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 th&fetgd BNOKGROUND ART [0002] A
lithium tant iT i rystal and a lithium niobate (LINbO3)
single crys';eatI%f%‘%zi\%El b%(egrg )Eggv%ﬁza%gpig%&%ari@\@xiﬁ@ SHyd eRystals, and
have been used in piezoelectric subsfrates, and the like, for elastic
surface acoustic wave filters (SAW filters). Moreover, both single crystals
have been als® Usé¢Bi.apaetopticabprodncisysushvas - aptical
modulators and wavelength converter devices, which are basic
component parts for large-capa8i fgh-$gésid> communication networks,
[ooeﬁ no Egearﬁog[tical cgstals. Both single crystals have such o
characteTiSics RAt thé B§roeteriedodmeidin a<hrgeanaaht resisiarcas thod
for IshighoAseardingly,slesticghawes, aLe snerster op thely suriacgs by a
slight temperature change. And, once generated electric ccharges
piezaedumulate thereonrsocthatihe ahargetk Sjate-GoRtRUAS WSS CALYING oy st 1 o
out de-charging from the outside. [0003] For example, an optical
wavembabidtsFf cadseilight @ dagiemit it adight guideop the insidecofsingler .

crystal directly. When modulating Iightz it is controlled by applying an
electric field to single crystak ~even when the electric field
[oo62rned off,if an e&gﬁtg% igl,(gere@ai@gé)n the surface of singlle 1 crystal,

light has been modulated by & remaining elSctie chafger St 1 and’a lithium
niobate {LiNbkO;) single crystal have been known as piezoelectric

as a

oxidesinglecrystals, andhavebeenused inpiezocelectric substrates,
andthe like, forelastic surface acousticwave filters {SAWfilters).
Moreover, both single crystals have been also used in appliedoptical
products, suchas optical modulatorsand wavelength converterdevices,
which are basic component parts for large-capacity high-speed
communication networks, as nonlinear optical crystals. Both single
crystalshave such characteristics that thepyroelectriccoefficient
is large and the resistance is high. Accordingly, electric charges
are generatedon their surfaces by a slight temperature change. And,
oncegeneratedelectricchargesaccumnulate thereon sothat 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. 1In this instance, even when the electric field

is turned off, if an electric field remains on the surface of single
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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
CLYsthe forrhalidit ot efedtrste i filkes entdthessuréacei oft pipzoBlREiG ¢ charge.
MoresL{Ybesltrrate(_ﬁand re-baking and post-baking in photolithography.

Recordingly, Whefi usiriy £hieR tahtal SN sirgleeysml éhelittianface by a

tempdeRate single crystal as a piezoelectric substrate, the, generation of static
pgectricity on pie%%electri%%?b%sct%?g %Ya S}é?srlﬁa{tﬁg fantfadistfghas changed.

(oopulessesiotelastiasurfase acoustic waye fliets. [QQOFLWIEDE, o o1acri
piezoelectric substrate is charged, a static electricity discharge occurs
SurigiRiftelsiezeelecticSubstate, ahd becamestbecasse pfaracks fEcompany
he reakage. Further, there is a fear that electrodes formed on a
DIEsR ettt SUBSHAIBSRight Bo: SRoRIGidE b biatic efeefriifemperature,
Furthermote, fi netallic- powders, dust, dirt, and_the like, which
such Hg %Hg %]Hﬂgtnjgg’? é)f eoiNec foclJe ’ng g%ar%tiariﬁé)s‘ﬁﬁgcé%fgace of

1
generates In the manufacturlng Steps, are attrac

piezpiezecieeliic subsiratebystalig.electricity fo.short-circuisits glectrodes, .
and moreover there is a fear that the electrodes are turned into expose
photgtateshodiegbstroyelic {0006] Cohgidering suats eharging of piezegleetistalate
. Substrates, various countermeasures are taken in manufacturing elastic
S 1IN0 HAtY ShduSticivhi B Titersn Eabatantiediie possibrlte nameiezoelectric
[ ing, de-charging equipment, such as iqnizers for neutralizing the .
Sub%lg%%is%’ cﬁglrege%eg% ﬁgetsll?r ac%%snoéftpé? cel?ﬁtﬁe ShbSthesOrngiezoelectric
subs@%@@%%@ﬁ@@gqﬁ%ﬁg%@ﬂﬁ@%éﬂﬁ@%{%{yglge%osu@&gsfoélastic surface
[

microscopes for measuring dust, and the like. Moreover, in the
acoumanufacturngtstepsrs.

ng in

[0005] when a plezoelectric substrate is charged, a static
electricity discharge occcurs within the pilezoelectric 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, finemetallic
powders, dust, dirt, and the like, which generates in the
manufacturing steps, areattractedonto thesurfaceofapiezoelectric
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] cConsidering such charging of piezoelectric substrates,
various countermeasures are taken in manufacturing elastic surface
acousticwave filters. For example, it ispossible to name disposing
de-charging equipment, suchas ionizers forneutralizingtheelectric

charges on the surfaces of piezoelectric substrates, and disposing
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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
. .. lantalate single crystals and lithium niobate single crystals themselves
mc}‘%%rrh%c %rﬁiﬁg,lﬁ %éﬁen?ﬁﬁé’rﬁﬁré’ﬁlﬁ?1?%@%@%@:@5%3@@@@@@@3 for

whichy aywafer mage fr se single crystals js heat treated ina
measredli[l(;:][i;ng atmosphe?r:e.ngﬂo%%v"er, %gﬁgt%%?fﬁejrﬁuqﬁé%%éﬁ%‘%% j§fing steps

of elisslosedsarmethothinonkich@ meta! i%ﬂif%sﬁg,inffeeﬁﬁg‘%@’&flercgﬂ%td out
Literature No. 1: Japanese Unexamined Patent Publication (KOKAI) No.
to aqq.g gardustbareitdratineMondniapeanese UnexaminedPatentuct ive £ilm
£ ublication (KOKAI) No. 2004-35,396 DISCLOSURE OF THE
°T INERHBRIB0881 £or ERamplel the Eufie pant oMitiumaantatats face of a
' ' aLisahaut 603.C. Accordingly, when the lithium tantalate ‘
plezéggicg%?al%s expose%g to ﬁig St\é?nnpce(?atl?reég %??nc%r%rfﬁ%\ﬁ%dﬁléfﬁiﬁé’t‘ée thin
£ilmis,a iﬁramfﬂesiﬂgé@rma@@@@tﬂ%@atf‘%m% considerngdhey  riims .

piezoelectricity of lithium tantalate single crystal, it is not possible to carry

