DESCRI PTI ON CHARGE RESTRAI Nl NG METHOD AND APPARATUS
FOR PI EZCELECTRI C OXI DE SI NGLE CRYSTAL TECHN CAL

FI ELD [ 0001] The present invention relates to a charge
restraining nmethod 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 PEE@B%EEL%@ apparatus t heref or .
BACKGROU @gﬁ %OOO%A [ithiumtantal ate (Li TaO3)
single c&%% HaTRA N ENE GHETHPBLM R ARPARRTYS si ngl e
crystal have been known as |ezoelectr|c oxi de single
crystals, and have been usEdRin pi ezoel ectric

substrates, el astic _surface

acoustic maG%fégﬁﬂﬁaiﬁﬂégiﬁﬁﬁﬁ{@&N§%E fBreddér, bot h

single crystals havg¥§§§ﬁ_gggﬂigégﬁ in applled optical

products such as o oo s and wavel engt h
o BNy B SRR Bl
for @S pHddear: ORti gak g6 ¥ fesingleperystals, oo 4

have such characteristics t at t pyroelectric

piez68BéEt £1 €RLbsitS akar gﬁné'%‘?let Depe esogt @P&&iéé&t&%ﬁ? acoustic

Accordi ngly, el ectric charges are generate
wave SEffe6es, bynd Sldtqd erper A i & Fhangea A th
generated el ectric %arges accumul ate thereon so t at
the charged state comgruresNNIz@gS carryi ng out
de-charging fromthe outside. [0003] For exanple, an
[ooazdt i mal i trrluh al-ort Cause (1ighib,} OsiX@ns Mty stdl @-dd ahiithium
gui de or the inside of single crystal directly. Wen
niobabeul Biimeg)l isghigle triystadntmokl edehykapphyhBgp@Bzoelectric
electric field to single crystal. In this instance,
OXid@Séngﬁheﬂyﬁh@l@ﬂﬁﬂdh@vébebdusb@ﬂnpimxbeﬁéctiicanbstrates,
electric field remains on the surface of single 1
and theyisited,, fo¥ ghtshas shadearaiubat et byve fidmeins (RAW filters) .
el ectric char Moreover, an electric charge is
More@gelyér BeEH qu]@cgupf:aéé I”Weabeen alsoused in appliedoptical

products, suchasopticalmodulatorsandwavelengthconverter devices,

which are basic component parts for large-capacity high-speed
communication networks, asnonlinear optical crystals. Both single
crystals have suchcharacteristics that thepyroelectric coefficient
is large and the resistance is high. Accordingly, electric charges
are generatedon their surfaces }ay a slight temperature ehange . And,
- oncegeneratedelectric charges accumulate 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 ox 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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tenperature change, and accordingly the refractive
i ndex has changed. [0004] On the other hand, in the
manuf acturing steps of elastic surface acoustic wave
filters, there are processes, which acconpany the
tenperature changes of piezoelectric substrate's
tenperature, such as the formation of electrode thin
crys{a nsl Hitto herwe begnf medudhtedi ley celrevtarind ngubibratre cagHarge .
r e- baki ng _and post-baking in photolithography.
MoreQgebr dRRgPyECiidh Wdiakgs 1§ t Beuarated abat éhesimgifiace by a
crystal or a lithiumniobate single crystal as a
temp%if%"z%? EEPPPE 28GRI TAEI g Het hemef aprbhvefinstest has changed.
looéarxnricity on piezoelectric substrate matters in the
nuPRctit? i NP PF ddes pfthe genuéastinriog ssepssbifcelastic

cur eSS LA Sy PN en ppesesl el e subaial e Le .,
the MO SELOLE SHS o A0 PoEOTRS L0 CRUES. O,
ruen SLE U LRLIRI a0 8 BLEE0S! SELLL SHOSHIA 0] Wace o
vien RLBELTDr S LOETB S CopUOEEE LBl ik B i

phot &1 £LiRb4 F Ach £ Oﬁ&_@oﬂﬁfniyﬂ aﬁ'ﬁﬁﬂf u@iﬂigreté?gjl_flg%%{nﬁi antalate

substrate by static ele lcity to s

singBé @eH/kedeSr ANt HRAERYShat BEi8g1% G f&al1 Lhal Lt cercctric
el ectrodes are turned into exposed states to Be

- substgstépyiate JH06] Land deydAg SeabcehacgkRIodl piezoelectric
pl1 ezoel ectric substrat es, varl ous- count er neasures are

subst akea rat tRaRUL AcHY haguehashien§ WriRes scaCoud i £s WV 8urface
filters. For exanple, it is possible to nane disposing
acousgleichatige nfiegarpnent, such as ionizers for
neutralizing the electric charges on the surfaces of
[ o0pbdzoeitest r & c pdehstnates,i canslisktspasi ngs 2Haigedgnt &l static
equi pnent, such as particle counters or mcroscopes
electpiclhgadis ¢imyr gristcowng wildriln ke Mbeeoevéectirict kebstrate,
manufacturing steps of elastic surface acoustic wave
and begemes the GrahedncEackisedrobreakagadd Fundriucttingge is a
filmfaormng step, in which a conductive film
fear that electrodes formed on a piezoelectric substrate might be
short-circuited by static electricity. Furthermore, fine metallic
powders, dust, dirt, and the 1like, which geneiates in the
manufacturingsteps, areattractedontothesurfacecfapiezoelectric
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 piezoeleétric 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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for the purpose of de-charging is fornmed on a rear
surface of a piezoelectric substrate in advance,
before form ng electrode thin films, or a re-cleaning
step after formng electrode thin filnms. [0007]
Moreover, in view of inhibiting lithiumtantal ate
single crystals and lithiumniobate single crystals
N lves fromcharging, in Patent Literature No. 1,
mc“%%rg?m“gleie@“&ip&ﬁ geﬁuﬁgrﬁﬁg REd L lghFerntar safemigagecopes for
e singl.e crystals is heat .treated in a .
measé%ﬁﬁ%?ﬂg%'a%%%gﬁﬁ%ié¥ewb Vel m1patie nanufeciugiag steps
£ : i | sclosed a nethod in which a netal |
° e#%?%ﬁ%f%ﬂﬁ?%%ehgfggégéﬁewﬁﬁ?e?ff?%ﬁ%hfuiﬁgﬁ%SFSPeCﬁ5¥led out

i oJ ; 1 N n Publ i cat.i on ( KOKAI .) . ,
to 2 = AR R I P B N nan SPS gnesaductive filn

for ] Pat ent _ jcati [)..No._ 2004- 35,396

- %ﬁ@% d‘?l:ch?—léE CI:}%\[/%W%\J}{O %%%sﬁo%n exahpt e, Sthiece of a

iezdalld@: PRt Ryt ddddhi Al at {.ngl r - ;

P about 603 C. §€%§%£3ﬁ3%§?9$ ehlgﬁéhﬁggﬁFgﬁﬁég%?gFg 8de thin

films) Y & eleysdldanihgesReped rkarhirghnt AP BLHEESc OF n I £ 11s .
than 600 C, there is a fear of losing its

[ooopilezeet@stet £idy vikialod SnnwBeR i ngODSkALIMNEatiPE1ate single
pi ezoel ectricity of lithiumtantalate single crysta?,

crystidld snaat. thdssimilabdte chidde odysbeas theedkilRe sttrdh charging,
hi gh tenperature. On the other hand, even when a

in Pafefrdr Invgeraftriom ald.i tihi wietrantial dt ec1ssegl @ seysbal ihSvhich
heat treated at a-relatively low tenperature of from

a wafg@onade 600mC appe olingdeet yys el hiisghdat tarlayeldhen a reducing
surface of the wafer is reduced. That is, by the heat

atmogphtgrentiorng oy sredutPagenB Lgas rastirkdid .h2 j nhalevies disclosed
Patent Literature No. 1, it is difficult to inhibit

a metdhpg githg'wiehoutmethphi ¥d it s sl ezoditec taeng twa fisfr .
lithium tantalate single crystal. [0009] Moreover, as
st 8t h hiEpatente LiNer atbr e fepanesqhefnegpmingd ngPatent

a nmetal,.such as zinc, in a single crystal, the m xing
Publ%ﬁ£$ﬂﬁloQ B dient sl SHandes the Curie point so that
trE%tent Literature No. 2: Japanese Unexamined Patent

