
DESCRIPTION  CHARGE RESTRAINING METHOD AND APPARATUS
FOR  PIEZOELECTRIC OXIDE SINGLE CRYSTAL  TECHNICAL FIELD
[0001] The present invention relates to a charge restraining method  for a
piezoelectric oxide single crystal which is used as a  piezoelectric
substrate, and the like, for elastic surface acoustic  wave filters, and a
charge restraining apparatus therefor. BACKGROUND ART [0002] A
lithium tantalate (LiTaO3) single crystal and a lithium  niobate (LiNbO3)
single crystal have been known as piezoelectric  oxide single crystals, and
have been used in piezoelectric substrates,  and the like, for elastic
surface acoustic wave filters (SAW filters).  Moreover, both single crystals
have been also used in applied optical  products, such as optical
modulators and wavelength converter devices,  which are basic
component parts for large-capacity high-speed  communication networks,
as nonlinear optical crystals. Both single  crystals have such
characteristics that the pyroelectric coefficient  is large and the resistance
is high. Accordingly, electric charges  are generated on their surfaces by a
slight temperature change. And,  once generated electric charges
accumulate thereon so that the charged  state continues unless carrying
out de-charging from the outside.  [0003] For example, an optical
modulator cause light to transmit  in a light guide or the inside of single
crystal directly. When  modulating light, it is controlled by applying an
electric field  to single crystal. In this instance, even when the electric field
is turned off, if an electric field remains on the surface of single  1 crystal,
light has been modulated by a remaining electric charge.  



Moreover, an electric charge is generated on the surface by a
temperature change, and accordingly the refractive index has changed.
[0004] On the other hand, in the manufacturing steps of elastic  surface
acoustic wave filters, there are processes, which accompany  the
temperature changes of piezoelectric substrate's temperature,  such as
the formation of electrode thin films onto the surface of  piezoelectric
substrate and pre-baking and post-baking in  photolithography.
Accordingly, when using a lithium tantalate  single crystal or a lithium
niobate single crystal as a piezoelectric  substrate, the generation of static
electricity on piezoelectric  substrate matters in the manufacturing
processes of elastic surface  acoustic wave filters. [0005] When a
piezoelectric substrate is charged, a static  electricity discharge occurs
within the piezoelectric substrate,  and becomes the cause of cracks or
breakage. Further, there is a  fear that electrodes formed on a
piezoelectric substrate might be  short-circuited by static electricity.
Furthermore, fine metallic  powders, dust, dirt, and the like, which
generates in the  manufacturing steps, are attracted onto the surface of a
piezoelectric  substrate by static electricity to short-circuit its electrodes,
and moreover there is a fear that the electrodes are turned into  exposed
states to be destroyed. [0006] Considering such charging of piezoelectric
substrates,  various countermeasures are taken in manufacturing elastic
surface  acoustic wave filters. For example, it is possible to name
disposing  de-charging equipment, such as ionizers for neutralizing the
electric  charges on the surfaces of piezoelectric substrates, and
disposing  2 incidental equipment, such as particle counters or
microscopes for  measuring dust, and the like. Moreover, in the
manufacturing steps  



of elastic surface acoustic wave filters, it has been carried out  to add a
conductive film forming step, in which a conductive film  for the purpose of
de-charging is formed on a rear surface of a  piezoelectric substrate in
advance, before forming electrode thin  films, or a re-cleaning step after
forming electrode thin films.  [00071 Moreover, in view of inhibiting lithium
tantalate single  crystals and lithium niobate single crystals themselves
fromcharging,  in Patent Literature No. 1, there is disclosed a method in
which  a wafer made from these single crystals is heat treated in a
reducing  atmosphere. Moreover, in Patent Literature No. 2, there is
disclosed  a method in which a metal is diffused in the same wafer. Patent
Literature No. 1: Japanese Unexamined Patent  Publication (KOKAI) No.
11-92,147 Patent Literature No. 2: Japanese Unexamined Patent
Publication (KOKAI) No. 2004-35,396 DISCLOSURE OF THE
INVENTION [00081 For example, the Curie point of lithium tantalate
single  crystal is about 603 C. Accordingly, when the lithium tantalate
single crystal is exposed to high temperatures of more than 600 C,  there
is a fear of losing its piezoelectricity. That is, when  considering the
piezoelectricity of lithium tantalate single crystal,  it is not possible to carry
out heat treating at a high temperature.  On the other hand, even when a
wafer made from a lithium tantalate  single crystal is heat treated at a
relatively low temperature of  from 400 to 600 C approximately, nothing
but only the surface of  the wafer is reduced. That is, by the heat
treatment in a reducing  3 gas set forth in above Patent Literature No. 1, it
is difficult to  inhibit charging without impairing the piezoelectricity of
lithium  tantalate single crystal. 