[00GUl hétntreating atimhigheemperatune b Oni the atherhand +evan-whe asingle
er made from a lithium tantalate single crystal is heat treated at a

;
crvs%imwmemmme FéMIOD T8 600 apURERAERs fotingharging,

: ly-tE face of. the wafer js reduced. That.is, by the heat ) ,
o P%%%?r%e%t%%%géeg u%?ngN k3 g\g{é sét’tg‘f%ﬁﬁ in 2bove PatétLiferiftte R, inigvhich

a wafie diflicyll tor inhibitchargingwithout impaitng the. piezoglectricity of reducing
lithium tantalate single crystal.

atmosphere. Moreover, inPatent LiteratureNo. 2, there isdisclosed

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 (KCKAI) No. 2004~35,396

DISCLCSURE OF THE INVENTION

{o008] ror example, the Cur_ie 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 pi@zoelectricity-of lithiumtantalate single crystal,
it is not possible to carr.y 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 enly the surface of

the wafer is reduced. That is, by the heat treatment in a reducing
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[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
as violent reactivity, it becomes impossible to adjust the reduction degree.
g % i preSéh iirehiieRds béér petfommetin viewidf suehii fficult to

i nhiElEGUMS es-and.it is an assignment to provide a processing method
T Which céar%q?cels% ;fﬁ% ec 6%rb‘i"‘ SEMIENT EihBitE Sdie ERjStAIt Br difhibiit hium

tantaibbate sipglelerystals iyaddition, it is an assignment to provide a
processing apparatus which can carry -out the processing method simply

[o0enl ebisilye (8611] Meansfor Soiing the Assigaments (00121 (1) Apetiod |y

4 fffor charge restraining a gezoeleptric oxide single crystal according to the
L LBfeddnt hventiBh is ER&FaCRSTIZSER fh thi ittcopiprisks: acgemaiodating anixing

of Wafer made fr%rf a}ngtgjcum (t_:%ntalate single crystal or-a lithium niobate

single crystal, and a reducing agent inCitGing 4% afkalPretdl cSifipobihat  the
piezika PEAGESSNG, ARRAFANS AR reqducing.the fersq)ﬁgglqg‘l% %h%(i%fg%posits
0

of the processing apparatus at a temperature of from 200

on thénderf @ecarmpressioni4a0d3]daribe present 8318ad f0£ £PaKYe e + reatment .
restraining, a wafer, made from a lithium tantalate single crystal or a

FUrt @R fobatb Shgiarcrpstands Reatetidd awd Heldrabd predeterminedity, it
temperature u 4 decompression, together with a reducing agent. An

r ]
be O S i ThSIar Scltiqrjﬁjﬂ%%u%%, REAStiINY theteddEihg Ay et SeRorates under

[ oo fo Predetermyned condition, and turps into a vapor with high reducing
power. Whgg being%e%lg)tlosf:?‘a%l%t:]()otﬁis}q\‘/aff.:lspé{?f"?“‘tef’ire3 water i PEdticEy view of such

clrcumstances, and it is an assignment to provide a processing method
which can restrain the charging of lithium tantalate single crystal
or lithiumnicbate 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, includingan alkalimetal compound, in a processing
apparatus; and reducing the wafer by holding the inside of the
processing app.azatus at a temperature of from 200 C to 1000 °C under
decompression.

[0013] 1In 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
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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
decoggre551

Creased by rédictonS AL dingly e teddcedamaler is IBss fkeigld. metal

compBlegiice glgctric chakges even when the temperature changes. Moreover,
even If electric chzatrgesE\(f(‘;enerall\é“r]?)(r?utlkfmzé1 r\}\%fe‘?‘gF’értﬁl%facéZa TSI Iheypder

predselfnedtralize guicklyi angl eonsequendyiibis PosIRISSP eMove e caucing
electric charges. Thus, in accordance with the present charge restraining

Powe feth&iahispobsiblecterstfeciively infiibis theapafer, madeveamsanild reduced
rystal or an LN single crystal, from charging. [0015] In the present

single
Sequ%ﬁgﬁg% traifiig nidtfiod Wit k&l mefdldeonBbukESiHiose réastivkvisng  the
reaufSlavelygantia e ysed asheredusing agent pccordingly. iLis gsy o
et

han e reducing adent, and the safety is high. Mbraover, By *1€ reducing

reacadequatehcadysingithestype:dd reducingagent, the Usageameunt e .o e

disposing form, the vacuum degree within a processing tank, thé

entimperatire anddhie precessing timesitds:pessible to.conzol the sent charge
reduction degree of the wafer. [0016] Since the wafer processed by the

rest hddahl eHMr 8 PEstrafifimy SREHbH T4 lesd Rl Te B ehanged tikearrbeessing
time h@%gleg é/vitgle%%see é\ngois fﬁg%ug}r%et ver, when manufacturing an elastic

surface’ 5 acoustic wave B Sante MardrAE & pleZddfectic
[oofubstrale, ithegames unnecessary W%CE%Q:O% exgharging eayioment,so., . .,

that the cost can be reduced remarkably. In addition, since a
Accomamugcturing proedss far de-tbarging becameskiymeces satyaswellectric

the productivity improves. Moreover, by making a piezoelectric substrate
charfgf tggen 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
restrainingn@thod,ji:ispossible1x>effective2yinhibitijmawafer,
made froman LT single crystal or an LN single crystal, from charging.
[0015] 1In 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.
[o016]) SinceTﬁuawaferprocessaﬁbytjuapresentchargerestraining

method is less likely to be charged, it can be handled with ease

and is safe. Moreover, when manufacturing an elastic surface
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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
n refractive index changes resulting from the generation of
acougﬁe%%ﬁéé’%%%e%eré }h%llé‘iﬁeagﬁéﬂai%aﬁ? eSaliRbiPsf Spplietcopteal rate,

it beplogdustsimprowes {0017],(2) @'§§E@é§&%ﬁgﬁe&ewami”%z@eg:ﬁgz%gﬁt the

when making a wafer from a lithium tantalate c%%‘fall?%e re

cost gfathdwafer var desinablykde tarried aut atia tewpgrature o from 200, Cr i n g
to 600 C. [0018] Asdescribedabove, when the lithium tantalate single

PLOCERARIA T8 BREOSTLO NI RIRSSr aiRes 6B alfove B0, therbdpa dearcof vity
impr J)Q%gg itsl\poi%zooexlreecrtricli@g Th%refore, when a wafer made from a lithium
fantalate single crystalg reateed it cBh esFafy bl freai&tP atrdiqrivalgm the

same IouEIADeaISOIBONG, ot lessIpthepresant chatge festrainin

method,because of empioying an alkali metal “compound with higly - SCouUstic

wave reducibilitywivhole wafereandededscess sufficieqtly.eyer ata; - electricity
temperature of 600 C or less. Thus, by carrying out a reduction treatment

Less gtifalathial? v aenisratares, it isepossisle toTestrdini theceharging: afmp Loy ing
he S[-i%‘ium t,rantalate singl,e crystal or lithium niobate single crystal without
impairing thé -6 piezdelectitity 2bBIaYas rtthe ‘ﬁ?gé%ﬁt%h%%gé‘i modulators

and JE%@@H@t’HeMvm&g%&gggc%%g];t\%%{i%%%%gggra%% be Carii‘g?srilﬁqg from

out under decompression of from 1 10 a % r
residhe tegreeof vactiumdaa, Wﬁ@%@.@é@@ﬁciki%p@%%i@'@xt%lt}érggaégagg%lﬁl ting

metal compound into a vapor with high reducing power even at relatively
fromfghe 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.