Publication (KOKAI) No. 2004-35,396

DISCLOSURE OF THE INVENTION

[0008] For example, the Curie point of lithium tantalate siﬁgle
crystal is about 603 C. Accordingly, when the lithium tantalate
siane crystal is exposed to high temperatures of more than 600 %3;
~ there is a fear of losing its piezoelectricity. That is; when -
consideringthepiezoelectricityoflithiumtantalatesinglécrystal,
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
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pi ezoel ectricity has changed. In addition, since the
nmetal deposits on the wafer, it is needed to renove
the deposits after the treatnent. Furthernore, when
enploying a netal with violent reactivity, it becones
i npossi ble to adjust the reduction degree. [0010] The
present invention has been perforned in view of such
as cirgyng ances, and it is an assignment to provide a :
9as S§0deLSIng net Pve Painth Ldds nadsmeaNn - t he dhamsgiagratult to
inhigiéh&ynwtantal te single crystal or lithiumniobate
ST nGE St B FRPRt ddhalitgno theipt erpeksitynineity offolithium
| de. a_processi ng apparatus which can carry out the
tant%ﬁ%%%éﬁ“ erﬁﬁ¥%%£§1nply and easily. [0011] Means for
| vy he Assignnents [0012] (1) A nethod for charge
(o0 r st*gg%lﬁara %?eﬁ%%lt%?%?cl%x?@%en%i%ﬁt%r%¢W%QaNO- 2, when

i ' t i tion.i h terized .

e el S Bt RUP L Grbr St b oth e g xing
li thi ' t al ‘alithi

of t:ﬁlieo'bgf‘lgé'g} %l%ﬁ%t%?gﬁéﬂ%%g C%}yegeg&gﬁ%ga%age%{lt usrg that the_

u piezddicddrdh NG tBn ak kalain g8t al ﬁlg%\,@\lgigtﬁri%n,l%ior?cdé)%ggsﬁéelaﬂgdeposits

apparatus; "and reducing t er by

‘on theRefda,0f t tiRenedd ' t ture
o of fron1208'C:?o §%§§Q%Qﬁﬁﬁg?ﬁgggﬁgﬁ%féié?gﬁf%ﬁgbﬁﬁ atment.

FurtHermdwe prigsantenppthochd of n%@ﬂ%fﬁ?wﬂ%fé.r{@'r&@@{\?{ty, it
made froma lithiumtantal ate single crystal or a

'becomndd himgrogui0kiat e sidghest Gesthdlauds.die de0 and hel d
' at a predeterm ned tenperature under 4 deconpression,

[o010dgertherpméddnta inainiing ageNbecNpakkakinaetal view of such
compound, constituting the reducing agent, evaporates

circumrternces parddttel sanets condidritonp Aol itdd 8% ridde@ sa ng method

- vapor with high reducing power. Wen being exposed to

which gy vaplorain kdewahargisgedlicetdivseprertliald gihgo® crystal
.the surface. And, by keeping supplying the reducing -

or lijhénp njqbate possiblar wo-adont ilnuods] tyioey eltaps theassignment
reducing reaction, and accordingly it is possible to

Lo PrgWifigrhPy OFeggé Bt dramfius whieheran Moregvant, the processing

§§00fdance wi th the present charge
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, includinganalkali metal compound, in a processing.
apparatus; and reducing the wafer by holding the inside of the
processing apparatus at a temperatﬁre-of from 200 °C td 1000 °C under
decompression.

[0013] iIn the present method for éharge 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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restrai ning nethod, the productivity inproves because
the processing tine can be reduced to 1/10 or |ess
than conventionally. [0014] The resistance of the
waf er i s decreased by reduction. Accordingly, the
reduced wafer is less likely to produce electric
charges even when the tenperature changes. Moreover,
decmg%?Qth) electric cha[%es generate on the wafer's
ST ECS T ent T VRRY, "ihBya geduciagt mgienze dui cklkali metal
consequent it 1s possible to renobve the
compe edtr?%g%ﬁhgﬁégggTﬁhi THHICH FRAFREE Wi EHaPREaseesamder a
! raining nethod, it is possible to
pred il L ELETHIETY The Vind L0 Rab e O AL i shngsdicing

pore£1130n %20 UL h o0 YELL vl o SO G 1 e

& ka1 ose feaction . is relatively .
sedt geﬂ(nlta%lel%fﬁé%deggp the ra%u'ci n%m?’agké%t keRpiBPdi TR Y the

| reduds n R4l So . n L i
dudihfagy Uﬁ/bf@'lg 5 &Q?bi@dc%:bBQF?Eﬁgﬁsl?%gve:]ho} t%;?/‘lg:%% ucing

is high. reover, by adequately adjustin

reactiiedyciai@ ageRirditha W320¢ sapeubtp1Lhe, d&ﬁfﬁéh@%gf PLhce the

-the vacuum degree within a processing tan

entideenpetead ur Q\/j@f@’o‘}é@’ piﬁ)cﬁééng Eénﬁ , t'ht I :
to control the reduction degregnof tﬁe mé%%i&gﬁ%%%?%]Charge

rest i3 intimd et Ned £t hpROGRESAN WMt i ﬂﬁﬁ)ﬁ\?@@ﬁécﬁﬁéé%e processing
restraining nethod is less likely to be charged, it

time cam e haniliced wid N Madser andd ahsal GonM@aweral Mhen
manuf acturing an elastic surface 5 acoustic wave

{0014] t eheusikdsthacsame wafelvaafe ra il QEASIRMEdd ®y reduction.
substrate, it becones unnecessary to di spose
AccorjiirgHar.githg egditpeenvasert hatlddwe likedty canpbedueduskskhtric
‘ remarkably. In addition, since a manufacturing
chargggcesen f ghete-tdivar gimee bevoneschangeessaMprasveel, | ,even if
the productivity inproves. Mreover, by making a
- electyiigy gbpEeesi ¢eREBIEE atle theons fae’ s sandawaf beptitively, they
possi bl e to constitute an el astic surface acoustic
sel L RREF 531178 QUhRK N - cald xRS Ivestil 15 mpSaidmhe to remove
atic electricity less, in storage as well as in

the eJgfrde ChAranai | i OHS mién2ERPFBITAY Wite thenbraapal charge
et L GRS L DO, 2Uch 28 GBULCEl o e,
‘made ﬂ’gﬁ{la%ti nsS:’Lnrg Séuéﬂrg a ro(:)rnz!m LN single crystal, fromcharging.
[oo1s] Ih 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 1s safe. Moreover, when manufacturing an elastic surface
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residual electric charges, and the refractive index
changes resulting fromthe generation of electric
‘charges are inhibited. Accordingly, the reliability
of applied optical products inproves. [0017] (2) In

t he present charge restraining nethod, when nmaking a
wafer froma lithiumtantal ate single crystal, the

on.of. the wafer can desirably be carried out
acou%f%&%{éﬁ‘%éﬁgtelﬁ%sﬁg %Esmaﬁw@af BSEIDL Tz of ppIgidsubstrate,

- [ en.the lithiumtantal ate single
t be%?’@s%tsg‘ﬁ%q?gg%%%%gé) E&SRPaﬁlfieelrFﬁ&%m%§%ﬂpa@6 es®Odat the

tiher.e 4 OSi i.tS. piezoe|lectricity. .
SO BT o s b LA FAFRR  radl PROELT | T H Gt B A Fagnring
Si r L ﬁquﬁggz 1t _can desirahbly he o
proctreg%gg%aF%%gﬁéF%§£ y OM/?%é&ﬁ§%3%¥8§W@ﬁIBdgm%?B?duCt1Vlty
i mprd RES. - Mbi r 85CRh ki I AlYY
impr MbRebRe Pr 69eRh s £ aé%%ézg%klaei%lgyl glubsgg%guﬁaom the

met hod, because of “enpl oyl ng "an

same WhEBrhiighisesyes bhld s ol £ Rl e, %P%%ﬁf%r eq4eed - coustic

s S
sufficiently even at a tenperature o or 'T'ess.