[0009] Moreover, as set forth in Patent Literature No. 2, when  diffusing a
metal, such as zinc, in a single crystal, the mixing  of the other elements
changes the Curie point so that the  piezoelectricity has changed. In
addition, since the metal deposits  on the wafer, it is needed to remove the
deposits after the treatment.  Furthermore, when employing a metal with
violent reactivity, it  becomes impossible to adjust the reduction degree.
[0010] The present invention has been performed in view of such
circumstances, and it is an assignment to provide a processing method
which can restrain the charging of lithium tantalate single crystal  or lithium
niobate single crystal.. In addition, it is an assignment  to provide a
processing apparatus which can carry out the processing  method simply
and easily. [0011] Means for Solving the Assignments [0012] (1) A method
for charge restraining a piezoelectric oxide  single crystal according to the
present invention is characterized  in that it comprises: accommodating a
wafer, made from a lithium  tantalate single crystal or a lithium niobate
single crystal, and  a reducing agent, including an alkali metal compound,
in a processing  apparatus; and reducing the wafer by holding the inside
of the  processing apparatus at a temperature of from 200 C to 1000 C
under  decompression. [0013] In the present method for charge
restraining, a wafer, made  from a lithium tantalate single crystal or a
lithium niobate single  crystal, is heated to and held at a predetermined
temperature under  4 decompression, together with a reducing agent. An
alkali metal  compound, constituting the reducing agent, evaporates under
a  predetermined condition, and turns into a vapor with high reducing
power. When being exposed to this vapor, the wafer is reduced  



sequentially from the surface. And, by keeping supplying the  reducing
agent, it is possible to continuously develop the reducing  reaction, and
accordingly it is possible to uniformly reduce the  entire wafer. Moreover,
in accordance with the present charge  restraining method, the
productivity improves because the processing  time can be reduced to
1/10 or less than conventionally. [0014] The resistance of the wafer is
decreased by reduction.  Accordingly, the reduced wafer is less likely to
produce electric  charges even when the temperature changes. Moreover,
even if  electric charges generate on the wafer's surface tentatively, they
self-neutralize quickly, and consequently it is possible to remove  the
electric charges. Thus, in accordance with the present charge  restraining
method, it is possible to effectively inhibit the wafer,  made from an LT
single crystal or an LN single crystal, from charging.  [0015] In the present
charge restraining method, an alkali metal  compound whose reaction is
relatively gentle is used as the reducing  agent. Accordingly, it is easy to
handle the reducing agent, and  the safety is high. Moreover, by
adequately adjusting the type of  reducing agent, the usage amount, the
disposing form, the vacuum  degree within a processing tank, the
temperature and the processing  time, it is possible to control the
reduction degree of the wafer.  [0016] Since the wafer processed by the
present charge restraining  method is less likely to be charged, it can be
handled with ease  and is safe. Moreover, when manufacturing an elastic
surface  5 acoustic wave filter using the same wafer as a piezoelectric
substrate,  it becomes unnecessary to dispose de-charging equipment so
that the  cost can be reduced remarkably. In addition, since a
manufacturing  process for de-charging becomes unneces sary as well,
the productivity  improves. Moreover, by making a piezoelectric substrate
from the  



same wafer, it is possible to constitute an elastic surface acoustic  wave
filter, which causes defects resulting from static electricity  less, in storage
as well as in service. In addition, when employing  the same wafer as
applied optical products, such as optical modulators  and wavelength
converter devices, the modulations resulting from  residual electric
charges, andthe refractive index changes resulting  from the generation of
electric charges are inhibited. Accordingly,  the reliability of applied optical
products improves. [0017] (2) In the present charge restraining method,
when making  a wafer from a lithium tantalate single crystal, the reduction
of  the wafer can desirably be carried out at a temperature of from 200 C
to 600 C. [0018] Asdescribedabove, when the lithium tantalate single
crystal  is exposed to high temperatures of above 600 C, there is a fear  of
losing its piezoelectricity. Therefore, when a wafer made from  a lithium
tantalate single crystal is reduced, it can desirably be  treated at relatively
lowtemperaturesof600C or less.Inthepresent  charge restraining
method,because of employing an alkali metal  compound with high
reducibility, whole wafer can be reduced  sufficiently even at a
temperature of 600 C or less. Thus, by carrying  out a reduction treatment
at relatively low temperatures,it is  possible to restrain the charging of
lithium tantalate single crystal  or lithium niobate single crystal without
impairing the  6 piezoelectricity,  [0019] (3) In the present charge
restraining method, the reduction  of the wafer can desirably be carried
out under decompression of  from 133 X 10-1 to 133 X 10-7 Pa. By raising
the degree of vacuum  in a processing tank, it is possible to turn an alkali
metal compound  into a vapor with high reducing power even at relatively
low  