[o018] ~As describedabove, whenthe lithiumtantalate singlecrystal
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
treatedat relativelylowtemperaturesof 600°C orless. In thepresent
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 torestrain thechargingof lithiumtantalate single crystal

or lithium niobate single crystal without impairing the
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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
piezggﬁ%@%pﬂ@ly@ (niobium) ratio so that there is a fear of changing the
piezoelectricity. [0021] Therefore, an alkali metal compound used as the

[ooxsdlucing agesheap desirably.e fyadedotoiblim comnaund. Thus. 1L
S

possible to react the oxygen in the'single crysta R itRiLM "a ohrﬁsre uetion

of thapphée fornthededicinglagemnt. Accordinglysife lithiun aoRSN0Esion of
p single crystals are less likely to be emitted. Consequently, the lithium:
TOm rraldin (HobitiM) ¥ato doePnotRhandty soahatthe pibrodlegtrivitydoes cuum

- etd : over, since_lithium is a gonstituent element of the
e gingle%%rr%g?a%s, tqgﬁré 5Lr1té o Oosfﬁég%%oucft BYbMRiGN Feésuttifg FomaRePound

into mixingapbthe piher elements<l0022} () M the-present charge £ ScatEgypf@gy low
method, it is possible to employ an embodiment in which the reducing
tempgyehteemprising an alkali metal compound is used; and the reduction of
the wafer is carried out by disposing the reducing agent and the wafer
[002Q) 5/ GiaIT 17 Gr%EBmiRc e Wafardn theTedtehpagent.h thegteseny st a1

nigMmlodiment.it is possible to use powders, pellets and the like of alkali
S hetal Compdun gogsg%hnegre%ﬁ?neg géégrgt. es it R podsigi rfhiteet v, in the

redupowsiers-pelieie and thedikeof alkali metal %%W%%eaﬁnm€¥ e I8 srate

present embodiment can be carried out with ease. Moreover, when
beingupying ¢k wifér ih thé ieducinthagent the reducing wgent COREEISWItBx i de .
the surfaces of the wafer with a high concentration.
As a result, the lithium concentration in the single crystals
decreases to change the lithium:tantalum (nilobium) ratio so that
there is a fear of changing the plezoelectricity.

[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 1in the single crystals are less likely to be emitted.
Consequently, the lithium:tantalum (niobium) ratio does nct 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) Inthe present charge restraining method, it is possible
to employ an embodiment in which the reducing agent comprising an

alkall metal compound is used; and the reduction of the wafer is

carried out by disposing the reducing agent and the wafer separately,
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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
[ ing the reducing_agent and the wafer separately, or by immersing '
or b hzgv%g e%fﬁto & rewcfg%lar% adent St ByESRRHNG tHed fducing Bgéitoneg esent
embodistiface thﬂ'lies.‘"’@éfgs [A024) {n th% @rﬁé%'éieef@t?ogl'_é’ﬁ“ét%“ arllig“cg]etill' ke of
compound solution is used as the reducing agent.”For examSle, an afkalt
a1ka hietz coinpomyeb sotitians intvehichan-atkglizgetat compownd isidissoheds i 1,1 o
or dispersed in an organic solvent, generates an organic gas when being
Lo UiRRed ABYHilime bp At f drealkak tnetal edmpoantidrite thiscarganicds as
theyg%%eit ist%ossible to enhancggtrae reactivity between the alkali metal and
: HERHUEEE ebénIf 2 Miotetver ilvhed th ease.

the wafer. xlahgslf?ﬁég 1'elércltireemw

More@ﬁ@E¥$ﬂQﬁh%ﬂ%¥@ﬁﬂﬂ@ﬁﬁ9ﬁ§¥@%§8wyﬁg’Qé&ﬁ@Tnaqmﬂgggb%%%p%%gucing

solution onto a surface of the wafer, the reducing agent contacts with
agensudace: of the wdferhwitine ighcconcenteatiate Acaardingly ghis POssiIe-a t ion .
to furthermore facilitate the reduction of the wafer. 8 [0025] (7) A charge
ACCOFELPSIhing Apphfailisfrd ploiceiBetiid exide rsinfiedrystah hecordinge@uct ion
the Br?ent invention comprises: a processing tank for accommodating a
of the Wafer -y . L .
wafer, made from a lithium tantalate single crystal or a lithium niobate

[ooE¥0lesrysiak @@Qra [pdue i{ﬁpﬂ%"ﬁ e’nigf%iﬁgﬁ hg an.alkali.m %glo%gar{‘zﬁgusnodx ution,

therein; means for heating the ins e processing tan
in witdmpetatore bk#Iomi200:0 ted0P0Eicand meansdordeconprassingthes in a

inside of the processing tank.
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] Inthepresent embodiment, analkalimetal compound solution
is used as the reducing agent. For example, an alkali metal compound
solution, inwhich analkalimetal compoundis 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 solutiocn, or when
painting the same scolution onto a surface of the wafer, the reducing
agent contactswiththe surfaceofthewaferwithahighconcentration.
Accordingly, it is possible to furthermore facilitate the reduction

of the wafer.