wave ThUSerDWwICAEH Yial@e sO8d £ & £IUGLT @A nlyf £ALRAL Al electricity
relatively |ow tenperatures,it Is possible to

less,r ésts@imddaschal Yiadrgi Afsdddiiadm tand &b ot 5,51 RS employing
crystal or lithiumniobate single crystal w thout

the sampabfengd ppl Sepopraehegdrddiidns, st@RABlodt)cdMmbdielators
present charge restraining nethod, the reduction of

and watve lwafosh camviesierabley ibes¢atheedlodul aungdes resulting from

: ~deconpression of from 133 X 10-1 to 133 X 10-7 Pa. By

resiquglse IjCl hic dbgrgesofandathriref rachi pe doeesd diaigaKredtilt ing
is possible to turn an alkali netal conpound into a

from Ghpsengirel Ienght rédatirag qiowere seven iahibeékati.vehycboidingly,

. tenperatures. [0020] (4) The oxygen in an LT single

the rglidiligy £if 1Pl iry eorriystlalprasiivits tignme dviagh.
bgndi ng force with lithium Accordingly, in the

[001r7§dub%)i o ttheatirement chergeygeaticsihiikgl yetboliewhen making

mtted in a state being bonded with Iithium that

a waﬁ'eg, framaa st hERig F21talatedidele ayvstadsulthe rpduction of
Iithiun1goncentration in the single crystals

the wafer can desirably be carried out at a temperature of from 200 C

to 600 C.
[o018] Asdescribed above, whenthe lithiumtantalatesinglecrystal

is exposed to high temperatures of abové 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
treatedatrelativelylowtemperaturesof 600°C orless. Inthepresent
charge restraining method,because of employing an alkali metal
compound with high reducibility,whole wafer can be reduced
sufficientlyeven at a temperature of 600 °C or less. Thus, by carrying
out a reduction treatment at relatively low temperatures,it is
. bossible torestrainthe chargingof lithiumtantalate single crystal

or lithium niobate single crystal without impairing the
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decreases to change the |ithiumtantal um (ni obium
ratio so that there is a fear of changing the
pi ezoel ectricity. [0021] Therefore, an al kali netal
conmpound used as the reducing agent can desirably be
made into |ithiumconpound. Thus, it is possible to
react the oxygen in the single crystals with Iithium
- ied fromthe reduci ng agent. Accordingly,
plez§%£§$#€ﬁ$ﬁ%¥'atons in the single crystals are |ess
lgkel y, t emtted. . Consequently, the lithium
0 AR .
[ C‘:Ltggnt ghml%( ?ﬁ% |rlfrﬁenrdca??6r‘é]%é%%awgg@et%@dt e Teduction

f tHY §Z0oely | Gy t rease.  Mpreover, since . .
O B e, s B SRR B RRSRY i aShDLEssion of

crom OCYBhEl 51 b 112 20O MAL1 189 PR GO, oo

resulting fromthe m xi ng of

in a pOO22ds {1} thhkt, he: RseSeRS il§i@rtg>et%§§tarnaéff;:§%% ?%Ltgﬁg%ompound _

it is possible to enploy an enbodinent in

intoredveipeg aget EOART irSdNGia et | et al tcoz!&%“dh%l
_ used, and the reduction of ?%éﬁaafereis garrle out Y Low
tempdpatdisposi ng t he reduci ng agent and the wafer

separately, 7 or by burying the wafer in the reducing

[002@den(4) Thetdweyperresanin Lesiodiikedtystdl be &Pﬁﬁ%ﬁ'n%lteocrystal
use powders, pellets and the like of alkali netal

exhilpigrp cundshadarts ne diesiaey weidgéntlitSiinee | Actsrppssib) ein the
to use powders, pellets and the |ike of alkali netal
reduiorRib FF§s tasnteheyharax yadre ipr bskaty enbbei et tednirbe state
,_carried out with ease. Modreover, when burying the
beingdiqadst wifd dddidivay dgeit 1svhdnr edathhg ofigbhthium oxide.
contacts with the surfaces of the wafer with a high
As acSﬁE@ﬁrFraﬁk@n.hW dFRBFGItrREIPR PpBsdiNe esingle crystals

,decrfurth rnore facilitate the reduction of the wafer. ‘
T3 (B RBIBOIEE. LHebr DB 5P PriitaknAPRARR) nepaio so that
conpoun solq%i n, _in ich the alkali, metal conpound

therg slrgéiass%?%ao rcqb%r%%]er}%e ‘?rPJaez%%ﬁfgﬁﬁ%CJi%y'used as

e freducing agent, it is possible to enploy an )
(002 R RERE PR VAT A Plsic: G SPEh BoRa) 8¢ Fae reducing
.agen’@aééﬁegegffabp?/ lgéSIRQ%énjgmt:gelgggfﬁﬁngoﬁggﬂﬁd?n%ﬁgse, it is
waf er separately, or by

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 restrainingmethod, it is possible
to employ an embodiment in which the reducing agent comprising an
alkali metal compound is used; and the réduction of the wafer is

car_ried_ out by disposing the reducing agent and the wafer separately,
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i mrersing the wafer into the reducing agent, or by
pai nting the reducing agent onto a surface of the
wafer. [00241 In the present enbodi nent, an al kal
nmetal conmpound solution is used as the reducing
agent. For exanple, an alkali nmetal conpound
solution, in which an al kali netal conpound is
[ | ved or dispersed .in an organic solvent, :
or b eﬁ%?%%@% g%eowagﬁFcl&aghﬁhéﬁ“¥%9%ﬂ? e, 1By the present
bodiddNg ;¥P; r..pf .an al kali ,metal conpound into
RIS Or égnll% Ey(g%%b% 5% US5sBPBRE F o e the like of
alkall€aekhyiddm i ; tal .and,the wafer. ,
*Fhus, the é%?%@%g&g%gﬁeﬁéﬁggﬁJggggggghly$ln%%$@b%§r90581ble

to u%@&wﬁ@i‘%ﬁ shBg91£Pe ¥Rfernd o d he ‘z‘i?ﬁlgliollng !agnd:%zf%?\ﬁ%ds as

en painting the sane solution onfo a“surrace

they Wed&l , tidepF 86lbigt NembadeNtnconLaCks Wath the 5 fuajf‘t% ease.
of the wafer with a high concentrati on. ccordingly, |

Mored\teﬂ,Swh@ﬁSstkIy&dg)tﬁdrv&JhﬁiMhQ:H@QthE@ﬁ? ddent edUetiOficing
of the wafer. 8 [00251 (7) A charge resfraining

agentappat atuswl oha hgl 2084 ©@€d 6 ¢ hexi0fr wi Ngh@ ighySddentration.
according to the present invention conprises: a

Accongtigugssi by itsapksboblaconfuedati-ngra swafieri amse hbresaact ion
[ithium tantalate single crystal or a |ithium niobate

of the ngiferwrystal, and a reducing agent, including an
al kali metal conmpound, therein; neans for heating the

- [0023]s{ @eMoteotier prbeassimip tiarkan ol kal enperatamemind solution,

. from200 C to 1000 C, and neans for deconpressing the

in whigdy §8eoflkahé PrbebserRPURtKS [d06261Vedt he pgiepented in a
charge restrai ni ng apparatus, the wafer and reducing

501veMantl S HoeRk &5t b88s EPAYCLAAK 28RBE heht elis YO s piEL heatd repploy
an enbEH s odq A h A CONBLASE: R RBANSS TS TREried out
by oSEERARSHI RIS PSRt SOATAS eI AN ety ox by
sone QLML IR DGR, CBSIE P 0 TR ping the