temperatures. [0020] (4) The oxygen in an LT single crystal or an LN
single crystal  exhibits a high bonding force with lithium. Accordingly, in
the  reduction treatments, the oxygen is likely to be emitted in a state
being bonded with lithium, that is, in a state of lithium oxide.  As a result,
the lithium concentration in the single crystals  decreases to change the
lithium: tantalum (niobium) ratio so that  there is a fear of changing the
piezoelectricity. [0021] Therefore, an alkali metal compound used as the
reducing  agent can desirably be made into lithium compound. Thus, it is
possible to react the oxygen in the single crystals with lithium  atoms
supplied from the reducing agent. Accordingly, the lithium  atoms in the
single crystals are less likely to be emitted.  Consequently, the lithium:
tantalum (niobium) ratio does not change  so that the piezoelectricity does
not decrease. Moreover, since  lithium is a constituent element of the
single crystals, there are  no worries about the pollution resulting from the
mixing of the other  elements. [0022] (5) In the present charge restraining
method, it is possible  to employ an embodiment in which the reducing
agent comprising an  alkali metal compound is used; and the reduction of
the wafer is  carried out by disposing the reducing agent and the wafer
separately,  7 or by burying the wafer in the reducing agent. In the present
embodiment, it is possible to use powders, pellets and the like of  alkali
metal compounds as the reducing agent. Since it is possible  to use
powders, pellets and the like of alkali metal compounds as  they are, the
present embodiment can be carried out with ease.  Moreover, when
burying the wafer in the reducing agent, the reducing  agent contacts with
the surfaces of the wafer with a high concentration.  



Accordingly, it is possible to furthermore facilitate the reduction  of the
wafer. [0023 (6) Moreover, when employing an alkali metal compound
solution,  in which the alkali metal compound is dissolved or dispersed in a
solvent, is used as the reducing agent, it is possible to employ  an
embodiment in which the reduction of the wafer is carried out  by
disposing the reducing agent and the wafer separately, or by  immersing
the wafer into the reducing agent, or by painting the  reducing agent onto
a surface of the wafer. [0024) In the present embodiment, an alkali metal
compound solution  is used as the reducing agent. For example, an alkali
metal compound  solution, in which an alkali metal compound is dissolved
or dispersed  in an organic solvent, generates an organic gas when being
heated.  By filling up a vapor of an alkali metal compound into this organic
gas, it is possible to enhance the reactivity between the alkali  metal and
the wafer. Thus, the entire wafer is reduced evenly.  Moreover, when
immersing the wafer into the same solution, or when  painting the same
solution onto a surface of the wafer, the reducing  agent contacts with the
surface of the wafer with a high concentration.  Accordingly, it is possible
to furthermore facilitate the reduction  of the wafer. 8 [0025] (7) A charge
restraining apparatus fora piezoelectric oxide  single crystal according to
the present invention comprises: a  processing tank for accommodating a
wafer, made from a lithium  tantalate single crystal or a lithium niobate
single crystal, and  a reducing agent, including an alkali metal compound,
therein; means  for heating the inside of the processing tank to a
temperature of  from 200 C to 1000 C; and means for decompressing the
inside of  the processing tank. 



[0026] In the present charge restraining apparatus, the wafer and
reducing agent in the processing tank are heated by the heating means.
Moreover, the inside of the processing tank is decompressed by the
decompressing means. Thus, in accordance with the present charge
restraining apparatus, it is possible to carry out the aforementioned
present charge restraining method easily and simply. Moreover,  since an
alkali metal compound whose reaction is relatively gentle  is used as the
reducing agent, the present charge restraining  apparatus is of high
safety. Note that preferred embodiments of  the present charge restraining
apparatus are compliant with those  of the above-described present
charge restraining method. [0027] Inthepresent charge restraining
method, thewafer is reduced  under predetermined conditions, using the
reducing agent. Since  the entire wafer can be reduced sufficiently, it is
possible to  effectively inhibit the wafer from charging. Moreover, by
adequately adjusting the reducing agent, the processing conditions,  and
the like, it is possible to control the reduction degree of the  wafer. [0028]
The present charge restraining apparatus comprises the  processing tank
for accommodating the wafer and reducing agent therein,  9 the heating
means, and the decompressing means. In accordance with  the present
charge restraining apparatus, it is possible to carry  out the
aforementioned present charge restraining method easily and  simply.
BRIEF DESCRIPTION OF THE DRAWINGS [0029] Fig. l is a schematic
diagram of a charge restraining apparatus,  a first embodiment according
to the present invention. [0030] Fig. 2 is a model diagram for illustrating
how wafers are  disposed in a processing tank (first embodiment). 