[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

sen rge restraining method easily and simply. Moreover, since an
[oo alkali ﬁ?eﬁ?&%l%ﬁ%ﬁﬁ‘%ﬁ\ﬁﬁS@éP@d&i@ﬁ@ﬁé@ﬁM@l?@éml@i%Z{%eld@amhiec oxide

singledusingsagantatheJirasent charge restraining apparatus is ofhigh .~

safety. Note that preferre%lg}tembodimen s%zét etprgggr?tnc Ja?éle Fg%ﬂ%ﬁﬁnﬁs' a

procapparajus areccahpliantwitiribese: iof dhe ahavesdescrbed PESERt o 14 thium
charge restraining method. [0027] Inthepresent charge restraining

tant jidh6d Stedvate FBeEaded runder pretietermiinea conditiopdcusing she 1, and

ar Jcing agent. Since the entire wafer can be reduced sufficiently, it is
T BT e IR 1 Aot o S GRGFRIGREV &R - means

for Rdequately adiusiing doe sedueing,agent.Ibe processing condlions, an

the like, it is possible to control the reduction degree of the wa %P%ﬁﬁ‘ pre of

fromThepresent chaoge Testraininarappal atus CBRHseS thes processing:tank 4o o
for accommodating the wafer and reducing agent therein, 9 the heating

the BiRffesahidné ¥etempressing means. In accordance with the present

rge restraining apparatus, it is possible to carry out the
(00 it Bk e SR G A MBSy Eihel siiplyrafer and

recuBRIER RESCRIRFION QETHE DRAWINGS, &99391:5!}%-5' 152 %%hae&%%cgmeans .

diagram of a charge restraining apparatus, a first embodiment accordi
Moretorthe, presentrinventian: [0030bkige 3ds anpodehaiagsanior Mlystating vy the

how wafers are disposed in a processing tank (first embodiment).

decompressing means. Thus, in accordance with the present charge
restraining apparatus, it ispossible 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] Inthepresentchargerestrainingmethod, 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 liike, it is possible to control the reduction degree of the

wafer,

[oo28] The present charge restraining apparatus comprises the

processingtank for accommodatingthewafer and reducingagent therein,
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[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
n b istivity (Example Nos. 16 and 17). [0034] Fig. 6

G Loy G TEAWEGH BB s FESSFe e vith

the bulksesistivity tExampia-Nas -2k through 22), [0035] Fig. é&%é%‘iph{%r carr

illustrating a relationship between processing time and bu reS|st|vi?y Y
out fERamislEanss: Bicthesligh 84:nf0036]Deseriptionofthe Sige dha.Lhage y ang
estraining apparatus 2: a processing tank 3: a heater (means for heating)

S+P2Y4 vacuum pump (means for decompressing) 10 50: wafers 51: a wafer

cassette case 6Q; alithi lori wder (a reducing agent) 61: a petri
o S iR Bl MILENDLAS B0 0 SEHS BEST MODE
[00FEIR CARRVING QUITHE INVENTION [O037L Hereinafter, embodiments.
_of a charge restraining apparatus according to the present invention Wil 1Sy
a Tipeesuiised rrastall cMordover, whiledespribingremhediments-ef the
resent charge restraining apparatus, charge restraining methods
[00;5;%‘1 '

Leording tothes preBtitSnverimmnai Bo deddrbett sintulmpeboslyw e s are
dispggéqu@Og”E%%%essing 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
processingtemperatureenuibulkresistivity(Examplehkna 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



[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 processinfg tank is illustrated with a model. As illustrated in
>Crig. 12 5edifarge’ réstfairing Sppirats Fidmprises a processing tank 2, a
&(heatet 3¢ rameh arvacuumepumpid. {0039} ddeprocessing tartk 2 is madeiofdish

uart ppasi s qf S k2is

G%O%ngc%%? %lﬁ%%ﬁéﬂgﬁ%o%%%gifgg & tpgcmgggg gg%%\}acuation

within the processingtahk 225 carfied os e BHroddssifgitank 2,

[opafers BOrand ar tithiuneeblotidespewder6@ are.acgommedatad i0948bparatus
The wafers 50 are supported by a wafer cassett e5l m f. :
e sl et L7 g6 Loy pgeeit.
MofighiEter of theé Wafets SOrisU HEhESRISBME 10316 efn), Hiftl the fifiekiessharge
rds O:2 A J hespafars:50 argadisposeskinaa guagtineehblpieees sling to the

Interyals.of, about.s mm,. (00411 The lithium.dhlorde, powder 60 is
P oﬁspose&, md%bendently"“o the wafers 5 , withini a’petri dish '61 made of

quartz glass. The 11 lithiurh’chl&fidé poWEer 6098 the reducing agent in
[dbsegpresants inveation.-the armeunt of fithiun chleriderpeweler 60:t0 e paratus,
c.accommodated je 1009, 10042} The heater 3 s disposed o s tg coyer

around the processing” tank 5 The'heater 3Yis iiclude fé heating
oiméans chastitutings the présentchiaryetiestraming Bpparatiest {0048 Fhger, in
F@CUUM pump,4 igconnected withdhgprocessing tapk 2, by-wayieftherank  is
. piping. The vacuum pump 4 (;vacuates o) sesfwithindthe processinlg tank fap
LS TABIGHiZE the irfside 8F the pr@@essingu%hﬁate it Fig. 1hoa charge

restraining apparatus 1 comprises a processing tank 2, a heater 3,

d .
n ocutline
In

and a vacuum pump 4.

[060398] The processing tank 2 1s made of gquartz glass. One of the
oppoesite ends of the processing tank 2 1s connscted 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 cguarts. The wafers 50 are composed of 42° Y-Xcut LT
single crystal. The diameter of the wafers 50 1s 4 inches (about
10.16 cm), and the thickness is 0.5 nmm. The wafers 50 are

disposed in a quantity of 50 pleces at intervals of about 5 mm.
[0041] The lithium chloride powder €0 is disposed, independently

of the wafers 50, within a petri dish 61 made of quartz glass.

The
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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

11 thYaey f 1,33.Pa approximately. Next, by the heater 3, the
: procggglisggtg?%g%lgs% ﬁggtjédﬁg réLige & tBMpBratlfe RdRMtthén the present

inveprotessing tank 2 t9:590,€ for3 hours, Mvhen.the temperature within.the
processing tank 2 reaches 550 C, itis held in the state forplo8"\iIi"jllc%:ﬁ:rs.n661 to be

accoTHereaiet the heaferd is turned off to naturally cool the inside of the
rqcessing tank 2. [0045] In accordance with the present embodiment, the
oo witidE Sfntdgasi et icinPbeiw earsbecobtaimeda Thatis, ihéherocessing

ese adi , the lithium chloride nowder 60 was used as the (
tank%duc%tsg%%ﬁ?%giﬁd%né@%ﬁlsc%ggéigle eri?’cﬂﬁ@%@ﬁ@ﬁ?n?ﬁéli@tUtmq

the spinglecerystahwithdhe dithivmiatoms with.are-sypplied from the reducing
agent. Consequently, the lithium atoms in the LT single crystal are less

[004Rdly 6 ise velensed ptherefotie; the lithiss dantahimyrtiogn de LT single. . »
crystal does not change so 12 that the piezoelectricity does not decrease.
by W?\A%Pe%\}‘é??s%elmﬁmm%% FERSHHTERLEBMAoRBACORtheL Taimglewi thin the

rystal,.th s no, fear of contamination resulfing from the mixing other
proc%%%?‘rﬁts. T kaditsn. %’haeclﬁH?&}rﬁ%h%t}r‘iﬁeJﬁB%%g 60'is SiRyREHaFARIEy tank

2. thatit ispossibletengarty oytthe charge restiaining tregtme )?%fggigg means

(0046] In the present embodiment, the lithium chloride powder 60 wa
conshédd inlay ahfoun ot $60 9. Alcearging tosa peeparalgry: pxperimant, the
amount of lithium chloride powder consumed under the aforementioned
m%’rﬂce@éﬁﬁé COMifeTSEE0C had 18 hourspis@dotkstraining treatment by

the charge restraining apparatus of the present embodiment will bhe
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 2 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 te naturally cool the inside of the processing tank 2.