; re i ' , [ gentle is used
reas SR NGRS LN SR i3

, e present charge restraining
[0024] 1Inthe present embodiment, analkalimetal compound sclution

is used as the reducing agent. Forexample,analkalimeﬁalcompound
solution, inwhich an alkalimetal 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, 1t 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
'agentcontactswiththesurfaceofthewaferwithahighconceﬁtration.
_Accprdingly,jj:is possible to furthermore facilitate the reduction

of the wafer.




apparatus is of high safety. Note that preferred
enbodi nents of the present charge restraining
apparatus are conpliant with those of the
above-descri bed present charge restraining nethod.
[00271 In the present charge restraining nmethod, the
waf er is reduced under predeterm ned conditions,
reduci n ent. Since the entire wafer can

(oo8Y' Py, A CHY FEF ARy 9 AP rpous: BB aimi ezoeloctrie oxide
i ey 3 PAA bt P e PeaHOR g L on e dos: 2
Pl (har BaUCITOACALGP el UPIERe RaForts Too2althium
RS e o L T T S A

a reduedbgiat@ragenhct N8 REMLn a PxLDE rReatll @-”tgrﬂﬂgft?lﬁé; G N8 reans

deconpressi ng neans. I n accordance w e presen

for reharige rast fasidagoappas Prtsoeddinp OSSR 8 LOmE&FAYure of
out the aforenentioned present charge restraining

from retchdd easidyo 40d asHNMpbYns BRLER BTLON. GR T HE .« |
~ DRAWNGS [0029] Fig. 1is a ety aggg?rw of g otde of

the wivarepesimesttraailni ng apparatus, a first enbodi ment
according to the present invention. [0030] Fig. 2 is a
[0026ddeln dibzgpaasent c¢hd st rakichg ihawgwabpsasadhie, the wafer and

di sposed in a processing tank (first enbodinent).
redugiggBagert ¢n Bhe pracasdéngdizadr ane hertiel us t hathead ingweans .
waf ers _and a reducing agent are disposed in a
MoregsigoesSengnEafAR P5ddvn@roerBadrAeR)k TDOBZOTErgsséd by the
d a graph for illustrating a relationship between B
ecowlg%seﬁg\%@%er dfbPe AN L the(EXaApRe charge

resthbs.;ll t hr ough 122, %OOSS% Fig. 5is a graph for o
TeStRR T ARG AP oitht | DRERT Lo be( A TP PBESLS Agorement ioned
presd SR %206 Db fnd RSl XL ROIRE 1081y @0feover,
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.

[o027] Inthepresent chargerestrainingmethod, thewaferis 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 contrecl the reduction degree of the

wafer.

[oo028] The present charge restrainiﬁg apparatus comprises the

processingtankeracgommodatingthewaferandreducingagenttherein,
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[0034] Fig. 6 is a graph for illustrating a

rel ati onship between processing pressure and bul k

resistivity (Exanple Nos. 21 through 22). [0035] Fig.

7 is a graph for illustrating a relationship between

processing tinme and bulk resistivity (Exanple Nos. 31

through 34). [0036] Description of the sign 1. a
the HIAGE LE ai ni apparatus 2: a processing tank 3: .
e héggér hééﬁ§k$gpe$§ﬁ?mﬁﬁeﬁﬁl%ﬁ95@@§n1pUW&Qﬁﬁﬁﬂﬂﬁcewlth
the ﬁgsé@@Qﬂpﬁ§§§ig .50: _wafers 51:, a wafer cassette

I%:ase 52 a tank %%Faégﬁ?ghﬁﬁﬁéEﬁ?BFrd% pondgSsibde to carry
out theddebPemageNbhe@brea 8t L f . 5Lt hi um .

car bonat e squtio%nk a redu%?%%qgﬁémﬁl%ﬁ¥ﬁmﬁ%fﬁgﬁ@ﬁllyand
simp BARRYI NG OUT THE | NVENTI ON [ 0037] Hereinafter,

enbodi nents of a charge restrai ni ng appar at us

accordi ng tBRIDE PESSRIPTIONCHE | Blir WhkAwPesglescri bed
in detail. Mreover, while describing enbodi nents of

[o02]e Riresent achaidgeat 1cest £ ¢ &h B9 aQﬁ%fg@f’ésthﬂ?g apparatus
restraining nethods according to the ™ present !
a figsivesnbomimgnt decatesiorg bed tidang fe@ouisi diedd)orEi 1 st
Enbodi nent [0038] First, an arrangenent of a charge
[0030dst Fag ni g sappapdelisdiaghen pfes antl whed imNhowWrkFers are
. _be described. In Fig. 1, an outline of the charge
- AispeRRd rli A RF BT Astdrsk i (Tiustt areshd ivbmreigver , i n
Fi,g. 2, how wafers are disposed in a processing tank '
[0031d7 Fiwstd dted maeh aimpueh fons liluststatitedhon Fagers and
,. @ charge restraining apparatus 1 conprises a
a fe%%”&&él&si Mgeranieze dipeased 3in apd Rroce/iN@uUpNL  (second
embo%ﬁg;%b The processing tank 2 is nade of quartz gl ass.
5t the opposite ends of the processing tank 2 is

nngcted W th piping. Through the connected piping,
Loo3e]e Ehacubrion WrbRin: thel Prbtassimg & ARkapipgship betueen
procéggfﬂfgeﬁﬂgrakﬂrgggxpggfﬁ%%gq t&%g%;%Eggggnggg.%Hgtﬁrough

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
l: a charge restraining apparatus
2: a processing tank
3: a heater (means for heating)

4: a vacuum pump (means for decompressing)
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[ithiumchloride powder 60 are accommodat ed. [ 0040]
The wafers 50 are supported by a wafer cassette case
- 51 made of quarts. The wafers 50 are conposed of 42
Y- Xcut LT single crystal. The dianeter of the wafers
50 is 4 inches (about 10.16 cm , and the thickness
is 0.5 mMm The wafers 50 are disposed in a quantity of
50: dddLces at i rval s _of about. 5 nm [0041] The :
i t% um g%l ofi Qé%%mﬁ%?s%%?sca?%po%?ed,a i fRfgpendent | y
60: Ohithe weie Wi thin a petri dish 61 made_ of o
quért 9 asis(.jc’rﬁ’%’é p\%lv}l‘:hﬁlf th? ul?ﬁ‘%]rﬁjd}q g8<péwdefl s ipgtri dish

62 - éhﬁgﬁg%iégr]@&gg i . present__jnvention. The
amount of 11 thi um ch offLPlgle&lpI)o er" B T hfIent)

accommogatsed Model GOrd KA The Bedt Sl o sposed
) so as to .COV.er ar . . p .e .
[oo3matesr8ihsriae) wieddihdte beat &ﬁ&r%%_%t[%%gj%ﬁg%%' PIratus

t he present charge restraining appar

accondoum@urtps 4o Ss @ONNEEE e Wbtk hwi e e agessi N9 apK Qetail.
by way of the piping. The vacuum punp 4 evacuates

Moregeses whihen ddwerijriogpssibgdiaskts oF VeRHUNZR dite charge
i nside of the processing tank 2. The vacuumpunp 4 is
restigigiudedprparahesdechapye ssistgatedny méONSHE tdbd it Lo the
present charge restraining apparatus. [0044] Next, an
pres@yanpleetyion ofild divardys omidiadimimg taneatuymnt. by the
charge restraining apparatus of the present enbodi nent
will be describedl)FFigist Bybphémeatuum punp 4, the

[ iisi de of the processing tank 2 is turned into a

00384 c Ui Bt modpfe@nfeme 83 o aapbrose mae et yainNegt appyratus,
the theeh%at e&) éll th% proiissi ng tank 2 is heated to raise

Hi7e St e fPOPSLHFE twi A h PRedp?orEird ng afk 92 fde 8BOoutline

QC for 3 hours..VWien the tenperature within the .
of th|5ar gglgéfglenﬁef’gﬁﬁlalpgaﬁ’%ﬁr@% Ggs ijtllius%trﬁ’&edi-i nMpKeover, in
Fig. Staf s, f hours. Thereafter, the heater i,s turned
g 3 h ekt AR JLaTORR hei BECUTOT He¥ st dsi hyuStrated
withiABKe?- [ZQQA'?% L r.danc th,the present. .

