
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 [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, etc. [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 piezoelectric substrate surface  by, for example,
sputtering. Then, organic resin (a photoresist) is applied  1 on the
electrode thin film, and the electrode film is pre-baked at 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  



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. [00041 Also, a lithium tantalate (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. [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,  2 stress
deformation will occur therein, and in some cases, they will break  quickly.
[0007] In the SAW filters, the demand for a reduction in volume has  



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
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  productivity. [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 carrying out taping or  metal deposition in the cutting or
polishing process to prevent crack or  3 chipping, the number of
processes is increased, or productivity is decreased. Thus,  there is a
need to develop a single crystal substrate and an SAW filter comprising
the  same, in which there is few cracks, flaws 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, example embodiments have been made in
view of the  above-mentioned problems, and can 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. [00131 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
(I,N) single crystal at a ratio of from 0.002wt% or more  to 4 0.1 wt% or
less, the stress shock or thermal shock characteristics of the single crystal
is increased without causing any change in the piezoelectric
characteristics, thereby  completing example embodiments. [0013a] In a
first aspect of the invention, there is provided 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 0.002wt%
or more to 0.1 wt%  or less, and has excellent stress shock characteristics
and thermal shock  characteristics. [0014] Lithium tantalate single crystal
or lithium niobate single crystal> The lithium tantalate (LT) single crystal or
lithium niobate single crystal in  example embodiments 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 shock  characteristics. [0015] Also, the additional element is
preferably contained at a ratio of from  0.002wt% or more to less than 0.01
wt%. [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 single 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, 5 



the yellow or orange color of the LT or LN single crystal is uniform
throughout the  wafer, suggesting that the additional element iron is
uniformly dispersed in the  wafer. [0018] Also, the LT or LN single crystal
may be subjected to reduction  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  uniformly performed. [0019a] In a second aspect of
the invention, there is provided a method for  producing a reduced lithium
tantalate single crystal or lithium niobate single crystal,  comprising the
steps of. preparing 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 0.002wt%
or more to O.Iwt% or less and had excellent  stress shock characteristics
and thermal shock characteristics; and reducing the  prepared single
crystal. [0020] In example embodiments, 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. [0021] 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 6 0.002wt% or more to 0.1 wt% or
less and has excellent stress shock characteristics  and thermal shock
characteristics. [0022] The LT or LN single crystal, obtained in the single
crystal producing  step, contains a given additional element in the
above-specified 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.
Examples of the substrates may include substrates for pyroelectric
sensors, various piezoelectric sensors and vibrating actuators. [0025]
<Surface acoustic wave filter> In a third aspect of the invention, there is
provided 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  0.002wt% or more to 0.1 wt% or less, and has excellent
stress shock characteristics and  thermal shock characteristics. The
surface acoustic wave filter in example embodiments is characterized in
that it comprises a piezoelectric substrates produced from a lithium
tantalate single  crystal or a lithium niohate 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 7 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. [0026] Also, the additional element in the single crystal is
preferably  contained at a ratio of from 0.002wt% or more to less than 0.01
wt%. [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. [00281 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
piezoelectric substrate is uniform throughout the substrate, suggesting
that the  additional element iron is uniformly dispersed in the substrate
and that the reducing  treatment is uniformly performed. [0030] Because
the surface acoustic wave filter comprises the piezoelectric  substrate
produced from the 8 inventive single crystal, crack, flaw or chipping during
the processing thereof is  inhibited, and processing precision during the
cutting process is increased, leading to  an increase in productivity. Also,
during the storage or use of the surface acoustic  wave filter, the
occurrence of failures caused by shock or thermal shock is reduced.
10031] <Method of producing surface acoustic wave filter> In a fourth
aspect of the invention, there is provided 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, cobalt, nickel, zinc, carbon, magnesium, titanium, tungsten,
indium, tin, rhenium, scanditun, 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. A
method of producing the surface acoustic wave filter in example
embodiments 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, 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; an electrode thin film-forming step of
forming an  electrode thin film on the surface of the piezoelectric
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,
the piezoelectric substrate produced from the inventive lithium tantalate
single  crystal or lithium niobate single crystal is used, and an electrode is
formed on the  surface of the piezoelectric substrate. Also, a piezoelectric
substrate produced from 9 the reduced lithium tantalite single crystal or
lithium niobate single crystal may be  used. [0033] When the piezoelectric
substrate made of the single crystal is used,  