[0045] 1In 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 ratioc in the LT single crystal does not change so

12



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

hat VagUU f 1.33 Pa approximately, the lithium chloride .
Fhat powder;bg(f%qﬁﬁl%%%i%tj‘océ"%v%p(sjrov%% Kigh re%ﬁ%i‘ﬁ%afﬁwer.%%‘éﬂﬁﬁ@y, igince

Lithispossible i sary oyt adedugtion teatment at 550 C;sQ thatitis
possible to carry out the reduct%on of the entire WaferslS% vr\%?hCOLXStal’ there

is nojkpaiing therpiezoeiedtiicityr €2 Second Embodiment (0048LTRe r elements .
ifference between a second embodiment and the first embodiment is

In a ﬁéttiﬁgqypgéﬁth]eir%]aﬁEfﬁgcé“dé?ﬁjaﬁ% theditposhiy ¥6rmavre witenedidle so

ince th rangements are identical with those of the first
that grgbg(%irr%g%%\@fdeﬁfné%enccge%r%iIlobuegdgtgc':arik?\gﬁaa hereih® fogad} i k. 3 eatment

safe hpw wafers and a reducing agent are disposed in the present
embodiment is illustrated with a model. In Fig. 3, 13 component parts

[004gtkrespondingrivahese: inhig Riarerdesignated with dhe same-referentgier 6o
numerals. As illustrated in Fig. 3, the both opposite surfaces of wafers 50

WaS USRE AR AR ftRumCCafbonAfeC 8BS 62 i IVt 160 grlittiemer iment ,

the Cathonate powdey js dissolved into pgl.yvinyl alcohol. The lithium
® carbonate scg?%ltiojr:m%ﬁ S the ret u%llfn%gggeﬁ%i)r‘f & préset iHlefto fhg  the

afor&eating ghthe 8520 ﬁgﬁﬁilegi%‘géjy %‘6‘9@"&%‘% %"%@5%59 Igtso about

the lithium carbonate solution 62, painting the lithium carbonate solution

40 g 62 srtecthd isgriacesiof waferp 56 sand: thereafterdrying themiat reeBtible to
temperature and 200 C. Within a processing tank 2, only a wafer cassette

cont Pae st \vARK hofds Hhe WwaEHCS0- tHerefn iFdisposedt Antl, Bickargeossible

touniformly reduce the entire wafers 50. Asaresult, it ispossible
to effectively restrain the charging of wafers 50.

{0047] 1Inthe present empodiment, since the inside of the processing
tank 2 i.s turned into a vacuum atmosphere of 1.33 Pa approximately,
the lithiumchloridepowder 60 isturned intoavaporwithhighreducing
power. Accordingly, itispcessibletocarry 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] 1n Fig. 3, how wafers and a reducing agent are disposed in

the present embodiment is illustrated with a model. In Fig. 3,
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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

duci nt, ghe Iith'l{rglc rbonate saqlution 62 generates organic
o on Doy et By g LI thE JKbar 8 e o e b

the sheerganicgases theseduction ohwaters 50 isfacijtated.Additignally, . .
since the lithium carbonate solution 62 is disposed to contact with the
opPosHHaces of afers50y e redGction of waders S amnhfurthermaren carbonate

facilitated. (3) Other Embodiments 10051] So far, a few embodiments of
SOl e R fge-restaiiy APPafaths CAdcsRdiRG 16 he bregent thraentiondaveo L ved

» ribed. However, embadiments of the present charge restraining
nto gg%iﬁ%%?e%%ﬁ%ié’d tc}eﬁ?e%%ore%n%rﬁtféﬁg RhHouifiRhts: Wit cah be the

redu@&ﬁ@ﬁa@&%iléﬁ1Nﬁ@Q@§é@€H§SM?%%H%Q&%¥6”9H%QQ@QQ?E&QQEthe wafers

modifications based on the knowledge of one of ordinary skill'in the art.
50 wafoos 2k Eerexanipie] inmnthesaforerhentiofied e Mbadimentss the:ehatge a rbonate
restraining treatments are carried out onto the wafers made from an LT

solulifile RystRE HdWEVEr, \Watekd FiddEremAPoR single kajstan cah beto the

e 0 r, waf; made_from the respective single crystals
e R e R ravure

and .ﬁ@g@cry%al@{iwéig@s&&%@h\git@a@@%{?héHEE} Qsﬁﬁofeﬁdéjae%gé‘@e case

be processed. In this instance, as for the additive metal, it is possible to
51, whamé ifon} doppés marfgaresd) madylkdenum scalialbaiekel, zined, a charge
carbon, magnesium, titanium, tungsten, indium, tin, rare-earth elements,
rest%maqﬁngéy%ﬁﬁgggghis carried out in the same manner as the first

embodiment.

{0050] 1In accordance with the present embodiment, the following
advantages set forth below can be obtained, in additicon 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
5¢ is facilitated. Additionally, since the lithium c¢arbonate
solution 62 is disposed to contact with the surfaces of wafers 50,
the reduction of wafers 50 are furthermore facilitated.