errbodlgrrent,_lt e ?ngg%lgﬁﬂ 'dyaﬁtcglﬁlé:gesre‘?s SHH heRRRp ratus
1 confpAl & beﬁbe%gsiﬁt}aEahﬁ’Zl N IS REESE g 2 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. Thewafers 50 are composedof 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 t_he wafers 50, within a petri dish 61 made of quartz glass. The

11




enbodi nent, the lithiumchloride powder 60 was used as
the reducing agent. Accordingly, it is possible to
react the oxygen in the LT single crystal with the
[ithiumatons with are supplied fromthe reducing
agent. Consequently, the lithiumatons in the LT
single crystal are less likely to be rel eased.

 rhiner he Lithiym tantalumratio in the LT
1lth§?ﬁg?%9%$§%%asogg%§ hgtléhﬁﬂaer§guciEgtH§Fthén the present

: j el e | Ci es _pot, .decrease, . Moreover, Since
inveft £508 e Cbiasoo s 1&%@&&%&%@4 @ PPilery 80 to be

accomhy§ieda {hetgo &g no fear of contam nation resulting
fromthe mxing other elements. In addition, the

421t hi j IS to handl e s t hat )
Lo s ot S S (o e G Ral g ocessing

tankt.earhenteassf & Yo {00#6hed N BRPLESEN o SIROY %Hgt%tuting

the lithiumchloride powder 60 was used in an anoun
-the pfeddbt gchaicgor teHgri OnandPropdaiOFy. experinent, the
: anount of |ithiumchloride powder consunmed under the

[004#]or enentd oned fmgs &S skNGosR8EELHORSLK %Me]s%ting tank 2

hours) is about 40 g. Accordingly, in the presen
by wagihbédimemtipintg i s Thessabhentmmedntvaoousky ¢ev@ @R thin the
the reduction reaction so that it is possible to
Procems ¥ Mank el uce vamiuantde ehwafiessi d80ofAsha pesukbsihy tank
IS possible to effectively restrain the charging of
2. WAfereoyoun [@WAT] 41 A a hnphedsht Lentibdi nigtomsiewei tdiemeans
inside of the processing tank 2 is turned into a
consthyiiR Gt R pherec ot AhaRuPar eppraii Wd elgparaties .
I Ichiun1chIoride powder 60 is turned into a vapor wth
0044l Ve eHudh§*apeher f1aE cof @ plapygei teseraossidltacednent by
the éﬁgﬁ§§ out _a reduction treatnent at 550 C so that it s
i's S

§PBFE2r8 108 PHPOEE  the T EHGCPTBACRE IMPdieitnt @ill b
cecclBlhs 39,001 b LIpaLI g L Plesoel e LAY (20,
- i : i mbodj td t hat ,
ek i o ) B E5nE Bhel ol S35 FREE O PAFeLY -
Next}"@fﬁtﬁlet}fr‘égg?ﬁ%,n%%et BEOQEQSEnSr{M%Qt Re#L &4 to raise the

i dentical w
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. Theréafter, the heater 3 is turned
off to 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 ratio in the LT single cxrystal does not change so

12




“those of the first enbodi nent, the differences will be
described herein. [0049] In Fig. 3, how wafers and a
reduci ng agent are disposed in the present enbodi nent

is illustrated with a nodel. In Fig. 3, 13 conponent
parts corresponding to those in Fig. 2 are designated
with the. sane reference nunerals. As illustrated in

Fi t he bot h osite surfaces of wafers 50 are
that (td e%lez %?qtlﬁﬁlgﬁlé%Fﬁ%nﬁPE de6repEEn 6Maneaifih since

i i g t d l.ved nt
L g o R e e B B or R Feg PR tad, there
lsn 1 t Th

e oL o @1% Sedentleah {18 PiBhide h TRy ﬁ’:nﬁﬁ%r%f%ents
In addﬂ%ﬂ@%fe&§m5QJk%ﬁ%ﬂFE%lb&H@!ugb%ﬁ%go%%tfgzé%LUt£on% ndle so

painting the |ithium carbonate solution

that sir fiacgssef bvaf e scpsy e ttmeer %ﬂfa"k%% deyi 991{191“?81 %iatment '

roomtenperature and 200 C. Wthin“a processingt
safel?;. only a wafer cassette case 51, which holds the
wafers 50 therein, is disposed. And, a charge

| [004|se]stIralﬂnen@rters@@vcrr@mbodﬁméﬂtf | &gk Ut Hiied BE13398 der 60
' manner -as the first enbodi nent. [OOSdflln accorgaﬁow e

was uged hntareapoesent dthodi merdordigy £ ©blppWpg a tadyaet B@esment ,
set forth below can be obtained, in addition to the

- the @p@vatt od add tadvant abésrddscr pbedein tbesfimeést under the
enbodi ment’. That is, in the present enbodinment, the

aforqnartiimmeashpboneteingl ennadit 5 s @S Ou€ednals18 hburs) is about
reduci ng agent. The lithium.carbonate solution 62

40 g 'geﬁ‘@FQtr%énéllganF@ §asesrespoh bebagineateditBysfpossigle to
up the vapor — of |ithiumcarbonate into the organic _

Contlglfi’s‘é’sﬂhf Ved@RCE T B UGk @ Feastios pacihat diteds possible

onal]y, since the lithiumcarbonate _solution 62

to uanoﬁf“ 55? o ROAPELE W TR ThePsurknBdE Bl twat Bi$ Bossible
e reduction of wafer 0O are f er
to eJJTE;ecGl 1% 35913‘: 95 Jﬁﬁz’fslf%t?&'cﬁ u [“f?d%’%f Ptar, a

dlnents of charge restra|n|ng ap aratus
loodzqy, %'%ﬁ e T O Gibr R s TRSRETHE BRocessing

tank @e§§rﬂ1ﬂedjed Hg\e%vg vacuum atmosphere of 1.33 Pa approximately,
th;llthlumchlorldepowder6018turnedlntoavaporw1thhlghredu01ng
power. Accordingly,itispossibletocarrydutareductiontreatment
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
empodiment is that the type of the reducing agent and the disposing
.fornlwere altered. Since the other arrangements are identical with
those of the first embodiment,rthe differences will be described
herein.

[0049] 1In 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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enbodi nents of the present charge restraining
~apparatus are not |imted to the aforenentioned
enbodi nents, but can be carried out 14 in various
fornms subjected to various changes and nodifications
based on the know edge of one of ordinary skill in
the art. [0052] For exanple in the af orenentioned

' dj t he cha training treatnents are
comp FHILIFD Fogmie ittt iy 5pd lFr&rﬁ %r?{erd§§ﬁgpéted with
th st.al v waf.er s N sin

= Sc%?ﬁyés%%ferggl\r%%bgl%“reééésssedga h{e fHR s ﬁ%de3'f (g both

S (GERC bt R

solutsidiglee %y%@lcho&obNgsnmehsuﬁr¥§£@+ n;% > Ins]gais SHUE ssolved

as iron, added, can be processed ance,

into benytheyiaddbbh¥e. mefad 1 dnhiisn RASHLR %etgogﬂgﬁohrgﬁ is the
copper, manganese, nolybdenum coba t, nic

redud)ﬁfgb@@enﬂ&g’nQ&leuﬁkeééil@rhrﬂféntltd%ﬂgsﬁ'ﬁg’cé&‘@ir&‘cﬁ*"oﬂ tRe wafers
rare-earth elenents, and the |like. Moreover,

50wamddrtiea oalttmwimaﬂsheg the ma@er%{bM}WtghtllQﬂlllmfcﬁaﬂ&nate
1.00% by weight or |ess when the entire weight of