crack, flaw or chipping in all processes, 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 THE DRAWINGS [0035] The above
and other objects and features of the present invention will  become
apparent from the following description of a preferred embodiment, given
in conjunction with the accompanying drawings, in which: FIG. I is a
perspective view showing an. example of a surface acoustic wave  filter
according to an embodiment of the present invention; FIG. 2 is 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; 10 FIG. 3 is a micrograph showing the cut plane of an LT single
crystal  wafer having an iron content of 0.02 wt% and an LT single crystal
wafer  containing no additional element; and FIG. 4 is a graphic diagram
showing the comparison of volume  resistivity and surface potential before
and after thermal treatment  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  [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
accompanying  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,  11 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.
[0039] The additional element may be any one, or two or more  selected
from among 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. [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 of
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  12 limited. It can
be prepared according to any known methods, including  the Czochralski
method. Specifically, the single crystal can be obtained by  mixing and
baking given raw materials to form a raw material mixture,  melting the
raw material mixture, immersing a seed crystal in the melt and  allowing
the seed crystal to grow. [0044] Also, the step of reducing the prepared
single crystal is not  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
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.
13 [00471 First, the construction of the surface acoustic wave filter
according to an embodiment of the present invention will be described.
FIG. 1 is a perspective view showing an example of the surface acoustic
wave filter according to this embodiment. As shown in FIG. 1, a surface
acoustic wave filter 1 comprises a case body 2 and a chip 3. [00481 The
case body 2 is made of ceramic material and has the shape  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. [00491 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.
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 and are comb-shaped. The output electrodes 33a and 33b 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
14 each other. Also, the output electrodes 33a and 33b are disposed
opposite the input electrodes 32a and 32b in the lengthwise direction.
The output electrodes 33a and 33b are electrically connected with an
output electrode 22, embedded in the case body 2, through conducting
wires 330a and 330b. [00521 The operation of the surface acoustic wave
filter according to  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 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. [00531 In the above
embodiment, the piezoelectric 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 piezoelectric substrate may also be produced  from
an LT or LN single crystal containing a given additional element  15
subjected to reduction treatment. Also, the material of the input
electrodes and the output electrodes is not limited to aluminum, but may
be  a metal, such as an aluminum alloy, copper or gold. Also, in the above
embodiment, the case body made of ceramic material is used. However,
the case body may be formed of other insulating materials, such as resin.
[0054] <Method of producing surface acoustic wave filter > 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 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  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  16 crystals is used,
the ratio of the additional element is preferably from  0.002wt% or more to
0.1 wt% or less. More preferably, it is from  0.002wt% or more to less than
0.01 wt%. For the inhibition of the  pyroelectric effect, a reducing step of
reducing the LT or LN single crystal  containing the additional element
may be carried out. Also, in  pretreatment processes, cleaning or surface
treatment of the piezoelectric  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) Electrode-forming 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 C. Then, the film is exposed to light through  a photomask
having a pattern (such as a metal electrode) formed thereon.
Subsequently, the film is post-baked at 130 C. Then, the film is
developed, and the exposed region of the photoresist is removed. Finally,
17 the film is wet-etched or dry-etched, thus forming an electrode having a
given shape. [0059] Also, in the present invention, after the electrode is
formed,  the piezoelectric substrate may be cut to a given size and
received in the  case. Then, the electrode may be connected with a given
terminal, and  the case may be closed, thus producing a surface acoustic
wave filter.  [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 wt% of
iron as an  additional element was prepared using the Czochralski
method. For this  purpose, iron oxide (Fe203) as an iron source, lithium
carbonate (Li2CO3) as  a lithium source, and a tantalum oxide (Ta205) as
a tantalum source, were  mixed in prescribed amount with each other, and
the mixture was baked at  1000 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 C. A seed crystal cut in a given direction
was immersed in the raw  18 material mixture and grown while being
revolved at a speed of 10 rpm at a  lifting rate of 5 mm/hr, thus obtaining a
single crystal having a diameter of  about 80 mm and a length of about 60
mm. [0062] Also, copper, cobalt, nickel, manganese, yttrium or titanium
was used as an additional element to prepare LT single crystals having an
additional element content of 0.10 wt%. The single crystals were
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
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 gm, 300 um, 250 um,  200 /gym,
180 am and 150m, 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 yellow or  19 orange-colored,
and it turned orange-colored with an increase in the iron  content. [0066]
The wafers, produced from the prepared LT single crystal  having iron
contents of 0.001 wt%, 0.002 wt%. 0.005 wt%. 0.01 wt%  and 0.02 wt%,
respectively, showed yellow, and the wafers produced from  the LT single
crystals having iron contents of 0.10 wt%. 0.50 wt%.  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. [00677 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 to 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 inches (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.  20 The amount of the
received lithium chloride powder was about 100 g.  [0070] The heater was
disposed such that it surrounded all sides of  the treatment container.
[0071] An example of antistatic treatment using the antistatic  treatment
apparatus will now be described. First, the inside of the  treatment
container was set to a vacuum atmosphere of about 1.33 Pa  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
showing the original yellow  color, respectively, showed dark yellow. 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 various  measurements. Hereinafter, measured items will first
be described, and  21 the measurement results and evaluation will then
be described.  [0075] (1) Curie point measurement The Curie points of the
upper crystal wafer and the lower crystal  wafer were measured with a
differential thermal analyzer (DTA). The  Curie point was measured at a
total of five positions, including a central  position on the wafer and four
positions in an inner edge 5 mm apart from  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 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 success 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 term "good quality products" means that
wafers having required thickness  through cleaning and polishing
processes experience no crack, flaw and  chipping, and thus can be used
as products. (00791 The 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 measurement of wafer
good product  rate of the LT single crystal subjected to reduction
treatment are shown in  Table 3 below. 23 [0080] [Table 11 Iron content 0
0.001 0.002 0.005 +603.2603.4 0.10 0.50 1.00 1.20  (wt%) Curie point of
602.0 602.5 602.9 603.1 608.4 625.3 647.3 654.1  upper portion of crystal
(C) Curie point of 602.5 602.4 602.4 603.0 603.4 603.6 608.2 627.7 650.8
660.3  lower portion of crystal (C) Difference in 0.5 0.1 0.5 0.1 0.2 0.2 .2 0
2.4 3.5 6.2  Curie point between upper  portion and  lower portion  ('C)
Segregation of None None None None None None None None None
Present  iron it 