[0031] Fig. 3 is a model diagram for illustrating how wafers and  a
reducing agent are disposed in a processing tank (second  embodiment).
[0032] Fig. 4 is a graph for illustrating a relationship between  processing
temperature and bulk resistivity (Example Nos. 11 through  15). [0033]
Fig. 5 is a graph for illustrating a relationship between  processing
temperature and bulk resistivity (Example Nos. 16 and  17). [0034] Fig. 6
is a graph for illustrating a relationship between  processing pressure and
bulk resistivity (Example Nos. 21 through  22). [0035] Fig. 7 is a graph for
illustrating a relationship between  processing time and bulk resistivity
(Example Nos. 31 through 34).  [0036] Description of the sign 1: a charge
restraining apparatus  2: a processing tank 3: a heater (means for heating)
4: a vacuum pump (means for decompressing)  10 50: wafers 51: a wafer
cassette case 60: a lithium chloride powder (a reducing agent) 61: a petri
dish  62: a lithium carbonate solution (a reducing agent) BEST MODE
FOR CARRYING OUT THE INVENTION [0037] Hereinafter, embodiments
of a charge restraining apparatus  according to the present invention will
be described in detail.  Moreover, while describing embodiments of the
present charge  restraining apparatus, charge restraining methods
according to the  present invention will be described simultaneously. (1)
First Embodiment 



[0038] First, an arrangement of a charge restraining apparatus,  the
present embodiment, will be described. In Fig. 1, an outline  of the charge
restraining apparatus is illustrated. Moreover, in  Fig. 2, how wafers are
disposed in a processing tank is  illustrated with a model. As illustrated in
Fig. 1, a charge  restraining apparatus 1 comprises a processing tank 2, a
heater 3,  and a vacuum pump 4. [0039] The processing tank 2 is made of
quartz glass. One of the  opposite ends of the processing tank 2 is
connected with piping.  Through the connected piping, the evacuation
within the processing  tank 2 is carried out. In the processing tank 2,
wafers 50 and a  lithium chloride powder 60 are accommodated. [0040]
The wafers 50 are supported by a wafer cassette case 51  made of
quarts. The wafers 50 are composed of 42 Y-Xcut LT  single crystal. The
diameter of the wafers 50 is 4 inches (about  10.16 cm), and the thickness
is 0.5 mm. The wafers 50 are  disposed in a quantity of 50 pieces at
intervals of about 5 mm.  [0041] The lithium chloride powder 60 is
disposed, independently  of the wafers 50, within a petri dish 61 made of
quartz glass.  The 11 lithium chloride powder 60 is the reducing agent in
the present  invention. The amount of lithium chloride powder 60 to be
accommodated is 100 g. [0042] The heater 3 is disposed so as to cover
around the processing  tank 2. The heater 3 is included in the heating
means constituting  the present charge restraining apparatus. [0043] The
vacuum pump 4 is connected with the processing tank 2  by way of the
piping. The vacuum pump 4 evacuates gases within the  processing tank
2 to vacuumize the inside of the processing tank  



2. The vacuum pump 4 is included in the decompressing means
constituting the present charge restraining apparatus. [0044] Next, an
example flow of a charge restraining treatment by  the charge restraining
apparatus of the present embodiment will be  described. First, by the
vacuum pump 4, the inside of the processing  tank 2 is turned into a
vacuum atmosphere of 1.33 Pa approximately.  Next, by the heater 3, the
processing tank 2 is heated to raise the  temperature within the
processing tank 2 to 550 C for 3 hours. When  the temperature within the
processing tank 2 reaches 550 C, it is  held in the state for 18 hours.
Thereafter, the heater 3 is turned  off to naturally cool the inside of the
processing tank 2. [0045] In accordance with the present embodiment, the
following  advantages set forth below can be obtained. That is, in the
present  embodiment, the lithium chloride powder 60 was used as the
reducing  agent. Accordingly, it is possible to react the oxygen in the LT
single crystal with the lithium atoms with are supplied from the  reducing
agent. Consequently, the lithium atoms in the LT single  crystal are less
likely to be released. Therefore, the  lithium: tantalum ratio in the LT single
crystal does not change so  12 that the piezoelectricity does not decrease.
Moreover, since  lithium is a constituent component of the LT single
crystal, there  is no fear of contamination resulting from the mixing other
elements.  In addition, the lithium chloride powder 60 is easy to handle so
that it is possible to carry out the charge restraining treatment  safely.
(0046] In the present embodiment, the lithium chloride powder 60  was
used in an amount of 100 g. According to a preparatory experiment,  the
amount of lithium chloride powder consumed under the  aforementioned
processing conditions (550C and 18 hours) is about  