.SOlUEﬁquﬂaé;prshaﬁngsthakémthasmlﬁﬁﬂbbyaw@i@@Iutﬂ@nLGE onto the
crystal and so on with a netal, such as iron, added

surfages af vhacgs %uﬁndlhfmmmacyemg shiem dDIroom temperature
sel f-neutralizing surface charges and renoving them

and 289 Cedubilhp inwaferecemmiond remksachorel siengheeer yssabtte case

: is possible to nore effectively inhibit the

51, W&?H&Pghﬁbd%ft%f@fsera\@petbﬁﬁ@l@hel%W&ps@@seqom PsHeda charge
states and so forth of using wafers are not" limted in

restraininqFarateerti s cansd edi eut dnakRe SaFIcemeBRages the first
s-cyt crystal blocks which are cut out of a single

emboi%%ﬁﬁ to a predeternmined thickness, noreover, it is

oo SRR S e o there Tcer [
advaﬁ%%ﬁ%gﬂg%éxﬁggéﬁuﬁéfgwthgnr%gu%b n%%enhn?r &H%lon to the

e aforenentioned enbodi ment s.
crex S8 A SEECIAIC A YT GRRAE, cpogge.
is, ﬁﬁcﬂhté ?ﬁets%ntth%mlb'obﬁkn%%‘tcmt%' decandn! £LPbyALEar B9DAE Son 62
was used as the reducing agent. The lithium carbonate_solution 62
generatesorganicgases,uponbeingheat@d..Byfillingtn>thevapor
df 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

[0051] Sofar, a fewembodiments of the charge restraining apparatus
_aécording to the present invention have been describéd. However,
:embddiments of the present charge restraining apﬁaratus ére not

- limited to the aforementioned embodiments, but can be carried out
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15 used in the aforenenti oned enbodi nents. Moreover,
it is advisable to use alkali netal conpounds ot her
than the lithium conpounds, specifically, sodium
conmpounds, such as sodi um carbonate and sodi um

hydr oxi de, potassi um conpounds, such as potassium
carbonate, potassium hydroxi de and potassi um

; g i [ Y iisable to use each of these al kal
v B A S A Ry B Bn FeS e A ot L based

t nbi nedly.. J]0054] In the :
on tHE BdL T L S gfn&%cglcr}alhrgy asdén]t{ and 4}?1% el er s

first enbodi nent, the re

[oos2)e ﬁ(bls%%%l%e,pﬁﬁa’éﬁé %fo@%\é\g\ﬂggppkgger&%?é%ﬁ@@@, the charge

restraining treatment —can
restiuimAmy dhevehers 40 e 1edueiRg AgeN oyer
it is advisable to use a gas i%??uS?%S %Heapggngn%?%? from

an LTcoimualendrastae resistdd, agebts odid Bl-Smid15tRNCG8 ¢ lat crystal
is advisable to carry out the charge restralnlng

can ber pab oesseudhiherd ot ¢ 00uei G samadast ik il REsBBRCR KRl Ling1e
nmetal conmpound into a processing tank held under a
crysirledenrim nedcesseidt s oml Al iesusly Vel addit Son, wafers made
advi sable to carry out the charge restraining
from iyreddreananei Feystppl gi NN ssigade inglsudingian al katil, such
. metal conpound into a processing tank and evacuating
as 1hqng r%?ctﬂ‘rgrprorﬁ%r@r@fﬁ nevestysed 0055] tiien amnstdrkad, aet@&dr the
. .compound sol ution is used as the reducing agent |ike
additiye feldd erbokls medesible ito dewie abtent ocoseen, manganese,

noLykglghliokh it F s Thekeor vante, FaEheranpanday awd ¢i omiun
’ h ' . 4
cunad G %ol LT oo polavinyl ol cohel NGNS ver,
SN e e RN N I
oy welihSoPl et o ke b soneishione of el kall el e,
s 2O LRSSHY TR ON AR S0 B BEOH LR N oo
tron A0S OB BB MR AN s o
‘self-neutralizing surface charges and removing them. By reducing
wafers made from such a single cryétal, it is poss'ible to more
effectively inhibit the charging of wafers. Note that the shapes,
polished states and so forth of using wafer's 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 arenot limitedto theaforementioned embodiments. For example,

inthecaseof lithiumcompound, it ispossible touse lithiumhydroxide,

and thelike, inadditiontothelithiumchloride andlithiumcarbonate
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it is advisable to inmmerse wafers into the sane
solution. [0056] In the aforenentioned enbodi nents,
the treatnments were carried out in a vacuum

at nosphere of 1. 33 Pa approxi mtely. However, the
processing pressure is not limted in particular. The
processing at pressures |lower than 1.33 Pa, that is,

: el yacuum . at ns heres, is suitable. [0057]
usedggl§%3e%§g¥%me%r%%%§§ﬁﬁ§ ments noMOF?ﬁV?édiﬂhlS advisable

r t det m n oprlately whi | e
co u@% %%gg%ﬁem%F%%egél%ogn? Eﬁgfufg ethéthFR@ CPﬁPBHHdSr

specTPNSA BEY atsio®N urBYork M@Q{ %thd N9 sodﬁélr%lg?eﬁ}?cfm%ﬁ%%%cpgodium

agent, the using a sp05|

hydrdardeim ¢egrae Wit Nk S Hs an & Lenperature
and theﬁ%%rocé53|ng t§h§&&§ Fﬂu§bs§?bkk)ﬁgség‘ r gfiroonate,

potaddreur eddeloxa-0284 %%t%fssﬂ’l\ﬁf @B?ﬁor%ERl f\%%’éﬁ?ﬁ@@i‘g%o use

[0058] (1). Charge straining Treatnent

each Effftodiseeat ka [ 0R894 1 Bymgiup@i <t f&iéﬁ@{cﬁqﬂl%ﬁt 5810 NOagvisable
: apparatus according to the aforenentioned first

to ussrbodd nentnoma@rédusheahat@bimsdT@ ning treatnments
were carried out under the conditions set forth in

- [oo5mdbl &n theafd réabeebodhent , Tt ¢hange nges§édt HiW the wafers
treatnments were carried out in conpliance with the

are dispRser sheathbele, testavEmi hhet clatgrmes tacdoridigngréatment.
the first enbodinment. As set forth in Table 1, the

can Reh&RgE LPeserhi ke fueatimentse waFehs vigr & hearedediogt agent .
at a processing pressure of 8.38 X 10-1 Pa for

Moreci‘selfmulrt procelEisap e e e whese 1pedudiéspngn alkali metal

eratures were varied, were | abel ed Exanple Nos. 11
Comp% r%g?ht 5. r%\i%b@%rag%rﬁe cHar §eipeststmnrsg it is advisable

n [ were carried out at the sane
0 CORSA 1ot BRERP o OFEELRG R EE g e ucing =
cox JUATR PSSR DL SRS ALILSR M6 VL S0 MBI o ot
once 018 e 00, BB SR 0L1 80 SESBUOEOLS, (WLSDg s
to. caerry 48z howt 9%%S§é§19r£iﬂfn$Lgrem%%tp{;ﬂg%ésé@;gplylng a gas

pressures
including an alkali metal compound into a processing tank and

evacuating it therefrom continuously.

