wi R S EaT AE A AR Bl SRR ol TenARaL s Eguced

sing%n%ltk}ggmagmg characleristics. & The-guriags Acoystic \%?élfépltSF&fluceé

laim 7, wherein the addifional element is contained at a ratio of from
ther©002wt% or more to less than 0.01 wt%. 9. The surface acoustic wave
filter of Claim 7 or 8, wherein the additional element is iron, and the
piezoelectric substrate shows yellow or orange-colored. 10. The surface

acoustic wave filter of Claim 7 qr 8, wherein the lithjum tantalate single .
cr("?/o‘s,tal or tﬁe ﬂﬁ%r%%ni% %tgrﬁﬁﬁﬁlﬁﬁaf%%%c%ﬁfb}g{géudqo%ﬁaer%f&%%n single

crystgasimentidhd theausfaceasqustis wave itprahelaim 4 herein the
additional element is iron, and the piezoelectric substrate shows dark

yalimparidark dridnge: 120 latetioddtr produsingrasstitiziceracdnistice single
crys\%all,v%mggi contains at least one additional element selected from the
group consisting of iron, copper, manganese, molybdenum, cobalt, nickel,
zine, carbon, magnesium, titanium, tungsten, indium, tin, rhenium, scandium,
rhodium, ruthenium, palladium, silver, platinum, gold, yttrium, neodymium,
iridium, germanium, barium, cesium, strontium, gallium, cerium and other
transition elements at a ratio of from 0.002wt% or more to 0.1 wi% or less
and has excellent stress shock characteristics and therma! shock

characteristics; and

reducing the prepared single crystal.

7. A surface acoustié wave filter comprising a piezoelectric
substrate produced from a lithium tantalate single crystal or a lithium
niobate single crystal, which contains at least one additional element
selected from the group consisting of iron, copper, manganese,
molybdenum, cobalt, nicke!, zine, carbon, magnesium, titanium, tungsten,
indium, tin, rhenium, scandium, rhodium, ruthenium, palladium, silver,
platinum, gold, yttrium, neodymium, iridium, germanium, barium, cesium,

strontium, gallium, cerlum and other transition elements at a ratio of from
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comprising the steps of: preparing a piezoelectric substrate produced from
a lithium tantalate single crystal or a lithium niobate single crystal, which
contains at least one additional element selected from the group
consisting of iron, copper, manganese, molybdenum, cobalt, nickel, zinc,
carbon, magnesium, titanium, 43 tungsten, indium, tin, rhenium,
scandium, rhodium, ruthenium, palladium, silver, platinum, gold, yttrium,
neodymium, iridium, germanium, barium, cesium, strontium, gallium,
cerium and other transition elements at a ratio of from 0.002wt% or more
0 0.1 wt% or less, ag%d has excellent stress shock charaﬁﬁ?rlstlcs and

0.00 11 aPERBER Endia ehisHide f&Fmifrg inBlEctrdde FRiRGHITON THE Strfiuak
charQéigﬁ&ﬁ?sosl?&%ﬁﬂ%tgﬁt&mﬂm%%me electrode thin film by

photolithography to form an electrode having a given shape. 13. The
method of Claim 12, wherein the additional element is contained at a ratio
of from 0.002wt% or more to less than 0.01 wt%. 14. The method of Claim
1Bor 13, whgerFitHa st oppréisariey el ibiezoledtfitiBubbtratberein the

addlfon n:les ?Si a@?ittepsoéosng?r%lcﬁ]%{he Ipd%%OS!FBII'IC %B@%%%oé?drggpg%o less
than 0.01 wt%.

9. The surface acoustic wave filter of Claim 7 or &, wherein the

additional element is iron, and the piezoelectric substrate shows yellow or

orange~colored.

10. The surface acoustic wave filter of Claim 7 or 8, wherein the

lithium tantalate single crystal or the lithium niobate single crystal was

subjected to reduction treatment.

11. The surface acoustic wave filter of Claim 7, wherein the

additional element is iron, and the piezoelectric substrate shows dark

yvellow or dark orange.

12. A method for producing a surface acoustic wave filter,
comprising the steps of:

preparing a piezoelectric substrate produced from a lithium tantalate
single crystal or a lithium niobate single crystal, which contains at least
one additional element selected from the group consisting of iron, copper,

manganese, molybdenum, cobalf, nickel, zinc, carbon, magnesium, titanium,

43



tungsten, indium, tin, rhenium, scandium, rhodium, ruthenium, palladium,
silver, platinum, gold, yttrium, neodymium, iridium, germanium, barium,
cesium, strontium, gallium, cerium and other transition elements at a ratio
of from 0.002wt% or more to 0.1 wt% or less, and has excellent stress
shock characteristics and thermal shock characteristics;

forming an electrode thin film on the surface of the piezoelectric
substrate; and

patterning the electrode thin film by photolithography to form an

electrode having a given shape.

13. The method of Claim 12, wherein the additéonal element is

contained at a ratio of from 0.002wt% or more o less than 0.01 wt%.

14. The method of Claim 12 or 13, wherein the step of preparing the

piezoelectric substrate comprises a step of subjecting the piezoelectric

substrate to reduction treatment.
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