40 g. Accordingly, in the present embodiment, it is possible to
continuously develop the reduction reaction so that it is possible  to
uniformly reduce the entire wafers 50. As a result, it is possible  to
effectively restrain the charging of wafers 50. (0047] In the present
embodiment, since the inside of the processing  tank 2 is turned into a
vacuum atmosphere of 1.33 Pa approximately,  the lithium chloride
powder 60 is turned into a vapor with high reducing  power. Accordingly, it
is possible to carry out a reduction treatment  at 550 C so that it is
possible to carry out the reduction of the  entire wafers 50 without
impairing the piezoelectricity. (2) Second Embodiment (0048] The
difference between a second embodiment and the first  embodiment is
that the type of the reducing agent and the disposing  form were altered.
Since the other arrangements are identical with  those of the first
embodiment, the differences will be described  herein. (0049] In Fig. 3,
how wafers and a reducing agent are disposed in  the present
embodiment is illustrated with a model. In Fig. 3,  13 component parts
corresponding to those in Fig. 2 are designated with  the same reference
numerals. As illustrated in Fig. 3, the both  opposite surfaces of wafers 50
are coated with a lithium carbonate  solution 62 in which 100 g lithium
carbonate powder is dissolved  into pol.yvinyl alcohol. The lithium
carbonate solution 62 is the  reducing agent in the present invention. The
coating of the wafers  50 was carried out by immersing the wafers 50 into
the lithium carbonate  solution 62, painting the lithium carbonate solution
62 onto the  surfaces of wafers 50, and thereafter drying them at room
temperature  and 200 C. Within a processing tank 2, only a wafer cassette
case  51, which holds the wafers 50 therein, is disposed. And, a charge  



restraining treatment is carried out in the same manner as the first
embodiment. (0050] In accordance with the present embodiment, the
following  advantages set forth below can be obtained, in addition to the
operations and advantages described in the first embodiment. That  is, in
the present embodiment, the lithium carbonate solution 62  was used as
the reducing agent. The lithium carbonate solution 62  generates organic
gases, upon being heated. By filling up the vapor  of lithium carbonate into
the organic gases, the reduction of wafers  50 is facilitated. Additionally,
since the lithium carbonate  solution 62 is disposed to contact with the
surfaces of wafers 50,  the reduction of wafers 50 are furthermore
facilitated. (3) Other Embodiments 10051] So far, a few embodiments of
the charge restraining apparatus  according to the present invention have
been described. However,  embodiments of the present charge restraining
apparatus are not  limited to the aforementioned embodiments, but can be
carried out  14 in various forms subjected to various changes and
modifications based  on the knowledge of one of ordinary skill in the art.
[0052] For example, in the aforementioned embodiments, the charge
restraining treatments are carried out onto the wafers made from  an LT
single crystal. However, wafers made from an LN single crystal  can be
processed, moreover, wafers made from the respective single  crystals
can be processed simultaneously. In addition, wafers made  from an LT
single crystal or LN single crystal with a metal, such  as iron, added, can
be processed. In this instance, as for the  additive metal, it is possible to
name iron, copper, manganese,  molybdenum, cobalt, nickel, zinc,
carbon, magnesium, titanium,  tungsten, indium, tin, rare-earth elements,
and the like. Moreover,  