[0055] wWhenanalkalimetal compoundsolutionisusedasthe 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, i1t is advisable to make the concentration
éf alkali metal compound as high as possible, in view of furthermore
promoting the reduction of wafers., 1Inaddition, whenusinganalkali

" metal compound solution, it is advisable to accommodate the same
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were varied, were |abeled Exanple Nos. 21 through 25.
Note that, for conparison, charge restraining
treatments, which were carried out w thout using the
reduci ng agent, were | abel ed Conparati ve Exanple Nos.
11 through 15 and 21 through 23, depending on the
respective conditions TABLE 1 Reduci ng Agent

' SL ProceSS| C) Tinme (hour) 250 350
SOluﬁfg‘?g@o SETVRT i SEposhit E;Pd%aezﬁ@tmefmafersf or

e bl B By ST
P 4 Ex. #15
oo 4 E RS S e ol ialig v

oo 2880k FROLeuaiag resal e, 199 Fp0ch B8 yl0 oo,

the pﬁ%ﬁ;@g&%&%urﬁiﬂs St lﬁ%@teglr%éggjzgg%\%ﬁr Iﬁcf"l'eeproces:sing

at pr&socessi bogwdenmmhand50, :Q 4 ocenst NdsTi Mdekd MUHS: vacuum
[ 0060] Regarding the respective waf ers whi ch were
atmosgiterges r €t raaiintethle t he bul k resistivity, and the
transm ssivity were neasured. The bulk resistivity

[005/ds Meesurerd, uhiengrdOSh 81O maate nby T EEK iG0particular,
Ltd. The transm ssivity was neasured using an

but ¢an rks/i e rndmidl @pptoghtatspletwinphot ookt ey (HY/5FO8cessing
made by NI HON BUNKOU Co., Ltd.). Mdreover, the wafers
tempeiertalyst a@ed 6healpkat elphp ccrpmvalsies@tm at BgO0thus 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

[co59] 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
-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, whichwere carriedout at a processing
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 charcje restraining treatments, which were
carried out at the same processing pressure for 6é-hour processing

time but whose processing temperatures were varied, were labeled

17.




18 5 C, and the subsequent changes of surface voltage
wth timne were neasured. And, the tinmes (charge
neutralizing times) required for surface voltage to
be 0 kv were neasured. In Table 3 and Table 4, there
are set forth the neasurenent results on the wafers,
which were subjected to the respective charge

e T A B P e erann
craailled eyl gas vl e | D BB TRt o

opl |l ustrated
550 T R %%Q{E‘?Lgﬁvfﬁf%%e%%mqg it %’832?’?%% BRASELPANE Rrgpoures
were td'é@:l@éi K weg gl §§ab¥é‘l¥a}ﬂ E‘§a1‘ﬁ§ﬂa @Ss ! ks ﬁgﬁq AR ?Iote that,

neutraI|2|ng time (18-hour proceSS|ng

for d¥aparkkort, hbﬁ@@@elﬁésfﬂafhgng Srd NG @4 € Wil di‘lstaéﬂaegarrled
rel ati onshi ps between the processing tenperature and

out witieobtllikingsitst teddyigsayeht, asrbhepbeaRA@oparative Example
neutralizing tinme (6-hour processing tineg, é;anp l e

Nos. Nds thi®ugand513dahd 2h Hhgpudh 2hevepamnelird ust tatedespective
rel ati onshi ps between the processing pressure and the

condiguddng.esi stivity as well as the charge neutralizing
time (Exanple Nos. 21 through 25). 19 MKowH aor

0o U~k NN~ MXOO0, Tk IEF NMa Orl LI) Uaqgk N
Reducihg Agent | Processing Processing Temp. (C)
Time (hour) {250 350 450 550 600
Lithium i8 Ex. #11 |Ex. #12 |Ex. #13 |Ex. #14 |Ex. #15
Chloride Powder '
None 18 Comp. Comp. Conmp.
Ex. #11 |Ex. #12 {8Ex, #13
Lithium 6 Ex. #i6 | 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 1071 1133 X 107 [ 133 X 107 1133 X 107° 1133 X 107"
Lithium Ex. #21 Ex. #22 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

[ooe0] Regarding the respectivewaferswhichwerecharge 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 spectreophotometer (“W5H70” made by NIHON BUNKOU Co., Ltd.).
Mof_eover, the wafers werekplaced on a plate which was set up at 80

'_18




k o WHaxEr MHOr 8 U~-Cr ao0 EI t 14 X O
aif) x S4M~1 O ri it) Q NMM8 XCNWMOO

'S 7O0N8 M-~-M WaH ar x a7 X0 04 x LU NNO
Oto O d>wuor Uror 8 ox o Mr wHx NO04 x M

C u Nr Crl

cl' COHWr 0OLOO W8 00 NHT
r, Nra X Nr x o ‘

+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 én 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). InFig. 5, there are illustrated relationships between
the processiné temperature and the bulk resistivity.as well as the

charge neutralizing time (6-hour processing time; Example Nos. 16
~and 17). In Fig. 6, tﬁere are illustrated relationships between
theprocessingpressureandthebulkresiStivityaswellésthecharge

neutralizing-time (Example Nos. 21 through 25).
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OHr Nx wMa8 >1414 -HNr NU .-1 4J 0 0)
(D(dU UNclLl ) fY) aNOzE 21 [0061] As set
forth in Table 3, when conparing the wafers according
to the exanples with the wafers according to the
conparative exanples, wafers which were processed at
the sane tenperature, the bulk resistivity and

f t . owered and t he .charge
loosﬁgfjt?%l%ie\z%%fa‘?ﬁr%\ée Foal Qe PerR e it e e Seepgcording

to thaGGRN1RS O h LHE R £co r'\é)'rnqu%lsrg\}/\lgicteodn%a%ﬁcﬁig% %}gglgples ,

that the transmssivity was al's

wafet@dﬁﬁ§é@0€3e§f€atprto@’e§@aerﬁv‘€ﬁ§ "SEQEC%%mI}')Sefr\fﬁgiglireer]tlghe bulk

by the reduci ng agent so at the charg

resigiesiia) nadd MFLAVEr v asBOW bl Thle rda@NG &1 G4,c0; charge
the higher the processing tenperature was, the nore

neuttdiel Dird triem stisvshpretnwal ensa Vs QWer §d £e@8daER8rqing to
nore the charge neutralizing tinme was short ed.

the cSiamiglard.y, Motrheveransyiess \Wdnf iafd S 4hbaCen¥ot ta88nissivity
were lowered as well. In addition, when conparing the

was appodessireg -t | feesaliones uhHershasgehatesi¢ abicng widetdduced
was enhanced nore for those which were processed for

effiqigerHdut By tTkussdugiaragedasoshstt the hbachangevas restrained.
restraining treatnent of the present invention, it

MorequRr c &% FhRFE posBidl ¢ #ad 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 iorocessing 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. Additiocnally, 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] Bns set forth in Table 4, when comparing the wafers according
totheexampleswith thewafers acéording tothe comparative examples,
waferswhichwereprocessedat the same pressure, thebulkresistivity
- and surface voltage were lowered and the charge neutralizing time
was shortenedinall of thewafersaccordingtotheexamples. Moreover,

it was confirmed that the transmissivity was also lowered. Thus,
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effectively inhibit the charging of wafers.
Additionally, by adjusting the processing tenperature
or processing tine, it was confirned possible to
control the reduction degree. Mreover, in a range of
from250 "Cto 600 C, it was understood that the.

hi gher the processing tenperature is the |arger the

as mdgfID %b%%%&ﬁighsa@%e%“ g bR e ceduced
ic d to th
e oy R P Beh o SR8k G B w4 em Led.

More®XaPl8S sh W@fghSF iC c ed.at .t he
pressure, the buIkmges?swggfggch§%%§5F%§&§YV8%t§a£ers were

lowe & @nboﬂ@fﬁﬂcﬁﬂgri eck@%%gl%clﬂ?&ﬂlr rcé’l&[lgge{ 'ngt%ﬁé:\l\@iz:mg time

shortened in al he wafers acco

was mX@Ad=LS.e MHe@D\t%re- pr*ofc:e\é!%%n%oﬂﬁcbﬁgﬁget QQ% §Bfered from 133
transm ssivity was al so | owered. Thu