(3} Other Embodiments

[0051] sofar, a fewembodiments of the charge restrainingapparatus
according to the present invention have been described. However,
embodiments of the present charge restrainihg apparatus are not

limited to the aforementioned embodiments, but can be carried out
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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,

in vatisRessvleto ey egfg%qigglyfm it the,charging of wafers. Note that
the shapes, polishe§d states and so f%"rlt%% 0Si g%v%?gr?ﬁﬁelﬁ&ﬂﬁﬁi{éﬁ%based

on  tparticutar L Edpiastancenit issadisahle 49 4158 @s1aut £rystal blogks which

[ are cut out of a single (;rystal to a predetermined thickness, moreover, it
0072 posSibffectisarse suchierystal blbeksmeostoseracas ate: MFAHOIShedn 1 v g

[0063] The types of alkali metal compound constituting the reducing
reStagérrﬁlgr% r?c%t%ﬁfrsﬁ e%r}g%hgﬁ?or%ﬂé?ﬁ%e%‘ﬁnﬁﬁﬁé%ﬁ@ Forfexamplede from

an Linstheggase of lithium campaund, it is possible to use lithium hydroxide,

and the like, in addition to the lithjum chioride and Tittium carbondie fscrystal
can hpeurinthe aforementioned:gmbodimenis Moreevgr it is @'@Qﬁ%@@it&pe single
use alkali. metal compounds other than the lithium compounds,
CrySsEadiicaly> SdFnh toRfb G Suehassddium darbonate and Sedidi s nade
%?ssium corgﬁéjunds such as potassium carbonate,
r

hydraxide,
tron A it APt oSS tin EARSHHE. 7 BBRSabIe wseach, such

potassium

as iebiheseflkali metal compgupds, independently, ar it is advi_fable to use
e

two or more of them combinedly. [00541 In the first embodimait: tas toF the
additeducing:agént and the wafetsi wre dispaseflseparately however, the, .o nece,
charge restraining treatment can be carried out while burying the wafers
mo 1 yhpiffe¥educingabent. 'N6fedler, itisadvisableco useacgassinetuding amn i um ,
ag<ali m.etgljocom[%o,und as the reducing agent. In this instance, it is

FUR I i anIE oKy but the 'chafse Festrafig reatrreAtEIE iffodutingepver,

the addition amount can be from 0.01% by weight or more to 1.00%

by welght 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 predetérmined
thickness, moreover, it is possible to use such crystal blocks whose

surfaces are mirror polished.

[0053] The types of alkalimetal compound constituting the reducing
agent aie not limitedtothe aforementioned embodiments. Forexample,
inthecaseof lithiumcompound, itispossibletouse lithium hydroxide,

andthe like, inadditiontothelithiumchloride and lithiumcarbonate
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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

dthe reducing, ageat li econd embodiment, it is desirable to use a
E liquid, which does%gt@gﬁrlgga?%%a%%énﬁ?r?\?dcugfﬂ%?r%‘éﬁﬁheﬁets,J% feisable

to uselvedtkaHdr examyile dpmgsislitionstodhe aforementioned polyyinyl alcohol

) - -1 : : cogpéunds,
organic solvents, such as glycerin which is readily available, are suitabte:

SPEChoreavery witsH iisingamaliali destal compeunddsoltien asthe 1edueiNg o i um

hyvardgent it is advisable to make the concentration of alkali metal compound
YOras Jﬁlgérf aspossibie; i viERPEIHIREm P Phonsting e Fedliletioncafrbonat e,

wafers. ition.when using an alkali metal compound solution, it is
pOtaadvglib}}g St%ggcl:zcgﬁh())grﬁmodat%gtlrgégi‘,sza\jrhnuem fé] js%lﬁﬁgﬁ in a-ContaifeVangple to use

eachdisposestindeparidenty @fd@aﬁsb%&ﬂsiﬁﬁ@@lgyéﬁ?@é%@l@%eﬁe&{%f%%visable

into the same solution. [0056] In the aforementioned embodiments,
to uggatiientivérer eamitdidutin acmicuurratmosphere of 1.33 Pa
[ ) ., the processing pressure is not limited in
[o 0%%rp:)trommately However p ap

ichiar- Fhelprot bsEMGO St Frerburdd b wethah1o3a &, thatis, tnderaters

Jigl @Ig%cgﬂper j jtable. [0057] Moreover, the_processin
e timﬁsﬁﬁgd in partibufligrﬁvj gl:%gfl%én{egé eagrL e Approprately Whagtment

can.makmgﬁheqmoeesﬂmgi&%ﬂ@@?ﬁﬂﬁgaﬂgéhﬁﬁf@rE“Qﬁ0@§EK¥%@%E§%@ agent.
thus adjusting the type of reducing agent, the using amount, the

Moregisppsing-fokm, afig vachdm degresavithig prodessingitank, e alkali metal
temperature and the processing time, it is possible to control the
comprlitittth Hegrée o Gidtsrs2gent . 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 iank and
evacuating it therefrom continuously.

fooss] Whenanalkalimetalcompoundsolutionisusedasthereducing
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 aforementiocned 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 usingar alkali

metal compound solution, it is advisable to accommodate the same
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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
solucdmied oWl ingompliance.wi f.the.charge restraining treatment
according to the first%érfb(?glign]emm% %\%%Ot ]f(l)ertﬁ%? %%%fé(%rﬁﬁ%ycﬁ rg@ters, or
it *Festriiring teatrhentspwhicheweterearsied:oub at 8 Progessing, pressiye of
8.38 X 10-1 Pa for 18-hour processing time but whose processing
[00{’ pefaturditvereasiien ivbre fabetatbExampletNos. tHe thredghdbnt s were
., the. charge restraining treatments, which were carried out at
carr%%&ggglniﬁg%ggs%}lngmpar%s@u? }%rr &-Rour 'ﬁéc%%ﬁﬁﬁ Himeut hiose However,
the Hiecessing dameeialies welsaliRd cuerelabelad AT Bxamnig Nos. 46
and 17. Asset forth in Table 2, the charge restraining treatren S, Which
at prerssaried buvara procesding lemperatine of 550 Gf8-hoWher vacuum
rocessing time but whose processing pressures were varied, were
atmo%&?&?ﬁxaﬁﬁléﬁb@?ﬂﬁwrough 25. Note that, for comparison, charge
trajning treatments, which were carried out without using the reducing
[0o593rafung §

agent, wers labeled Corfparaive-BLanite Ni)_&ofi {irouERA S AmE2 ticular,
but Huaugh 23-depending opihe & i¥§$xwﬁﬂ$@5tgg§%50igggégﬂgmsing

Agent Processing Processing Temp. (C) Time (hour) _
Lemp@0etuithiunatd B 1lifoe #12Ex. #3345 #d426 #35, Chigride Rowder st i ng

None 18 Comp. Comp. Comp. Ex. #11 Ex. #12 Ex. #13
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

[oos8] (1) Charge Restraining Treatment by First Embodiment

[0059] By using the charge restraining apparatus according to the

aforementioned first embodiment, wvarious charge restraining
treatments were carried out under the conditions set forth in Table
1l 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
chargerestrainingtr@atments,whichwerecarriedoutateaprocessing
pressure of 8.38 X 107 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
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Lithium 6 Ex. #16 Ex. #17 Chloride Powder None 6 Comp. Comp. EXx.