the addition amount can be from 0.01% by weight or more to 1.00%  by
weight or less when the entire weight of single crystal is taken  as 100%
by weight. An LT crystal and so on with a metal, such as  iron, added has
a charge neutralizing characteristic for  self-neutralizing surface charges
and removing them. By reducing  wafers made from such a single crystal,
it is possible to more  effectively inhibit the charging of wafers. Note that
the shapes,  polished states and so forth of using wafers are not limited in
particular. For instance, it is advisable to use as-cut crystal  blocks which
are cut out of a single crystal to a predetermined  thickness, moreover, it
is possible to use such crystal blocks whose  surfaces are mirror polished.
[0053] The types of alkali metal compound constituting the reducing
agent are not limited to the aforementioned embodiments. For example,
in the case of lithium compound, it is possible to use lithium hydroxide,
and the like, in addition to the lithium chloride and lithium carbonate  15
used in the aforementioned embodiments. Moreover, it is advisable  to
use alkali. metal compounds other than the lithium compounds,
specifically, sodium compounds, such as sodium carbonate and sodium
hydroxide, potassium compounds, such as potassium carbonate,
potassium hydroxide and potassium chloride. It is advisable to use  each
of these alkali metal compounds independently, or it is advisable  to use
two or more of them combinedly. [00541 In the first embodiment, the
reducing agent and the wafers  are disposed separately, however, the
charge restraining treatment  can be carried out while burying the wafers
in the reducing agent.  Moreover, it is advisable to use a gas including an
alkali metal  compound as the reducing agent. In this instance, it is
advisable  to carry out the charge restraining treatment while introducing a



gas including an alkali metal compound into a processing tank held  under
a predetermined condition. Alternatively, it is advisable  to carry out the
charge restraining treatment while supplying a gas  including an alkali
metal compound into a processing tank and  evacuating it therefrom
continuously. [00551 When an alkali metal compound solution is used as
the reducing  agent like the second embodiment, it is desirable to use a
liquid,  which does not generate oxygen in vacuum atmospheres, as the
solvent.  For example, in addition to the aforementioned polyvinyl alcohol,
organic solvents, such as glycerin which is readily available, are  suitable.
Moreover, when using an alkali metal compound solution  as the reducing
agent, it is advisable to make the concentration  of alkali metal compound
as high as possible, in view of furthermore  promoting the reduction of
wafers. In addition, when using an alkali  metal compound solution, it is
advisable to accommodate the same  16 solution in a container and
dispose it independently of wafers, or  it is advisable to immerse wafers
into the same solution.  [0056] In the aforementioned embodiments, the
treatments were  carried out in a vacuum atmosphere of 1.33 Pa
approximately. However,  the processing pressure is not limited in
particular. The processing  at pressures lower than 1.33 Pa, that is, under
higher vacuum  atmospheres, is suitable. [0057] Moreover, the processing
time is not limited in particular,  but can be determined appropriately while
taking the processing  temperature, and the like, into consideration. By
thus adjusting  the type of reducing agent, the using amount, the
disposing form,  the vacuum degree within processing tank, the
temperature and the  processing time, it is possible to control the
reduction degree of  wafers. 



EXPERIMENTAL EXAMPLES [0058] (1) Charge Restraining Treatment
by First Embodiment  [0059] By using the charge restraining apparatus
according to the  aforementioned first embodiment, various charge
restraining  treatments were carried out under the conditions set forth in
Table  1 and Table 2 below. The charge restraining treatments were
carried  out in compliance with the flow of the charge restraining treatment
according to the first embodiment. As set forth in Table 1, the  charge
restraining treatments, which were carried out at a processing  pressure of
8.38 X 10-1 Pa for 18-hour processing time but whose  processing
temperatures were varied, were labeled Example Nos. 11  through 15.
Moreover, the charge restraining treatments, which were  carried out at
the same processing pressure for 6-hour processing  time but whose
processing temperatures were varied, were labeled  17 Example Nos. 16
and 17. Asset forth in Table 2, the charge restraining  treatments, which
were carried out at a processing temperature of  550 C for 18-hour
processing time but whose processing pressures  were varied, were
labeled Example Nos. 21 through 25. Note that,  for comparison, charge
restraining treatments, which were carried  out without using the reducing
agent, were labeled Comparative Example  Nos. 11 through 15 and 21
through 23, depending on the respective  conditions. TABLE 1  Reducing
Agent Processing Processing Temp. (C) Time (hour) 250 350 450 550
600  Lithium 18 Ex. #11 Ex. #12 Ex. #13 E. #14 X. #15  Chloride Powder
None 18 Comp. Comp. Comp.  Ex. #11 Ex. #12 Ex. #13  