X 10mepdiloned abo¥ea.itThstwRASHSEEQM;E %I 4 [ “&%9%
reduced efficiently by the reduc%ng ébe%?rggégﬁg?' were

also Chawgiaw sasilesiyai neste MEeovee, 183 showp-i npFi gzhe bulk
6, the bulk resistivity of wafers were |owered. an
resigfadrtiitoul amdly thiee Yigdrictoea efl ighange neTHus) | 1nngriel. NEharge
' was remar kabl e when the processi ng pressure was
restyagemed tieermmedd oX thtlptesdB3 Xvkhv2idRg,. ifhés possible to
: transm ssivity and surface voltage were also |owered
contrglyithgr Fgduqipt en tdrareaabyla] velng the prheebslikg pressure.
resistivity and the like rose slightly. Thus, in the
In thengrgeent esthad Hragt ¢ rJé:ath’ﬁeﬁ@S@f-b%ﬁetcprse%semhat a processing
i nvention, it is possible to control the reduction
Pres%ﬁﬁﬁwﬁ?kﬁFQﬂﬂ%ﬁﬁ|%gl@het9rééés§iﬂ@ pressiFesuitablee
[00 resggt enbodinent, it is possible to say that a
SBlocEek T T3 dastit 62 HHLAY GiA et oy SeraE Sulagigent

IOO#ﬁeL\?@%E ab%@c 006%&3%%33 [%oggﬁ%g%ﬂég%@owéw to the
t at di t he.
scorGASRIEP AT LAPIALL, Q0RO Be s b reatmons

dit
were tcfaezaLL %?Jab?’_‘(ﬁﬁgr FE' Sgnrﬁ’.ﬁ{%&?gesre%l%eorcc%n ! IT %ﬁe g below.

for arge rest rarnin

That lifLaLHBRLS, I%'ﬁ:ggl%ﬁs E%éf:zﬁ&l@é"t Wi mFHrq:,p%%ﬁclﬂ d out at

tenperatuare of 550 dnder a processing pressure o
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 %3; Processing Pressure: 10.5 X 10 Ppa

' _[0065] Regarding therespectivewaferswhichwerechargerestrained,

- the bulk resistivity, the transmissivity, the changes of surface
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10.5 X 10-1 Pa but whose processing tines were vari ed,
were | abel ed Exanple Nos. 31 through 34. TABLE 5
Reduci ng Agent Processing Tine (mn.) 30 45 60 120

Li thium Ex. #31 Ex. #32 Ex. #33 Ex. #34 Carbonate
Solution *Processing Tenp.: 550 C, Processing
Pressure: 10.5 X 10-1 Pa [0065] Regarding t he

t f e ich were ch restrained, the
voltddT Al £meli b2 e e I el;ﬂlt% tdfgnyese greasured

in tHUEHRAECmadReoL tsaggo%t llereaisur end %ecggﬁgenﬁﬁﬁeffetasforth

neutrali zi ng tinme were

the m2B@V@chbht! Pelable &, ﬂﬂ'ée(vgf@ ﬁltlv\%lgrvhere rSél%jeCted to the

measurenent results on the wa efs

respedtjwctid riye i@@tréfﬁ%tt'r%%t%ﬂE%eaEgéfi&?ﬁgougﬁxgg‘}ple Nos.

treatnments accordi ng to Exanpl e Nos

31 thboager3djn Rdreckert,heig afigy il hustmated .. Hillustrated
rel ati onshi ps between "t he processing tinme ana

relatriggisstiipd bytwasnwehd g ddies iIGRAE GRNENY Fald 511@51 Eéé%thlty
TABLE 6 Ex. #31 Ex. #32 Ex. #33 Ex. #34 Bulk 1.

- as wellgl B theX ctobyel .rBuX ritG i8hq? tXnkQ9 RmshwW(Q

cm) Surface 0.06 0.04 < 0.02 < 0.01 Voltage (kV)
Charge 2.1 0.7 <0.1 < OTHHmwbutraI|Z|ng Time (sec.)

ﬂﬂﬂﬂﬂ A i h

[ UUOOJ / PEI’! ep#gefaclll ed E”-. #%T e—6 uu‘ugxi"*%’g *- L £ hf IEI¥ 434
Bulk IUnger_t FPLOCEESTTY Me—Tor€—HHe—1Y 3
Resisf§§k§t|vs¢y ZndOsur f abé vl ge of | af &F 510 8.2 X 10
(Q-cm) .
Surface 0.06 0.04 < 0.02 < 0.01
Voltage (kV) '
Charge 2.1 0.7 < 0.1 < 0.1
Neutralizing
Time (sec.)

[ooes] AsrepresentedinTable6andFig.7,thelongertheprocessing
time was, themore the bulk resistivity and surface volt.age of wafers
were lowered and the ﬁore 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 1s possible to control the reduction degree by adjusting the
processing time. 1In 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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were | owered and the nore the charge neutralizing tine
was shorted. Moreover, it was confirnmed that the
transmssivity 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 tine. In the present enbodi nent, when

the processing tinme is aggﬁiﬁg to be 60 m nutes or
nore, it is understood t charge restraining

effect is produced greatly. 24 CLAIMS 1. A nmethod for
charge restraining a piezoelectric oxide single

1. crysieahoddebRois él%%ft&é%?m gate%i?ﬁ%ﬁ i ses:

acconmodat i ng a waf er SFdde single

cryssanglvei kg Yok #adfe fiddd hir&‘nﬂcfﬁ@bﬂ & 1 & crystal,
and a reducing agent, 1ncluding an net al

C Gipmich dd 1 iy B Q@egss, nﬂaé@pﬁféﬂiL!as'll%rlllqurmegla{ﬁltggake single
waf er by hol di ng the i nsi de of the processi ng

crystappamatubi thian trenperad wiegak Ekﬁgtaﬂoaﬁuﬁ% +209:%ng agent,
under deconpression. 2. The nethod for char ge

inclydigty ainnkhyadiphezokletidungxides qdzrtg:le%sﬁgyab@hrﬁ%s, and
~ forth in claim1, wherein the wafer is nade from :

| ingdughRng atﬁftealh@tfeérshygheldliy@t ahge aﬁélﬂheofeﬂwétp@@cesm_ng

of the wafer is carried out at a tenperature of from
appapgysC eb 600temp8ratheenetthodrbar Idmr e rest1adp0i AY aunder
d i ezoel ectric oxide single crystal set forth in claim

SCOMPISHE U n the reduction of the wafer is carried out
under deconpression of from133 X 10-1 to 133 X 10-7
Pa. 4. The nethod for charge restraining a
[ crystal set forth in claim

pi.ezoel ectric oxi de single
2- ﬁkﬂn%?‘é?ﬂ tfr?é %h%%% rﬁé?éﬁlééﬁﬁ@ﬁae?@elactrmuqmde single
od for charge restraining a
CryStpaﬁgg%ﬁ{%ﬁt?}& e 1 QS eIt YRt atafsat 17 Gladke Trowipal Fhium
, t ci ent nprises the al kal,i
et A S S meuniy Rl R FRRT G 17 BBt Ls carried
out actarar't%qnperature 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 107! to 133 X 1077

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
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25 out by disposing the reducing agent and the wafer

- separately, or by burying the wafer in the reducing
agent. 6. The nethod for charge restraining a
pi ezoel ectric oxide single crystal set forth in claim
1, wherein the reducing agent is an alkali netal
conpound solution in which the alkali netal conpound

ut bS gd or dispersed in a soflvent; and the

out B TSI G "RaBrTE St eibiienyadrspespagatnay, or
i nd. the wafer separately, or b

oY b?%%?%@%ﬁ%f%gf%? alleﬁt%e?lﬁ%l? o%%‘?rh@yagent , yor by

pai nting the reduci ng agent onto a surface of the
wafer. 7. A charge restraining apparatus fora

6. PiEIORLERbE G OXhE8ySIRIE 2 16 i LLSLOg: -
processi ng tank forgacconnéﬁg%¥§ggglﬁg?gggcﬁggg(F%%%?glngle

crystal bieanfol Bntial aleigiiNohBeeLystale SLadelhl NGURNL 904 §1 a1 5
single crystal, and a reducing agent, i1ntluding an

metakhl kahponetiakotatpoundn tifiel €h Nthaeankaf@r rgahi Ngodf®und is
i nside of the processing tank to a tenperature of

dissdkomn 200 @ spedf0D B ansb eamns; faid deconpressing the
inside of the processing tank. 26
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.- Achargerestraininéapparatusforapiezoelectricoxidesingle
‘crystal, comprising:
aprocessing 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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