Crystal defects None None None None None None None None None
Present  Good product 95 96 98 100 99 99 98 89 72 68  rate of 350 pm
thick wafers  (98) Good product 79 82 82 99 99 98 97 76 69 60  rate of
200 um thick wafers  (%) '.. Good product 58 60 75 94 95 93 91 71 67 5"s
rate of 150 p, thick wafers  (%Y 24 [0081] [Table 21 Additional None Cu
Co Ni Mn 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 um thick wafers
(%) 



Good product 58 91 89 88 87 85 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 92 95  rate of 200 um thick wafers  (%)
Good product 56 73 94 94 94 93 92  rate of 150 um thick wafers  (%)
[00837 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. [00847 That is, a smaller difference between the Curie points of
the  upper portion and lower portion of the single crystal can indicate that
the  25 composition is more uniform in the axial direction of the single
crystal.  Also, when the composition is uniform, neither the segregation of
the  additional element nor crystal defects occur. Also, the LT single
crystal  



or LN single crystal containing iron shows yellow or orange-colored in the
wafer produced from the single crystal. The color of the wafer is uniform
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
portions of the single crystal was 6.2 C. 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 defects also occurred. [0087] In the LT single crystals having iron
contents of 0.002-1.00  26 wt%, the difference in Curie point between the
upper 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
0.002-1.00 wt% was uniform. 



[0088] In addition, in the LT single crystals having iron contents of
0.002-1.00 wt%, the segregation of iron was not observed, and no crystal
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
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 um  thick and 150 um
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 um thick
and 150 um thick wafers was greatly  increased, compared to the case of
the LT single crystal containing no  additional element. 27 [0092] Also, as
can be seen in the results of good product rate at  various thicknesses of
the reduced, iron-containing LT single crystals in  Table 3 above, the good
product rate was greatly increased even in the  



single crystals reduced for the inhibition of pyroelectric effects. [00937 The
thickness required by prior wafers was 1-0.3 mm, but it  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. [00947
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 containing 0.005 wt% of
iron. [00951 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 gm
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  28
single crystal wafer containing 0.01 wt% of iron. [00961 From these
results, it could be seen that, unlike the LT single  crystal wafer containing
no additional element, the LT single crystal wafers  



containing 0.005 wt% or 0.01 wt% of iron and the reduced single crystal
wafers containing 0.005wt%o or O.Olwt% can be diced in a good manner
without chipping on the cut plane. [00971 (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
was 150 N. (0098] Also, the measurement of elongation modulus was
carried out  on test samples having a size of 18 mmX10 mmXO.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 load 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. 29
[0099) The measurement results are shown in FIG. 2 and Table 4.  Table
4 shows the bending strength at break, elongation modulus and
elongation modulus ratio of each of the LT single crystal wafers containing