Lithium 6 Ex. #16 Ex. #17  Chloride Powder None 6 Comp. Comp.  Ex.
#14 Ex. #15  *Processing Pressure: 8.38 X 10-1 Pa TABLE 2  Reducing
Agent Processing Pressure (Pa) 133 X 10"1 133 X 10_2 133 x 10-3 133 X
10-' 133 X 10-'  Lithium Ex. #21 Ex. 422 Ex. #23 Ex. #24 Ex. #25  Chloride
Powder None Comp. Ex. Comp. Ex. Comp. Ex.  #21 #22 #23  *Processing
Temp.: 550 C, Processing Time: 18 hours [0060) Regarding the
respective wafers which were charge restrained,  the bulk resistivity, and
the transmissivity were measured. The  bulk resistivity was measured
using "DSM-8103" made by TOA DKK Co.,  Ltd. The transmissivity was
measured using an ultraviolet-visible  light spectrophotometer ("V570"
made by NIHON BUNKOU Co., Ltd.).  Moreover, the wafers were placed
on a plate which was set up at 80  18 5 C, and the subsequent changes of
surface voltage with time were  measured. And, the times (charge
neutralizing times) required for  surface voltage to be 0 kv were measured.
In Table 3 and Table 4,  there are set forth the measurement results on
the wafers, which  were subjected to the respective charge restraining
treatments  according to examples and comparative examples, and on
unprocessed  wafers. Note that the surface voltages in Tables 3 and 4 are
values  immediately after the wafers were placed on the 805 C plate.
Moreover, in Fig. 4, there are illustrated relationships between  the
processing temperature and the bulk resistivity as well as the  



charge neutralizing time (18-hour processing time; Example Nos. 11
through 15) . In Fig. 5, there are illustrated relationships between  the
processing temperature and the bulk resistivity as well as the  charge
neutralizing time (6-hour processing time; Example Nos. 16  and 17). In
Fig. 6, there are illustrated relationships between  the processing pressure
and the bulk resistivity as well as the charge  neutralizing time (Example
Nos. 21 through 25). 19 0  W .i  w X O M O M O ,-f p  U ~ N N d^  Y O a X
O N M d O N N  U xk N N v'  Gk O a X v  O rl M o~ 8  U ~ M ~r 0 0  X o m
X ~4 m ,-~  a Ul M M  x a m W M O b U N m 
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x a  -i N U  7 ~ N m -) u  4~ 4J ~4 4J a) O Z El  rya ' Z 21 (0061] As set
forth in Table 3, when comparing the wafers according  to the examples
with the wafers according to the comparative examples,  wafers which
were processed at the same temperature, the bulk  



resistivity and surface voltage were lowered and the charge  neutralizing
time was shortened in all of the wafers according to  the examples.
Moreover, it was confirmed that the transmissivity  was also lowered.
Thus, it is understood that the wafers were reduced  efficiently by the
reducing agent so that the charging was restrained.  Moreover, as shown
in Fig. 4 and Fig. 5, the higher the processing  temperature was, the more
the bulk resistivity of wafers was lowered  and the more the charge
neutralizing time was shorted. Similarly,  the transmissivity and surface
voltage were lowered as well. In  addition, when comparing the processing
times alone, the charge  restraining effect was enhanced more for those
which were processed  for 18 hours. Thus, in accordance with the charge
restraining  treatment of the present invention, it was confirmed possible
to  effectively inhibit the charging of wafers. Additionally, by  adjusting the
processing temperature or processing time, it was  confirmed possible to
control the reduction degree. Moreover, in  a range of from 250 C to 600
C, it was understood that the higher  the processing temperature is the
larger the reduction degree is  so that the charge restraining effect is
produced greatly. [0062] As set forth in Table 4, when comparing the
wafers according  to the examples with the wafers according to the
comparative examples,  wafers which were processed at the same
pressure, the bulk resistivity  and surface voltage were lowered and the
charge neutralizing time  was shortened in all of the wafers according to
the examples. Moreover,  it was confirmed that the transmissivity was also
lowered. Thus,  22 as mentioned above, it is understood that the wafers
were reduced  efficiently by the reducing agent so that the charging was
restrained.  Moreover, as shown in Fig. 6, the bulk resistivity of wafers
were  lowered and particularly the reduction of charge neutralizing time  