#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
Examp €8s DO cessi ime:18 hours [0060) Regarding the o

gegggtﬁegvﬁgiqwﬁich%v%éﬁ:ﬁﬁé g}és?ré%%eﬁ% %egt%ﬁ I?F%%?sqﬁ/iﬁ? Hnp Lning

treathestransmigsivity weremeasurech The: bulk resistivitywas, measyred ., .
using "DSM-8103" made by TOA DKK Co., Lt(?J The transm8i1$sivity Wa%s ure of

250 Oﬁﬁeﬁwrebﬁuéingarpmitravimiﬁm@siblen&gbmpeﬂtm@qmm@@és{'i\{@@'ressures
were n\w%dreiby NIHON BU%KOU Co., Ltd.). Moreover, the wafers were placed
oh°H plate WG whoSet B &r8°RB%S Boandihe SibREgleRchatigésot hat ,

for SYHase yoliage withtime were measyred. And, the times (charge

neutralizing times) required for surface voltage 1o B O kv Wwere meAsuradr ried

out wintTabie 3aintykable-4qtharepse setford theimgaswemant FSSUS e v amp 16
the wafers, which were subjected to the respective charge restraining

Nos. ybhtieafd gecordingdo ekaniplesiahd Tompirativel éxamples; landrespective

g uggrocessed wafers. Note that the surface voltages in Tables 3 and 4 are
“OnSYy u%gsimmediately after the wafers were placed on the 805 C plate.
Moreover, in Fig. 4, there are iIIusltgﬁtfg rlelationships between the
pracessing temperature and the tivity as well as the
Reducing Agenf PFocessing Processing Temp. (%j)
Time (hour) {250 350 450 550 600
Lithium 18 Ex. #11 | Ex. #12 | Bx. #13 |Ex. #14 |[Ex. #15
Chloride Powder
None 18 Comp. Comp. Comp.
Ex. #11 | Ex. #12 | Ex. %13
Lithium 3 Ex. #16 {Ex. #17
Chloride Powder
None 6 Comp. Comp.
Ex. #14 |Ex. #15

*Processing Pressure: 8.38 X 107! pa

TABLE 2
Reducing Agent | Processing Pressure (Pa)
133 X 1070 1133 X 107 1133 X 107° 1133 X 10°°% | 133 X 1077
Lithium Ex. #21 Ex. #22 Ex. $#23 Ex. #24 Ex. #25
Chloride Powder
None Comnp. Ex. | Comp. Ex. | Comp. Ex.
#21 #22 #23

*Processing Temp.: 550 C, Preccessing Time: 18 hours

[oos0] Regarding the respectivewaferswhichwerechargerestrained,
the bulk resistivity, and the transmissivity were measured. ’I‘he.
bulk resistivity was measured using “DSM-8103" made by TOA DKK Co.,
Ltd. The transmissivity was measured using an ultravioclet-visible
light spectrophotometer (“W570” made by NIHON BUNKOU Co., Ltd.).
Moreover, the wafers were.placed on a plate which was set up at 80
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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

‘@nd resistivi | as the charge neutralizing time (Example
e 3 B ugh 200 B EEX D10 O M 1 DLERFR: 8. R vere

measOrNM d EnN Neblak NNy (GO geXne @i M 07 & P e Mee 0 0. X0 My £or
X~4m,~aUMMxamWMObUNMmM
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 80:%5 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}, DﬁFig.5,thereareillustratedreiationshipsbetween
the processing temperature and the bulk resistivity as well as the
charge neutralizing time (6~hour processing time; Example Nos. 16
and 17}. 1In Fig. 6, there are illustrated relationships between
theprocessingpressureandtﬁuabulkresistivityeuswellemsthecharge

neutralizing'time (Example Nos. 21 through 25).
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NX.OWMCHON XIN WO aN+NOY,O~W~ntiO~ tiM."i ~I
6l XOWM.-10OO IN .-l u~tidN Wd+aO~r0OJ ~-Ix08 WMm~
xa-iINU7~Nm-)u 4~4J~44Ja)O ZEl 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

[oogudre Bme@ﬁs&@ﬁtma§allfﬁ%l@me@{'é@6gﬁﬁé'ﬂ<ing the wafers according
totheexampleswiththewafersaccordingtothecomparativeexamples,
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 isunderstoodthat thewafers were reduced
efficientlyby 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. Additicnally, 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 exampleé withthewafers accordingto the comparative examples,
waferswhichwere processedat the same pressure, thebulkresistivity
and surface voltage were lowered and the charge neutralizing time
was shortenedinallofthewafersaccordingtotheexamples. Moreover,

it was confirmed that the transmissivity was also lowered. Thus,
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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
as mémFigrdeandifig:d, the higherthe m%%%%é@ﬁlﬁ%a%%&vﬁé’ N MU ceq
_the bulk resistivity of wafers was lowered and the more the charge -
ef Ligéahanzmytihe wad'shonech Similartyr the tthrsmisstvthanssuHacera i ned.

Momv‘cj)rletrgl__ge were lowered a%well. In addition, when comparing the processing
imes alone: tHe'Eharge” fébtraining et Wastéstidricbditioreoforihdse s were

Lowe WHCR yvere-processed. . Thus, in accardance with the charge
one restraininé% treatment ofi ?éell’ %?e%ﬁgnatlfr?\}:elrﬁ%n?aﬁ &%%%%ﬁﬁﬂ'ﬁ% Hotiblgg time

was terefisctively inhibit the sharging of walers, Additiepally, by, adiusting the | 115
processing temperature or processing time, it was confirmed possible to

X 10cortol frie YediRifoRalegrab eMaraoyer, in iartange of feam 2505191600 ¢ were
it was understood that the higher the processing temperature is the

C
also Iajraé’refﬁ%dreﬁﬁw&é@?ee id'SePthab e chafgel festrainiAg effédt is the bulk
resi @fq%o@g areatly; Lpé)&dﬁgseseé (g%réh i %%a%t%ll% fffg\{vhenfﬁom parin ttée
rs

wafers according to thé examples wit Waférs actordirg tothet e charge

restcompaiative examptes, ovaters wihieh were processed,at the SANQ ssiple to
pressure, the bulk resistivity and surface voltage were lowered and the

cont gpargé pelrilizingtimeé ewas shoytenerintalof tHeavalers agearding te ssure .
the examples. Moreover, it was confirmed that the transmissivity was also