iron. In FIG. 2, the x-axis indicates the thickness of the wafer, and the y-
axis indicates the deflective strength flexural modulus (N) of the wafers.
[00100] In FIG. 2, the symbol indicates the results of the LT single
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 41 Bending strength Young's modulus Young's modulus  at break
(N/mm2) ratio LT single crystal 30N 18006.0 1  containing no additional
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 broken [00102]
As clearly shown in FIG. 2, the deflective strength of the LT  single crystal
containing 0.02 wt% 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  30
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. [00103] 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 no  additional element. [00104] (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 and 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  31
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
chipping was observed at any of the cutting speeds. [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. It 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 no  chipping was observed, as in the reduced LT single
crystal wafer  containing 0.02 wt% of iron. As a result, it was confirmed
that the  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  32 (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  [001101 As a result, the
breakage ratio of the LT single crystal wafers  containing no additional
element was 17%, whereas the breakage ratio of  the LT single crystals
containing 0.001 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 0.01 wt% of
iron and the LT single crystal  wafers containing 0.1 wt% of iron were 0%.
[001117 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. [001127 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  33
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 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% of 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. [00117]
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
34 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 potential and wafer color are shown  in Table 5 below. [00120]
[Table 51 LT single reduced LT LT single reduced LT reduced LT  crystal
single crystal single single  wafer crystal wafer crystal crystal containing
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 yellow  Volume
E+14-15 2.13E+11 4,50E+13 7.60E+10 8.2E+10  resistivity (G m) Surface
-4.5 -0.25 -3.5 -0.10 -0.10  potential (kv) 



[00121] As shown in Table 5 above, the LT single crystal wafer  containing
0.01 wt% of iron as an additional element had low volume  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 of the
reduced LT single  crystal wafer containing 0.01 wt% of iron and the
reduced LT single  crystal wafer of the thick wafer containing no additional
element were  measured for the changes in volume resistivity and surface
potential  before and after thermal treatment. In the thermal treatment,
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  treatment cooled to room
temperature, was measured by placing each  wafer on the plate
maintained at 85 'C and measuring the change in  surface potential from
20 'C 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.
36 [00127] [Table 61 Before thermal treatment After thermal treatment
Volume Surface Volume Surface  resistivity potential (kv) resistivity
potential (kv) (Q cm) (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 8.78E+ 10 -40 6.98E+ 11 -120  crystal wafer 2
containing 0.01 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 symbol 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  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  additional element. 37 [00130] In the
comparison of the surface potentials after thermal  treatment, it was seen
that the reduced LT single crystal wafer containing  0.01 wt% of iron had
low surface potential and showed little variation in  the surface potential
after thermal treatment, compared to the reduced LT  single crystal wafer
containing no additional element. [00131] In the comparison of the volume
resistivities after thermal  treatment, it was seen that the reduced LT
single crystal wafer containing  0.01 wt% of iron had low volume
resistivity, and that compared to the  reduced LT single crystal wafer
containing no additional element, 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 C. [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
characterized in that they  have high pyroelectric coefficients and high
resistance. For this reason,  38 surface charges are generated due to
slight changes in temperature.  Also, the electric charges, once generated,
are accumulated, and the  charged state persists as long as external
charge removal treatment is  not carried out. [00135] For this reason,
when the LT single crystal or the LN single  crystal is used as a
piezoelectric substrate in a process of producing a  surface acoustic wave
filter, the generation of static electricity in the  piezoelectric substrate due
to the change in temperature is problematic.  When the piezoelectric
substrate is electrically charged, the discharge of  static electricity in the
piezoelectric substrate occurs, thus causing crack  or breakage. Also, the
electrode formed on the surface of the  piezoelectric substrate can be
short-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 `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, it is  thought that the use of the
reduced LT single crystal wafer containing 0.01  39 wt% of iron in surface
acoustic wave filters will provide a great effect.  [00138] While the
invention has been shown and described with respect  to the preferred
embodiments, it will be understood by those skilled in the  art that various
changes and modifications may be made without departing  from the spirit
and scope of the invention as defined in the following claims. 40 CLAIMS
1. 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 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 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 reduced  single crystal shows dark
yellow or dark orange in a wafer produced  therefrom. 6. A method for
producing a reduced lithium tantalate single  crystal or lithium niobate
single crystal, comprising the steps of: preparing 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 0.002wt% or more to 0.1 wt% or less
and has excellent stress shock characteristics and thermal shock
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
more to 0.1 wt% or less, and has excellent stress shock  characteristics
and thermal shock characteristics. 8. The surface acoustic wave filter of
Claim 7, wherein the  additional element is contained at a ratio of from
0.002wt% 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. III 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
yellow 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, 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
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 additional element is  contained at a ratio
of from 0.002wt% or more to 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. 44 ABSTRACT    



The present invention provides a lithium tantalate (LT) single crystal or a
lithium niobate (LN) single crystal, which has strong resistance to  stress
shock or thermal shock, and a surface acoustic wave filter  comprising a
piezoelectric substrate produced from the single crystal.  The lithium
tantalate single crystal or lithium niobate single crystal of the  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, strontium, gallium, cerium and other
transition elements at a ratio of from 0.002wt[err] or more to 0.1 wt[err] or
less,  and has excellent stress shock characteristics and thermal shock
characteristics.  