was remarkable when the processing pressure was lowered from 133  X
10-1 to 133 X 10-2 Pa. The transmissivity and surface voltage were  also
lowered similarly. Note that, at 133 X 10-7 Pa, the bulk  resistivity and the
like rose slightly. Thus, in the charge  restraining treatment of the present
invention, it is possible to  control the reduction degree by adjusting the
processing pressure.  In the present embodiment, it is possible to say that
a processing  pressure of from 133 X 10-2 to 133 X 10-6 Pa is suitable.
[0063] (2) Charge Restraining Treatment by Second Embodiment  (0064]
By using the charge restraining apparatus according to the
aforementioned second embodiment, charge restraining treatments  were
carried out under the conditions set forth in Table 5 below.  That is, charge
restraining treatments, which were carried out at  a processing
temperature of 550 C under a processing pressure of  10.5 X 10-1 Pa but
whose processing times were varied, were labeled  Example Nos. 31
through 34. TABLE 5  Reducing Agent Processing Time (min.) 30 45 60
120  Lithium Ex. #31 Ex. #32 Ex. #33 Ex. #34  Carbonate Solution
*Processing Temp.: 550 C, Processing Pressure: 10.5 X 10-1 Pa [0065]
Regarding the respective wafers which were charge restrained,  the bulk
resistivity, the transmissivity, the changes of surface  23 voltage with time,
and the charge neutralizing time were measured  in the same manner as
above (1) . In Table 6, there are set forth  the measurement results on the
wafers, which were subjected to the  respective charge restraining
treatments according to Example Nos.  



31 through 34. Moreover, in Fig. 7, there are illustrated  relationships
between the processing time and the bulk resistivity  as well as the charge
neutralizing time. TABLE 6 Ex. #31 Ex. #32 Ex. #33 Ex. #34  Bulk 1.8 X
1011 4.5 X 1010 1.3 X 1010 8.2 X 109  Resistivity (0cm)  Surface 0.06
0.04 00.02 < 0.01  Voltage (kV) Charge 2.1 0.7 00.1 00.1  Neutralizing
Time (sec.) [0066] As represented in Table 6 and Fig. 7, the longer the
processing  time was, the more the bulk resistivity and surface voltage of
wafers  were lowered and the more the charge neutralizing time was
shorted.  Moreover, it was confirmed that the transmissivity was also
lowered.  Thus, in the charge restraining treatment of the present
invention,  it is possible to control the reduction degree by adjusting the
processing time. In the present embodiment, when the processing  time is
adapted to be 60 minutes or more, it is understood that the  charge
restraining effect is produced greatly. 24 CLAIMS  1.. A method for charge
restraining a piezoelectric oxide single  crystal, being characterized in that
it comprises: accommodating a wafer, made from a lithium tantalate single
crystal or a lithium niobate single crystal, and a reducing agent,  including
an alkali metal compound, in a processing apparatus; and reducing the
wafer by holding the inside of the processing  



apparatus at a temperature of from 200 C to 1000 C under
decompression. 2. The method for charge restraining a piezoelectric oxide
single  crystal set forth in claim 1, wherein the wafer is made from a
lithium  tantalate single crystal; and the reduction of the wafer is,carried
out at a temperature of from 200 C to 600 C. 3. The method for charge
restraining a piezoelectric oxide single  crystal set forth in claim 1, wherein
the reduction of the wafer  is carried out under decompression of from 133
X 10-1 to 133 X 10-7  Pa. 4. The method for charge restraining a
piezoelectric oxide single  crystal set forth in claim 1, wherein the alkali
metal compound is  a lithium compound. 5. The method for charge
restraining a piezoelectric oxide single  crystal set forth in claim 1, wherein
the reducing agent comprises  the alkali metal compound; and the
reduction of the wafer is carried  25 out by disposing the reducing agent
and the wafer separately, or  by burying the wafer in the reducing agent.
6. The method for charge restraining a piezoelectric oxide single  crystal
set forth in claim 1, wherein the reducing agent is an alkali  metal
compound solution in which the alkali metal compound is  dissolved or
dispersed in a solvent; and the reduction of the wafer is carried out by
disposing the  reducing agent and the wafer separately, or by immersing
the wafer  into the reducing agent, or by painting the reducing agent onto
a  surface of the wafer. 7. A charge restraining apparatus for a
piezoelectric oxide single  crystal, comprising: a processing tank for
accommodating a wafer, made froma lithium  



tantalate single crystal or a lithium niobate single crystal, and  a reducing
agent, including an alkali metal compound, therein; means for heating the
inside of the processing tank to a  temperature of from 200 C to 1000 C;
and means for decompressing the inside of the processing tank.  26
ABSTRACT  To provide a processing method which can restrain the
charging of lithium tantalate single crystal or lithium niobate single crystal
without impairing the piezoelectricity. Moreover, to provide a  processing
apparatus which can carry out the processing method simply  and easily.
It is characterized in that a wafer 50, made from a  lithium tantalate single
crystal or a lithium niobate single crystal,  and a reducing agent 60,
including an alkali metal compound, are  accommodated in a processing
tank 2, and the inside of the processing  tank 2 is held at a temperature of
from 200 [err]C to 1000 [err]C under  decompression, thereby reducing
the wafer 50.  