I HiGWREEF SFriuS ™5 A Tdritioned ABovesit idurmietest tHdtatte wakers ess ing
pres 8 RISGRR OBy by e (e soese Lt e o e
{oogugre (owered and pﬂg@@%{@ﬁée@f@%@n@%%e gg"é%%lgi%gngg‘giment
{o064] 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 107" 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 107 Pa

[0065] Regardingtherespectivewaferswhichwerecharge restrained,

the bulk resistivity, the transmissivity, the changes of surface
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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
volt pyecessihg pressurar.dn the presens embodiment, jtis %%%%é%%&@%%md
) a processing pressure of from 133 X 10-2 to 133 X 10-6 Pa is suitable.
in thgo63FR) TCHHIgE Restrining Tréatmeltby Setend Erohediment«(0064] o r+ 1
the B ag%ig tggé:har%gogsstrainin apparatus according to the .
atorementioned S&cbndefibddimert iGHatge 1RFEINIRG Feathantst wéreo the

res ri r itigns,set forth in Table 5 below. That is, charge
p%itﬁ%?%#gggmi%%s?%;&%ggglv%rg%%?:féﬂ Bt a %Cﬁ’r%%ég%nbo Example Nos.
31 ttempeyatu®iof 5501Erundera, pragessing pressure. gt 10.54.10-1 Pahyt .
whose processing times were varied, were labeled Example Nos. 31
relatpughise PABIES: Réduping Agent Ryocéssingribime éntim) B0r4k: 60t ivity
as w 9 Lithigkrln Ex, #31 Ex. #32 Ex. #33 Ex. #34 Carbonate Solution
& rocaess3|ngeTgﬁlﬁﬁg\%On@Pﬁfﬁ%&%ih@quEégt‘?re: 10.5 X 10-1 Pa [0065]
Regarding the respective wafers ywhj ere charge restrained, the bulk
resistivity, the transmissivity, the eh Y of surface 23 voltage with time,

int& wére2 measureldEin_thé same mantrer ass 4

iiis@?@i’@y(l) |Ih-Pableld, there are 8etfoHh’ the méasuréniént results on thelc’
(Q- CrWafers, which were subjected to the respectivg charge restraining

. + (H +. [ ol daal MNaoac

sur faHEAUTIETLS cﬂu_%unlg o=Xat 'b"."_f)h"u°' < 0.02 < 0.01
Voltage (kV)

Charge 2.1 0.7 < 0.1 < 0.1
Neutralizing

Time {sec.)

[oo66] AsrepresentedinTable6andFig.T,thelongertheprocessing
timewas,themorethehmlkxesistivityandsurfacevoltageofhmfers
were lowered and the more the charge neutralizing time was shorted.
Morecover, 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.
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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 (Ocm) 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 representectinzfable 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

1. sh%rtr%gt M%(e ver, Ewas confirmed that the transmissivity was also

lowered- Thus Gh tha Thargé ?é&@ﬁiﬂ@qgéﬁr@éﬁW?H@E%%PXid@ single
crystwention {4s passihleda conrgl the reduction degree bjysaqojtgstlng the

processing time. In the present embodiment, when tzﬁg%rogessing time is

adapteditodibfl minatesaianorendtis understoodithat e «Chrg8 ate single
restraining effect is produced greatly. 24 CLAIMS 1.. A method for charge

CrYSisr&ininy a'pidideTestieloxide singis. erystaly being eharacterized imthatgent,
inc1ltgom nsI?s:fﬁgc mmodating a wafer, made from a lithium tantalate single

crystat or a fi u?r%lni%%% SIRGIECEYE, antd 2 RIREHRPAdehErRaidings ; and

an adkali-netal compayad, in, Hﬁ%ﬁeéfﬁfzgn%g%af%“ssiS‘Qdé%d%%fé‘gg?%cessing

wafer by holding the inside of the proces
apparatus at a temperature of from 200 C +to 1000 C under

decompression.

2. Thenwthodforchargexestrainimgeapiezoelectricoxidesingle
crystal set forth inclaim 1, wherein the wafer is made froma lithium
tantalate single crystal; and the reduction of the wafer is.carried

out at a temperature of from 200 C to 600 C.

3. Then@thod:ﬂlrchaxgerestrainingeapiezoelectricoxidesingle
crystal set forth in claim 1, wherein the reduction of the wafer

is carried out under decompression of from 133 X 107! to 133 X 1077

Pa.

4. Then@thod;&n:chargerestrainingaapiezoelectricoxidesingle

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
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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
out restraining = pigzoelectricioxdde gingle.crysiaksetfarth in-clain b, wherein,
the reduction of the wafer is carried out under decompression of from 133"
by byrigiiqgo 1338 waber Par 4: Themethoifor chgnge 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

6. resteaning Apiezoglentde oxide sindls ervstal setdothn claim 1 whereln

the reducing agent comprises the alkali metal compound: and the <€ single

crysteduction o thehviafer lis caried.25 esit Ry-gispesing-thefeducing agent 1 xa11
and the wafer separately, or by burying the wafer in the reducing agent.

metag FNRBIRGY foP ERBigEredtaining ehpiczeelectiic dxidesingle crystalund is

dj_ss%?tvfé’&thgn claim 1, wherein the reducing agent is an alkali metal

cpmpouna sofutfon’in Which tife 5IR§[IYﬁﬂ§iél &fl‘ﬁpounq is dissolved or
ciopersactin soanG Anc e, [edudlion oLihe algT 18 Gaed QUL DY e ng e

disposing the reducing agent and the wafer separately, or )yimm SINg

reduthenyadefeiniodhe redycingragente gk by painfing:thekeducing-agdenf M0 wafer
a surface of the wafer. 7. A charge restraining apparatus for a

intopidweladic brideasingle, crystaly comprisingg agirecessing tank fofent onto a

accommodating a wafer, made froma lithium
surface of the wafer.

7. Achargerestrainingapparatus forapiezoelectricoxide single
crystal, comprising:

a processing tank for accommodating awafer, 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.
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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 singlgzerystater 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 isfcharacte rized in that a wafer 50, made from a lithium tantalate single

CryStaF i fithium PHOWAIE Sl vtan HhisreatcinpagentrsBhe charging

£ 1ineluding apalk: e a co modated in a processing
° ltank 2, and the %E%]S%%Ep%%%ggﬁg tanl% At empersifeofystal

withfrom 20@feiCrio 1000 [gfﬂaQ:b@Q@chEQQH‘E&eSS'%ﬁQGW reglcﬂmggovrhde a
the wafer 50.

processing apparatus which can carryout the processingmethod simply

and easily. It is characterized in that a wafer 50, made from a

lithiumtantalate single crystal oralithiumniocbate 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 C to 1000 °C under

decompression, thereby reducing the wafer 50.
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